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PREFACE

m Objectives and Intended Reader

m Trademark

m License

Thank you for purchasing a Fujitsu semiconductor product.

The MB90M405 series is a series of general-purpose 16-bit microcontrollers with 60 built-in
high-tension-resistant output pins required for fluorescent display control. The MB90M405
series was developed for applications that require the control of a vacuum fluorescent tube
panel.

This manual, intended for engineers who design products using the MB90M405 series,
describes the functions and operations of MB9OM405 series products.

F2MC is the abbreviation of FUJITSU Flexible Microcontroller.
Embedded Algorithm is a trademark of Advanced Micro Devices Corporation.

Other system and product names used in this manual are trademarks of their respective
companies or organizations.

The symbols ™ and ® are sometimes omitted in the text.

Purchase of FUJITSU Ltd, I°C components conveys a license under the Philips 1°C Patent Right
to use.

These components in an 1°C system, provided that the system conforms to the 1°C Standard
Specification as defined by Philips.



m Organization of This Manual

This manual consists of the following 24 chapters and an appendix:
CHAPTER 1 "OVERVIEW"

This chapter summarizes the features and basic specifications of the MB90M405 series of
microcontrollers.

CHAPTER 2 "CPU"

This chapter describes the CPU and the memory space provided by the MB90M405 series
CHAPTER 3 "RESETS"

This chapter describes resets for the MB90M405 series.
CHAPTER 4 "CLOCKS"

This chapter describes the clocks used by MB90M405 series.
CHAPTER 5 "LOW POWER CONSUMPTION MODE"

This chapter describes the low power consumption mode of MB90M405 series.
CHAPTER 6 "INTERRUPTS"

This chapter explains the interrupts and extended intelligent I/O service (EIZOS) in the
MB90M405 series.

CHAPTER 7 "SETTING A MODE"

This chapter describes the operating modes and the memory access modes of the
MB90M405 series.

CHAPTER 8 "I/O PORTS"
This chapter describes the functions and operations of the MB90M405 series 1/O ports.
CHAPTER 9 "SERIAL 1/O"

This chapter describes the functions and operations of the serial 1/O unit of the MB90M405
series.

CHAPTER 10 "TIMEBASE TIMER"

This chapter describes the functions and operation of the timebase timer of the MB90M405
series.

CHAPTER 11 "WATCHDOG TIMER"

This chapter describes the functions and operations of the watchdog timer of the MB90M405
series.

CHAPTER 12 "16-BIT RELOAD TIMER"

This chapter describes the functions and operations of the 16-bit reload timer of the
MB90M405 series.

CHAPTER 13 "16-BIT I/O TIMER"

This chapter describes the functions and operations of the 16-bit I/O timer of the MB90M405
series.

CHAPTER 14 "UART"
This chapter describes the functions and operations of the MB90M405 series UART.
CHAPTER 15 "DTP/EXTERNAL INTERRUPT CIRCUIT"

This chapter describes the functions and operations of the DTP/external interrupt circuit of
the MB90M405 series.



CHAPTER 16 "I1°C INTERFACE"

This chapter describes the functions and operations of the 12C interface of the MB90M405
series.

CHAPTER 17 "8/10-BIT A/D CONVERTER"

This chapter describes the functions and operations of the MB90M405 series 8/10-bit A/D
converter.

CHAPTER 18 "FL CONTROL CIRCUIT"
This chapter explains the functions and operation of the MB90M405 series FL control circuit.
CHAPTER 19 "WATCH CLOCK OUTPUT"

This chapter describes the functions and operations of MB90M405 series watch clock
output.

CHAPTER 20 "DELAYED INTERRUPT GENERATOR MODULE"

This chapter describes the functions and operation of the MB90M405 series delayed
interrupt generator module.

CHAPTER 21 "ADDRESS MATCH DETECTION FUNCTION"

This chapter describes the address match detection function of the MB90M405 series and its
operations.

CHAPTER 22 "ROM MIRRORING FUNCTION SELECTION MODULE"

This chapter describes the function and operation of the MB90OM405 series ROM mirroring
function selection module.

CHAPTER 23 "1M-BIT FLASH MEMORY"

This chapter describes the functions and operations of the MBO90M405 series 1M-bit flash
memory.

CHAPTER 24 "EXAMPLE OF MBO9OMF408 SERIAL PROGRAMMING CONNECTION"

This chapter provides examples of connection for serial programming using the AF220 flash
microcomputer programmer manufactured by YDC Corporation.

APPENDIX

This appendix includes I/O maps, instruction lists, and other information.



The contents of this document are subject to change without notice. Customers are advised to consult
with FUJITSU sales representatives before ordering.

The information and circuit diagrams in this document are presented as examples of semiconductor
device applications, and are not intended to be incorporated in devices for actual use. Also, FUJITSU is
unable to assume responsibility for infringement of any patent rights or other rights of third parties
arising from the use of this information or circuit diagrams.

The products described in this document are designed, developed and manufactured as contemplated
for general use, including without limitation, ordinary industrial use, general office use, personal use, and
household use, but are not designed, developed and manufactured as contemplated (1) for use
accompanying fatal risks or dangers that, unless extremely high safety is secured, could have a serious
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transport control, medical life support system, missile launch control in weapon system), or (2) for use
requiring extremely high reliability (i.e., submersible repeater and artificial satellite).

Please note that Fujitsu will not be liable against you and/or any third party for any claims or damages
arising in connection with above-mentioned uses of the products.

Any semiconductor devices have an inherent chance of failure. You must protect against injury, damage
or loss from such failures by incorporating safety design measures into your facility and equipment such
as redundancy, fire protection, and prevention of over-current levels and other abnormal operating
conditions.

If any products described in this document represent goods or technologies subject to certain
restrictions on export under the Foreign Exchange and Foreign Trade Law of Japan, the prior
authorization by Japanese government will be required for export of those products from Japan.
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CHAPTER1 OVERVIEW

This chapter summarizes the features and basic specifications of the MB90M405
series of microcontrollers.
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CHAPTER 1 OVERVIEW

1.1 Features

The MB90M405 series of general-purpose 16-bit microcontrollers was developed for
applications that require control of fluorescent display tube panels. The
microcontrollers in this series have 60 high dielectric output pins for fluorescent
display control.

The instruction set inherits the AT architecture of the F2MC-8L and F2MC-16L, and has
additional instructions that support the C language. In addition, the instruction set
supports extended addressing mode, enhanced signed multiply/divide instructions,
and more powerful bit manipulation instructions. The microcontrollers also have a 32-
bit accumulator that enables processing of long-word data.

m MB90MA405 Series Features

O Clocks

Built-in PLL clock multiplier circuit
Source oscillation
Main clock that divides the source oscillation by two

PLL clock that multiplies the source oscillation by 1 to 4 (2.1 to 16.8 MHz when the source
oscillation is 4.2 MHz), which can be configured from the machine clock

Minimum instruction execution time: 59.5 ns (when the source oscillation is 4.2 MHz, the
PLL clock is multiplied by 4, and V¢ is 3 V)

The source oscillation can be divided by 16, 32, 64, or 128 for external clock output.

0 Maximum memory address space: 16 M bytes

24-bit addressing can also be used.

O Optimum instruction set for controller applications

Many data types (bit, byte, and long word) can be handled.

As many as 23 addressing modes are available.

Efficient code (compiler)

Enhanced high-precision arithmetic operations with a 32-bit accumulator

Enhanced signed multiply/divide instructions and RETI instruction function

O Instruction set supporting the C language and multitasking

System stack pointer

Instruction set symmetry and barrel shift instructions

O Program patch function (two-address pointer)
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O Improved execution speed

The built-in 4-byte instruction queue prereads instructions to improve execution speed.

O Interrupt function
« Eight programmable priority levels can be set.

« An enhanced interrupt function with 32 interrupt causes is supported.

O Data transfer function

O Extended intelligent I/O service function: Up to 16 channels can be set.

O Low-power mode
« Sleep mode (in which the CPU operating clock stops)

« Timebase timer mode (in which only the source oscillation clock and Timebase timer are
active)

« Stop mode (in which the source oscillation stops)

« CPU intermittent operation mode (in which the CPU operates at every specified cycle)

O Package
* QFP-100 (FPT-100P-M06: 0.65 mm pin pitch)

O Process

CMOS technology

m Internal Peripheral Functions (resources)

O I/O ports: Up to 26 ports (used also for internal resources)

O Timebase timer: 1 channel

O Watchdog timer: 1 channel

O 16-bit reload timer: 3 channels

O 16-bit free-running timer: 1 channel

O Output compare: 1 channel

* When the counter value of the 16-bit free-running timer matches the value set in the
compare register, an interrupt request can be output.
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O Input capture: 2 channels

» When the effective edge of a signal that is output from an external input pin is detected, the
counter value of the 16-bit free-running timer can be read into the input capture data register
and an interrupt request can be output.

O Serial I/0: 2 channels

O UART: 2channels
» With full-duplex double buffer (8-bit length)

» Capable of asynchronous or clock synchronous serial transfer (I/O extended serial)

0 DTP/external interrupt (4 channels)
» The input of an external interrupt can be used to activate the extended intelligent I/O service.

» The input of an external interrupt can be used to cause an internal hardware interrupt.

0 Delayed interrupt generator module

Generates an interrupt request for task switching.

0 8/10-bit A/D converter (16 channels)

Selectable resolution of 8 or 10 bits

O FL-control circuit

» Enables FL driver control (automatic display control of up to 32 digit lines and up to 59
segment lines)

» Up to 32 digit lines (can be set line by line)
» Dimmer setting
» Permits LED driver control (automatic display control of up to 16 lines)

» Automatic display control of up to 16 lines with a 1/2 duty factor

O Clock output circuit

» Enables the source oscillation to be divided by 32, 64, 128, or 256 for clock output.
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1.2 Product Lineup

Product Lineup

Table 1.2-1 "MB90M405 Series Product Lineup” shows the MB90M405 series product

lineup.

m Product Lineup

Table 1.2-1 MB90M405 Series Product Lineup

MBOOMF408 (*1) MB9O0M408 (*1) MBOOM407 (*1)

Model MBOOMV405 MB90MF408A (*2) | MB90M408A (*2) MB90M407A (*2)
Type Evaluation device Built-in flash Built-in mask ROM
memory
ROM size Not installed 128K bytes 96K bytes
RAM size 4K bytes 4K bytes 4K bytes

CPU function

Number of basic instructions: 351

Minimum instruction execution time: 59.5 ns/4.2 MHz (when PLL clock is multiplied by 4)
Number of addressing modes: 23

Program patch function: 2-address pointer

Maximum memory address space: 16M bytes

Port

I/0 ports (CMOS): 26 (also used for resources)

FL control circuit

60 FL output lines (43 FL output lines and 17 LED control lines in LED control mode)
Capable of FL driver control and LED driver control
Enables dimmer setting for both digit and segment lines in FL driver control mode

Serial /O (UART)

With a full-duplex double buffer

Capable of synchronous or asynchronous clock transfer

Also can be used for clock synchronous extended serial /0O
Dedicated built-in baud rate generator

Four built-in channels (two channels are also used for the UART)

16-bit reload timer operation (can be set for toggle or one-shot output)

running timer

16-bit reload .
timer Supports an event count function
Three built-in channels
16-bit free- 16-bit output compare x 1 channel (for clearing the free-running timer)

16-bit input capture x 2 channels

8/10-bit A/D
converter

16 channels (input multiplexing)
Capable of 8-bit or 10-bit resolution
Conversion time: 5.9 us (for an the operating machine clock of 16.8 MHz)

Timing clock
output circuit

An external input clock frequency can be divided and output externally.
Specifiable division ratio: Programmable to 1/16, 1/32, 1/64, or 1/128

1°C bus One built-in I°C interface channel
DTP/external Four independent channels (can also be used for A/D input)
interrupt Interrupt source: "L" --> "H" edge, "H" --> "L" edge, "L" level, or "H" level can be set.
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Table 1.2-1 MB90M405 Series Product Lineup (Continued)

MB90MF408 (*1) MBO0OM408 (*1) MBO0OM407 (*1)

Model MBIOMVAOS | \15g0MF408A (*2) | MBIOM40SA (*2) | MBIOMAOTA (+2)

Low-power mode | Sleep mode, Timebase timer mode, stop mode, and CPU intermittent mode

Process CMOS
Package PGA256 QFP-100 (0.65 mm pitch)
Operating

3.3V + 0.3V (16.8 MHz: 4.2 MHz multiplied by 4)
voltage

*1: The FL output pins (FIPOO to FIP59) are output with a pull-down resistor.
*2: The FL output pins (FIP0O to FIP16) are output without a pull-down resistor.
The FL output pins (FIP17 to FIP59) are output with a pull-down resistor.
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1.3 Block Diagram

Figure 1.3-1 "Block Diagram" shows a block diagram of the MB90M405 series of

microcontrollers.

m Block Diagram

Figure 1.3-1 Block Diagram
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1.4 Package Dimensions

This section provides the dimensions of the MB90M405 series package.

m FPT-100P-M06 Dimensions

100-pin plastic QFP Lead pitch 0.65 mm

Package width x

package length 14.00 x 20.00 mm

Lead shape Gullwing
Sealing method Plastic mold
Mounting height 3.35 mm MAX

(FPT-100P-M06)

100-pin plastic QFP
(FPT-100P-MO06)

23.90+0.40(.941+.016)

Note: Pins width and pins thickness include plating thickness.

20.00+0.20(.787+.008)
©)
A R A
Ol== o ®
= == ~—Sl010(008)]
= O O = |l
= SSl
== INDEX = N R
% % } Details of "A" part :
o= = o] |
<@)HHHHHHHHHHHHHHHHHHHHHHHHHHH , (Méu-ﬁaﬁgﬁz(jggoj[ql |
& |
N L |
| _0.80£0.20 0.25+0.20] |
A | (.031.008) (.010£.008) !
/ } 0.88£0.15 (Stand off) }
‘ s
© 2001 FUJITSU LIMITED F100008S-c-4-4 Dimensions in mm (inches).
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1.5 Pin Assignments

Figure 1.5-1 "Pin Assignhments” shows the MB90M405 series pin assignments.

m Pin Assignments

Figure 1.5-1 Pin Assignments
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FIP16/LED16 [1] | 80 | PB7/AN15/INT3
FIP17 2] [79] PB6/AN14/INT2
FIP18 [3] [78] PB5/AN13/S02/TO0
FIPL9 [4] [77] RST
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Voo-FIP  [23] [58] P86/SC1
FIP37 [24] [57] P8s/sil
FIP3s [25] [56] P84/SO0
FIP39 [26] [55] P83/SCO
FIP40 [27] [S4] P82/SI0
FIP41 [28] [ 53] P81/ICL/INT1
FIP42 [29] [527] P80/ICO/INTO
FIP43 [30] [51] MD2

4 COE]
4 Lce |
[€€ ]
_V—\_

(O8] | @8] | (O8] | (o8] | (O8] 4;_54;4;:\"1\"1\01
U'IO?\IOO@O"H"I\)(A)AU‘I@\I"OD"(OO
TT T <
O
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CHAPTER 1 OVERVIEW

1.6 Pin Functions

Table 1.6-1 "Pin Functions” summarizes the pin names and functions, as well as the
related circuit types and states at reset.

m Pin Functions

Table 1.6-1 Pin Functions

Pin number

. Circuit | State/function .
Pin name Function
QFP_100M06 type at reset
Oscillation input pin
82, 23 X0, X1 A Oscillating When an external clock is connected, leave the
X1 pin open.
77 RST B Reset input | External reset input pin
FIPO to FIP15 Set when the FL driver is enabled
85 to 100
LEDO to LED15 Set when the LED driver is enabled
FIP16 c Set when the FL driver is enabled
1 Vkk pull-down
LED16 output (when a | Set when the LED driver is enabled
pull-down
2to 10 : .
12 t0 19 FIP17 to FIP33 resistor is set)
20 to 22 Pin dedicated to FL driver output
24 to 41 FIP34 to FIP59 D
43 to 47
P80 1/0O port
External trigger input pin for input capture
ICO
channel 0
52 . . .
External cause input pin for external interrupt
INTO input channel 0
Input is enabled when the ENO bit enables this
pin.
E Port input (Hi-z)
P81 1/0O port
External trigger input pin for input capture
IC1
channel 1
53 . . :
External cause input pin for external interrupt
INT1 input channel 1

Input is enabled when the EN1 bit enables this
pin.
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Table 1.6-1 Pin Functions (Continued)

1.6 Pin Functions

Pin number : Circuit | State/function .
Pin name Function
QFP-100M06 type at reset
P82 I/O port
Serial data input pin for serial I/0O channel 0
54 This pin is used occasionally while serial 1/0
SI0 channel 0 is performing an input operation. Do
not use this pin for any other purpose during an
input operation on serial /0 channel 0.
P83 I/O port
55 Serial clock I/O pin for serial I/O channel 0
SCO This function is enabled when serial I/O channel 0
is enabled for serial clock output.
P84 I/O port
56 Serial data output pin for serial I/O channel 0
SO0 This function is enabled when serial I/0O channel 0
is enabled for serial data output.
E
P85 I/O port
Serial data input pin for serial I/0O channell
57 This pin is used occasionally while serial 1/0
SI1 Port input (Hi-2) channel 1.|s performmg an input operatlorj. Do
not use this pin for any other purpose during an
input operation on serial /0 channel 1.
P86 I/O port
58 Serial clock I/O pin for serial I/O channel 1
SC1 This function is enabled when serial I/O channel 1
is enabled for serial clock output.
P87 I/O port
59 Serial data output pin for serial I/O channel 1
SO1 This function is enabled when serial I/O channel 1
is enabled for serial data output.
P90 I/O port (N-channel open drain)
1°C interface data 1/0 pin. This function is
SDA enabled when I°C interface operation is enabled.
60 G Set the port to the input setting (DDR9 bit 8 = 0)
while the IC interface is active.
Serial data output pin for serial I/O channel 3
SO3 This function is enabled when serial I/O channel 3

is enabled for serial data output.

11




CHAPTER 1 OVERVIEW

Table 1.6-1 Pin Functions (Continued)

Pin number

QFP-100M06

Pin name

Circuit
type

State/function
at reset

Function

61

PO1

SCL

SC3

Port input (Hi-z)

I/0O port (N-channel open drain)

1°C interface clock I/0 pin. This function is
effective when 12C interface operation is enabled.
Set the port to the input setting (DDR9 bit 9 = 0)
while the IC interface is active.

Serial clock I/O pin for serial I/O channel 3
This function is enabled when serial 1/O channel 3
is enabled for serial clock output.

64

PAO

ANO

TMCK

65to0 74

PA1 to PB2

AN1 to AN10

75

PB3

AN11

SI2

76

PB4

AN12

SC2

TINO

Analog input

1/0O port

Analog input pin channel 0 for the A/D converter
This function is enabled when analog input is
enabled (set by the ADER).

Timing clock output pin. This function is enabled
when output is enabled.

The function is disabled when the ADER enables
analog input.

1/0O port

Analog input pin channels 1 to 10 for the A/D
converter

This function is enabled when analog input is
enabled (set by the ADER).

1/0O port

Analog input pin channel 11 for the A/D converter
This function is enabled when analog input is
enabled (set by the ADER).

Serial data input pin for serial I/O channel 2
This pin is used occasionally while serial /O
channel 2 is performing an input operation. Do
not use this pin for any other purpose during an
input operation on serial I/O channel 2.

1/0O port

Analog input pin channel 12 for the A/D converter
This function is enabled when analog input is
enabled (set by the ADER).

Serial clock 1/O pin for serial I/O channel 2
This function is enabled when serial I/O channel 2
is enabled for serial clock output.

External clock input pin for reload timer channel O
This function is enabled when external clock input
is enabled (the ADER setting has precedence).

12




Table 1.6-1 Pin Functions (Continued)

1.6 Pin Functions

Pin number

QFP-100M06

Pin name

Circuit
type

State/function
at reset

Function

78

PB5

AN13

S0O2

TOO

79, 80

PB6 to PB7

AN14 to AN15

INT2 to INT3

Analog input

I/O port

Analog input pin channel 13 for the A/D converter
This function is enabled when analog input is
enabled (set by the ADER).

Serial data output pin for serial I/O channel 2
This function is enabled when serial I/O channel 2
is enabled for serial data output.

External event output pin for reload timer channel
0

This function is enabled when external event
output is enabled (the ADER setting has
precedence).

I/O port

Analog input pin channels 14 and 15 for the A/D
converter

This function is enabled when analog input is
enabled (set by the ADER).

External cause input pin for external interrupt
input channels 2 and 3

Input is enabled when the EN2 and ENS3 bits
enable these pins.

62

AVce

63

AVgg

48

Vkk

Power input

V¢ power input pin for analog macro

Vgg power input pin for analog macro

Power pin on pull-down side in high dielectric
output mode

49

MDO

50

MD1

51

MD2

Mode pin

Input pin for operation mode specification.
Connect this pin to V.

When a flash boot program is used, be sure to
change the pin to Vgs.

Input pin for operation mode specification.
Connect this pin to V.

Input pin for operation mode specification.
Connect this pin to Vgs.

When a flash boot program is used, be sure to
change the pin to V¢c.

11, 42

Vgs-lO

23

Vpp-FIP

81

Vgs-CPU

84

Vee-CPU

Power input

I/O power (0 V: GND) input pin

FIP power (3 V: V¢) input pin

Control circuit power (0 V: GND) input pin

Control circuit power (3 V: V) input pin

13




CHAPTER 1 OVERVIEW

1.7

I/O Circuit Types

Table 1.7-1 "1/O Circuit Types (continued next page)" summarizes the circuit types of

individual pins.

m |/O Circuit Types

Table 1.7-1 1/O Circuit Types (con

tinued next page)

Standby control signal

Classification Circuit type Remarks
» Oscillation circuit
- A Oscillation feedback resistance =
X1 BNch xout about 1 MQ
4 Pch
A X0 D_ Pch
Nch T

» Hysteresis input pin
Built-in pull-up resistor (Rp)

R
B p
1 W—
» P-ch open drain output
- High dielectric port output
IOL =25 mA
Pch ——"Pout
C When this pin is used as an ordinary port,
R connect a diode clamp circuit to it to
KK prevent Vg voltage from being applied to
Vi the pin when the "L" level is output. (See
Section 1.8, "Notes on Handling Devices."
e P-ch open drain output
- High dielectric port output
IOL =12 mA
Pch ——"Pout
D When this pin is used as a normal port,
R connect a diode clamp circuit to it to
KK prevent Vg voltage from being applied to
Vi the pin when the "L" level is output. (See

Section 1.8 "Notes on Handling Devices."

14




Table 1.7-1 1/O Circuit Types (continued next page)

1.7 1/O Circuit Types

Classification

Circuit type

Remarks

e CMOS hysteresis I/O pin
- CMOS output
- CMOS hysteresis input (with

Pch |7 Pout standby control for input rejection)
IOL =4 mA
E Nch _|F——Nout
R
-— Hysteresis input
‘_ Standby control
* Analog/CMOS hysteresis I/O pin
- CMOS output
- CMOS hysteresis input (with
Pch —— Pout standby control for input rejection)
E - Analog input (Analog input is
enabled when the corresponding
E Nch _ |F——Nout ADER bit is "1".)
IOL =4 mA
R
Al — Hysteresis input
‘_ Standby control
Analog input
* N-ch open drain output
- CMOS hysteresis input (with
standby control for input rejection)
G Peh Nout Unlike the CMOS I/O pin, this pin has no
R Pch transistor. Therefore, even when
voltage is applied externally to this pin
‘__ >0 Hysteresis input | while the device power is off, no current
flows into the device power supply (Vcc-
Standby control
y IOV c-CPU).
< Analog power input protection circuit
Pch
H ] !
Nch

15



CHAPTER 1 OVERVIEW

1.

8 Notes on Handling Devices

When handling devices, note the following:

Strict observation of maximum rated voltage (latchup prevention)
Stabilization of supply voltage

Note on power-on

Treatment of unused input pins

Note on external clocks

Power supply pins

Crystal oscillation circuit

Power-on sequence for A/D converter power supply analog input
Treating pins when the A/D converter is not used

Output of high dielectric output pin (circuit type C or D)

Note on during operation of PLL clock mode

16

Strict Observation of Maximum Rated Voltage (Latchup Prevention)

» Do not apply a voltage higher than V¢ or lower than Vg5 to CMOS IC input and output pins

that are not medium or high dielectric pins. Also, do not apply a voltage higher than the
rating between V¢ and Vgg. Disregard of these precautions may result in latchup.

» A latchup rapidly increases supply current and may result in thermal damage to elements.
Be careful not to apply voltage exceeding the maximum rating.

* When turning power to analog circuits on or off, ensure that the analog power supply (AVcc)
and analog input voltage do not exceed the digital supply voltage (V).

Stabilization of Supply Voltage

Even within the operation guarantee range of the Vcc supply voltage, a malfunction can be

caused if the supply voltage changes abruptly. To prevent problems from occurring, stabilize
the V¢ supply voltage.

As guidelines for voltage stabilization, the V¢ ripple fluctuations (peak-to-peak value) at
commercial frequencies (50 to 60 Hz) should be suppressed to 10% or less of the reference
Vcc value. During a momentary change such as when a supply voltage is switched, voltage
functions should also be suppressed so that the transient fluctuation rate does not exceed 0.1
V/ms.

Note on Power-on

To prevent a malfunction in the built-in voltage drop circuit during power-on, ensure 50 ps
(between 0.2 V and 2.7 V) or more for the supply voltage (V) rise time.

Treatment of Unused Input Pins

An unused input pin, if left open, may cause a malfunction or a permanent damage due to a
latchup. Every unused input pin must be pulled up or down using resistance of 2 kQ or more.
An unused I/O pin must be either opened by setting it to output mode or handled in the same
way as an input pin after it has been set to input mode.



1.8 Notes on Handling Devices

m Note on External Clocks

When an external clock is used, connect only the X0 pin; leave the X1 pin open. A sample
application of the external clock is shown below:

[>o X0

OPEN — X1

MB90M405 series

m Power Supply Pins

When a device has two or more V¢ or Vgg pins, the pins that should have equal potential

are connected within the device in order to prevent a latchup or other malfunction. To
reduce extraneous emissions, to prevent a malfunction of the strobe signal due to an
increase in the ground level, and to maintain the total output current rating, connect the V¢

or Vgg pins to the power supply or to ground.

Connect the current supply source to the V¢ and Vgg pins of the MB90M405 series device
with minimum impedance.

As a measure against power supply noise in an MB90M405 series device, connect a bypass
capacitor of about 0.1 pF between V¢ and Vgg near the V¢ and Vgg pins.

m Crystal Oscillation Circuit

Noise at the X0 and X1 pins can cause malfunctioning of MB9OM405 series devices. Design
the printed wiring board so that bypass capacitors to the X0 and X1 pins, crystal oscillator (or
ceramic oscillator), and ground are provided near the X0 and X1 pins and that the X0 and X1
pin wirings do not cross other wirings.

Printed wiring board artwork that encloses the X0 and X1 pins with ground should result in
stable operation.

m Power-on Sequence for A/D Converter Power Supply Analog Input

Before turning on power to the A/D converter power supply pin (AVc) and analog input pins
(ANO to AN15), be sure power to the digital power supply pin (V) has already been turned
on.

When turning off the power, turn off the power to the digital power supply pin (Vcc) after
turning off the power to the A/D converter and analog inputs.

When a pin that is used for analog input is also used as an input port, prevent the analog
input voltage from exceeding AVcc. (The analog power and digital power can be
simultaneously turned on or off with no problem.)

m Treating Pins When the A/D Converter Is Not Used

When the A/D converter is not used, connect AVcc and Ve, and AVgg and Vgg.

17



CHAPTER 1 OVERVIEW

m Output of High Dielectric Output Pin (Circuit Type C or D)

When a high dielectric output pin (circuit type C or D) is used as an ordinary output port, the
value obtained by pulling down the Vg pin voltage is output in "L" level output mode. In this

case, the Vg pin level voltage is applied to the external circuit. Add a diode clamp circuit as
shown in the figure below.

Diode clamp circuit

m Note on during Operation of PLL Clock Mode

In the case of the PLL clock is selected as the machine clock, if an oscillator is off or if the clock
input is stopped, the microcontroller may be continued to operation by the free running
frequency of the internal PLL self oscillator circuit.

This operation is warranted.

18



1.9 Clock Supply Map

1.9 Clock Supply Map

Figure 1.9-1 "Clock Supply Map" shows a clock supply map of the MB90M405 series.

m Clock Supply Map

Figure 1.9-1 Clock Supply Map

Clock generation circuit

Timing clock divider

X0 Oscillation Selector

circuit ?f f ?

X1

Watchdog timer

Timebase timer

*

1 2 3 4
11 1 1

»| PLL multiplying circuit |

lPCLK

|| Divide-by-

Built-in resources
FFL controller

16-bit reload timer

8/10-bit A/D converter
Serial /10

Free-running timer

Input capture
Output compare
I2C communication interface

HCLK

ﬂ. two circuit ﬂ Selector

MCLK

CPU(F?MC-16LX)

HCLK : Oscillation clock frequency
MCLK : Main clock frequency

PCLK : PLL

clock frequency

ROM/RAM (memory)
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CHAPTER 1 OVERVIEW

1.10 Low Power Consumption Mode

This section provides an overview of low-power mode. The MB90M405 series uses the
operation modes listed in the table below, and functions and clocks stop differently
depending on the mode. For more information, see CHAPTER 4 "CLOCKS."

m Relationships between operation Modes and Power

Table 1.10-1 Relationships between Operation Modes and Power

Operation mode Main clock PLL clock CPU Built-in resources | Timing clock
PLL Run Operating Operating Operating Operating Operating
Main Run Operating Stopped Operating Operating Operating
PLL Sleep Operating Operating Stopped Operating (1) Operating

Main Sleep Operating Stopped Stopped Operating 1) Operating
Pseudo Clock Operating Stopped Stopped Stopped Operating
Stop Stopped Stopped Stopped Stopped Stopped

In the above table, the operation modes are arranged in descending order of power consumption

In PLL Run mode, operation is performed based on PCLK obtained by multiplying the source oscillation by 1
to 4. In Main Run mode, operation is performed based on MCLK obtained by dividing the source clock by 2.
*1: In Sleep mode, since the CPU has stopped, access to the built-in resources from the CPU is disabled.

20




CHAPTER 2 CPU

This chapter describes the CPU and the memory space provided by the MB90M405
series.

2.1 "CPU"

2.2 "Memory Space"

2.3 "Memory Maps"

2.4 "Addressing"

2.5 "Memory Location of Multibyte Data"
2.6 "Registers”

2.7 "Dedicated Registers"

2.8 "General-Purpose Registers"

2.9 "Prefix Codes"



CHAPTER 2 CPU

21 CPU

The FAMC-16LX CPU core is a 16-bit CPU designed for use in applications, such as
welfare and mobile equipment, which require high-speed real-time processing. The
instruction set of the FAMC-16LX was designed for controllers so that it can perform
various types of control at high speeds and efficiencies.

The F2MC-16LX CPU core processes 32-bit data using a built-in 32-bit accumulator.
Memory space, which can be extended to up to 16M bytes, can be accessed in either
linear or bank access mode. The instruction set inherits the AT architecture of the
F2MC-8L and has additional instructions for supporting the C language. In addition, it
has an extended addressing mode, enhanced multiply/divide instructions, and

improved bit manipulation instructions. The features of the F2MC-16XL CPU are
shown below:

s CPU

O Minimum instruction execution time: 59.5 ns (source oscillation at 4.2 MHz and clock
multiplication by 4)

0 Maximum memory address space: 16M bytes. Can be accessed in linear or bank mode.

O Instruction set optimum for controller applications
« Many data types (bit, byte, word, and long word)
e As many as 23 addressing modes
« Enhanced high-precision arithmetic operation by a 32-bit accumulator

» Enhanced signed multiply/divide instructions and RETI instruction function

O Interrupt function

Eight programmable priority levels

O Automatic transfer function independent to CPU

Extended intelligent I/O service using up to 16 channels

O Instruction set supporting high-level language (C) and multi-tasking

System stack pointer, instruction set symmetry, and barrel shift instructions

O Increased execution speed: 4-byte instruction queue

22



2.2

Memory Space

2.2 Memory Space

All /0, programs, and data are located in the 16M-byte memory space of the F2MC-

16LX. The RAM space is used for extended intelligent 1/0O service (EIZOS) descriptors,
general-purpose registers, and vector tables.

m Memory Space

All I/O, programs, and data are located in the 16M-byte memory space of the F2MC-16LX CPU.
The CPU is able to access each built-in peripheral function (resource) through a memory space
address indicated by the 24-bit address bus.

Figure 2.2-1 Sample Relationship between the F2MC-16LX System

F2MC-16LX device

: FFFFFF,
: Vector table area
: FEFCO0, v ROM area
: * Program area
: FF0000,,"1
100000,
" External area (*4)
> 2 010000,
F"MC-16LX g ROM area (FF bank image)
cPy 5 004000,,"2
IS External area (*4)
002000,
000D00,,"3
.............. Data area
000380, General-purpose
000180, |fegister RAM area
EI20S
descriptor area
L External area (4)
nterrupts
0000€0y, Interrupt control register area
Peripheral circuits 000080, Peripheral funci | reai
000020, eripheral function control register area 1/O area
General-purpose 1/0 port control register area

*1 The size of internal ROM differs for each model.

*2 The area accessible by the image differs for each model.
*3 The size of internal RAM differs for each model.

*4 There is no access in single-chip mode.
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m ROM Area

m RAM Area

24

Vector table area (address: "FFFCO0y to FFFFFFY")

e This area is used as a vector table for vector call instructions, interrupt vectors, and reset
vectors.

e This area is allocated at the highest addresses of the ROM area. The start address of the
corresponding processing routine is stored in each vector table address.

Program area (address: Up to "FFFBFF4")

* ROM is built in as an internal program area.

* The size of the internal ROM differs for each model.

Data area (address: From "0001004")

* The static RAM is built in as an internal data area.

* The size of internal RAM differs for each model.

General-purpose register area (address: "0001804 to 00037Fy")

e Auxiliary registers used for 8-bit, 16-bit, and 32-bit arithmetic operations and transfer are
allocated in this area.

» When this area is not used as a general purpose register, it can be used as ordinary RAM.

» When this area is used as a general-purpose register, general-purpose register addressing
enables high-speed access within a few instruction cycles.

Extended intelligent I/O service (EI?0S) descriptor area (address: "000100y to 00017Fy")

» This area retains the transfer modes, 1/O addresses, transfer count, and buffer addresses of
the Extended Intelligent I/O Service (EI20S).

« If the Extended Intelligent I/0 Service (EI?OS) is not used, this area can be used as ordinary
RAM.



1/0 Area

2.2 Memory Space

O Interrupt control register area (address: "0000B0y to 0000BFy")

The interrupt control registers (ICR00 to ICR15) correspond to the built-in peripheral functions
that have an interrupt function. These registers set interrupt levels and control the extended

intelligent 1/0O service (EI?0S).

O Peripheral function control register area (address: "000020 to 0000AF4")

This register controls the built-in peripheral functions (resources).

O /O port control register area (address: "000000y to 00001Fy")

This register controls the 1/O port.

25
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2.3 Memory Maps

This section shows the memory map for each model of MB90M405 series.

m Memory Maps

26

Single chip mode
(with mirror ROM function)

Figure 2.3-1 Memory Maps

FFFFFFy4
ROM area
Address #1
0100004
ROM area
(FF bank image)
Address #2
Address #3
RAM area | Register
0001004
0000CO0y berioheral
eripheral area
P =< : Access not allowed
000000y
Model Address #1 Address #2 Address #3
MB90M407/M407A FE8000H 0040004 001100H
MB90M408/M408A FEOOOOH 004000y 001100H
MB90OMF408/MF408A FEOOOOH 004000y 001100H
MB90MV405 F80000H (1) 004000H 001100H

*1: V products have no built-in ROM. This area should be understood as the ROM decode

area of the tool.




2.3 Memory Maps

Reference:
The ROM mirroring function allows the small model of the C compiler to be used.

The low-order 16-bit address of FF bank becomes the same as the low-order 16-bit address
of 00 bank. However, not all the data in the ROM area can be seen as a mirror image in 00
bank because the ROM area of FF bank exceeds 48K bytes.

To use the small model of the C compiler, store the data table in "FF4000 to FFFFFF," to
show the data table as a mirror image in "004000y to OOFFFF4". Thus, the data table in the
ROM area can be referenced without the “far" specification declared in the pointer.

Note:

» If the ROM mirroring function register is set, the data in the upper side of FF bank ("FF40004
to FFFFFFY") can be seen as a mirror image in the upper side of 00 bank (0040004 to
OOFFFFH").

« For information on setting the ROM mirroring function, see Chapter 22 "ROM MIRRORING
FUNCTION SELECTION MODULE".
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2.4 Addressing

Addresses can be generated using linear addressing and bank addressing.
In linear addressing, the 16M-byte space is directly specified using a continuous 24-bit

address.

In bank addressing, the 16M-byte space is divided into 256 64K-byte banks. The upper
8 bits of the address are specified by a bank register and the lower 16 bits of the
address are directly specified by an instruction.

The F2MC-16LX series basically uses bank addressing.

m Linear Addressing and Bank Addressing

Figure 2.4-1 Linear Addressing and Bank Addressing Memory Management

Linear addressing

FFFFFFu

—> 123456+

000000+
123456+

Specified entirely by an instruction

28

Bank addressing

FFFFFFu
FF0000H
FEFFFFu

FE0000H
FDFFFFH

FDOOOOH

—> 123456H

04FFFFH
040000H
03FFFFH

030000H
02FFFFH

020000H
01FFFFH

010000H
00FFFFn

000000+

FF bank

FE bank

FD bank

12 bank

04 bank

03 bank

02 bank

01 bank

00 bank

123456+

] 64 K bytes

=T
Specified by an instruction

Specified by a bank register for the required purpose



2.4 Addressing

2.4.1 Address Specification by Linear Addressing

The linear addressing has two types of address specified:
» Specify 24-bit address directly in the instruction as operand
» Specify 24-bit address in a 32-bit general-purpose registers, using the lower 24 bits

m Linear Addressing by 24-Bit Operand Specification

Figure 2.4-2 Example of Direct Specification of a 24-bit Physical Address in Linear Addressing

JMPP 0123456+

Old program counter [ 44 7 452D
+ program bank JMPP  123456H

+ program bank 12 . 3456 1234564

Next instruction

m Addressing by Indirect Specification with a 32-Bit Register

Figure 2.4-3 Example of Indirect Specification with a 32-bit General-Purpose Register in Linear
Addressing

MOV A ,@RL1+7

Old AL XXXX ,—— 090700+ 3AH
+7

New AL 003A T——— RL1 240906F9H

(Upper 8 bits are ignored)

RL1: 32-bit (long-word) general-purpose register

29
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2.4.2 Address Specification by Bank Addressing

In address specification by bank addressing, the 16M-byte space is divided into 256
64K-byte banks. The upper 8 bits of the address are specified by a bank register and
the lower 16 bits of the address are directly specified by an instruction.
The five types of bank registers classified by function are as follows:
Program bank register (PCB)
Data bank register (DTB)

User stack bank register (USB)
System stack bank register (SSB)
Additional bank register (ADB)

Bank Registers and Access Space

Table 2.4-1 Access Space and Main Function of Each Bank Register

Bank register name

Access space

Main function

Initial value
after areset

Program bank register Program (PC) space Instruction codes, vector tables, and FFy
(PCB) immediate-value data are stored.
Data bank register Data (DT) space Read/write data is stored. Internal or 004
(DTB) external peripheral control registers and
data registers are accessed.
User stack bank Stack (SP) space This area is used for stack accesses 004
register (USB) such as when PUSH/POP instructions
and interrupt registers are saved.
System stack bi‘nk The SSB is used when the stack flagin | 90H
register (SSB) (*1) the condition register (CCR:S) is 1. The
USB is used when the stack flag in the
condition register (CCR:S) is 0. (*1)
Additional bank register | Additional (AD) space | Data that overflows from the data (DT) 004

(ADB)

space is stored.

*1: The SSB is always used as an interrupt stack.

See Section 2.7.9 "Bank Registers (PCB, DTB, USB, SSB, ADB)" for details.
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2.4 Addressing

Figure 2.4-4 Sample Bank Addressing

------- FFFFFFH
Program space
U <— | FFu |: Program bank register (PCB)
OFFFFFH [----mmmmmmmmmmmmcooo o
Additional space

OF0000H f-----mmmmmmmmmommoooo o <— | OFx |: Additional bank register (ADB)
?
(3]
5 ODFFFFH [ --=-mmmmmmmmmmmmmoome o
=]
© User stack space
s 0DO000H [ ------mmmmmmmmmmmm oo oo <— | ODH [: User stack bank register (USB)
2
c
o

OBFFFFH | ------mmmmmmmmmoo oo

Data space
0BO00O0H [-----=mmmmmmmmmmmm o <— | OBH |: Data bank register (DTB)
O7FFFFH [ --mmmmmmmmmmmmmeoooe o
System stack space

070000H f--------mmmmmmmmmoooe e <— | 07u |: System stack bank register (SSB)

------- 000000+

m Bank Addressing and Default Space

To improve instruction coding efficiency, each instruction has a defined default space for each
addressing method, as shown in Table 2.4-2 "Addressing and Default Spaces". To use a space
other than the default space, specify a prefix code for a bank before the instruction. This
enables the bank space that corresponds to the specified prefix code to be accessed.See
Section 2.9 "Prefix Codes" for details about prefix codes.

Table 2.4-2 Addressing and Default Spaces

Default space Addressing

Program space | PC indirect, program access, branching

Data space Addressing using @RW0, @RW1, @RW4, and @RWS5, @A,
addri16, dir

Stack space Addressing using PUSHW, POPW, @RW3, and @RW7

Additional space | Addressing using @RW2 and @RW6
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2.5 Memory Location of Multibyte Data

Multibyte data is written to memory sequentially from the lower address. If multibyte
data is 32-bit data, the lower 16 bits are transferred followed by the upper 16 bits.

If a reset signal is input immediately after the low-order data is written, the high-order
data may not be written.

m Storage of Multibyte Data in RAM

The lower 8 bits of the data is located at address n, and subsequent data is located at address n
+ 1, address n + 2, address n + 3, and so on, in this sequence.

Figure 2.5-1 Storage of Multibyte Data in RAM

MSB LSB
|010101013 |110011003 11111111s (000101008
X 7} K

—> T

o
[y
o
[y
o
[y
o
[y
@

A

[
[
[EEN
[
[
[
[
[
@

A

Address n 000101008

[

L

A

MSB : Most Significant Bit
LSB : Least Significant Bit

m Storage of Multibyte Operand

Figure 2.5-2 Storage of a Multibyte Operand in RAM

JMPP 123456H

? IMPP 12 34 56w
| T
________ L ‘
34H <
________ SAAN
Address n 63H <
L
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m Storage of Multibyte Data in a Stack

Figure 2.5-3 Storage of Multibyte Data in a Stack

PUSHW RW1,RW3

H PUSHW RW1, RW3
T __________________ (35A4H) (6DFOH)
sP—>| ] A A T
________ 6D |
________ L
351 <
| <
Addressn| ]
'
L
RW1: 35A4H
RW3: 6DFOH

*1 Stack status after execution of the PUSHW instruction

m Multibyte Data Access

Multibyte data is generally accessed within a bank. For an instruction that accesses multibyte
data, the address "FFFFy" is followed by "00004" in the same bank.

Figure 2.5-4 Multibyte Data Access on a Bank Boundary

?

_______________ AL before execution
BOFFFFn | 0w v
MOVW A,080FFFFH
------- AL after execution | 231 | 01n |
800000n | 23 —| . ¢H
L
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2.6 Registers

F2MC-16LX registers are classified into internal dedicated CPU registers and built-in
RAM general-purpose registers.

m Dedicated Registers and General-Purpose Registers

he dedicated registers are built-in hardware components of the CPU. Consequently, their use is
limited by the CPU architecture.

General-purpose registers are allocated together with RAM in the CPU address space.
General-purpose registers are like dedicated registers in that they can be accessed without
address specifications, but are like regular memory in that their use can be defined by the user.

Figure 2.6-1 Dedicated Registers and General-Purpose Registers

CPU RAM
Dedicated register RAM

/] '\ General-purpose
Accumulator < > register
I

User stack pointer

System stack pointer

Processor status

Program counter

Internal bus

Direct page register

Program bank register

Data bank register

User stack bank register

System stack bank register

Additional data bank register
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2.7 Dedicated Registers

Dedicated Registers

The following 11 registers are dedicated registers in the CPU.
Accumulator (A)

User stack pointer (USP)

System stack pointer (SSP)
Processor status (PS)
Program counter (PC)

Direct page register (DPR)

Program bank register (PCB)

Data bank register (DTB)

User stack bank register (USB)
System stack bank register (SSB)
Additional data bank register (ADB)

Configuration of Dedicated Registers

Figure 2.7-1 Configuration of Dedicated Registers

AH

AL

(=
£y

'U'U%
46 B E B OO0 E
wn
w| |w

-
0O
w

—

(9]
w

16 bits
32 hits

. Accumulator (A)

Two 16-bit registers used for the storage of arithmetic operation results.
The two registers can be combined as a contiguous 32-bit register.

. User stack pointer (USP)

16-bit stack pointer that indicates the user stack address

: System stack pointer (SSP)

16-bit stack pointer that indicates the system stack address

. Processor status (PS)

16-bit status register that indicates the system status

: Program counter (PC)

16-bit count register that indicates the current instruction storage location

. Direct page register (DPR)

8-bit page register that specifies bits 8 to 15 of the operand address
when the short direct addressing is executed

. Program bank register (PCB)

8-bit bank register that indicates the program space

. Data bank register (DTB)

8-bit bank register that indicates the data space

: User stack bank register (USB)

8-bit bank register that indicates the user stack space

. System stack bank register (SSB)

8-bit bank register that indicates the system stack space

. Additional data bank register (ADB)

8-bit bank register that indicates the additional space
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Table 2.7-1 Initial Values of the Dedicated Registers

Dedicated register Initial value
Accumulator (A) Undefined
User stack pointer (USP) Undefined
System stack pointer (SSP) Undefined
PI’OCGSSOI’ Status (PS) bitl5 to bit13 bit12 to bit8  bit7 to bit0
ps | wm | RP | CCR
0 0 0o o0 0 0 0 0 - 0o 1 X X X X X

Program counter (PC)

Value in reset vector (contents of FFFFDCy,
FFFFDDy)

Direct page register (DPR)

01y

Program bank register (PCB)

Value in reset vector (contents of FFFFDER)

Data bank register (DTB) 004
User stack bank register (USB) 004
System stack bank register (SSB) 004
Additional data bank register (ADB) 004

Note:

Shown above are the initial values for use in a device, not for use in an ICE (such as an

emulator).




2.7 Dedicated Registers

2.7.1 Accumulator (A)

The accumulator (A) consists of two 16-bit arithmetic operation registers (AH and AL).
The accumulator is used to temporarily store the results of an arithmetic operation and
data.

The accumulator (A) can be used as a 32-bit, 16-bit, or 8-bit register. Arithmetic
operations can be performed between memory and other registers or between the
higher 16-bit arithmetic operation register (AH) and the lower 6-bit arithmetic operation
register (AL). The A register has a data retention function: When data not longer than
aword is transferred to the AL register, data stored in the AL register before the
transfer is transferred to the AH register. (Data is not retained for some instructions.)

m Accumulator (A)

0 Data transfer to the accumulator

The accumulator (A) can handle 32-bit (long word), 16-bit (word), and 8-bit (byte) data. The
four-bit data transfer instruction (MOVN) is exceptionally provided but the data is processed in
the same way as that for 8-bit data.

« For 32-bit data processing, the AH and AL registers are used in combination.

« For 16-bit and 8-bit data, the AL register is used while the AH register retains data in the AL
register.

- Data not longer than a byte, when transferred to the AL register, becomes 16 bits long
through sign or zero extension and is stored in the AL register. Data stored in the AL
register can be handled as 16-bit or 8-bit data.

Figure 2.7-3 "Example of AL-AH Transfer in the Accumulator (A) (8-bit Immediate Value, Zero
Extension)" to Figure 2.7-6 "Example of AL-AH Transfer in the Accumulator (A) (16 bits,
Register Indirect)" show specific examples of transfer.
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Figure 2.7-2 Data Transfer to the Accumulator

) 32-bit

<« >

AH AL
|

&~

Data transfer Data transfer

32-bit data transfer |

AH AL
16-hit data transfer [Data save<a |

aiiy

Data transfer

AH AL
8-bit data transfer [Datasaves  © |
"00H" or "FF1" (*1) Data transfer
(Zero extension or sign extension)
*1 Becomes "000+" or "FFFH" for a 4-bit transfer instruction.

O Accumulator byte-processing arithmetic operation

When a byte-processing arithmetic operation instruction is executed for the AL register, the
upper 8 bits of the AL register before the arithmetic operation is executed are ignored. The
upper 8 bits of the arithmetic operation results are all zeros.

O Initial value of the accumulator

The initial value after a reset is undefined.

Figure 2.7-3 Example of AL-AH Transfer in the Accumulator (A) (8-bit Imnmediate Value, Zero Extension)

MOV A,3000H (An instruction that zero-extends the contents at address 3000
result in the AL register)

Msg  Memory space

LSB
AH AL
Before execution|  XXXXu i 2456n | B53000+ 77w | 88
<_-  pre[__Bsx
X : Undefined
After execution | 24561 | 0088H | MSB : Most Significant Bit

LSB : Least Significant Bit
DTB : Data bank register
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2.7 Dedicated Registers

Figure 2.7-4 Example of AL-AH Transfer in the Accumulator (A) (8-bit Inmediate Value, Sign Extension)

MOVW  A,3000H (An instruction that stores the contents at address 3000+ in the AL register)
MsB Memory space | gp
AH AL
Before execution [ XXXXu | 2456n | B53000H 774 | 88n
J_L prte[ Bs5H
: X @ Undefined
After execution | 2456w | 77881 | MSB : Most Significant Bit

LSB : Least Significant Bit
DTB : Data bank register

Figure 2.7-5 Example of 32-bit Data Transfer to the Accumulator (A) (Register Indirect)

(Instruction that performs a long-word-length read using the result of the RW1
MOVL A.@RW1+6 contents + an 8-bit offset as the address and stores the read value in the A register)

MSB Memory space

LSB
AH AL

Before execution XXXXH i XXXX
l - | A61540n 8FH 74+
2B 52
@ DTB A6n > A6153EH H H

+6 :

After execution | 8F74n | 2B52u_| T_ RW1 150 |  38u

X : Undefined
MSB : Most Significant Bit
LSB : Least Significant Bit
DTB : Data bank register

Figure 2.7-6 Example of AL-AH Transfer in the Accumulator (A) (16 bits, Register Indirect)

(Instruction that performs a word-length read using the result of the RW1
MOVW A @RW1+6 contents + an 8-bit offset as the address and stores the read value in the A register)

MSB Memory space

LSB
AH AL
Before execution XXXXH i 1234
l a " | A615404 8FH 744
2B 52
@ DTB ~6n > A6153EH H H
+6 :
After execution | 1234w | 2B52n | T_ RW1 5 | 36
X : Undefined

MSB : Most Significant Bit
LSB : Least Significant Bit
DTB : Data bank register
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2.7.2 Stack Pointers (USP, SSP)

There are two types of stack pointers: a user stack pointer (USP) and a system stack
pointer (SSP). Each stack pointer is a register that indicates the memory address of
the location of the destination for saved data or a return address when PUSH
instructions, POP instructions, and subroutines are executed. The upper 8 bits of the
stack address are specified by the user stack bank register (USB) or system stack
bank register (SSB).

When the S flag of the condition code register (CCR) is 0, the USP and USB registers
are valid. When the S flag is 1, the SSP and SSB registers are valid.

m Stack Selection

The F2MC-16LX uses two types of stack: a system stack and a user stack.

The stack address is determined, as shown in Table 2.7-2 "Stack Address Specification”, by the
S flag in the processor status (PS:CCR).

Table 2.7-2 Stack Address Specification

Stack address
S flag
Upper 8 bits Lower 16 bits
0 User stack bank register (USB) User stack pointer (USP)
1(*1) System stack bank register (SSB) | System stack pointer (SSP)

*1: Initial value

Since a reset initializes the S flag to "1", the system stack is used by default. When an interrupt
is received, the stack flag (CCR:S) is set to "1" and the system stack pointer will be used. The
user stack is used for all types of stack operations except those for interrupt routines. Unless
the stack space is divided , the system stack should be used.
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2.7 Dedicated Registers

Figure 2.7-7 Stack Operation Instruction and Stack Pointer

PUSHW A with the S flag setto 0

MSB LSB

Before execution AL USB USP C6F326H XXH © XXH
sflag [0] ssB[B6n] ssp[1234 |

v

After execution ~ AL[ A624n] USB[Cen] USP[F326n |<= ;“eeg‘?;;ﬁ‘sagk s used because
Sflag [0] sse[56n] ssp[1234x C6F326n | A6H | 24n

PUSHW A with the S flag setto 1

MSB LSB

Before execution AL USB USP 561232+ XXH © XXH
S flag ssB[s6n | ssp[1234 |

V

After execution AL USB USP 561232+ A6H : 24n
S flag SSB ssp <& The system stack is used

because the S flag is 1

X 1 Undefined
MSB : Most Significant Bit
LSB : Least Significant Bit

Note:

« To set a stack address in the stack pointer, use an even-numbered address. If an odd-
numbered address is used, a word is accessed in two separate operations, reducing access
efficiency.

e The initial values for the USP and SSP registers are undefined.

< Allocate the system stack area, user stack area, and data area so that they do not overlap.

m System Stack Pointer (SSP)

To use the system stack pointer (SSP), set the S flag in the condition code register (CCR) to
"1". If the S flag is set to "1", the upper 8 bits of the address to be used for the stack operation
are indicated by the system stack bank register (SSB).

For more information on the condition code register (CCR), see Section 2.7.4 "Condition Code
Register (PS: CCR)". For more information on the system stack bank register (SSB), see
Section 2.7.9 "Bank Registers (PCB, DTB, USB, SSB, ADB)".

m User Stack Pointer (USP)

To use the user stack pointer (USP), set the S flag in the condition code register (CCR) to "0". If
the S flag is set to "0", the upper 8 bits of the address to be used for the stack operation are
indicated by the user stack bank register (USB).

For more information on the condition code register (CCR), see Section 2.7.4 "Condition Code
Register (PS: CCR)". For more information on the system stack bank register (SSB), see
Section 2.7.9 "Bank Registers (PCB, DTB, USB, SSB, ADB)".
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2.7.3 Processor Status (PS)

The processor status register (PS) contains CPU control bits and bits that indicate the
CPU status. The PS register consists of the following three registers:

* Condition code register (CCR)

* Register bank pointer (RP)

Interrupt level mask register (ILM)

m Processor Status (PS) Configuration

42

The processor status register (PS) contains CPU control bits and bits that indicate the CPU
status.

Figure 2.7-8 Processor Status (PS) Configuration
ILM RP CCR

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

PS |iLm2/iLM1fiLtMO| B4 |B3|B2|B1|BO| - | I | S| T|N|Z |V |C

O Condition Code Register (CCR)

This register consists of flags that are set to "1" or reset to "0" in accordance with instruction
execution results or interrupts.

For more information on the flags, see Section 2.7.4 "Condition Code Register (PS: CCR)".

Register Bank Pointer (RP)

This pointer points to the first address of the memory block (register bank) used as the general-
purpose register in the RAM area.

There are 32 banks for general-purpose registers. Set values "00y to 1F4" in the RP to specify
a bank.

For the setting method and more information on this pointer, see Section 2.7.5 "Register Bank
Pointer (PS: RP)".

Interrupt Level Mask Register (ILM)

This register indicates the level of an interrupt currently accepted by the CPU. The value is
compared with that of the interrupt level setting bits (ICR: ILO to IL2) in the interrupt control
register (ICR0OO to ICR15) set so that an interrupt request corresponds to each peripheral
function (resource).

For the setting method and more information on this register, see Section 2.7.6 "Interrupt Level
Mask Register (PS: ILM)".



2.7 Dedicated Registers

2.7.4 Condition Code Register (PS: CCR)

The condition code register (CCR) is an 8-bit register that consists of the following

bits:

* Bits that indicate the result of an arithmetic operation and the contents of transfer

data

» Bits that control the acceptance of an interrupt request

m Condition Code Register (CCR) Configuration

Refer to the programming manual for details about the status of the condition code register
(CCR) during instruction execution.

Figure 2.7-9 Condition Code Register (CCR) Configuration
ILM RP CCR

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 CCRinitial value

PS |ILM2[ILM1|ILMO| B4 |B3|(B2|B1|BO| —| I [ S| T|[N|Z |V |C X01XXXXXs

Interrupt enable flag —, ‘

Stack flag
Sticky bit flag
Negative flag
Zero flag
Overflow flag
Carry flag

X :Not used
- :Undefined

O

Interrupt enable flag (1)

Interrupts are enabled when the | flag is set to "1", or disabled when the | flag is reset to "0", in
response to any interrupt request other than software interrupts. The | flag is reset to "0" by an
external or software reset.

Stack flag (S)

This flag indicates the pointer used for a stack operation. The user stack pointer (USP) is valid
if the S flag is reset to "0". The system stack pointer (SSP) is valid if the S flag is set to "1". The
S flag is set to "1" when an interrupt is accepted or when an external or software reset is
asserted.

For more information on the stack pointers, see Section 2.7.2 "Stack Pointers (USP, SSP)"

Sticky bit flag (T)

The T flag is set to "1" if the data shifted out of by the carry contains "1" during execution of a
logical or arithmetic right shift instruction. Otherwise, the T flag is reset to "0". The T flag is also
reset to "0" if the shift amount is zero.
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0 Negative flag (N)

The N flag is set to "1" if the most significant bit (MSB) of the general-purpose registers (RLO to
RL3) that store the operation result is "1". Otherwise, the N flag is reset to "0".

For more information on general-purpose registers, see Section 2.8 "General-Purpose
Registers".
Zero flag (2)

The Z flag is set to "1" if the general-purpose registers (RLO to RL3) that store the operation
result are "00004". Otherwise, the Z flag is reset to "0".

Overflow flag (V)

The V flag is set to "1" if an overflow occurs in a signed numeric value. Otherwise, the V flag is
reset to "0".

Carry flag (C)

The C flag is set to "1" if a carry from the most significant bit or a borrow to the least significant
bit occurs during an arithmetic operation. Otherwise, the C flag is reset to "0".



2.7 Dedicated Registers

2.7.5 Register Bank Pointer (PS: RP)

The register bank pointer (RP) is a five-bit register that points to the first address of
the general-purpose register bank currently used.

m Register Bank Pointer (RP)

Figure 2.7-10 Configuration of the Register Bank Pointer (RP)
ILM RP CCR

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O RP initial value

PS |ILM2[ILM1|ILMO| B4 [B3|B2 [B1|BO| —| I | S| T|N|Z |V |C 000008

m General-Purpose Register Area and Register Bank Pointer

The register bank pointer (RP) points to the relationship between the general-purpose register

of the FZMC-16LX and the address in internal RAM. The relationship between the contents of
the RP register and the address follows the conversion rules shown in Figure 2.7-11
"Conversion Rules for Physical Address of General-Purpose Register Area".

Figure 2.7-11 Conversion Rules for Physical Address of General-Purpose Register Area

Conversion formula [0001804 + (RP) % 104]

When RP = 10+ Register bank 31
000370H

Register bank 16

» 000280+

Register bank 0

000180+

* The register bank pointer (RP) can assume values from 00y to 1Fy. The first address of a
register bank can be set to a value from 000180, to 00037F.

< Although an assembler instruction can use an 8-bit immediate value transfer instruction for
transfer to the register bank pointer (RP). However, only the lower 5 bits of the data are
valid.

* Areset initializes the register bank pointer (RP) to 00000g.
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2.7.6 Interrupt Level Mask Register (PS: ILM)

The interrupt level mask register (ILM) is a 3-bit register that indicates the level of the
interrupt currently accepted by the CPU.

m Interrupt Level Mask Register (ILM)
See CHAPTER 6 "INTERRUPTS" for details about interrupts.

Figure 2.7-12 Configuration of the Interrupt Level Mask Register (ILM)
ILM RP CCR

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O ILM initial value
PS |ILM2[ILM1{ILMO| B4 (B3 |B2 (B1|BO| —| I | S|T|N|Z |V |C 0008

The interrupt level mask register (ILM) indicates the level of the interrupt currently accepted by
the CPU.

A level of the interrupt currently accepted by the CPU can be set in the ILM register. The CPU
does not accept any interrupt with an interrupt level lower than that set in the ILM register.

» A reset sets the highest interrupt level in the ILM register, causing no interrupt to be
accepted.

» Although an assembler instruction can use an 8-bit immediate value transfer instruction for
transfer to the interrupt level mask register (ILM). However, only the lower 3 bits of the data
are valid.

Table 2.7-3 Interrupt Level Mask Register (ILM) and Interrupt Level Priority

ILM2 ILM1 ILMO Interrupt Interrupt level priority
level

0 0 0 0

0 0 1 1 Highest (interrupts disabled)
0 1 0 2

0 1 1 3

1 0 0 4

1 0 1 5

1 1 0 6

1 1 1 7 Lowest
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2.7.7 Program Counter (PC)

The program counter (PC) is a 16-bit counter that indicates the lower 16 bits of the
address of the next instruction to be executed by the CPU.

m Program Counter (PC)

The program bank register (PCB) specifies the upper 8 bits, and the program counter (PC)
specifies the lower 16 bits, of the address of the next instruction to be executed by the CPU.
The address of the next instruction to be executed is as shown in Figure 2.7-13 "Program
Counter (PC)". The contents of the PC are updated by conditional branch instructions,
subroutine call instructions, interrupts, and resets. The PC can also be used as a base pointer
for reading operands.

For more information on the PCB, see Section 2.7.9 "Bank Registers (PCB, DTB, USB, SSB,

ADB)".
Figure 2.7-13 Program Counter (PC)
Upper 8 hits Lower 16 bits
PCB [FEH PC | ABCDH
N— N—
> Next instruction to
> FEABCDH be executed
Note:

The PC and PCB cannot be rewritten directly by a program (instructions such as MOVPC
and #0FFp).
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2.7.8 Direct Page Register (DPR)

The direct page register (DPR) is an 8-bit register that specifies bits 8 to 15 (addr8 to
addrl15) of the operand address when a short direct addressing instruction is
executed. A reset initializes the DPRto "01".

m Direct Page Register (DPR)

Figure 2.7-14 Physical Address Generation by the Direct Page Register (DPR)

DTB register DPR register Direct address during instruction

[AaAAAAAA | [eBBBBBBB | [cccccceccec]

MSB l £ LSB

24-bit bit24 bitl6 bitl5 bits  bit7 bit
Physical address| AAAAAAAA | BBBBBBBB | CCCCCCCC |

MSB : Most Significant Bit
LSB : Least Significant Bit

Figure 2.7-15 Example of Direct Page Register (DPR) Setting and Data Access

MOV S:56H, #5AH Instruction execution results
Upper 8 bits |Lower 8 bits
DTB register | 12+ 123458,
1234564 5AH
DPR register | 34H 1234544
MSB LSB

MSB : Most Significant Bit
LSB : Least Significant Bit
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2.7 Dedicated Registers

2.7.9 Bank Registers (PCB, DTB, USB, SSB, ADB)

Bank registers specify the highest 8-bit address by bank addressing. The five bank
registers are as follows:

Program bank register (PCB)
Data bank register (DTB)

User stack bank register (USB)
System stack bank register (SSB)
Additional bank register (ADB)

The PCB, DTB, USB, SSB, and ADB registers indicate the individual memory banks
where the program space, data space, user stack space, system stack space, and
additional space are located.

m Bank Registers (PCB, DTB, USB, SSB, ADB)

O Program bank register (PCB)

The PCB is a bank register that specifies the program (PC) space. The PCB is rewritten
whenever a JMPP, CALLP, RETP, or RETI instruction causes a branch anywhere within the
16M-byte space, when an software interrupt instruction is executed, when a hardware interrupt
occurs, or when an exception occurs.

O Data bank register (DTB)

The DTB is a bank register that specifies the data (DT) space.

O User stack bank register (USB), system stack bank register (SSB)

The USB and SSB are bank registers that specify the stack (SP) space. Either the USB or SSB
is used depending on the value of the S flag in the processor status register (PS:CCR). For
more information, see Section 2.7.2 "Stack Pointer (USP, SSP)".

O Additional bank register (ADB)

The ADB is a bank register that specifies the additional (AD) space.

O Bank settings and data access

All bank registers are 8 bits in length. A reset initializes the PCB to "FF4" and the DTB, USB,
SSB, and ADB to "004". The PCB can be read but cannot be written to. Bank registers other
than the PCB can be read and written to.

Note:
The MB90M405 series supports up to the memory space contained in the device.

See Section 2.4.2 "Address Specification by Bank Addressing" for the operation of each
register.
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2.8 General-Purpose Registers

The general-purpose registers are a memory block allocated in RAM at 000180y to
00037Fy as register banks, each of which consists of eight 16-bit segments.

The general-purpose registers can be used as general-purpose 8-bit registers (byte
registers RO to R7), 16-bit registers (word registers RWO to RW7), or 32-bit registers
(long-word registers RLO to RL7).
General-purpose registers can access RAM with a short instruction at high speed.
Since general-purpose registers are blocked into register banks, protection of register
contents and division into function units can readily be performed. When a general-
purpose register is used as a long-word register, it can be used as a linear pointer that
directly accesses the entire space.

m Configuration of a General-Purpose Register

General-purpose registers exist in RAM at "0001804" to "00037Fy" and are configured as 32
banks. The register bank pointer (RP) specifies the bank. The RP determines the first address
of each bank as shown in the following equation. 16 bits multiplied by 8 are defined as one
register bank.

First address of general-purpose register = 000180 + RP x 10y

For more information on the PR, see Section 2.7.5 "Register Bank Pointer (PS: RP)".

Figure 2.8-1 Location and Configuration of the General-Purpose Register Banks in the Memory Space

000380+
000370H

000360+

0002EO0H
0002DO0OH
0002COH
0002BOH

0001BOH
0001AO0H
000190+
000180+
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Built-in RAM

Register bank 31

Register bank 30

Register bank 21

Register bank 20

Register bank 19

Register bank 2

Register bank 1

Register bank 0

e ]

Byte Byte
address address__ .
02CEH| R6 | R7 |02CFu RW7 RL3
02CCH| R4 | R5 |02CDH RW6
02CAH| R2 | R3 [02CBH RWS5 RL2
02C8+| Ro | R1 |02C9n Rw4
02C6w RW3 02C7Tw RLL
02C4n RW?2 02C5w
02C2 02C3
"[_RWIL AR RLO
02COw RWO 02C1w
LSB 16 bhits MSB

Conversion formula [000180H + RP x 10H]

RO to R7 . Byte registers
RWO to RW7 : Word registers
RLO to L3 . Long-word registers
MSB : Most Significant Bit
LSB . Least Significant Bit



2.8 General-Purpose Registers

Note:

The register bank pointer (RP) is initialized to 00y after a reset.

m Register Bank

Register banks can be used as general-purpose registers (byte registers RO to R7, word
registers RWO0 to RW7, and long word registers RLO to RL3) for various arithmetic operations
and pointers. Long word registers can be used also as linear pointers that directly access all
the memory space.

A reset does not initialize the contents of the register bank as with RAM but the status before
reset is retained. A power-on reset, however, makes the contents undefined.

Table 2.8-1 Typical Functions of General-Purpose Registers

Register name Function

RO to R7 Used as an operand in various instructions

Note:
RO is also used as a barrel shift counter and an instruction
normalization counter

RWO0 to RW7 Used as a pointer
Used as an operand in various instructions
Note:
RWO is used also as a string instruction counter

RLO to RL3 Used as a long pointer
Used as an operand in various instructions
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2.9 Prefix Codes

Prefix codes are placed before an instruction to partially change the operation of the
instruction. The three types of prefix codes are as follows:

* Bank select prefix (PCB, DTB, ADB, SPB)

« Common register bank prefix (CMR)

* Flag change suppression prefix (NCC)

m Prefix Codes

0 Bank select prefix (PCB, DTB, ADB, SPB)

A bank select prefix is placed before an instruction to select the memory space to be accessed
by the instruction regardless of the addressing method.

For more information, see Section 2.9.1 "Bank Select Prefix (PCB, DTB, ADB, SPB)".

0 Common register bank prefix (CMR)

The common register bank prefix is placed before an instruction that accesses a register bank
to change the register accessed by the instruction to the common bank (register bank selected
when RP = 0) at 000180y to 00018F regardless of the current register bank pointer (RP) value.

For more information, see Section 2.9.2 "Common Register Bank Prefix (CMR)".

O Flag change suppression prefix (NCC)

The flag change suppression prefix code is placed before an instruction to suppress a flag
change accompanying the execution of the instruction.

For more information, see Section 2.9.3 "Flag Change Suppression Prefix (NCC)".
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2.9 Prefix Codes

2.9.1 Bank Select Prefix (PCB, DTB, ADB, SPB)

Memory space used for data access is determined for each addressing method.
However, placing a bank select prefix before an instruction selects the memory space
to be accessed by the instruction regardless of the addressing method.

m Bank Select Prefixes (PCB, DTB, ADB, SPB)

Table 2.9-1 Bank Select Prefix Codes

Bank select prefix

Selected space

PCB Program space

DTB Data space

ADB Additional space

SPB When the value of the S flag in the condition code register (CCR) is 0 and the user

stack space is 1, the system stack space is used.

If a bank select prefix is used, some instructions perform an unexpected operation.

Table 2.9-2 Instructions Not Affected by Bank Select Prefix Codes

Instruction type Instruction Effect of bank select prefix
MOVS MOVSW The bank register specified by the

String instruction | SCEQ SCWEQ operand is used irrespective of
FILS FILSW whether a prefix is used.

Stack operation

When the S flag is 0, the user
stack bank (USB) is used whether
or not there is a prefix. When the

instruction

instruction PUSHW POPW S flag is 1, the system stack bank
(SSB) is used regardless of
whether a prefix is used.
MOV A,io MOVX Aio
MOVW A,io
MOV io, A MOVW io, A
/0 access MOV io,#imm8  MOVW i0,#imm16 gggolll:?: S)piz'isczc?eososoe?jo\i;'vt:zther or
instruction MOVB A,io:bp MOVB io:bp,A not therg is a prefix
SETB io:bp CLRB io:bp prefix.
BBC io:bp, rel BBS io:bp, rel
WBTC io,bp WBTS io:bp
Interrunt return The system stack bank (SSB) is
P RETI used whether or not a prefix is

used.
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Table 2.9-3 Instructions Whose Use Requires Caution When Bank Select Prefix

Instruction type

Instruction

Explanation

Flag change ANDCCR, #imm8 | The effect of the prefix extends to the next
instruction ORCCR, #imm8 instruction.

ILM setting MOVILM, #imm8 | The effect of the prefix extends to the next
instruction instruction.
PS return POPWPS Do not place a bank select prefix before the PS
instruction return instruction.




2.9 Prefix Codes

2.9.2 Common Register Bank Prefix (CMR)

Placing the common register bank prefix (CMR) before an instruction that accesses a
register bank changes the register accessed by it to the common bank at "000180y4" to

"00018Fy" (register bank selected when RP ="00y4") regardless of the current register
bank pointer (RP) value.

m Common Register Bank Prefix (CMR)

To facilitate data exchange between multiple tasks, the FMC-16LX provides a common bank
that can be commonly used by these tasks. The common bank is located at addresses
"000180y" to "00018Fy".

However, be careful when you use this prefix with the instructions listed in Table 2.9-4
"Instructions Whose Use Requires Caution When the Common Register Bank Prefix (CMR) Is
Used ".

Table 2.9-4 Instructions Whose Use Requires Caution When the Common Register Bank Prefix (CMR) Is
Used

Instruction type Instruction Explanation

MOVSMOVSW

Do not place the CMR prefix before the

String instruction SCEQ SCWEQ string instruction

FILS FILSW
F_Iag cha_nge AND CCR #imm8 OR CCR #imm8 The gffect of_ the prefix extends to the
instruction next instruction.
_PS retqrn POPW  PS The gffect of_ the prefix extends to the
instruction next instruction.
I.LM sett.mg MOV LM, #imm8 The gffect of_ the prefix extends to the
instruction next instruction.
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2.9.3 Flag Change Suppression Prefix (NCC)

The flag change suppression prefix (NCC) code is set before an instruction to
suppress a flag change accompanying the execution of the instruction.

m Flag Change Suppression Prefix (NCC)

Use the flag change suppression prefix (NCC) to suppress unnecessary flag changes.
Changesinthe T, N, Z, V, and C flags can be suppressed.

Be careful when you use this prefix with the instructions listed in Table 2.9-5 "Instructions
Whose Use Requires Caution When the Flag Change Suppression Prefix (NCC) Is Used ".

For more information on the T, N, Z, V, and C flags, see Section 2.7.4 "Condition Code Register

(PS: CCR)".
Table 2.9-5 Instructions Whose Use Requires Caution When the Flag Change Suppression Prefix (NCC)
Is Used
Instruction type Instruction Explanation
MOVS MOVSW )
String instruction SCEQ SCWEQ sDt?ir?Otir?sl?r?Jittigi NCC prefix before the
FILS FILSW g '

Flag change
instruction

AND CCR, #imm8
OR CCR, #imm8

The condition code register (CCR)
changes as defined in the instruction
specification whether or not a prefix is
used.

The effect of prefix extends to the next
instruction.

PS return instruction

POPW PS

The condition code register (CCR)
changes as defined in the instruction
specification whether or not a prefix is
used.

The effect of prefix extends to the next
instruction.

ILM setting instruction

MOV ILM, #imm8

The effect of prefix extends to the next
instruction.

instruction

Interruot instruction INT #vct8 INT9 The condition code register (CCR)
P INT adder16 INTP addr24 changes as defined in the instruction

Interrupt return S .
) . RETI specification whether or not a prefix is
instruction

used.

The condition code register (CCR)
Context switch ICTX @A changes as defined in the instruction

specification whether or not a prefix is
used.
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2.9.4 Restrictions on Prefix Codes

The following restrictions are imposed on the use of prefix codes:

Interrupt requests are not accepted during the execution of prefix codes and
interrupt suppression instructions.
If a prefix code is placed before an interrupt instruction, the effect of the prefix code

is delayed.

If consecutively placed prefix codes conflict, the last prefix code is valid.

Prefix Codes and Interrupt Suppression Instructions

Table 2.9-6 Prefix Codes and Interrupt Suppression Instructions

Prefix codes

Interrupt suppression instructions (instructions
that delay the effect of prefix codes)

Instructions that
do not accept
interrupt requests

PCB
DTB
ADB
SPB
CMR
NCC

MOV ILM, #imm8
OR CCR, #imm8
AND CCR, #imm8
POPW PS

O Interrupt Suppression

As shown in Figure 2.9-1 "Interrupt Suppression"”, an interrupt request generated during the

execution of prefix codes and interrupt instructions is not accepted.

The interrupt is not

processed until the first instruction that is not governed by a prefix code or that is not an
interrupt suppression instruction is executed.

Figure 2.9-1 Interrupt Suppression

Interrupt suppression instruction

Interrupt request generated

1] [@ IT["'

(a) Ordinary instruction
Interrupt accepted
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0 Delay of the effect of prefix codes
If a prefix code is placed before an interrupt/hold suppression instruction as shown in Figure
2.9-2 "Interrupt Suppression Instructions and Prefix Codes", the prefix code takes effect on the
first instruction executed after the interrupt/hold suppression instruction.
Figure 2.9-2 Interrupt Suppression Instructions and Prefix Codes

Interrupt suppression instruction

MOVA,FFHl |NCC| |MOVILM,#imm8|| | | | ce e | | |ADDA,01H|
CCR:XXX10XXs |

CCR:XXX10XXs
NCC does not cause the CCR to change.

m Consecutive Prefix Codes

When consecutive conflicting prefix codes (PCB, ADB, DTB, and SPB) are specified, the last
prefix code is valid.

Figure 2.9-3 Consecutive Prefix Codes

Prefix code

:l [aoB | [pt8 | [PcB| |ADDAOIH| |:

Prefix code PCB is valid.
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CHAPTER 3 RESETS

This chapter describes resets for the MB90M405 series.

3.1 "Resets"

3.2 "Reset Causes and Oscillation Stabilization Wait Time"

3.3 "External Reset Pin"
3.4 "Reset Operation”
3.5 "Reset Cause Bits"

3.6 "Status of Pins in a Reset"
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3.1 Resets

If a reset cause is generated, the CPU stops the current execution process and waits
for the reset to be cleared. When the reset is cleared, the CPU begins processing at
the address indicated by the reset vector.

There are four causes of areset:

Power-on reset (at power-on)

Watchdog timer overflow (during the use of a watchdog timer)

External reset input via the RST pin

Setting "0" in the internal reset signal generation bit (RST) of the low power
consumption mode control register (software reset)

Reset Causes

Table 3.1-1 Reset Causes

Type of reset Cause Machine clock Wa’_cchdog O.S.C'”?t'on .
timer stabilization wait
. "L" level input to RST pin Main clock
External pin frequency (MCLK) Stop No
"0" written to the internal
reset signal generation bit Main clock
Software (RST) of the low power Stop No
: frequency (MCLK)
consumption mode control
register (LPMCR)
Watchdog timer | Watchdog timer overflow Main clock Sto No
9 9 frequency (MCLK) P
Main clock
Power-on Power-on frequency (MCLK) Stop Yes

6

MCLK: Main clock frequency (oscillation clock frequency divided by 2: 2/HCLK)

0 External reset

An external reset is generated if the external reset terminal (RST terminal) is set to the "L" level.
The "L" level must be input at least for 16 machine cycles (16/¢). While the machine clock is
used, no oscillation stabilization wait time is placed even if a reset occurs due to the "L" level
input to the external reset pin.

0




3.1 Resets

Reference:

If the external reset pin is set to the "L" level while an instruction is being executed (while a
transfer instruction such as MOV is being executed), the external reset input becomes valid
after the completion of processing by the instruction being executed.

For a string-processing instruction (such as MOVS), however, the reset input may become
valid before the transfer resulting from the specified counter value is completed.

If the external reset pin is set to the "L" level, the port pin enters the reset status regardless
of the instruction execution cycle (if set to the "L" level, the operation is asynchronous).
O Software reset

A software reset is a reset for three machine cycles (3/¢) generated by writing "0" to the internal
reset signal generation bit (RST) of the low power consumption mode control register (LPMCR).
The oscillation stabilization wait time is not required for software resets.

0 Watchdog timer reset

A watchdog timer reset is generated unless "0" is written to the watchdog timer control bit
(WTE) of the watchdog timer control register (WDTC) within the time specified in the interval
time setting bits (WT1, WTO) of the WDTC after the watchdog timer is activated.

O Power-on reset

A power-on reset is generated when the power is turned on.

The oscillation stabilization wait time is fixed at 217//HCLK (about 31.25 ms if the source
oscillation is 4.194 MHz). A reset occurs after the oscillation stabilization wait time has elapsed.

Information: Definition of clocks
HCLK: Oscillation clock frequency (Clock supplied from the oscillation pin)
MCLK: Main clock frequency (Clock obtained by dividing the source oscillation by two)
¢ : Machine clock (CPU operating clock)
1/¢: Machine cycle (CPU operating clock cycle)

See Section 4.1 "Clocks" for details about clocks.
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3.2 Reset Causes and Oscillation Stabilization Wait Time

The F2MC-16LX has four reset causes. The oscillation stabilization wait time for a
reset depends on the reset cause.

m Reset Causes and Oscillation Stabilization Wait Time

Table 3.2-1 Reset Causes and Oscillation Stabilization Wait Time

Oscillation stabilization wait time
Reset cause The corresponding time interval for an oscillation clock frequency of
4 MHz is given in parentheses.

Power-on reset | 21//HCLK (about 31.25 ms)

Watchdog timer | None. (The WS1 and WSO bits are initialized to "11g".)

External reset

from RST pin None. (The WS1 and WSO bits are initialized to "11g".)

Software reset None. (The WS1 and WSO bits are initialized to "11g".)

HCLK: Oscillation clock frequency (MHz)

Table 3.2-2 Oscillation Stabilization Wait Time Depending on Settings of Clock Selection
Register (CKSCR)

Oscillation stabilization wait time
WS1 WSO The corresponding time interval for an oscillation clock frequency
of 4.194 MHz is given in parentheses.

0 0 210/HCLK (about 244 ps)

0 1 213/HCLK (about 1.95 ms)
1 0 215/HCLK (about 7.81 ms)
1 1 2Y/HCLK (about 31.25 ms)

HCLK: Oscillation clock frequency (MHz)

Note:

Oscillation clock oscillators generally require an oscillation stabilization wait time from the
start of oscillation until they stabilize at their natural frequency. Be sure to set a proper
oscillation stabilization wait time for the oscillator to be used.

m Oscillation Stabilization Wait Reset Status

For a power-on reset or an external reset in stop mode, the reset operation occurs after the
oscillation stabilization wait time generated by the timebase timer elapses. Unless the external
reset input is released, the reset operation occurs after the external reset is released.
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3.3 External Reset Pin

3.3 External Reset Pin

An internal reset occurs if an "L" level signal is input to the external reset pin (RST
pin). In the MB90M405 series, a reset occurs in synchronization with the CPU
operating clock. However, resets of external pins (I/O ports) occur asynchronously.

m Block Diagrams of the External Reset Pin

O Block diagram of components related to internal resets

Figure 3.3-1 Block Diagram of Components Related to Internal Resets

Rp J

ﬁ Pch
Pin

}ﬁih

CPU operating clock
(PLL multiplier circuit with
a frequency of HCLK divided by two)

{}c Syncfggcndiztatlon — Internal reset signall

HCLK: Oscillation clock frequency ~ IMPut buffer

Note:

The machine clock is required to initialize the internal circuit. When a reset signal is input,
the clock must be supplied from the oscillation pin.

O Block diagram of components related to internal resets for external pins (I/O ports)

Figure 3.3-2 Block Diagram of Components Related to Internal Resets for External Pins

o T
RST Pch
Pin
ﬁ:
@o > Reset signal to external pin
Input buffer

HCLK: Oscillation clock frequency
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3.4 Reset Operation

When areset is cleared, the mode data and the reset vector stored in the internal or
external memory are fetched. The mode data register determines the CPU operating
mode. The reset vector determines the execution start address used after a reset

sequence ends.

m Overview of Reset Operation

Figure 3.4-1 R

eset Operation Flow

Power-on reset
Stop mode

External reset
Software reset
Watchdog timer reset

4

During a reset A

and reset stat

Oscillation stabilization wait

e

A Y

<
<

| Fetching the mode data |—> Pin setting in bus mode

Reset sequence

| Fetching the reset vector |

Program operation fetching instruc

reset vector.

CPU executes an instruction,

the address indicated by the

tion codes from

m Mode Pins
Setting the mode pins (MDO to MD2)

specifies how to fetch the mode data and the reset vector.
Fetching the mode data and the reset vector is performed in the reset sequence. See Section

7.2 "Mode Pins (MD2 to MDO)" for details about mode pins.
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3.4 Reset Operation

m Mode Data Fetch

When a reset is cleared, the CPU transfers mode data to the mode data register. After the
mode data is transferred, the reset vector is transferred to the program counter (PC) and the
program counter bank register (PCB).

The mode data register can determine the bus mode and the bus width. The reset vector can
determine the program start address.

For more information, see CHAPTER 7 "SETTING A MODE".

Figure 3.4-2 Transfer of Reset Vector and Mode Data

F2MC-16LX CPU core

Memory space

Y

Mode register

FFFFDFH| Mode data ——

Micro ROM
FFFFDEH| Bits 23 to 16 of the reset vector Reset sequence|
FFFFDDH| Bits 15 to 8 of the reset vector
FFFFDCH| Bits 7 to O of the reset vector > PCB

PC

Y

O Mode data register (address: FFFFDFR)

The mode data register setting can be changed while a reset sequence is executed. The mode
data register setting is valid after a reset vector is fetched. No new contents can be written to
the mode data register even if an instruction is used to specify mode data at "FFFFDF".

For more information, see Section 7.3 "Mode Data Register".

O Reset vector (address: "FFFFDCY" to "FFFFDEY")

The reset vector determines the program start address used after a reset is cleared. A program
is executed from the address specified in the reset vector.
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3.5 Reset Cause

Bits

Read the watchdog timer control register (WDTC) to identify a reset cause.

m Reset Cause Bits

Read the reset cause flag bits PONR, WRST, ERST, and SRST of the watchdog timer control
register (WDTC) to identify a reset cause. If a reset cause needs to be identified after a reset is
cleared, read the reset cause flag bits PONR, WRST, ERST, and SRST of the watchdog timer

control register (WDTC).

The PONR, WRST, ERST, and SRST bits are cleared to "0" if the watchdog timer control

register (WDTC)

is read.

Figure 3.5-1 Block Diagram of Reset Cause Bits

Watchdog timer
control register
(WDTC)

1
. RSTpein & Clear of software
Power-on RST=L y Vo periodic clear | reset bit
Power-on External reset Watchdog timer LPMCR, RST bit
detection request reset generation| | writing detection
circuit detection circuit | |detection circuit circuit
Clear
"""""" Y Y Yy vy oy 'y
S R
E/E Delay

\ circuit

--------- Ao A Reading of
PONR

watchdog timer
control register
(WDTC)

F2MC 16LX Internal bus

. Set

: Reset

. Output
: Flip Flop

TO T W
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m Correspondence between Reset Cause FLAG Bits and Reset Causes

Figure 3.5-2 Configuration of Reset Cause Bits (Watchdog Timer Control Register)

Watchdog timer control register (WDTC)

Address Bit 7 6 5 4 3 2 1 0 Initial value

0000A8H PONR - WRST| ERST|SRST | WTE | WT1 | WTO IXXXX11l1s

R - R R R W W W
I L1 |

Reset cause flag bit

: Read only
: Write only
: Undefined
: Undefined bit

' Xs®D

Table 3.5-1 Correspondence between Reset Cause Bits and Reset Causes

Reset cause PONR WRST ERST SRST
Power-on reset 1 X X X
Watchdog timer overflow * 1 * *
External reset request via RST pin * * 1 *
Software reset request (LPMCR:RST) * * * 1

*: Previous state retained
X: Undefined
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m Notes about Reset Cause Bits

68

O Multiple reset causes generated at the same time

When multiple reset causes are detected, the corresponding reset cause bits of the watchdog
timer control register (WDTC) are set to "1". For example, if an external reset and a watchdog
timer reset occur at the same time, the reset cause flag bits (ERST, WRST) of the watchdog
timer control register (WDTC) are set to "1".

Power-on reset

If a power-on reset occurs, the PONR bit of the watchdog timer control register (WDTC) is set to
"1" and the WRST, ERST, and SRST bits are undefined.

If the PONR bit is set to "1", the contents of the WRST, ERST, and SRST bits should be
ignored.
Clearing the reset cause bits

The PONR, WRST, ERST, and SRST bits are cleared to "0" if the watchdog timer control
register (WDTC) is read. In other words, these reset cause flag bits are not cleared to "0"
unless the watchdog timer control register (WDTC) is read even if a reset occurs.

Note:

The value of the WDTC register cannot be assured if the power is turned on under
conditions where a power-on reset does not occur.



3.6 Status of Pins in a Reset

3.6 Status of Pins in a Reset

This section describes the status of pins when a reset occurs.

m  Status of Pins during a Reset
The status of pins during a reset is determined by the settings of the mode pins (MD2 to MDO =
011p).
O When internal vector mode is specified

All the 1/O pins are set to high impedance output, and the mode data is read from the internal
ROM.

m Status of Pins after Mode Data is Read

The status of pins after mode data is read is determined by the mode data (M1 and MO = 00g).

O When single-chip mode is specified (M1 and MO = 00g)

All the 1/0 pins become high impedance output, and the mode data is read from the internal
ROM.

Note:

Specify an external pin level that disables external circuits.

69



CHAPTER 3 RESETS

70



CHAPTER 4 CLOCKS

This chapter describes the clocks used by MB90M405 series.

4.1
4.2
4.3
4.4
4.5
4.6

"Clocks"

"Block Diagram of the Clock Generation Block"
"Clock Selection Register (CKSCR)"

"Clock Mode"

"Oscillation Stabilization Wait Time"

"Connection of an Oscillation or an External Clock to the Microcontroller"
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4.1 Clocks

The clock generation block controls the operating clock of the CPU and peripheral
functions (resources). The following four clocks are available:

Oscillation clock

Main clock

PLL clock

Machine clock

72

Clocks

The clock generation block contains the oscillation circuit and the PLL clock multiplier circuit.
The clock generation block controls the oscillation stabilization wait time and PLL clock
multiplication as well as controls the operation of switching the clock with a clock selector.
Oscillation clock frequency (HCLK)

The oscillation clock is generated either from an oscillator connected to the X0 and X1 pins or
by input of an external clock.

Main clock (MCLK)

The main clock, which is the oscillation clock divided by 2, supplies the clock input to the
timebase timer and the clock selector.

PLL clock (PCLK)

The PLL clock is obtained by multiplying the oscillation clock in the internal PLL clock multiplier
circuit. Four different clocks (multiplied by 1 through 4) can be generated.

Machine clock(¢)

The machine clock is the operating clock of the CPU and peripheral functions (resources). One
machine clock cycle is called a machine cycle. Either the main clock or a PLL clock can be
selected.

Reference:

PLL oscillation, which may be from 3 to 16.8 MHz, varies depending on the operating voltage
and the frequency multiplier.

For more information, see the "data sheet".
Note:

The maximum operating frequency of the CPU and the peripheral function circuits is 16.8
MHz. If a frequency multiplier is specified that results in a frequency higher than the
maximum operating frequency, devices will not operate normally.

For example, if an oscillation clock of 16.8 MHz is generated, a multiplier of 1 or division by 2
can be specified.



4.2 Block Diagram of the Clock Generation Block

4.2 Block Diagram of the Clock Generation Block

The clock generation block consists of the following five blocks:
» System clock generation circuit

* PLL multiplier circuitS

* Clock selector

* Clock selection register (CKSCR)

» oscillation stabilization wait time selector

m Block Diagram of the Clock Generation Block

Figure 4.2-1 Block Diagram of the Clock Generation Block

Standby control circuit
Low power consumption mode control register (LPMCR)

[STP|SLP[SPL|[RST|TMD| CG1| CGO [Reserved| CPU intermittent
[ 1 operation cycles
selector
\|/ CPU operating
— i clock
RST —>{ Reset/interrupt Operating clock CPU clock
INT —{ control circuit control circuit control circuit _ = _
/|\ Peripheral function
- \ operating clock
| Peripheral clock
control circuit :

Operating clock
selector

Oscillation stabilization
/I\ wait time selector

[PLL multiplier circuit|

|Reserved| MCM | WSl| WSO|Reserved| MCS | CS0 | Cs1 |
Clock selection register (CKSCR)

X1 —> Oscillation - :Divide-by-Z | Timebase timer |

X0 < circuit \|/

| Watchdog timer |

Reference:
Figure 4.2-1 "Block Diagram of the Clock Generation Block" includes the standby control
circuit and the timebase timer circuit.
O System clock generation circuit

The system clock generation circuit generates an oscillation clock from an oscillator connected
to the X0 and X1 pins or by input of an external clock.

Reference:

Figure 4.2-1 "Block Diagram of the Clock Generation Block" includes the standby control
circuit and the timebase timer circuit.
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O PLL multiplier circuit

The PLL multiplier circuit multiplies the oscillation clock and supplies the resultant clock to the
clock selector.

Clock selector

The clock selector selects the clock to be supplied to the CPU and peripheral clock control
circuits from among the main clock and the PLL clock.

Clock selection register (CKSCR)

The clock selection register selects the machine clock and determines the oscillation
stabilization wait time and the PLL clock multiplier, etc.

oscillation stabilization wait time selector

The oscillation stabilization wait time selector selects the oscillation stabilization wait time of the
oscillation clock when the stop mode is cleared. One of the four time-base timer outputs is
selected to determine the oscillation stabilization wait time.



4.3 Clock Selection Register (CKSCR)

4.3 Clock Selection Register (CKSCR)

The clock selection register (CKSCR) switches the machine clock and sets the
oscillation stabilization wait time and the PLL clock multiplier, etc.

m Configuration of the Clock Selection Register (CKSCR)

Figure 4.3-1 Configuration of the Clock Selection Register (CKSCR)

Bit 15 14 13 12 11 10 09 08 »
Initial value
CKSCR [RESV|MCM|WS1|WSO0|RESVIMCS|CS0|CS1 | 111111008
- RW RW RW - R/MW RW
|

Multiplier selection bit

CS1|CSO0 | The value in parenthesis is the clock
resulting from the oscillation clock of 4.2 MHz.
1 x HCLK (4.2MHz)

2 x HCLK (8.4MHz)

3 x HCLK (12.6MHz)

4 x HCLK (16.8MHz)

Il Ll k=l =]
RO O

S Machine clock set
PLL clock is set.

Main clock is set.

Y
<
oo

Oscillation stabilization wait time set bits

The corresponding time interval for an
oscillation clock frequency of 4.2 MHz is given
in parentheses.

219/ HCLK (Approx. 243.8 us)
213/ HCLK (Approx. 1.95 ms)
215/ HCLK (Approx. 7.81 ms)
217/ HCLK (Approx. 31.25 ms)

\

WS1|WS

o

Rk O|O
RO O

M Machine clock indication bit
A PLL clock is being as the machine clock.
The main clock is being as the machine clock.

\ J
<
oo

»|RESV| Reserved bit
0 must always be written to these bits.

HCLK : Oscillation clock frequency
R/W : Read/write
R : Read only
- . Undefined bit
. Initial value

Reference:

A reset initializes the machine clock selection bit to the main clock setting.
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Table 4.3-1 Function Description of Each Bit of the Clock Selection Register (CKSCR)

selection bits

Bit name Function
bit 15 RESV: Note:
bit 11 Reserved bit Always set "0".
bit 14 MCM: » This bit indicates whether the main clock or a PLL clock has been
Machine clock selected as the machine clock.
indication bit » When this bit is set to "0", a PLL clock has been selected.
* When this bit is set to "1", the main clock has been selected.
» If the machine clock selection bit (MCS) is set to "0" and MCM is set to
"1", the PLL clock oscillation stabilization wait time is in effect.
bit 13 WS1, WSO: » These bits select the oscillation stabilization wait time for the oscillation
bit 12 oscillation clock after the stop mode has been cleared due to an external interrupt.
stabilization wait + Areset cause initializes these bits to "11g".
time selection bits | « Specify an oscillation stabilization wait time appropriate for the oscillator
used.
bit 10 MCS: » This bit specifies whether the main clock or a PLL clock is selected as
Machine clock the machine clock.
selection bit * When this bit is set to "0", a PLL clock is selected.
» When this bit is set to "1", the main clock is selected.
 If this bit has been set to "1" and is reset to "0", the oscillation
stabilization wait time for the PLL clock starts. As a result, the time-base
timer counter and the interrupt request flag bit (TBOF) of the time-base
timer counter control register (TBTC) are cleared to "0".
« For PLL clocks, the oscillation stabilization wait time is fixed to 214/
HCLK. The oscillation stabilization wait time is about 3.9 ms if the
oscillation clock frequency is 4.194 MHz.)
* When the main clock has been selected, the oscillation clock divided by
2 is used as the machine clock. The machine clock frequency is 2 MHz
if the oscillation clock frequency is 4 MHz.
» Areset initializes this bit to 1.
Note:
The MCS bit set to "1" can be reset to "0" while the interrupt request
enable bit (TBIE) of the time-base timer counter control register (TBTC)
or the interrupt level mask register (ILM) are set to disable timer-base
timer interrupt requests.
bit 9 CS1, Cso: » These bits select a PLL clock multiplier.
bit 8 Multiplier » One of the four multipliers can be selected.

A reset initializes these bits to "00g".

Note:

These bits cannot be set while the machine clock selection bit (MCS) or
the machine clock indication bit (MCM) is set to "0". Set these bits only
after setting the MCS bit to "1".

HCLK: Oscillation clock frequency
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4.4 Clock Mode

4.4 Clock Mode

Two clock modes are provided: main clock mode and PLL clock mode.

m Main Clock Mode and PLL Clock Mode

0 Main clock mode
In main clock mode, the main clock is used as the operating clock of the CPU and peripheral
resources while the PLL clocks are disabled.

O PLL clock mode

In PLL clock mode, a PLL clock is used as the machine clock of the CPU and peripheral
functions (resources). Specify a PLL clock multiplier in the multiplier selection bits (CS1 and
CSO0) of the clock selection register (CKSCR).

m Clock Mode Transition
Setting the machine clock selection bit (MCS) of the clock selection register (CKSCR) causes
switching between main clock mode and PLL clock mode.
O Switching from main clock mode to PLL clock mode

When the MCS bit of the CKSCR that is set to "1" is reset to "0", switching from the main clock
to a PLL clock occurs after the PLL clock oscillation stabilization wait time (214/HCLK) has

elapsed.
O Switching from PLL clock mode to main clock mode

When the MCS bit of the CKSCR that is set to "0" is reset to "1", switching from a PLL clock to
the main clock occurs when the edges of the PLL clock and the main clock coincide (after 1 to 8
PLL clocks).

Note:

Before setting the peripheral functions (resources) after the machine clock switching, make
sure that the machine clock has been switched by referring to the MCM bit of the CKSCR.

m Selection of a PLL Clock Multiplier

Set the multiplier selection bits (CS1 and CS0) of the CKSCR to "00g" and "11g" to set one of
the four PLL clock multipliers (1 through 4).
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CHAPTER 4 CLOCKS

m Machine Clock

Either the main clock or a PLL clock is used as the machine clock. The machine clock is an
operating clock of the CPU and peripheral functions (resources). Set either the main clock or a
PLL clock in the MCS bit of the CKSCR.

Figure 4.4-1 Status Change Diagram for Machine Clock Selection

Power-on
Main (1) - Main - PLLx
MCS ="1" MCS = "0"
MCM = "1" < MCM = "1"
CS1, CS0 = "XX" (6) |CS1,CS0="XX"
A A A ? 7 —
) Toll1 - Main @ PLLL: Mulfpied
MCS = "1" — > MCS = "0"
MCM = "1" - MGM = "0"
CS1, CS0 = "008"| (g CS1, CSO = "00g"
(7 . ® PLL2: Multiplied
PLL2 - Main > of o : p
MCS ="1" MCS = "0
MCM = " " < MCM = IIOII
CS1, CS0 ="01s8"| () CS1, CS0 = "01g"
(7 ) —
PLL3 - Main PLL3: Multiplied
MCS = "1" gl NN
MCM = "0" -
- MCM = "0"
CS1, CS0="108"] 4, CS1, CS0 = "10g"
(7 _ (5) —
PLL4 - Main PLL4: Multiplied
—>
MCM = "0" =
wnq MCM = "0"

(1) The MCS bit is cleared.

(2) The PLL clock oscillation stabilization wait ends with CS1 and CSO = 00sg.
(3) The PLL clock oscillation stabilization wait ends with CS1 and CS0O = 01g.
(4) The PLL clock oscillation stabilization wait ends with CS1 and CS0O = 10g.
(5) The PLL clock oscillation stabilization wait ends with CS1 and CS0O = 11g.
(6) The MCS bit is set (including hardware standby and watchdog timer resets).
(7) PLL clock and main clock frequency synchronization timing

MCS : Machine clock set bit of CKSCR

MCM : Machine clock indication bit of CKSCR

CS1, CSO : Multiplier set bits of CKSCR

Note:
The initial value for the machine clock setting is main clock (CKSCR:MCS = 1).
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4.5 Oscillation Stabilization Wait Time

45 Oscillation Stabilization Wait Time

Whenever the power is turned on, or whenever stop mode is cleared, oscillation
begins following a state in which there was no oscillation. Accordingly, an oscillation
stabilization wait time is required. Also, whenever the switching from the main clock
to a PLL clock occurs, an oscillation stabilization wait time is required after the
oscillation of the PLL clock starts.

m Oscillation Stabilization Wait Time

Specify an oscillation stabilization wait time appropriate for the oscillator used because the
oscillation stabilizes in different lengths of time depending on the oscillator type. Specify an
appropriate oscillation stabilization wait time in the oscillation stabilization wait time selection
bits (WS1 and WSO0) of the clock selection register (CKSCR).

When switching from the main clock to a PLL clock occurs, the CPU operates on the main clock
during an oscillation stabilization wait time and starts to operate on a PLL clock.

The timebase timer counts the specified oscillation stabilization wait time.

Figure 4.5-1 Operation When Oscillation Starts

Oscillator-activated  Oscillation stabilization
: oscillation time : wait time :

> > >
€ > > >»

f f

Start of oscillation Stable oscillation

or change to PLL clock

Normal operation start )
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CHAPTER 4 CLOCKS
4.6 Connection of an Oscillator or an External Clock to the

Microcontroller

The MB90M405 series contains a system clock generation circuit. An oscillator can be

connected to the X0 and X1 pins.
Alternatively, pulses from an external clock may be input.

m Connection of an Oscillator or an External Clock to the Microcontroller

0 Example of connecting a crystal or ceramic oscillator to the microcontroller
Connect a crystal or ceramic oscillator as shown in the example in Figure 4.6-1 "Example of
Connecting a Crystal or Ceramic Oscillator to the Microcontroller".

Figure 4.6-1 Example of Connecting a Crystal or Ceramic Oscillator to the Microcontroller

Cy

J_ X0

X'tal MB90M405 Series

o X1

Sl ST G

0 Example of connecting an external clock to the microcontroller
As shown in Figure 4.6-2 "Example of Connecting an External Clock to the Microcontroller",
connect an external clock to pin X0. Pin X1 must be open.

Figure 4.6-2 Example of Connecting an External Clock to the Microcontroller

X0
MB90M405 Series

Open — X1
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CHAPTERS LOW POWER CONSUMPTION MODE

This chapter describes the low power consumption mode of MB90M405 series.

5.1 "Low Power Consumption Mode"

5.2 "Block Diagram of the Low Power Consumption Control Circuit"
5.3 "Low Power Consumption Mode Control Register (LPMCR)"
5.4 "CPU Intermittent Operation Mode"

5.5 "Standby Mode"

5.6 "Status Change Diagram"

5.7 "Pin Status in Standby Mode and during Reset"

5.8 "Usage Notes on Low Power Consumption Mode"
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CHAPTER 5 LOW POWER CONSUMPTION MODE

5.1 Low Power Consumption Mode

The MB90M405 series has the following low power consumption modes, one of which

can be selected depending on the operating clock setting and the clock operation

control.

* CPU intermittent operation mode (PLL clock intermittent operation mode and main
clock intermittent operation mode)

» Standby mode (sleep mode, timebase timer mode)

All modes other than PLL clock mode are low power consumption modes.

m CPU Operating Modes and Current Consumption

Figure 5.1-1 CPU Operating Modes and Current Consumption

Current consumption

A
Several tens | CP(LjJ operating PLL clock mode Multiplied-by-four clock
of mA mode
| Multiplied-by-three clock
—| Multiplied-by-two clock
—| Multiplied-by-1 clock
L_| PLL clock intermittent operation Multiplied-by-four clock
mode
——| Multiplied-by-three clock
——| Multiplied-by-two clock
—{ Multiplied-by-1 clock
Main clock mode (1/2 clock mode)
Main clock intermittent operation mode
Several mA | Standby mode Sleep mode
Timebase timer mode
Stop mode
Several pA
Low power consumption mode
Note:

This figure is only an indication of the degree of power consumption for each mode.
Actual current consumption values may not agree with those in the figure.
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5.1 Low Power Consumption Mode

m Clock Mode

O PLL clock mode

The CPU and peripheral functions (resources) operate on a PLL clock.

O Main clock mode

The CPU and peripheral functions (resources) operate on the main clock. In the main clock
mode, the PLL multiplier circuit is disabled.

See Section 4.4 "Clock Mode", for details about clock mode.

m CPU Intermittent Operation Mode

The CPU operates intermittently while the machine clock is supplied to the peripheral functions
(resources).

m Standby Mode

O PLL sleep mode

The CPU operating clock is stopped. Other components continue to operate on a PLL clock.

0 Main sleep mode

The CPU operating clock is stopped. Other components continue to operate on the main clock.

O Timebase timer mode

All the components but the oscillation clock and the timebase timer are stopped.

O Stop mode
The oscillation clock is stopped. All the functions are stopped.
Note:

In stop mode, data can be retained at the minimum power consumption because the
oscillation clock has stopped.
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CHAPTER 5 LOW POWER CONSUMPTION MODE

5.2 Block Diagram of the Low Power Consumption Control
Circuit

The low power consumption control circuit consists of the following circuits and
register:

* CPU intermittent operation selector

» Standby clock control circuit

* CPU clock control circuit

» Peripheral clock control circuit

* Pin high-impedance control circuit

* Internal reset generation circuit

* Low power consumption mode control register (LPMCR)

m Block Diagram of the Low Power Consumption Control Circuit

Figure 5.2-1 Block Diagram of the Low Power Consumption Control Circuit

Low power consumption mode control register (LPMCR)

| STP ‘ SLP ‘ SPL ‘ RST ‘ TMD ‘ CG1 ‘ CGO ‘RESV|

Pin high
impedance > Pin high impedance
——| control circuit control

Internal reset

RsT | Pin . i ' generation  [—>|nternal reset
circuit
CPU intermittent 1/0 pin reset

operation selector y Select intermittent cycles
CPU clock
> >
control circuit CPU clock
2 TSto and sleep signals
Standby control P p sig
. circuit
Clear interrupt
1 y Stop signal
Machine clock Peripheral clock] i
ggﬁraﬁon Clear oscillation control circuit [ Peripheral clock
block stabilization wait
A e Oscillation
Clock selector stabilization :
: 2 wait interval :
: [Ny selector |
3 0000 ? <
’ > O OOC%
g PLL multiplier | |RESV‘ MCM‘WSl‘WSO‘RESV‘MCS‘CSl ‘cso|
System clock Clock selection register
: generation (CKSCR)
: circuit N I,
4' Divide- |»4| 21| ... | 29| 20| 11| p12| 913| 914/ 215| 16| 217/ 218
X0 CHek L2 lweik
S 5 IOURRURO Timebase timer
X1 3
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5.2 Block Diagram of the Low Power Consumption Control Circuit

CPU intermittent operation selector

This selector selects the number of clock pulses during which the CPU is halted in CPU
intermittent operation mode.

Standby control circuit

This circuit controls the CPU clock control circuit, the peripheral clock control circuit, and the pin
high-impedance control circuit to switch to, or release low power consumption mode.

CPU clock control circuit

This circuit control the clocks supplied to the CPU.

Peripheral clock control circuit

This circuit control the clocks supplied to the peripheral functions (resources).

Pin high-impedance control circuit

A setting of this circuit to timebase timer mode or stop mode causes the 1/O pins to enter a high
impedance state. For those I/O pins configured to accept the connection of a pull-up resistor,
this circuit disconnects the pull-up resistor in stop mode.

Internal reset generation circuit

If the RST bit of the low power consumption mode control register (LPMCR:RST) is set to "0" by
software, this circuit generates a three-cycle reset signal to the internal circuit.

Low power consumption mode control register (LPMCR)

This register selects either switching to or release of low power consumption mode and the
number of clock pulses during which the CPU is halted in CPU intermittent operation mode.
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CHAPTER 5 LOW POWER CONSUMPTION MODE

5.3 Low Power Consumption Mode Control Register (LPMCR)

The low power consumption mode control register (LPMCR) selects the switching to,
or release of low power consumption mode and the number of clock pulses during
which the CPU is halted in CPU intermittent operation mode.

m Low Power Consumption Mode Control Register (LPMCR)

Figure 5.3-1 Configuration of the Low Power Consumption Mode Control Register (LPMCR)

Bit 7 6 5 4 3 2 1 0 Initial value
STP | SLP | SPL |RST | TMD | CG1 | CGO [RESV| 00011000e

w W RW W RW RW RW R/W
_l—‘—f ‘

|—> RESVl Reserved bit
1 must always be written to these bits.

» CG1(CGO CPU halt clock pulses set bits
0|0 0 cycle
0|1 8 cycle
1 | 0O |16 cycle
1 |1 |32cycle

Timebase timer mode bit

Y
|
<
w]

0 | Switching to timebase timer mode

1 No effect on operation

Y
py)
wn
3

Internal reset signal generation bit
0 Generates an internal reset signal of 3 machine cycles.
1 No effect on operation

Pin state setting bit
(Valid in timebase timer mode and stop mode)

0 Retained

1 | High-impedance

> SLP Sleep bit
0 | No effect on operation

1 | Switching to sleep mode

> STP Stop bit
R/W : Read/write 0 | No effect on operation
W_: Write-only 1 | Switching to stop mode

[ : mitial value
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5.3 Low Power Consumption Mode Control Register (LPMCR)

Table 5.3-1 Function Description of Each Bit of the Low Power Consumption Mode Control Register

(LPMCR)
Bit name Function
bit7 | STP: This bit selects the stop mode.
Stop bit When this bit is set to "1", the microcontroller enters stop mode.
When this bit is set to "0", there is no effect on operation.
An external reset or the output of a hardware interrupt resets this bit to "0".
The read value of this bit is "0".
bit6 | SLP: This bit selects sleep mode.
Sleep bit When this bit is set to "1", the microcontroller enters sleep mode.
When this bit is set to "0", there is no effect on operation.
An external reset or the output of a hardware interrupt resets this bit to "0".
The read value of this bit is "0".
bit5 | SPL: This bit selects a pin state in timebase timer mode or stop mode.
Pin state setting When this bit is set to "0", an I/O pin has a retained level.
bit valid in When this bit is set to "1", an I/O pin has high impedance.

timebase timer
mode or stop
mode)

An external reset resets this bit to "0".

bit4 | RST: This bit selects an internal reset.
Internal reset When this bit is set to "0", an internal reset signal of three machine cycles is
signal generation generated.
bit When this bit is set to "1", there is no effect on operation.
The read value of this bit is "1".
bit3 | TMD: This bit selects the switching to timebase timer mode.
Timebase timer When this bit is set to "0", the microcontroller enters timebase timer mode.
mode bit When this bit is set to "1", there is no effect on operation.
An external reset or a hardware interrupt return sets this bit to "1".
The read value of this bit is "1".
bit2 | CG1, CGO: These bits set the number of CPU halt clock pulses in CPU intermittent
bit1 | CPU halt clock operation mode.
pulses selection The clock supplied to the CPU is stopped for the specified number of clock
bits cycles every time after an instruction is executed.
These bits select one of the four clock pulses.
A reset initializes these bits to "00g".
bit0 | RESV: This bit must be set to "0".

Reserved bit

m Access to the Low Power Consumption Mode Control Register

Use one of the instructions listed in Table 5.3-2 "Instructions to Be Used for Switching to Low
Power Consumption Mode" to set low power consumption mode control register. The operation
is not assured if any instruction other than that listed in Table 5.3-2 "Instructions to Be Used for
Switching to Low Power Consumption Mode" is used to enter low power consumption mode.
Any instruction may be used provided it is not an instruction that controls switching to low power
consumption mode via the low power consumption mode control register.

When using word access to set the low power consumption mode control register, use an even-
numbered address. A malfunction may occur if an odd-numbered address is used to enter low
power consumption mode.
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CHAPTER 5 LOW POWER CONSUMPTION MODE

Table 5.3-2 Instructions to Be Used for Switching to Low Power Consumption Mode

MOV io, #imm8 MOV dir, #imm8 MOV eam, #imm8 MOV eam, Ri
MOV o, A MOV dir, A MOV addr, A MOV eam, A
MOV @RLi+disp8, A MOVP addr24, A

MOVW io, #imm16 MOVW dir, #imm16 MOVW eam, #imm1l6  MOVW eam, RWi
MOVW io, A MOVW dir, A MOVW addr16, MOVW eam, A
MOVW @RLi+disp8, A MOVPW addr24, A

m Priority of STP, SLP and TMD bits

If stop mode (LPMCR: STP), sleep mode (LPMCR: SLP), and timebase timer mode (LPMCR:
TMD) are simultaneously specified, the microcontroller enters the following order of priority:

stop mode, timebase timer mode, or sleep mode
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5.4 CPU Intermittent Operation Mode

In CPU intermittent operation mode, the CPU operates intermittently while the
peripheral functions (resources) operate on the machine clock.

m CPU Intermittent Operation Mode

In CPU intermittent operation mode, the machine clock to be supplied to the CPU is halted for a
certain period every time after an instruction is executed, so that the activation of an internal bus
cycle is delayed. Reducing the CPU speed while supplying a fast peripheral clock to the
peripheral function circuits allows processing with low power consumption.

* Use the CG1 and CGO bits of the low power consumption mode control register (LPMCR) to
specify the number of cycles during which the clock supplied to the CPU is halted.

» For external bus operation, use the same clock as that for the peripheral functions.

¢ You can calculate the instruction execution time required when CPU intermittent operation
mode is used as follows: Multiply the instruction execution count required to access
registers, built-in memory, built-in peripheral functions (resources), and external buses by the
halt cycle count, and add this correction value to the regular execution time.

Figure 5.4-1 Clock Pulses during CPU Intermittent Operation
Peripheral clock T LI LML LML LML LML LM LM LMLl i

CPUclock  —ILILIL: pEply
iOne instru:ction

Halt cycle count ‘execution ¢ycle
>» 4—»

t

Internal bus activation

AT
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CHAPTER 5 LOW POWER CONSUMPTION MODE

5.5 Standby Mode

Standby mode includes the sleep mode (PLL sleep mode and main sleep mode),

timebase timer mode, and stop mode.

m Operating Status during Standby Mode

Table 5.5-1 Operation Statuses in Standby Mode

Timebase
Condition | Oscil- timer . . Release
Standby mode for switch | lation Clock CPU Watchdog Peripheral | Pin event
timer
PLL sleep MCS =0
mode SLP=1 :
Slegp Active In-active Active Active
MOCE | Main sleep |MCS =1
mode SLP=1 Active
Timebase Active External
Time- |timer mode TMD =0 Hold reset
base |(SPL =0) Inactive or
timer | Timebase T?{:::f rte
mode |timer mode |TMD =0 Hi-z P
(SPL =1) In-active | In-active
oopmode |stp=1 Hold
Stop ( =0) . Inactive .
mode Stop mode In-active Inactive
(SPL = 1) STP=1 Hi-z

SPL: Pin state setting bit of low power consumption mode control register (LPMCR)
SLP: Sleep bit of low power consumption mode control register (LPMCR)
STP: Timebase timer or stop bit of low power consumption mode control register (LPMCR)
TMD: Timebase timer mode bit of low power consumption mode control register (LPMCR)
MCS: Machine clock selection bit of clock set register (CKSCR)

Hi-z: High-impedance
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5.5 Standby Mode

5.5.1 Sleep Mode

In sleep mode, the CPU operating clock is halted while components other than the
CPU continue to operate. When switching to sleep mode is specified, the
microcontroller enters PLL sleep mode if PLL clock mode has been specified or the
main sleep mode if the main clock mode has been specified.

m Switching to Sleep Mode

Set the sleep mode bit (SLP) of the low power consumption mode control register (LPMCR) to
"1", the timebase timer mode bit (TMD) to "1", and the stop mode bit (STP) to "0" to enter sleep
mode. When switching to sleep mode is specified, the microcontroller enters PLL sleep mode if
the machine clock setting bit (MCS) of the clock selection register (CKSCR) is set to "0".
Alternatively, the microcontroller enters main sleep mode if the MCS is set to "1".

Note:

If you make the stop mode bit (STP), sleep mode bit (SLP), and timebase timer mode bit
(TMD) effective at the same time, the stop mode bit (STP) has precedence. If you make the
sleep mode bit (SLP) and timebase timer mode bit (TMD) effective at the same time, the
timebase timer mode bit (TMD) has precedence. The order of priority is as follows:

Stop mode > Timebase timer mode > Sleep mode

O Data retention function
In sleep mode, the contents of both the dedicated registers and internal RAM are retained.

For more information on dedicated registers, see Section 2.7 "Dedicated Registers".

O Operation during output of an interrupt request

While an interrupt request is output, the microcontroller does not enter sleep mode but executes
the next instruction even if the sleep mode bit (SLP) of the low power consumption mode control
register (LPMCR) is set to "1".

O Pin state

In sleep mode, the pin state existing just before sleep mode is entered is retained.
m Release of Sleep Mode
An external reset or the output of a hardware interrupt releases sleep mode.

O Release by areset

For more information, see Section 3.4 "Reset Operation".

0 Release by a hardware interrupt

An interrupt request with an interrupt level higher than 7 (Interrupt control register ICR: I1L2, IL1,
ILO = "000g" to "110g") is required to cause a hardware interrupt to release sleep mode.
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Figure 5.5-1 Release of Sleep Mode upon Occurrence of a Hardware Interrupt

A peripheral function issues an
interrupt to set the enable flag.

Has INT occurred
(forlL<7)?

&» Sleep mode continued

Next instruction executed

Next instruction executed

Interrupt executed

Note:

Sleep mode continues

T

|

Sleep mode released

To handle an interrupt, the microcontroller normally starts with interrupt processing after
executing the instruction following the instruction that specifies sleep mode. However, the

microcontroller may start interrupt processing before executing the next instruction if a sleep
mode request and an external bus hold request are accepted at the same time.



5.5 Standby Mode

5.5.2 Timebase Timer Mode

In timebase timer mode, all of the operations other than the source oscillation and the
timebase timer are stopped.

m Switching to Timebase Timer Mode
If the timebase timer mode bit (TMD) of the low power consumption mode control register
(LPMCR) is set to "0", the microcontroller enters timebase timer mode.
O Data retention function

In timebase timer mode, the contents of both the dedicated registers and internal RAM are
retained.

For more information on dedicated registers, see Section 2.7 "Dedicated Registers".

O Operation during output of an interrupt request

While an interrupt request is output, the microcontroller does not enter timebase timer mode
even if the timebase timer mode bit (TMD) of the low power consumption mode control register
(LPMCR) is set to "0".

O Status of pins

The I/O pins in timebase timer mode can be set to retain a previous level or have high
impedance in the pin status setting bit (SPL) of the low power consumption mode control
register (LPMCR).

m Release of Timebase Timer Mode
Timebase timer mode is released by an external reset, timebase timer interrupt, or hardware
interrupt resulting from input of an external interrupt.
O Release by areset

For more information, see Section 3.4 "Reset Operation".

O Release by a hardware interrupt

An interrupt request with an interrupt level higher than 7 (IL2, IL1 and ILO of the interrupt control
register (ICR) are 0005 to 110g) is required to release timebase timer mode with a hardware

interrupt.
Note:

When interrupt processing is executed, the microcontroller normally enters interrupt
processing after executing the instruction after the instruction that specifies timebase timer
mode.
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5.5.3 Stop Mode

In stop mode, the source oscillation is stopped. Since all the functions are stopped,
data can be retained while minimum power is consumed.

m Switching to Stop Mode

If the stop mode bit (STP) of the low power consumption mode control register (LPMCR) is set
to "1", the microcontroller enters stop mode.

Data retention function

In stop mode, the contents of both the dedicated registers and RAM are retained.

For more information on dedicated registers, see Section 2.7 "Dedicated Registers".

Operation during acceptance or execution of an interrupt request

While an interrupt request is being accepted or executed, the microcontroller does not enter
stop mode even though the stop mode bit (STP) of the low power consumption mode control
register (LPMCR) is set to "1".

Status of pins

The I/O pins in stop mode can be set to retain a previous level or have high impedance in the
pin status setting bit (SPL) of the low power consumption mode control register (LPMCR).

m Release of Stop Mode

94

Stop mode is released by an external reset or hardware interrupt resulting from input of an
external interrupt.
Release by a reset

For more information, see Section 3.4 "Reset Operation"”.

Release by a hardware interrupt

An interrupt request with an interrupt level higher than 7 (IL2, IL1 and ILO of the interrupt control
register (ICR) are 0005 to 110g) is required to release stop mode with an external interrupt.

Note:

To handle an interrupt, the microcontroller enters interrupt processing in ordinary cases after
executing the instruction following the instruction that specifies stop mode. However, the
microcontroller may enter interrupt processing before executing the next instruction if a
request to enter stop mode and an external bus hold request are received at the same time.



5.5 Standby Mode

Figure 5.5-2 Release of Stop Mode (External Reset)

RST pin

Stop mode
Oscillation clock
Main clock

PLL clock

CPU clock

CPU operation

[ Oscillation

:Oscillation stabilization wait| Oscillation

Stopped

| Main clock

Stopped | Reset sequence | Instruction executed

T T—Release of reset
Release of stop mode

95



CHAPTER 5 LOW POWER CONSUMPTION MODE

5.6 Status Change Diagram

Figure 5.6-1 "Status Change Diagram" shows the CPU operation modes of the

MB90M405 series and a state transition diagram.

m Status Change Diagram

Figure 5.6-1 Status Change Diagram

Power-on

Oscillation stabilization wait

SLP:"l"l T Interrupt
Main sleep

TMD="0" Interrupt

Timebase timer mode

External Oscillation
interrupt stabilization

wait

Main oscillation wait
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. A ——
Main mode —> PLL mode
MCS="0"

External reset,
Watchdog timer reset,
Software reset

SLP:"l"i T Interrupt
PLL mode

TMD="0" Interrupt

Timebase timer mode

STP="1"

PLL mode

External Oscillation
interrupt stabilization

wait

PLL oscillation wait




5.6 Status Change Diagram

m Operating States in Low Power Consumption Mode

Table 5.6-1 Operating States in Low Power Consumption Mode

Low power Entr Machine Release
consumption Y Oscillation CPU Peripheral Pin
mode condition clock method
. MCS="1" . . . . Reset
Main sleep SLp="1" Running Running Stopped Running Running interrupt
MCS="0" . . . . Reset
PLL sleep SLp="1" Running Running Stopped Running Running interrupt
Timebase Reset
timer TMD="0" Running Stopped | Stopped Stopped Retained .
(SPL="0") interrupt
Timebase Reset
timer TMD="0" Running Stopped | Stopped Stopped Hi-z interrupt
(SPL="1")
Stop MCS="1" . Reset
(SPL="0") STP="1" Stopped Stopped | Stopped Stopped Retained interrupt
Stop MCS="1" . Reset
(SPL="1") STp="1" Stopped Stopped | Stopped Stopped Hi-z interrupt

97



CHAPTER 5 LOW POWER CONSUMPTION MODE

5.7 Pin Status in Standby Mode and during Reset

Table 5.7-1 "State of Pins in Single-Chip Mode" shows the status of pins in standby
mode and during a reset.

m Software Pull-Up Resistor
For 1/0 pins configured in software to accept the connection of a pull-up resistor, set the port to
an output setting that disconnects the pull-up resistor.

m Status of Pins in Single-Chip Mode

Table 5.7-1 State of Pins in Single-Chip Mode

Standby mode

Pin name Stop mode Reset
Sleep mode
SPL=0 SPL=1
P82 to P87 The preceding status The preceding status | Input shut off (*3) | Output Hi-z (*4)
P90 to P91 is retained. (*2) is retained. (*2) /output Hi-z
PAO to PA7
PBO to PB5
P80, P81 Input enabled (*1)
PB6, PB7

*1: "Input enabled" means that the input function is enabled. However, the input function is enabled only if
an external interrupt is enabled. These pins, when used as output ports, conform to the setting of the
pin status setting bit (SPL) of the low power consumption mode control register (LPMCR).

*2: "The preceding status is retained" means that the output status of the pin immediately before switching
to standby mode is retained (*5). However, note that the input is disabled (*6) if the pin was in the input
status.

*3: "Input shut off" means that the input to the pin is inhibited.

*4: "Qutput Hi-Z" means that the pin-driving transistor is disabled and that the pin is made to have high
impedance.

*5: "the output status is retained as is" means that the output value of a peripheral function (resource) or a
port is retained.

*6: "the input is disabled" means that a value input to the pin cannot be accepted internally because an
internal circuit is not running.

98



5.8 Usage Notes on Low Power Consumption Mode

5.8 Usage Notes on Low Power Consumption Mode

Note the following items when using low power consumption mode:

Switching to standby mode and interrupts
Release of standby mode by an interrupt
Release of stop mode by an external interrupt
Oscillation stabilization wait time

Switching to Standby Mode and Interrupts

While an interrupt request is output, the microcontroller does not enter standby mode even if the
stop mode bit (STP) of the low power consumption mode control register (LPMCR) is set to "1",
the sleep mode bit (SLP) is set to "1", or the timebase timer mode bit (TMD) is set to "0".

Release of Standby Mode by an Interrupt

Standby mode is released if an interrupt request with an interrupt level higher than 7 (Interrupt
control register ICR: IL2, IL1, ILO = "000g" to "110g") is output in sleep mode, timebase timer

mode, or stop mode.

If the interrupt level setting bit (ICR: IL2, IL1, ILO) corresponding to an interrupt request has a
priority higher than the interrupt level mask register (ILM) and the interrupt enable flag of the
condition code register is enabled (CCR:l = 1), the interrupt is accepted and the interrupt
processing routine is executed. Unless the interrupt is accepted, the processing starts again
from the next instruction to the one that set standby mode.

Note:

Interrupt disable setting is required before the setting of standby mode unless an interrupt
processing routine is executed immediately after standby mode is released.

Release of Stop Mode by an External interrupt

To release stop mode by an external interrupt, set the DTP/interrupt enable register (ENIR) and
the request level setting register (ELVR) before the microcontroller enters stop mode.

Select one of the "H" level, "L" level, rising edge, and falling edge as an input cause.
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m Oscillation Stabilization Wait Time

100

0O Source clock oscillation stabilization wait time

An oscillation stabilization wait time is required after stop mode is released because the source
oscillation has been halted in stop mode. The oscillation stabilization wait time can be set in the
oscillation stabilization wait time setting bits (WS1, WSO0) of the clock selection register
(CKSCR). On a return due to a reset, the registers are set to the initial value. The clock cycle is

therefore fixed to 217/HCLK.

PLL clock oscillation stabilization wait time

A PLL clock oscillation stabilization wait time is required after the operating clock is changed
from the main clock to the PLL clock because the PLL clock is halted while the CPU operates
on the main clock. While waiting for PLL clock oscillation stabilization, the CPU operates on the
main clock.

The PLL clock oscillation stabilization wait time is fixed at 214/HCLK (HCLK: clock oscillation
frequency).



CHAPTER 6  INTERRUPTS

This chapter explains the interrupts and extended intelligent 1/0O service (EIZOS) in the
MB90MA405 series.

6.1 "Interrupts"

6.2 "Interrupt Causes and Interrupt Vectors"

6.3 "Interrupt Control Registers and Peripheral Functions"
6.4 "Hardware Interrupts”

6.5 "Software Interrupts"

6.6 "Interrupt of Extended Intelligent I/O Service (EIZOS)"
6.7 "Exception Processing Interrupt”
6.8 "Stack Operations for Interrupt Processing"

6.9 "Sample Programs for Interrupt Processing"
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CHAPTER 6 INTERRUPTS

6.1 Interrupts

The MB90M405 series has the following interrupt functions and exception processing

function:

* Hardware interrupts
» Software interrupts

* Interrupts from extended intelligent 1/O service (EIZOS)
» Exception processing

m Interrupt Types and Functions

102

0 Hardware interrupt

A hardware interrupt transfers control to an interrupt processing program in response to an
interrupt request from a peripheral function (resource). For more information, see Section 6.4
"Hardware Interrupts"”.

Software interrupt

A software interrupt transfers control to an interrupt processing program if a software interrupt
instruction (INT instruction) is executed on a program. For more information, see Section 6.5
"Software Interrupts"”.

Interrupt from extended intelligent I/O service (EIZOS)

The extended intelligent 1/O service (EIZOS) can transfer data between a register contained in a
peripheral function (resource) and internal memory if settings are made in the interrupt control
registers (ICROO to ICR15) and the extended intelligent I/O service descriptor (ISD).

When the data transfers have been terminated, the interrupt processing program is executed.
For more information, see Section 6.6 "Interrupt of Extended Intelligent I/O Service (EIZOS)".

Exception processing
Exception processing is performed if an undefined instruction code is executed.

If exception processing is performed, the register value currently processed is saved to the
system stack and the processing branches to the exception processing routine. For more
information, see Section 6.7 "Exception Processing Interrupt".



6.1 Interrupts

m Interrupt Operation

Figure 6.1-1 Overall Flow of Interrupt Operation
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6.2 Interrupt Causes and Interrupt Vectors

The MB90MA405 series have functions for handling 256 types of interrupt cause. The
256 interrupt vector tables are allocated to the memory at the highest addresses.
Software interrupts can use 256 interrupt instructions (INTO to INT255). Note that INT8
is shared with a reset vector interrupt and that INT10 is shared with exception
processing. INT11 to INT42 are shared with an interrupt from a peripheral function
(resource).

m Interrupt Vectors

Interrupt vector tables referenced during interrupt processing are allocated to the highest
addresses in the memory area (FFFCO0y to FFFFFER). Interrupt vectors share the same area

with EI20S, exception processing, hardware, and software interrupts.

Table 6.2-1 "Interrupt Vectors" shows the assignment of software interrupt instructions, interrupt
numbers, and interrupt vectors.

Table 6.2-1 Interrupt Vectors

icifet::j;\ Vector Vector Vector Mode data Interrupt Hardware interrupt
instruction address L address M | address H No.
INTO FFFFFCy FFFFFDy FFFFFERQ Not used #0 None
INT7 FFFFEOy FFFFE1y FFFFE2y Not used #7 None
INT8 FFFFDCH FFFFDDy FFFFDEy | FFFFDFy #8 (RESET Vector)
INT9 FFFFD8H FFFFD9y FFFFDAKQ Not used #9 None
INT10 FFFFD4y FFFFD5y FFFFD6y | Not used #10 <Exception processing>
INT11 FFFFDOy FFFFD1y FFFFD2y | Not used #11 Hardware interrupt #0
INT12 FFFFCCH FFFFCDy FFFFCEL | Notused #12 Hardware interrupt #1
INT13 FFFFC8H FFFFC9y FFFFCAy | Notused #13 Hardware interrupt #2
INT14 FFFFC4y FFFFC5y FFFFC6y | Not used #14 Hardware interrupt #3
INT254 FFFCO04, FFFCO5 FFFCO6y Not used #254 None
INT255 FFFCO0y FFFCO14 FFFCO2y Not used #255 None
Note:

Interrupt vectors not defined during software design should be set at the exception
processing address.
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m Interrupt Causes and Interrupt Vectors/Interrupt Control Registers

Table 6.2-2 Interrupt Causes, Interrupt Vectors, and Interrupt Control

Registers

£120S Interrupt vector Interrupt control register
Interrupt cause Priority
support | Number *1 | Address ICR Address
Reset X #08 | 08y | FFFFDCy - -
INT9 instruction X #09 | 09y | FFFFD8y - - High
Exception processing X #10 | OAy | FFFFD4y - - ,
DTP/external interrupt channel 0 0] #11 | OBy | FFFFDOy | ICROO 0000B0y
DTP/external interrupt channel 1 0] #13 | ODy | FFFFC8, | ICRO1 0000B14
Serial I/0 channel 2 A #15 | OFy | FFFFCOy
ICR02 0000B24
DTP/external interrupt channels 2/3 0] #16 | 10y | FFFFBCy
Serial I/0 channel 3 A #17 | 11y | FFFFB8y
ICRO3 0000B34
16-bit free-running timer A #18 | 12y | FFFFB4y
Reserved - #20 - FFFFACy | ICRO4 0000B44
16-bit reload timer channel 2 A #21 | 154 | FFFFA8y | ICRO5 0000B54
16-bit reload timer channel 0 A #23 | 17y | FFFFAOy
ICRO6 0000B6
16-bit reload timer channel 1 A #24 | 18y | FFFFOCy
Input capture channel 0 A #25 | 19y | FFFF984
ICRO7 0000B74
Input capture channel 1 A #26 | 1Ay | FFFF94,
Reserved - #27 - FFFF90y, | ICRO8 0000B84
Output compare match X #29 | 1Dy | FFFF88, | ICRO9 0000B9y
Reserved - #31 - FFFF80y | ICR10 0000BAK{
Timebase timer X #33 | 21y | FFFF784
ICR11 0000BBy{
Reserved - #34 - FFFF74y
UARTO receive end © #35 | 23y | FFFF704
ICR12 0000BCy
UARTO send end A #36 | 24y | FFFF6CH
End of A/D conversion 0] #37 | 254 | FFFF684
> ICR13 0000BDy
I°C interface A #38 | 26y | FFFF644
UART1 receive end © #39 | 27y | FFFF604
ICR14 0000BER
UART1 send end A #40 | 28y | FFFF5CH v
Flash memory status X #41 | 29y | FFFF58y Low
ICR15 0000BF
Delayed interrupt generator module X #42 | 2Ay | FFFF54y4

O: Can be used.
X: Cannot be used.

© : Usable if used with the EI?OS stop function.

A : Usable when an interrupt cause that shares the ICR is not used.
*1: If multiple interrupts of the same level are output simultaneously, an interrupt cause with a smaller interrupt

vector number takes precedence.
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6.3 Interrupt Control Registers and Peripheral Functions

The interrupt control registers ICR00 to ICR15 correspond to all peripheral functions
that have the interrupt function. These registers control interrupts and the extended

intelligent I/O service (EIZOS).

m Interrupt Control Registers

Table 6.3-1 Interrupt Control Registers

Address Register Abbreviation | Corresponding peripheral function (Resource)
0000BOy | Interrupt control register 00 ICROO DTP/external interrupt channel 0
0000B1y | Interrupt control register 01 ICRO1 DTP/external interrupt channel 1
. Serial I/O channel 2
0000B2y | Interrupt control register 02 ICR0O2 DTP/external interrupt channels 2/3
: Serial I/0O channel 3
0000B3y | Interrupt control register 03 ICRO3 16-bit free-running timer
0000B4y | Interrupt control register 04 ICRO4 Reserved
0000B5y | Interrupt control register 05 ICRO5 16-bit reload timer channel 2
0000B6y | Interrupt control register 06 ICRO6 16-bit reload timer channels 0/1
0000B7y | Interrupt control register 07 ICRO7 Input capture channels 0/1
0000B8 | Interrupt control register 08 ICRO8 Reserved
0000B9y | Interrupt control register 09 ICR0O9 Output compare
0000BAy | Interrupt control register 10 ICR10 Reserved
0000BBy | Interrupt control register 11 ICR11 Timebase timer
: UARTO receive end
0000BCy | Interrupt control register 12 ICR12 UARTO send end
. A/D converter
0000BDy | Interrupt control register 13 ICR13 12C bus interface
: UART1 receive end
0000BEy | Interrupt control register 14 ICR14 UARTL send end
0000BF Interrupt control register 15 ICR15 Flash memory status
H P 9 Delayed interrupt generator module

The following four settings can be made in an interrupt control register (ICR).
» Set the interrupt level of the corresponding peripheral function (resource).

» Set an interrupt of the peripheral function (resource) either as an interrupt or as the extended
intelligent 1/O service.

» Set the descriptor address of the extended intelligent 1/O service (EIZOS).
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» Display the status of the extended intelligent I/O service (EIZOS)
Interrupt control registers (ICRs) have different functions during the writing and reading of data.
Note:

When interrupt control registers (ICRs) are set, a read-modify-write instruction of SETB and
CLRB cannot be used to access it.
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6.3.1 Interrupt Control Registers (ICR0O to ICR15)

Interrupt control registers can determine the interrupt processing or the extended
intelligent 1/0O service processing when an interrupt request is output. Interrupt control
registers (ICRs) have different bit functions during the writing and reading of data.

m Interrupt Control Registers (ICR00 to ICR15)

Figure 6.3-1 Interrupt Control Registers (ICR00 to ICR15) during Writing

Writing

Bit 7 6 5 4 3 2 1 0 Initial value
ICROO
ICSl5 ICS3|ICS2|ICS1|ICSO| ISE | IL2 | IL1 | ILO | 000001118B

w w W W RW R/W R/W R/W

[ | | | \I_'—_,_l
IL2 | IL1| ILO Interrupt level setting bit
0] 0] O Interrupt level 0 (highest)
0 0] 1 A
0 1] 0
0 1] 1
1 0| O
1 0] 1
1 1] 0 v
1 1 1 Interrupt level 7 (no interrupt)
ISE EI20S enable bit

0 |Activates the interrupt sequence when an interrupt occurs

1 |Activates EI20S when an interrupt occurs

ics3lcsalicsilicso EI20S channel setting bit
Channel Descriptor address
0jo0jo0o o0 0 000100+
0|00 |1 1 000108+
ocjoj1]0 2 000110
ojo0o]1 |1 3 000118k
oj1j0/0 4 000120w
oj1]0 |1 5 000128+
0 1 1 0 6 000130#
0 1 1 1 7 000138
1 0 0 0 8 000140n
1 0 0 1 9 000148n
1 0 1 0 10 000150+
1 0 1 1 11 000158+
1 1 0 0 12 000160H
. 1 1 0 1 13 000168+
R/W : Read/write
W : Write only 1/111]0 14 000170+
[__1: Initial value 1]1]1]1 15 000178+
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Figure 6.3-2 Interrupt Control Registers (ICR0O0 to ICR15) during Reading

Reading
Bit 7 6 5 4 3 2 1 0 Initial value
ICROO
to — — | S1 | SO [ISE | IL2 | IL1 | ILO | XX0001118B
ICR15
- - R R RW R/W RW R/W
| I I
|: IL2 | IL1 | ILO Interrupt level setting bit
0 0 0 Interrupt level O (highest)
0 0 1 A
0 1|0
0 1 1
1 0 0
1 0 1
1|10 v
1 1 1 Interrupt level 7 (no interrupt)
> ISE EI20S enable bit

0 |Activates the interrupt sequence when an interrupt occurs

1 |Activates EI20S when an interrupt occurs

S1 | S0 EI20S status

0 0 |EI20S operation in progress or EI20S not activated

0 1 |Stopped status due to count termination

1 0 |Reserved

1 1 |Stopped status due to a request from the peripheral function

R/W : Read/write

R : Read only
- : Undefined bit

Undefined

X
[+ Initial value
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6.3.2 Interrupt Control Register Functions

The interrupt control registers (ICR00 to ICR15) can specify the following settings:
* Interrupt level setting

» Extended intelligent 1/O service (EIZOS) enable setting
» Extended intelligent 1/O service (EIZOS) descriptor address setting
» Extended intelligent 1/O service (EIZOS) operation status display

m Configuration of Interrupt Control Registers (ICR)

Figure 6.3-3 Configuration of Interrupt Control Registers (ICR)

Writing to interrupt control register (ICR)
Bit 7 6 5 4 3 2 1 0 Initial value
ICROO

ICIt?ols ICS3|ICS2|ICS1|ICSO| ISE | IL2 | IL1 | ILO | 00000111B

Reading of interrupt control register (ICR)
Bit 7 6 5 4 3 2 1 0 Initial value
ICROO

to — - S1 | SO |ISE | IL2 |IL1 | ILO XX000111s
ICR15

. Undefined bit

Reference:

Set the EI?OS descriptor address setting bits (ICS3 to ICS0) to start the extended intelligent
/0 service (EI?0S). Set the EI?OS enable bit (ISE) to "1" to activate it. Alternatively, set the

ISE to "0" to refrain from activating it. If EIOS is not activated, the ICS3 to ICSO bits need
not be set.
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m Interrupt Control Register Functions

O

Interrupt level setting bits (IL2 to ILO)

These bits can set the interrupt level of the corresponding peripheral function (resource). A
reset initializes these bits to level 7 (no interrupts). (No interrupts can be generated at level 7.)

Table 6.3-2 Correspondence between the Interrupt Level Setting Bits and Interrupt
Levels

IL2 IL1 ILO Interrupt level
0 0 0
0 0 1 0 (highest priority)
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0 6 (lowest priority)
! 1 1 7 (no interrupts)

Extended intelligent I/O service (EIZOS) enable bit (ISE)

When an interrupt request is output, EI20S is started if the EI?OS enable bit (ISE) is set to "1".
Alternatively, an interrupt sequence is started if the EI20S enable bit (ISE) is set to "0". When
EI20S processing is completed, the ISE bit is reset to "0". If a peripheral function (resource)
has no EI20S function, set the ISE bit to "0" using software. A reset initializes the ISE bit to "0".

Extended intelligent I/O service (EIZOS) channel setting bits (ICS3 to ICS1)

The EI?0S descriptor address setting bits (ICS3 to ICS1) are valid when a descriptor is set. Set
the EIOS descriptor address in these bits. Set values in the EIOS descriptor address setting
bits to set the EI?0OS descriptor address. A reset initializes the ICS3 to ICSO bits to 0000g.
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Table 6.3-3 Correspondence between EI?OS Channel Setting Bits and Descriptor

Addresses
ICS3 ICS2 ICS1 ICSO Selected channel Descriptor address
0 0 0 0 0 000100y
0 0 0 1 1 000108
0 0 1 0 2 000110y
0 0 1 1 3 000118y
0 1 0 0 4 000120y
0 1 0 1 5 000128y
0 1 1 0 6 000130y
0 1 1 1 7 000138y
1 0 0 0 8 000140y
1 0 0 1 9 000148y
1 0 1 0 10 000150y
1 0 1 1 11 000158
1 1 0 0 12 000160y
1 1 0 1 13 000168
1 1 1 0 14 000170y
1 1 1 1 15 000178y

O Extended intelligent I/O service (EI?0S) status bits (S1 and S0)

The EI?0S status bits (S1 and S0) are valid during reading. Read the S1 and SO bits while

EI20S is activated to determine whether EI?0OS is running or terminated. A reset initializes the
S1 and SO bits to "00g".

Table 6.3-4 Relationship between EI20S Status Bits and the EI?OS Status

S1 SO EI20S status

0 0 EI20S operation in progress or EI?0OS not activated

0 1 Stopped status due to count termination

1 0 Reserved

1 1 Stopped status due to a request from the peripheral function (resource)

112



6.4 Hardware Interrupts

6.4 Hardware Interrupts

A hardware interrupt operates as follows: an interrupt request that is output by a
peripheral function (resource) temporarily interrupts a program being executed by the
CPU and transfers control to a user-defined interrupt processing program. The

extended intelligent I/O service (EIZOS) is also handled as a hardware interrupt.

m Hardware Interrupts

O Hardware interrupt function

The hardware interrupt function determines whether an interrupt can be accepted. To do so, it
compares the interrupt level of an interrupt request that is output by a peripheral function
(resource) with the interrupt level mask register (PS: ILM) while referring to the contents of the |
flag (PS: I).

If a hardware interrupt is accepted, the contents of the direct page register (DPR), accumulator
(A), program counter (PC), processor status register (PS), and bank registers (ADB, DTB, and
PCB) are saved to the system stack. An interrupt level stored in the ICR register is then stored
in the interrupt level mask register (ILM). Finally, the processing branches to the interrupt vector
and the interrupt processing program is executed.

O Multiple interrupts

A hardware interrupt can be activated while the interrupt processing program is being executed.

O Extended intelligent 1/O service (EI20S)

EI20S is a data transfer function between memory and I/O registers. When the transfer of data
to the extended intelligent 1/O service descriptor is completed, a hardware interrupt is activated.

EI20S cannot be activated in duplicate. While EI20S is being processed, no interrupt request
or EI’0S request is accepted. When the processing of EI20S is completed, interrupt request or
EI20S request is accepted.

O External interrupt

An external interrupt is accepted as a hardware interrupt if a circuit that can output an interrupt
request from an external terminal (DTP/external interrupt circuit) detects an interrupt request.

O Interrupt vector

Interrupt vector tables referenced during interrupt processing are allocated to memory at
FFFCO00y to FFFFFF.

Reference:

See Section 6.2 "Interrupt causes and Interrupt Vectors", for more information about the
allocation of interrupt numbers and interrupt vectors.
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m Hardware Interrupt Structure

The mechanisms shown in Table 6.4-1 "Mechanisms Used for Hardware Interrupts" are used
for hardware interrupts. These mechanisms must be configured in a user program before
hardware interrupts can be used.

Table 6.4-1 Mechanisms Used for Hardware Interrupts

Mechanism Function

Peripheral function Interrupt enable bit, interrupt Controls interrupt requests from a peripheral
(resource) request bit function (resource)
Interrupt controller Interrupt control register (ICR) | Sets the interrupt level and controls EI20S

Interrupt enable flag (1) Identifies the interrupt enable status

Interrupt level mask register Compares the request interrupt level and current
CPU .

(1ILm) interrupt level

Microcode Executes the interrupt processing routine
FFFCO0 to Stores the branch destination address for interrupt

. Interrupt vector table .

FFFFFFy in memory processing

m Hardware Interrupt Disable
Acceptance of a hardware interrupt request is disabled under the following conditions:
0 Hardware interrupt acceptance disable during writing to the peripheral function (resource)
control register
No hardware interrupt request is accepted while data is written to the peripheral function
(resource) control register.
Figure 6.4-1 Hardware Interrupt Request While Writing to the Peripheral Function Control Register Area

Instruction that writes to the peripheral function control register area

—l

..... | [movawos | | movioa | [mov Az20004 |  [interrupt processing

i f !

An interrupt request  Does not branch Branches to
is generated here to the interrupt the interrupt
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6.4 Hardware Interrupts

O Hardware interrupt acceptance disable by interrupt suppression instructions

The hardware interrupt suppression instructions listed in Table 6.4-2 "Hardware Interrupt
Suppression Instruction" ignore interrupt requests without detecting whether a hardware
interrupt request exists.

If a hardware interrupt request is output while a hardware interrupt suppression instruction is
being executed, the interrupt is accepted and processed after completion of the hardware
interrupt suppression instruction and the subsequent execution of an instruction other than the
hardware interrupt suppression instruction.

Table 6.4-2 Hardware Interrupt Suppression Instruction

Interrupts/hold suppression instructions

Prefix code (instructions that delay the effect of the prefix code)
PCB
Instructions that DTB MOV ILM, #imm8
do not accept ADB OR CCR, #imm8
interrupts and SPB AND CCR, #imm8
hold requests CMR POPW PS
NCC

O Hardware interrupt acceptance disable during execution of a software interrupt

When a software interrupt is activated, the | flag is cleared to 0. In this state, other interrupt
requests cannot be accepted.
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6.4.1

Operation of Hardware Interrupts

This section explains hardware interrupt operation from generation of a interrupt
request to the completion of interrupt processing.

m Hardware Interrupt Activation

O Peripheral function (resource) operation (generation of an interrupt request)

A peripheral function (resource) that has a hardware interrupt request function has an "interrupt
request flag bit" and an "interrupt enable flag" in the corresponding peripheral function
(resource) control registers. The interrupt request flag bit indicates the presence of an interrupt
request. The interrupt enable flag determines whether a CPU interrupt request is enabled or
disabled. When an interrupt cause defined in a peripheral function is detected, an interrupt
request is output to an interrupt controller as long as the interrupt request flag bit is set to "1"
and the interrupt enable bit is set to enable an interrupt request to the CPU.

Interrupt controller operation (interrupt request control)

The interrupt controller compares the interrupt levels (ILs) to accept the request having the
highest level. If multiple interrupts of the same level are output simultaneously, an interrupt
request with the smallest number takes precedence (see Table 6.2-1 "Interrupt Vectors").

CPU operation (interrupt request acceptance and interrupt processing)

The CPU compares the received interrupt level (ICR: IL2 to ILO) and the interrupt level mask
register (ILM). If IL2 to ILO are greater than ILM and interrupts are enabled (PS: CCR: | = "1"),
the CPU terminates the instruction being executed and performs the interrupt processing. If the
EI20S enable bit (ISE) of the interrupt control register (ICR) is set to "0", the CPU performs the

interrupt processing. If the ISE is set to "1", the CPU starts EI20S and then performs the
interrupt processing.

Interrupt processing saves the contents of the dedicated registers (12 bytes including A, DPR,
ADB, DTB, PCB, PC, and PS) on the system stack (the system stack space indicated by the
SSB and SSP).

The CPU then loads data into the interrupt vector program counters (PCB and PC), updates the
ILM, and sets the stack flag (S) (sets CCR: S =1 and activates the system stack).

m Returning from a Hardware Interrupt
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If an interrupt processing program writes "0" to the interrupt request flag bit of a peripheral
function (resource) that output an interrupt cause and the RETI instruction is executed, data
saved on the system stack is restored to the dedicated registers and the program processing
that was executed before branching due to an interrupt is resumed.



6.4 Hardware Interrupts

m Hardware Interrupt Operation

IL

ILM :

IR

Figure 6.4-2 Hardware Interrupt Operation

Internal bus F2MC-16LX CPU

b | pspc - - lps [ ] wm | |
@) Microcode

Check |_| Comparator |
(5) 4

. , S
| Other peripheral functions I—

Peripheral function that generated the
interrupt request

©)

E—— Level Interrupt
nable FF—
R AND > comparator | level IL
” Factor FF [ )
()]
1)
Interrupt controller
> RAM

. Interrupt level setting bit in the interrupt control register (ICR)
: Processor status
: Interrupt enable flag

Interrupt level mask register

: Instruction register

1.
2.

An interrupt cause is output within the peripheral functions (resources).

If the interrupt enable bit in the peripheral functions (resources) is set to enable interrupts,
interrupt requests are output from the peripheral functions (resources) to the interrupt
controller.

The interrupt controller that receives interrupt requests from the peripheral functions
(resources) checks the priorities of interrupt requests simultaneously received and transfers
the interrupt level (IL) of an interrupt request with the highest priority to the CPU.

. The CPU compares the interrupt level (IL) requested by the interrupt controller with the

interrupt level mask register (ILM).

If the comparison indicates a higher priority than the current interrupt processing level, the
CPU checks the contents of the | flag in the condition code register (CCR).

If, in the check, the | flag in the CCR is found to be set to Enabled (CCR: | = "1"), the CPU
waits until the execution of an instruction being executed is terminated. When it is
terminated, the CPU sets the requested level (IL2 to ILO) in the ILM.

The values in the dedicated registers are saved to the system stack. The processing
branches to the interrupt processing routine.

If a program in the interrupt processing routine sets the interrupt request flag bit of a
peripheral function (resource) to "0" and the RETI instruction is executed, data saved on the
system stack is restored to the dedicated registers and the interrupt processing is
terminated.
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6.4.2 Processing for Interrupt Operation

When a peripheral function (resource) outputs an interrupt request and the CPU
accepts it, the interrupt processing is performed after the instruction currently being

executed is terminated. If the EI0OS enable bit (ISE) of the interrupt control register
(ICR) is set to "0", the CPU performs the interrupt processing. If the ISE is set to "1",

the CPU activates the extended intelligent 1/O service (EIZOS). If a software interrupt is
output by the INT instruction, the instruction currently being executed is suspended,
the interrupt processing routine is performed, and hardware interrupts are disabled.

m Processing for Interrupt Operation

Figure 6.4-3 Flow of Interrupt Processing

Interrupt activation/return processing

EROS |

String type (*1)
instruction in progress | NO

Fetch the next instruction

and decode

INT Software inter? EI20S processing
. . rupt/exception
instruction?

processing

Y - Hardware
; Save the dedicated registers instruction

NO Specified
to the system stack count terminated? Alter-
Y YES natively, is there a termination
i v request from the peripheral
[ ey - function?
1| 1="0" (Disable hardware Save the dedicated
| interrupts) registers to the system stack NO

ILM < IL (Transfer the
interrupt level of the
accepted interrupt
request to the ILM)

]
Return y
processing| | S<"1" (Activates

the system stack)

YES:!

RETI
instruction?

i | Return the dedicated

' i | registers from the system i
Execute ordinary instruction 1 [stack, call the interrupt PCB, PC < interrupt

1 | routine, and return to the

including interrupt processin : A
( 9 ptp 9) 1 | previous routine

vector (Branch to the
interrupt processing routine))

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Repetition
of string type (*1) instruction
completed?

YES

Move the pointer to the next
instruction by PC update

NO

¢ Y A Y
*1  When a string type instruction is being executed, IL . Interrupt level setting bit of the interrupt
the interrupt is evaluated in each step. control register (ICR)
| . Interrupt enable flag of the condition code register (CCR) S . Stack flag of the condition code register (CCR)
IF : Interrupt request flag of the peripheral function PCB : Program bank register
IE  : Interrupt enable flag of the peripheral function PC : Program counter:

ILM : Interrupt level mask register (in the PS)
ISE : EI20S enable flag of the interrupt control register (ICR)
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6.4.3 Procedure for Using Hardware Interrupts

Before hardware interrupts can be used, the system stack area, peripheral function
(resource), and interrupt control register (ICR) must be set.

m Procedure for Using Hardware Interrupts

Figure 6.4-4 Procedure for Using Hardware Interrupts

( Start )
v

@ | Set the system stack area |

Y.
) | Initialize the peripheral function | Interrupt processing program
v [ ¥
3) | Setthe ICR in the interrupt Stack processing branches to (8) |Processing for interrupt to the
controller the interrupt vector peripheral function (execute the
@ K interrupt processing routine)
- Hardware l
@ Set operation start for the processing
peripheral function. Set the ©) Clear the interrupt cause
interrupt enable bit to enable
y Y
(5) | Setthe ILM and I in the PS (10) Interrupt return instruction
l (RETI)
Main program
(6) > [
Interrupt request
generated

Set the system stack area.
Set the operation of a peripheral function (resource).

Set the interrupt control register (ICR).

A w0 NP

Set the interrupt enable bit of the peripheral function (resource) to enable the output of
interrupt requests.

o

Set the interrupt level mask register (ILM) and interrupt enable flag (1) to interrupt acceptable.

6. If an interrupt request of the peripheral function (resource) is detected, a hardware interrupt
request is output.

7. The interrupt processing hardware saves the dedicated register values to the system stack.
The processing then branches to the interrupt processing program.
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8. The interrupt processing program processes the peripheral function (resource) in response
to the generated interrupt.

9. Clear the peripheral function (resource) interrupt request.

10.Execute the interrupt return instruction (RETI instruction), and return to the program before
branching.
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6.4.4 Multiple Interrupts

Multiple hardware interrupts can be implemented in response to multiple interrupt
requests from peripheral functions (resources). However, multiple extended intelligent
I/O services cannot be activated.

m Multiple Interrupts

O Operation of multiple interrupts

If an interrupt request with an interrupt level that is higher than the one being executed is output,
the current interrupt processing is suspended and the higher-priority interrupt request is
executed. When the processing of the higher-priority interrupt ends, the previous interrupt
processing resumes.

If, during execution of interrupt processing, an interrupt request with a level equal to or lower
than the current interrupt processing is output, the new interrupt request is suspended until the
current interrupt processing ends, unless the | flag of the condition code register (ICR) or the
interrupt level mask register (ILM) is changed. When the current interrupt processing ends, the
suspended interrupt request is executed.

Other multiple interrupts to be activated during an interrupt can be temporarily disabled by
setting the | flag in the condition code register (CCR) in the interrupt processing routine to
interrupts not allowed (CCR: | = 0) or the interrupt level mask register (ILM) to interrupts not
allowed (ILM = 000g).

Note:

« 0to 7 can be set as the interrupt level. If level 7 is set, the CPU does not accept interrupt
requests.

« The extended intelligent 1/O service (EIZOS) cannot be used for the activation of multiple

interrupts.  During processing of the extended intelligent 1/0 service (EI?0S), all other
interrupt requests and extended intelligent 1/O service requests are held.
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0 Example of multiple interrupts

This example of multiple interrupt processing assumes that a timer interrupt is given a priority
that is higher than an A/D converter interrupt. In this example, the A/D converter interrupt level
is set to 2, and the timer interrupt level is set to 1. If a timer interrupt is generated during
processing of the A/D converter interrupt, the processing shown in Figure 6.4-5 "Example of
Multiple Interrupt" is performed.

Figure 6.4-5 Example of Multiple Interrupt

Main program A/D interrupt processing Timer interrupt processing

Interrupt level 2
(ILM = 010g)

Interrupt level 1

(ILM = 001
Peripheral initialization (1) ®

3) Timer
AID interrupt generated  (2) (3) Timer interrupt generated,

Interrupted (4) Timer interrupt processing

| Restart |

Main processing restarts (8)

(6) A/Dinterrupt processing (5) Timer interrupt return

(7) A/D interrupt return

» At the start of A/ID converter interrupt processing, the value in the interrupt level mask
register (ILM) indicates the A/D converter interrupt level (ICR:IL2 to ILO) (2 in this example).
If an interrupt request with level 1 or 0 is generated, the interrupt processing for level 1 or 0
takes precedence.

» When the interrupt processing ends and the return instruction (RETI) is executed, the values
of the dedicated registers (A, DPR, ADB, DTB, PCB, PC, and PS) saved to the stack are
restored and the interrupt mask register (ILM) is set back to the value that it had before the
interruption.
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6.4.5 Hardware Interrupt Processing Time

The time for completion of the currently executed instruction and the interrupt
handling time apply from the output of a hardware interrupt request until the interrupt
processing routine is executed.

m Hardware Interrupt Processing Time

The interrupt request sampling wait time and the interrupt handling time (time required to
prepare for interrupt processing) are required from the output of a hardware interrupt request
until the interrupt processing routine is executed.

Figure 6.4-6 Interrupt Processing Time

Ordinary instruction ) Interrupt processing
) execution Interrupt handling routine
CPU operation < > < Pl
Interrupt request Interrupt handling time
Interrupt wait time sampling wait time (® machine cycle) (*1)

t

Interrupt request generation

<= : The final instruction cycle samples the interrupt request here.
* . One machine cycle corresponds to one machine clock ( @).

O Interrupt request sampling wait time

The interrupt request sampling wait time refers to the time required from the output of an
interrupt request by a peripheral function (resource) until the instruction being executed
terminates. The CPU checks through sampling whether an interrupt request is output in the
final cycle of an instruction being executed. The interrupt request sampling wait time is required
because no interrupt request can be recognized while an instruction is being executed.

Reference:

The maximum interrupt request sampling wait time applies when an interrupt request is
output immediately after execution of the POPW RWO, ... RW7 instruction (45 machine
cycles) with the longest execution cycle is started.
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O Interrupt handling time (¢ machine cycle)

After accepting an interrupt request, the CPU saves the values of dedicated registers to the
system stack and fetches the interrupt vector. The interrupt handling time is therefore required.
Obtain the interrupt handling time by using the following equations:

When an interrupt starts to be processed: ¢ =24 + 6 x Z machine cycles
When control is returned from an interrupt: ¢ =11 + 6 x Z machine cycles (RETI instruction)

The interrupt handling time varies depending on the address of the stack pointer.

Table 6.4-3 Interpolation Values (Z) for the Interrupt Handling Time

Address pointed to by the stack pointer Interpolation value (2)
External 8-bit +4
External even-numbered address +1
External odd-numbered address +4
Internal even-numbered address 0
Internal odd-numbered address +2
Reference:

One machine cycle equals one clock cycle of the machine clock (9).
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6.5 Software Interrupts

When the software interrupt instruction is executed, control is transferred from the
main program to the interrupt processing program. Hardware interrupts are disabled
while the software interrupt instruction is being executed.

m Software Interrupt Activation

O Software interrupt activation

The INT instruction is used to activate a software interrupt. A software interrupt does not have
an interrupt request flag bit or enable flag like that of a hardware interrupt. Thus, an interrupt
request is output whenever the INT instruction is executed.

O Hardware interrupt suppression

Since the INT instruction does not have interrupt levels, the interrupt level mask register (ILM) is
not updated. During the execution of the INT instruction, the | flag of the condition code register
(CCR) is set to 0, and hardware interrupts are masked.

To enable hardware interrupts during software interrupt processing, set the | flag of the
condition code register (CCR) to "1" in the software interrupt processing routine.
O Software interrupt operation

When the CPU fetches the INT instruction, the software interrupt processing microcode is
activated. This microcode saves the internal CPU registers on the system stack, masks
hardware interrupts (CCR: | = 0), and branches to the corresponding interrupt vector.

Reference:

See Section 6.2 "Interrupt Causes and Interrupt Vectors", in CHAPTER 6 "INTERRUPTS" for
more information about the allocation of interrupt numbers and interrupt vectors.

m Returning from a Software Interrupt

In the interrupt processing program, when the interrupt return instruction (RETI instruction) is
executed, the data saved to the system stack is restored to the dedicated registers and the
processing that was being executed before branching for the interrupt is resumed.
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m Software Interrupt Operation

Figure 6.5-1 Software Interrupt Operation

Internal bus

< | PS,PC-- @[ pPs|i]s] | ]
[—1(2) Microcode

Queue |—| Fetch |

PS : Processor status

I :Interrupt enable flag
S : Stack flag

IR :Instruction register

1. A software interrupt instruction is (INT instruction) executed.

2. The values of the dedicated registers are saved to the system stack. Hardware interrupts
are masked. The processing branches to the interrupt vector.

3. The RETI instruction in the user interrupt processing routine terminates the interrupt
processing.

Note:

When the program bank register (PCB) is "FFy", the vector area of the CALLV instruction
overlaps the INT #vct8 instruction table. When you create software, watch for duplicated
addresses of the CALLV and INT #vct8 instructions.
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6.6 Interrupt of Extended Intelligent I/O Service (EIZOS)

The extended intelligent 1/0O service (EIZOS) automatically transfers data between a
peripheral function (resource) and memory. When the data transfer terminates, a
hardware interrupt is generated.

m Extended Intelligent 1/O Service (EIZOS)

The extended intelligent 1/O service (EIZOS) is a type of hardware interrupt. EI20S transfers
data between a peripheral function (resource) and memory. The user should create program to

activate and terminate EI20S but need not create a data transfer program.

O Advantages of extended intelligent I/O service (EIZOS)

Compared to data transfer performed by the interrupt processing routine, EI20S has the
following advantages.

« Coding a transfer program is not necessary, reducing program size.

« Since transfer can be activated due to an interrupt cause of a peripheral function (resource),
there is no need of polling for a data transfer cause.

* Incrementing of a transfer address can be selected.

* Incrementing or no update can be selected for the 1/O register address.

O Extended intelligent I/O service (EIZOS) termination interrupt

The processing branches to the interrupt processing routine when data transfer by EI?OS
terminates.

An interrupt processing program can determine the EI?OS termination cause by checking the
EI20S status bits (S1 and S0) of the interrupt control register (ICR).

Reference:

Interrupt numbers and interrupt vectors are permanently set for each peripheral. See
Section 6.2 "Interrupt Causes and Interrupt Vectors"”, in CHAPTER 6 "INTERRUPTS" for
more information.

O Interrupt control register (ICR)

This register, which is located in the interrupt controller, activates EI?0S, specifies the EI?0S
channel, and displays the EI20S termination status.
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0 Extended intelligent I/O service (EIZOS) descriptor (ISD)

This descriptor, which is located in RAM at 000100y to 00017Fy, is an eight-byte data that

retains the transfer mode, resource address, transfer count, and buffer address. The descriptor
handles 16 channels. The channel is specified by the interrupt control register (ICR).

Note:

When the extended intelligent I/O service (EIZOS) is operating, execution of the CPU
program stops.

m Operation of the Extended Intelligent 1/O Service (EIZOS)
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Figure 6.6-1 Extended Intelligent I/O Service (EIZOS) Operation

Memory space Peripheral function (resource)

by I/OA
Resource| ................. [Resource register | (5)
| register
CPU
Interrupt request Q)
\
3) by ICS
ISD ) I ,
3) | Interrupt control register (ICR)|
Interrupt controller
by BAP >
(4) Y| Buffer by DCT

ISD : EI20S OS descriptor

I/OA: I/O address pointer

BAP: Buffer address pointer

ICS : EI20S channel setting bit in the interrupt control register (ICR)
DCT: Data counter

1.
2.

A peripheral function (resource) outputs an interrupt request.

The interrupt controller selects the EI20S descriptor in accordance with the setting in the
interrupt control register (ICR).

The transfer source and transfer destination are read from the descriptor.
Transfer is performed between resource and memory.

After data transfer is completed, the interrupt request flag bit of the peripheral function
(resource) is cleared to "0".



6.6 Interrupt of Extended Intelligent 1/O Service (EI20S)

6.6.1 Extended Intelligent I/O Service (EIZOS) Descriptor (ISD)

The extended intelligent 1/0O service (EIZOS) descriptor (ISD) resides in internal RAM at

0001004 to 00017Fy. The ISD consists of 8 bytes x 16 channels.

m Configuration of the Extended Intelligent I/O Service (EIZOS) Descriptor (ISD)

The ISD consists of 8 bytes x 16 channels.

Figure 6.6-2 Configuration of EI20S Descriptor (ISD)

MSB LSB
Data counter upper 8 bits (DCTH) H

»
>

Data counter lower 8 bits (DCTL)

I/O register address pointer upper 8 b its (I/OAH)

I/O register address pointer lower 8 b its (I/OAL)

EI20S status register (ISCS)

Buffer address pointer upper 8 bits (BAPH)

Buffer address pointer middle 8 bits (BAPM)

First ISD address ___,{ pyffer address pointer lower 8 bits (BAPL) L

(000100, + 8 X ICS)

MSB : Most significant bit
LSB : Least significant bit
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Table 6.6-1 EI?0S descriptor area

Channel Descriptor address
0 000100y
1 000108y
2 000110y
3 000118y
4 000120y
5 000128y
6 000130y
7 000138y
8 0001404
9 000148y
10 000150y
11 000158y
12 000160y
13 000168y
14 000170y
15 000178y
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6.6.2 Registers of the Extended Intelligent I/O Service (EIZOS)
Descriptor (ISD)

The extended intelligent 1/0O service (EIZOS) descriptor (ISD) consists of the following
registers, which account for a total of eight bytes:

» Data counter (DCT: 2 bytes)

* /O register address pointer (I/OA: 2 bytes)

- EI20S status register (ISCS: 1 byte)
» Buffer address pointer (BAP: 3 bytes)
The initial values of these registers are undefined.

m Data Counter (DCT)

The DCT is a 16-bit register in which a transfer data byte count can be set. Every time one byte

of data is transferred, the counter is decremented by one. EI20S terminates when the data
counter reaches "00004".

Figure 6.6-3 Configuration of DCT
DCTH DCTL
Bt “15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Initial value
DCT |B15|B14|{B13|B12|B11|B10|B09|B08|B07|B06 |B05|B04|B03|B02|B01[B00| XXXXXXXXXXXXXXXXp
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

R/W: Read-write
X :Undefined

m |/O Register Address Pointer (I0A)
The I0A is a 16-bit register that indicates the lower address (A15 to AQ) of the I/O register used
to transfer data to and from the buffer. The upper address (A23 to Al16) is 004. Any I/O from
0000y to FFFFy can be specified by address.

Figure 6.6-4 Configuration of 1/0O Register Address Pointer (I0A)
I/OAH I/OAL
Bit "15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Initial value
IOA |A15|A14|A13|A12|Al1|A10|A09|A08|A07|A06|A05|A04|AD3|A02|ADL|ADD|  XXXXXXXXXXXXXXXXs
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

R/W: Read-write
X :Undefined
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m Extended Intelligent /O Service (EIZOS) Status Register (ISCS)
The ISCS is an 8-bit register. The ISCS indicates the update/fixed for the buffer address pointer
and 1/O register address pointer, transfer data format (byte or word), and transfer direction.

Figure 6.6-5 Configuration of EI20S Status Register (ISCS)

Bit 7 6 5 4 3 2 1 0 Initial value

RESV |RESV|RESV| IF BW | BF | DIR | SE XXXXXXXXB

RW RW RW RW RW RW RW RW
L1 |

|—> SE EI20S termination control bit

0 Not terminated by a request from the peripheral function.
1 Terminated by a request from the peripheral function

v
9
Py

Data transfer direction specification bit

0 1/O register address pointer -> buffer address pointer.
1 Buffer address pointer -> 1/O register address pointer

BF BAP update/fixed selection bit
After data transfer, the buffer address pointer is updated. (*1)

Y

After data transfer, the buffer address pointer is not updated.

» BW Transfer data length specification bit
Byte
1 | Word
> IF I0OA update/fixed selection bit
0 | After data transfer, the 1/O register address pointer is updated. (*2)

After data transfer, the buffer address pointer is not updated.

Y

RESVl Reserved bits
0 must be written to these bits.

R/W : Read-write
X :Undefined
*1 : Only the lower 16 bits of the buffer address pointer change.
The buffer address pointer can only be incremented.
*2 1 The address pointer can only be incremented.
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m Buffer Address Pointer (BAP)

The buffer address pointer (BAP) is a 24-bit register in which a memory address of the data

transfer source can be set in the EI20S operation. Data can be transferred between a 16M-byte
memory address and a peripheral function (resource) address because a BAP exists in every
channel of EI0S. If the BAP update/fixed selection bit (BF) of the EI20S status register (ISCS)

is set to "0", only the lower 16 bits (BAPM and BAPL) are incremented and the upper 8 bits
(BAPH) are not incremented.

Figure 6.6-6 Configuration of Buffer Address Pointer (BAP)

bit23 to bitl6 bitl5 to bit8 bit7 to bit0 Initial value
BAP BAPH BAPM BAPL XXXXXXp
(R/W) (R/W) (RIW)
R/W : Read-write
X :Undefined
Note:

« The maximum transfer count that can be specified by the data counter (DCT) is 65,536 (64 K
bytes).

* The area that can be specified by the I/O address pointer (I0A) extends from 000000y to
OOFFFF.

* The area that can be specified with the buffer address pointer (BAP) extends from 0000004
to FFFFFF.
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6.6.3 Operation of the Extended Intelligent I/O Service (EIZOS)

The CPU uses EI?OS to transfer data if a peripheral function (resource) outputs an
interrupt request while the corresponding interrupt control register (ICR) is set to

enable the activation of EI0S. When the EI20S processing terminates, the hardware
interrupt processing is performed.

m Operation Flow of the Extended Intelligent 1/O Service (EIZOS)

Figure 6.6-7 Flow of Extended Intelligent I/O Service (EIZOS) Operation

Interrupt request
generated by peripheral
function

Y
Read ISD/ISCS | Interrupt sequence |

Termination
request from peripheral
function

YES

NO
YES
DIR="1"
o )
Data indicated by I/OA Data indicated by BAP
¢ (data transfer) ¥ (data transfer)
memory indicated by BAP memory indicated by I/OA]
[ ]
YES
¥
Update value | |
by BW Updat:e 1/0A
YES
Update value | Update BAP |

by BW

| Decrement DCT | (-1)
[

@ YES EI20S termination processing

NO

Y
| Set S1 and SO to "OOB"| | Set S1 and SO to "015"| | Set S1 and SO to "llB"|
Clear interrupt request from ¥
the peripheral function | Clear ISE to "0" |

v

| Interrupt sequence |

| Return to CPU operation|

ISD : EI20S descriptor DIR : Data transfer direction specification
ISCS : EI2O0S status register bit in the EI20S status register (ISCS)
IF : I/OA update/fixed selection bit SE  : EI20S termination control bit in the

in the EI20S status register (ISCS) EI20S status register (ISCS)
BW : Transfer data length specification DCT : Data counter

bit in the EI20S status register (ISCS) I/OA : I/O register address pointer
BF  : BAP update/fixed selection bit in the BAP : Buffer address pointer
EI20S status register (ISCS) ISE : EI20S enable bit in the interrupt control register (ICR)
S1, SO: EI20S status in the interrupt control register (ICR)
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6.6.4 Procedure for Using the Extended Intelligent I/O Service
(EI0S)

Before the extended intelligent 1/0O service (EIZOS) can be used, the system stack area,

extended intelligent I/O service (EIZOS) descriptor, peripheral function (resource), and
interrupt control register (ICR) must be set.

m Procedure for Using the Extended Intelligent I/O Service (EIZOS)

Figure 6.6-8 Procedure for Using the Extended Intelligent I/O Service (EIZOS)

Software processing Hardware processing

ISet the system stack areal

ISet the EI20S descriptor I

Initialize the peripheral
function
v

Set the interrupt control
register (ICR)

v

Set the built-in resource to
start operation. Set the
interrupt enable bit

Initialization

ISet the ILM and [ in the Ps|

»le
7 S1, SO = "00g"

IExecute the user program } (Interrupt request) and (ISE ="1)

I Transfer data

Decide whether to end
counting or to branch to an
' interrupt requested by the
B hio ' resource

(Branch to |nte;rrupt vector) TYES

i i S1, S0 ="01g" or
S1, S0 ="11g"

Set the extended intelligent
1/0 service again (switch
channels)

I Process data in the buﬁerl

| RETI |

L ]

ISE . EI20S enable bit in the interrupt control register (ICR)
S1, SO : EI2O0S status of the interrupt control register (ICR)
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6.6.5 Processing Time of the Extended Intelligent 1/O Service
(EI20S)

The time required to process the extended intelligent 1/O service (EIZOS) varies with
the settings for the EI20S descriptor (ISD):

- Setting in the EI?OS status register (ISCS)

* Address pointed to by the I/O register address pointer (I/OA)
* Address pointed to by the buffer address pointer (BAP)

» External data bus length for external access

» Transfer data length

Because the hardware interrupt is activated when data transfer by EI20S terminates,
the interrupt handling time is added.

m Processing Time (one transfer time) of the Extended Intelligent 1/O Service (EIZOS)

0O When data transfer continues

The EI0S processing time for data transfer continuation is shown in Table 6.6-2 "Extended
Intelligent 1/0O Service Execution Time" based on the EI20S status register (ISCS) setting.

Table 6.6-2 Extended Intelligent 1/O Service Execution Time

Terminates due to Ignores termination
EI20S termination control bit (SE) setting termination request from request from the
the peripherall peripheral
I/OA update/fixed selection bit (IF) setting Fixed Update Fixed Update
BAP address update/fixed selection Fixed 32 34 33 35
bit (BF) setting
Update 34 36 35 37

Unit: Machine cycle (One machine cycle corresponds to one clock cycle of the machine clock (¢).

As shown in Table 6.3-3 "Correspondence between the EI20S Channel Selection Bits and
Descriptor Addresses”, interpolation is necessary depending on the EIOS execution condition.
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Table 6.6-3 Data Transfer Interpolation Value for EI?0OS Execution Time

I/O register address pointer Internal access External access
B/Even Odd B/Even 8/0dd
Buffer Internal B/Even 0 +2 +1 +4
address access
pointer Odd +2 +4 +3 +6
External B/Even +1 +3 +2 +5
access
8/0dd +4 +6 +5 +8

B: Byte data transfer

8: External bus using the 8-bit word transfer
Even: Even-numbered address word transfer
Odd: Odd-numbered address word transfer

O When the data counter (DCT) count terminates (final data transfer)

Interrupt handling time is added because the hardware interrupt is activated when data transfer

by EI20S terminates. The EI20S processing time when counting terminates is calculated by
using the equation below. Z in this equation is a correction value for the interrupt handling time.

EI’0S processing time when counting terminates =
EI20S processing time when data is transferred + (21 + 6 x Z) machine cycles

Interrupt handling time

The interrupt handling time is different for each address pointed to by the stack pointer.

Table 6.6-4 Interpolation Value (Z) for the Interrupt Handling Time

Address pointed to by the stack pointer Interpolation value (2)
External 8-bit +4
External even-numbered address +1
External odd-numbered address +4
Internal even-numbered address 0
Internal odd-numbered address +2
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O For termination by a termination request from the peripheral function (resource)

When data transfer by EI20S is terminated before completion due to a termination request from
the peripheral function (resource) (ICR: S1, SO = 11p), the data transfer is not performed and a

hardware interrupt is activated. The EI?0S processing time is calculated with the following
formula. Z in the formula indicates the interpolation value for the interrupt handling time (Table
6.6-4 "Interpolation Value (Z) for the Interrupt Handling Time").

EI20S processing time for termination before completion = 36 + 6 x Z) machine cycles

One machine cycle corresponds to one clock cycle of the machine clock (¢).
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6.7 Exception Processing Interrupt

6.7 EXxception Processing Interrupt

In the MB90M405 series, exception processing occurs if an undefined instruction is
executed. Exception processing is basically the same as an interrupt. When an
exception occurs between instructions, program processing is interrupted and the
processing branches to the exception processing routine.

Exception processing, occurring due to an unexpected operation, can be used to
execute an undefined instruction and detect a CPU runaway status during debugging.

m Exception Processing

O Exception processing operation

In the MB90MA405 series, the processing branches to the exception processing routine if an
instruction undefined in the instruction map is executed.

The following processing is executed before exception processing branches to the interrupt
routine:

« The A, DPR, ADB, DTB, PCB, PC, and PS registers are saved to the system stack.

e The I flag of the condition code register (CCR) is cleared to 0, and hardware interrupts are
masked.

« The S flag of the condition code register (CCR) is set to 1, and the system stack is activated

The program counter (PC) value saved to the stack is the exact address where the undefined
instruction is stored. For 2-byte or longer instruction codes, the code identified as undefined is
stored at this address. When the exception factor type must be determined within the exception
processing routine, use this PC value.

O Return from exception processing

If the RETI instruction is used to return control from exception processing, a branch to the
exception processing routine occurs again because the PC is pointing to an undefined
instruction. Use a software reset or input the "L" level from the RST pin (an external reset).
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6.8 Stack Operations for Interrupt Processing

Once an interrupt is accepted, the contents of the dedicated registers are saved to the
system stack before a branch to interrupt processing. Execute the interrupt return
instruction after the interrupt processing terminates to restore the values saved on the
system stack to the dedicated registers.

m Stack Operations at the Start of Interrupt Processing

Once an interrupt is accepted, the CPU saves the contents of the current dedicated registers to
the system stack in the order given below:

» Accumulator (A)

» Direct page register (DPR)

» Additional data bank register (ADB)
» Data bank register (DTB)

» Program bank register (PCB)

* Program counter (PC)

» Processor status (PS)

Figure 6.8-1 Stack Operations at the Start of Interrupt Processing

||Immediately before interrupt|| Address Memory ||Immediate|y after interrupt|| Address Memory
SSB 08FF SsB 08FF+
08FE <« SP 08FEH <SP
SSP XXu | H SSP 00w
AH
XXH T 00w
A [0000n | O8FEx ] XX A [0000n | O8FEx ] 08w AL
AH AL XX AH AL FEx
XXH 01x DPR
DPR ADB [004] XXH DPR ADB [00+] 00~ ADB
XX 00w DTB
DTB PCB [FFd] XX | ¥ DTB PCB [FEq] FFv | pcs
XXH L 80H
PC XX PC 3Fs_|) ¢
XXH 20w
PS 08F2+ | XX« PS o2« [0 ) "0
<Byte > <«Byte >  update

m Stack Operations on Return from Interrupt Processing

When the interrupt return instruction (RETI) is executed at the termination of interrupt
processing, the PS, PC, PCB, DTB, ADB, DPR, and A values are returned from the stack in
reverse order from the order they were placed on the stack. The dedicated registers are
restored to the status they had immediately before the start of interrupt processing.
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m Stack Area

0 Stack area allocation

6.8 Stack Operations for Interrupt Processing

The stack area is used for saving and restoring the program counter (PC) when the subroutine
call instruction (CALL) and vector call instruction (CALLV) are executed in addition to interrupt
processing. The stack area is used for temporary saving and restoring of registers by the

PUSHW and POPW instructions.

The stack area is allocated together with the data area in RAM.

Figure 6.8-2 Stack Area

Vector table
(interrupt vector call
instruction for a reset)

Stack area

[

FFFFFFy

FFFCOOy

FF0000y"

000D00y"

0003804

0001804

0001004
0000COH

0000004

ROM area

%

%

Built-in RAM area

General-purpose:
register bank
area

Built-in I/O area

*1 The internal ROM is different for each model.
*2 The internal RAM is different for each model.

Note:

« Generally set an even-numbered address in the stack pointers (SSP and USP). If an odd-
numbered address is set, one extra cycle is required to save data to, and restore data from

the stack.

« Allocate the system stack area, user stack area, and data area so that they do not overlap.

0 System stack and user stack

The system stack area is used for interrupt processing. When an interrupt is output, the user
area being used is switched to the system stack. Use only the system stack unless the stack

space needs to be divided in particular.
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6.9 Sample Programs for Interrupt Processing

This section contains sample programs for interrupt processing.

m Sample Programs for Interrupt Processing

O Processing specifications

The following is a sample program for an interrupt that uses external interrupt O (INTO).
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6.9 Sample Programs for Interrupt Processing

0 Sample coding

DDR1 EQU 000011H ;Port 1 direction register
ENI R EQU  000028H ; DTP/interrupt pernmission register
El RR EQU  000029H ; DTP/interrupt cause register
ELVR EQU  00002AH ; Request |evel setting register
I CROO EQU  0000BOH ;Interrupt control register 00
STACK  SSEG ; St ack
RW 100
STACK_T RW 1
STACK  ENDS
R L MBI N PrOgr @M - - - - - - o s m oo e e e oo
CODE CSEG
START:
MOV RP, #0 ; General - purpose registers use the first bank.
MOV I LM #07H :Sets ILMin PSto level 7.
MOV A #ISTACK T ; Sets system stack.
MV  SSB, A
MOVW A, #STACK T ; Sets stack pointer, then
MOVW SP, A ; Sets SSP because S flag = 1.
MoV DDR1, #00000000B ;Sets P10/INTO pin to input.
(03 CCR, #040H ;Sets | flag of CCRin PS, enables interrupts.
MOV |:1CROO, #O00H ;Sets interrupt level to O (highest priority).
MOV |:ELVR #00000001B ; Requests that |INTO be made | evel H.
MoV | EIRR, #00H ;Clears INTO interrupt cause.
MoV |:ENIR, #01H ; Enabl es | NTO i nput.
LOOP: NOP ; Dunmmy | oop
NOP
NOP
NOP
BRA  LOOP ; Uncondi tional junp
--------- [ Nt errupt Program - - - - - - e e e e e e
ED | NT1:
MOV I:EIRR #00H ;Acceptance of new I NTO not allowed
NOP
NOP
NOP
NOP
NOP
NOP
RETI ;Return frominterrupt
CODE ENDS

R R VeCtor Setting--------cmmmmm e
VECT CSEG ABS=0FFH

ORG  OFFDH ;Sets vector for interrupt #11 (0BH).
DSL ED I NT1
ORG  OFFDCH ;Sets reset vector.
DSL START
DB 00H ; Sets single-chip node.
VECT ENDS
END  START
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m Processing Specifications of Sample Program for Extended Intelligent 1/O Service (EI208)

144

O Processing Specifications

» This program detects the H level signal input to the INTO pin and activates the extended
intelligent 1/O service (EI208).

* When the H level is input to the INTO pin, EI0S is activated. Data is transferred from port O
to the memory at the 30004 address.

» The number of transfer data bytes is 100 bytes. After 100 bytes are transferred, an interrupt
is generated because EI20S transfer has terminated.

0 Sample coding

DDRL  EQU
ENR EQ
EIRR EQ
ELVR  EQU
ICROO  EQU
BAPL  EQU
BAPM  EQU
BAPH EQU
IscS  EQU
1/0AL  EQU
I/0AH EQU
DCTL  EQU
DCTH  EQU
ERO EQU
STACK  SSEG
RW
STACK_ T RW
STACK  ENDS
CODE  CSEG
START
AND
MOV
MOV
MOV
MOVW
MOVW
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV
MOV

000011H ;Port 1-direction register

000028H ; DTP/interrupt pernission register

000029H ; DTP/interrupt cause register

00002AH ; Request |evel setting register

0000BOH ;Interrupt control register 00

000100H ; Lower buffer address pointer

000101H ;M ddl e buffer address pointer

000102H ; Upper buffer address pointer

000103H ; EI 208 status

000104H ; Lower |/0O address pointer

000105H ; Upper 1/0O address pointer

000106H : Low order data counter

000107H ; Hi gh-order data counter

EIRR 0 ;Definition of external interrupt request flag bit
; Stack

100

1

CCR, #0BFH ;Cears the | flag of the CCRin the PS and
;prohibits interrupts.

RP, #00 ; Sets the register bank pointer.

A # STACK T ; Sets the system stack.

SSB, A

A #STACK T ; Sets the stack pointer, then

SP, A ; Sets SSP because the S flag = 1.

| : DDR1, #00000000B ; Sets the P10/INTO pin to input.

BAPL, #OO0H ; Sets the buffer address (003000H).

BAPM #30H

BAPH, #00H

| SCS, #00010001B ;No I/O address update, byte transfer, buffer
;address updated, 1/0 -> buffer transfer,
;termnated by the peripheral function.

| AL, #00H :Sets the transfer source address
; (port 0: 000000H) .

| CAH, #00H

DCTL, #64H ; Sets the number of transfer bytes (100 bytes).

DCTH, #00H



VECT

ENDS
END

6.9 Sample Programs for Interrupt Processing

I : 1 CROO, #00001000B ; EI 208 channel 0, EI20S enable, interrupt level 0
; (highest priority)

| : ELVR, #00000001B ; Requests that INTO be nade H | evel.
I

:EIRR, #00H ;Clears the INTO interrupt cause.
I:ENIR, #01H ; Enabl es I NTO interrupts.
I LM #07H :Sets the ILMin the PSto level 7.
CCR, #040H ;Sets the | flag of the CCRin the PS and
;enabl es interrupts.
LOOP ;Infinite loop
B R Interrupt Program -------- oo oo
ERO ;Clears interrupt/DIP request flag.
processi ng : Checks EI20S termination factor,

;processes data in buffer, sets El20S again.

--------------- VECt OF PrOCESSI MY~ - - = === === m s s e em e e

ABS=0FFH

OFFDOH ; Sets vector for interrupt #11 (O0BH).
WARI

OFFDCH ; Sets reset vector.

START

00H ; Sets single-chip nmode.

START
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CHAPTER 7 SETTING A MODE

This chapter describes the operating modes and the memory access modes of the
MB90M405 series.

7.1 "Setting a Mode"
7.2 "Mode Pins (MD2 to MDQ)"
7.3 "Mode Data"
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7.1 Setting a Mode

Set the mode pin level used after a reset and the mode data in the mode register to
determine the operating mode.

m Mode Setting

Operating mode Bus mode

+ RUN mode Single-chip mode
* FLASH WRITE mode

m Operating Modes

m Bus Mode

148

An operating mode can be specified by the mode pins (MD2 to MDO) and the bus mode setting
bits (M1 and MO) of the mode data registers. The microcontroller performs an ordinary start of
operation and writes to FLASH memory in the specified operating mode.

Note:
Set single-chip mode for the MB90M405 series.

To set single-chip mode, set the MD2 to MDO pins to "011g" and the M1 and MO bits of the
mode data register to "00g", respectively.

The bus mode varies depending on whether the memory into which the reset vector should be
read is internal or external. Set the MD2 to MDO pins and the M1 and MO bits of the mode data
register to specify a bus mode. Set the MD2 to MDO pins to determine a bus mode in which a
reset vector and mode data should be read. Additionally, set the M1 and MO bits of the mode
data register to specify a bus mode.

Reference:

The term RUN mode refers to the current mode in which the CPU operates. RUN modes
include main clock mode, in which the CPU operates based on the main clock; PLL clock
mode, in which the CPU operates based on the PLL clock; and low power consumption
mode. For more information, see Chapter 5 "Low Power Consumption Mode".

Note:
For the MB90M405 series, specify single-chip mode.

To specify single-chip mode, set the MD2 to MDO pins to 0115 and the bus mode setting bits
(M1 and MO) of the mode data register to 00g.



7.2 Mode Pins (MD2 to MDO)

7.2 Mode Pins (MD2 to MDO)

Three external pins, MD2 to MDO, are supported as the mode pins. These are used to
specify how the reset vector and mode data are fetched.

m Mode Pins (MD2 to MDO)

Use the mode pins to specify whether a reset vector should be read from external or internal
memory. Use the mode data register to specify the external data bus width if a reset vector
should be read from external memory.

For a built-in flash memory type, use the mode pins to specify the flash memory write mode in
which a program should be written to the built-in flash memory.

Table 7.2-1 Mode Pin Settings

MD2 | MD2 MDO Mode name Reset vector Externa_l data Remarks
access area bus width
0 0 0
0 0 1 Setting not allowed
0 1 0
The reset sequence
Specified in the and subsequent
Internal vector
0 1 1 Internal memory mode data sequences are
mode .
register controlled by mode
data.
1 0 0 Setting not allowed
1 0 1
Flash serial write
1 ! 0 mode (*1) i ) )
1 1 1 Flash memory i ) )
mode

MD2 to MDO: Connect the pins to Vgg for 0 and to V¢ for 1.
*1: The flash memory serial write cannot be executed just by setting the mode terminal. The settings for other
pins must be made as well. For more information, see "Example of a Serial Write Connection".
Note:
For the MB90M405 series, specify single-chip mode.

To specify single-chip mode, set the MD2 to MDO pins to 011g and the bus mode setting bits
(M1 and MO0) of the mode data register to 00g.
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7.3 Mode Data

The mode data register is at memory location FFFFDFy and is used to specify the
operation after a reset sequence.

m Mode Data

The mode data at address "FFFFDFy" can be fetched to the mode data register while a reset
sequence is being executed. The contents of the mode data register can be changed while a

reset sequence is being executed. They cannot be changed using an instruction. The mode
data setting takes effect after a reset sequence.
Figure 7.3-1 Mode Data Configuration

Bit 7 6 5 4 3 2 1 0
Mode data register M1 MO| O 0 SO 0 0 0

G

Function extension bits (reserved area)

Bus mode setting bits

m Bus Mode Setting Bits

The bus mode setting bits specify operating mode after a reset sequence.

Table 7.3-1 Bus Mode Setting Bits and Functions

M1 MO Function Remarks

0 0 Single-chip mode Described in this manual
0 1

1 0 (Setting not allowed) -

1 1
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Figure 7.3-2 Memory Map in Single-Chip Mode

FFFFFFH

ROM
#1 for each model
FEOOOOH
OOFFFFH ROM mirror
#2 for each model
#3 for each model RAM
000100+
0000COH
110
000000H

< If ROM mirroring function is specified

. Access disabled

. Internal access

Note: "#x for each model" is an address that depends on the model. For more information,
see the memory map.

m Relationship between Mode Pins and Mode Data

Table 7.3-2 Relationship between Access Areas and Physical Addresses in Single-chip

Mode

Mode

MD2

MD1

MDO M1 MO

Single-chip mode

Note:

For the MB90M405 series, specify single-chip mode.

To specify single-chip mode, set the MD2 to MDO pins to 011g and the bus mode setting bits
(M1 and MO0) of the mode data register to 00g.
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CHAPTER 8 1/0 PORTS

This chapter describes the functions and operations of the MB90M405 series 1/O ports.

8.1 "Overview of I/O Ports"
8.2 "I/O Port Registers"

8.3 "Port 8"

8.4 "Port 9"

8.5 "Port A"

8.6 "Port B"

8.7 "Sample 1/0O Port Program”
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8.1

Overview of I/O Ports

A maximum of 26 1/O ports (parallel I/O ports) are available. These ports can also be
used as resource I/O pins (I/O pins of peripheral functions).

m |/O Port Function

I/O ports include port direction registers (DDR) and port data registers (PDR). Each bit in the
DDR specifies input or output for a port pin. The PDR specifies the output data for a port pin. If
the DDR sets an I/O port pin to input, the level value of the port pin is made ready by reading
the PDR. If the DDR sets an I/O port pin to output, the value of the PDR is output to the port
pin. The following lists the resources that are also used to function as I/O ports:

» Port 8: Used as an I/O port and also as resource pins (external interrupt input pin, ICU, and
UART)

» Port9: Used as an I/O port and also as resource pins (I2C and serial 1/0 ch3)

» Port A: Used as an I/O port and also as resource pins (A/D converter and timing clock
output)

 Port B: Used as an I/O port and also as resource pins (A/D converter, serial 1/0 ch2,
external interrupt input pin, and reload timer chQ)

Table 8.1-1 Functions of Each Port

Vo Pin Input form Output Function
port form
I/O port P87 P86 P85 P84 P83 P82 P81 P80
Port 8 | P80 to P87 CMOS IC1 ICO
Resource SO1 SC1 Si1 SO0 SCO SI0
INT1 | INTO
I/O port - - - - - - P91 P90
P90/SDA/SO3 Nch open
Port 9 ; SCL SDA
to P91/SCL/SC3 drain Resource B ) ) ) ) B
SC3 SO3
CMOS. I/O port PA7 PA6 PA5 PA4 PA3 PA2 PA1 PAO
(hysteresis)
Port A | PASIATIO TMCK ANO
0 Resource AN7 ANG6 AN5 AN4 AN3 AN2 AN1
TMCK
CMOS I/O port PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
oot B PRO/ANS to AN15 | AN14 | AN13 | AN12 | AN11 | AN10 | AN9 AN8
PB7/AN1S/INT3 Resource so2 | sc2
INT3 INT2 SI2 - - -
TO TIN
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Note:

Ports A and B are also used as analog input pins. When using them as I/O ports, set port A
and port B direction registers (DDRA and DDRB), the data registers (PDRA and PDRB), and
analog input enable registers 0 and 1 (ADERO and ADER1) to 00y. A reset initializes analog

input enable registers 0 and 1 (ADERO and ADERL1) to FF,.



8.1 Overview of I/O Ports

Operation of an I/O Port Also Used for Resources When DDR Is Set to Port Output

Figure 8.1-1 Pin Status of a Port Also Used for Resources When Resource Operation is Enabled or
Disabled

Resource operation
enable/disable setting Resource operation enabled Resource operation disabled

Pin status of a port also
used for resources

Dependent on resource operation Output of value set in the PDR

——— e — =
— e —

155



CHAPTER 8 1/0 PORTS

8.2 1/0O Port Registers

This section lists the registers related to 1/0 port settings.

m |/O Port Registers

Table 8.2-1 Port Registers

Register Read/Write Address Initial value
Port 8 data register (PDR8) R/W 0000084 XXXXXXXXg
Port 9 data register (PDR9) R/W 000009y XXXXXXXXg
Port A data register (PDRA) R/W 00000AL XXXXXXXXg
Port B data register (PDRB) R/W 00000By XXXXXXXXg
Port 8 direction register (DDR8) R/W 0000184 00000000
Port 9 direction register (DDR9) R/W 0000194 XXXXXX00g
Port A direction register (DDRA) R/W 00001A4 00000000
Port B direction register (DDRB) R/W 00001By 00000000
Analog input enable register 0 (ADERO) R/W 00001EH 111111114
Analog input enable register 1 (ADER1) R/W 00001Fy 1111111145
R/W: Read/write enabled
X: Undefined
- Unused

Notes:

e If an RMW instruction is executed for a port data register (PDR) in port input mode, the pin
level is read when a READ instruction is executed. Note that the bit value used for the same
type of input port other than the one subject to bit operations may be changed.

e If an RMW instruction is executed for a port data register (PDR) that is also used for
resources in resource operation mode, the pin level is read for a pin that operates as a
resource pin when a READ instruction is executed. Note that the bit value used for the same
type of input port other than the one subject to bit operations may be changed.

Table 8.2-2 What Is Read by READ after RMW Instruction Executed for a PDR

Resource operation Resource operation
enabled disabled
Port input mode (DDR = 00) Pin level Pin level
Port output mode (DDR = FFy) Pin level PDR value
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Resource operation
enable/disable setting

8.2 1/0 Port Registers

Resource operation enabled Resource operation disabled

Pin status of a port
also used for resources

]
1
|
!
>|< Dependent on resource operation X

RMW instruction
execution timing for PDRA

: Input mode (DDR =00,,) : Hi-z
' Output mode (DDR = FFy,) : A changed PDR value

) ) ) is output.
HK Execution of RMW instruction

PDRA value

Previous data

><Changes depending on the pin level when an RMW instruction is executed
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8.3 Port8

Port 8is an I/O port. This section describes the configuration and registers of Port 8
and provides a block diagram of the pins.

m Port 8 Configuration
Port 8 consists of the following:
» 1/O port pins/resource I/O pins (P80, ICO, INTO to P87, and SO1)
» Port 8 data register (PDR8)
» Port 8 direction register (DDR8)

m Port 8 Pins

Table 8.3-1 Port 8 Pins

Port Pin I/O form

Port function Resource function Circuit

name | name Input Output | tYPe

ICO Trigger input for input
P80/1C0/ P80 Capture 0
INTO

INTO | External interrupt O

Trigger input for input

P81/IC1/ P81 IC1 capture 1
INT1
INT1 | External interrupt 1
I/0 X X CMOS
Port8 | P82/SI0 | P82 | oy | SIO | Serial datainput 0 (hysteresis) | CMOS E
P83/SCO | P83 SCO | Serial clock /0 0
P84/SO0 | P84 SO0 | Serial data output O
P85/SI1 | P85 SI1 | Serial data input 1
P86/SC1 | P86 SC1 | Serial clock /0 1
P87/SO1 | P87 SO1 | Serial data output 1
Note:

For the circuit type, see Section 1.7 "I/O Circuit Types."
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m Block Diagram of the Port 8 Pins

Figure 8.3-1 Block Diagram of the Port 8 Pins

Resource input <—

8.3 Port 8

'k
a ~IT
g PORS read 1/O check Input buffer
©
= > PDR8 circuit
S _ Output buffer
5 PDRS8 write /]\ ‘
e

1/0 control circuit

Resource output

m Port 8 Registers

DDR8 ‘ Standby control (LPMCR:SPL = "1")

Port 8 pin

The Port 8 registers are the Port 8 data register (PDR8) and the Port 8 direction register

(DDRS8). The bits of each register correspond to the Port 8 pins on a one-to-one basis.

Table 8.3-2 Port 8 Pins and Corresponding Register Bits

Port name Register bits and corresponding port pins
PDRS8, DDR8 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Port 8
Corresponding pin P87 P86 P85 P84 P83 P82 P81 P80
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8.3.1

Port 8 Registers (PDR8 and DDR8)

This section describes the Port 8 registers.

m Functions of the Port 8 Registers

O Port 8 data register (PDRS8)

The PDR8 register specifies the output value for each Port 8 pin.

O Port 8 direction register (DDR8)

The DDRS register specifies the 1/0 direction for each Port 8 pin.

A pin functions as an output port when the bit corresponding to the pin is set to 1. A pin
functions as an input port when the bit corresponding to the pin is set to 0.

Table 8.3-3 Functions of the Port 8 Registers

; ; Read mode Write mode
Register Bllt Address | Initial value
hame | valu€ | jnput port | Output port | Inputport | Output port
. The . The .| The"L"level is
0 The pinis at |corresponding | corresponding output from
Port 8 the "L" level. |bit of PDR8 is |bit of PDR8 is thep in
data setto 0. 0. pin.
. 000008y | XXXXXXXXg
register The The
(PDRS) L |Thepinisat |corresponding |corresponding :;hc?utHutkfar\é)enlw
the "H" level. |bit of PDR8 is | bit of PDRS is P
the pin.
setto 1. 1.
Port 8 0 ;geR%o_rresri(;n%ing bit of Thet pin functions as an input
s is set to 0. port.
dlre.cilon 000018 | 000000005
register 1 The corresponding bit of The pin functions as an output
(DDRS) PDRS is set to 1. port.
X: Undefined
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8.3 Port 8

8.3.2 Operation of Port 8

This section describes the operation of Port 8.

m Operation of Port 8

O When Port 8 is set as an output port in the Port 8 direction register (DDR8)

The value stored in the Port 8 data register (PDR8) is output to the Port 8 pins.
When the Port 8 data register (PDR8) is read, the value stored in PDR8 is output.

O When Port 8 is set as an input port in the Port 8 direction register (DDR8)

The Port 8 pins have high impedance.

When a value is set in the Port 8 data register (PDR8), the value is retained but is not output
to the pin.

When the PDR8 register is read, the pin input level (0 for "L" or 1 for "H") is output.

Note:

If a read-modify-write instruction (such as the bit set instruction) is used to access the PDR8
register, none of the bits specified for output in the DDR8 register are affected. For a bit
specified for input in the DDR8 register, however, the pin input level is written to the PDR8
register. Therefore, to change a bit specified for input to output, first write an output value to
the PDRS register and then specify the DDR8 register as an output port.

O Port operation after a reset

When the CPU is reset, the DDR8 and RDR8 registers are initialized to 00 and the Port 8
pins have high impedance.
The PDRS register is not initialized when the CPU is reset. To use the PDR8 as an output

port, first write an output value to the PDRS8 register and then specify the DDR8 register as
an output port.

O Port operation in stop or time-base timer mode

When the port switches to stop mode or time-base timer mode while the pin status setting bit
(SPL) of the low-power mode control register (LPMCR) is set to 1, the pins have high
impedance regardless of the value in the Port 8 direction register (DDR8). Note that the input
buffer is forcibly blocked off to prevent leakage due to an open circuit.
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Table 8.3-4 States of the Port 8 Pins

Stop mode or time-

Stop mode or
time-base timer

Stop mode or
time-base timer

Pin name Normal operation Sleep mode base(élgliei rcr;)ode mode (SPL = 1, mode (SPL = 1,
RDR = 0) RDR =1)
P80 to P87 | 1/O port I/O port 1/0 port
Trigger input for Trigger input for Trigger input for
ICO . . .
input capture O input capture O input capture 0
Trigger input for Trigger input for Trigger input for
IC1 . . .
input capture 1 input capture 1 input capture 1
SI0 Serial datainput 0 | Serial data input 0 | Serial data input 0 Input blocking: :—Tpll:jt blogkina:
- eld at the "H"
SCO Serial clock I/O 0 Serial clock 1/0 0 Serial clock I/O 0 Output at Hi-z level
SO0 Serial data output O | Serial data output O | Serial data output O
SI1 Serial data input 1 Serial data input 1 Serial data input 1
SC1 Serial clock /0 1 Serial clock /0 1 Serial clock /0 1
SO1 Serial data output 1 | Serial data output 1 | Serial data output 1
Input blocking: Input blocking:
Output held Output at Hi-z
_ ) _ (Inputis enabled | (nput is
INTO, INT1 External interrupt External interrupt External interrupt When an _external enabled when
request 0, 1 request 0, 1 request 0, 1 interrupt is
an external
enabled.) . .
interrupt Is
enabled.)

SPL: Pin status specification bit of the low-power mode control register (LPMCR:SPL)
Hi-z: High impedance
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84 Port9

Port 9is an I/O port that can also be used for resource I/0. Each of the port pins can
be switched between a resource and an I/O port according to the value of the
corresponding bit. This section describes the configuration and registers of Port 9
and provides a block diagram of the pins. The focus is on I/O ports.

m Port 9 Configuration
Port 9 consists of the following:
« 1/O port pins/resource I/O pins (P90, SDA, SO3 to P91, SCL, and SC3)
« Port 9 data register (PDR9)
« Port 9 direction register (DDR9)

m Port 9 Pins

The 1/O pins of Port 9 also function as resource I/O pins. The I/O pins cannot be used as an I/O
port when they are being used as resource I/O pins.

Table 8.4-1 Port 9 Pins

i I/O form T
Port Pin Port function Resource function CtII'CUIt
name name Input Output ype
P90 P90 /O SDA/SO3 , _ CMOS Nch
Port 9 I<C and serial /O . open G
PoL | P91 | POt | sci/sc3 (hysteresis) | ain
Note:

For the circuit type, see Section 1.7 "I/O Circuit Types."
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m Block Diagram of the Port 9 Pins

Figure 8.4-1 Block Diagram of the Port 9 Pins

e
" S~
-z PDR9 read
g PDR9 /O check
g > ) - greut | > Output buffer Port 9 pin
5 PDR9 write
: T

DDR9 Standby control (LPMCR:SPL = "1")

m Port 9 Registers

The Port 9 registers are the Port 9 data register (PDR9) and the Port 9 direction register
(DDR9). The bits of each register correspond to the Port 9 pins on a one-to-one basis.

Table 8.4-2 Port 9 Pins and Corresponding Register Bits

Port name Register bits and corresponding port pins

PDR9, DDR9 bit15 bit14 bit13 bit12 bit11 bit10 bit9 bit8
- - PO1 P90

Port 9
Corresponding pin - - - -
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8.4.1

Port 9 Registers (PDR9 and DDR9)

8.4 Port9

This section describes the Port 9 registers.

m Functions of the Port 9 Registers

O Port 9 data register (PDR9)

The PDRO9 register specifies the output value for each Port 9 pin.

O Port 9 direction register (DDR9)

The DDRS9 register specifies the 1/0O direction for each Port 9 pin. A pin functions as an output
port when the bit corresponding to the pin is set to 1. A pin functions as an input port when the
bit corresponding to the pin is set to 0.

Table 8.4-3 Functions of the Port 9 Registers

: ; Read mode Write mode
Register Bit Address | Initial value
name | valué | |houtport | Outputport | Inputport | Output port
o The . The .| The"L" levelis
0 The pin is at cprrespondmg cprrespondn_wg output from
the "L" level. |bit of PDR9 is |bit of PDR9 is .
the pin.
Port 9 setto 0. 0.
data Because of 000009y, | XXXXXXXXg
register The The Nch open
(PDR9) 1 The pinis at |corresponding | corresponding | drain, pull-up
the "H" level. |bit of PDR9 is | bit of PDR9 is |is required to
set to 1. 1. output the "H"
level.
Port 9 0 The co_rrespondlng bit of Functions as an input port.
direction DDR9 is set to 0.
. 000019, | 00000000g
register The corresponding bit of .
(DDR9) 1 DDRO is set o 1. Functions as an output port.
X: Undefined
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8.4.2

Operation of Port 9

This section describes the operation of Port 9.

m Operation of Port 9

166

0 When Port 9is set as an output port in the Port 9 direction register (DDR9)

The value stored in the Port 9 data register (PDR9) is output to the Port 9 pins.
When Port 9 data register (PDR9) is read, the value stored in the PDR9 is output.

0 When Port 9is set as an input port in the Port 9 direction register (DDR9)

The Port 9 pins have high impedance.

When a value is set in the Port 9 data register (PDR9), the value is retained but is not output
to the pin.

When the PDR9 register is read, the pin input level (0 for "L" or 1 for "H") is output.

Note:

If a read-modify-write instruction (such as the bit set instruction) is used to access the PDR9
register, none of the bits specified for output in the DDR9 register are affected. For a bit
specified for input in the DDR9 register, however, the pin input level is written to the PDR9
register. Therefore, to change a bit specified for input to output, first write an output value to
the PDR9 register and then specify the DDR9 register as an output port.

O Port operation after a reset

When the CPU is reset, the DDR9 register is initialized to 00H and the Port 9 pins have high
impedance.

The PDRO register is not initialized when the CPU is reset. To use the Port 9 as an output
port, first write an output value to the PDR9 register and then specify the DDR9 register as
an output port.



O Port operation in stop or time-base timer mode

8.4 Port9

When the port switches to stop mode or time-base timer mode while the pin status setting bit
(SPL) of the low-power mode control register (LPMCR) is set to 1, the pins have high
impedance regardless of the value in the Port 9 direction register (DDR9). Note that the input
buffer is forcibly blocked off to prevent leakage due to an open circuit.

Table 8.4-4 States of the Port 9 Pins

Stop mode or Stop mode or
. Normal time-base timer | time-basetimer
Pin name . Sleep mode
operation mode mode
(SPL =0) (SPL = 1)
P90, P91 1/0 port I/O port _
Inout blocking: Input blocking:
SDA/SO3 op Ut at H.g' Held at the "H"
12C and serial /0 | I1°C and serial /O utput at Hi-z level
SCL/SC3

SPL: Pin status specification bit of the low-power mode control register (LPMCR:SPL)
Hi-z: High impedance
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85 PortA

Port A is an I/O port that can also be used for A/D converter analog input. Each of the
port pins can be switched between analog input and an I/O port according to the value
of the corresponding bit. This section describes the configuration and registers of
Port A and provides a block diagram of the pins. The focus is on I/O ports.

m Port A Configuration
Port A consists of the following:
» 1/O port pins and A/D converter analog input pins (PAO, ANO, TMCK to PA7, and AN7)
» Port A data register (PDRA)
» Port A direction register (DDRA)
* Analog input enable register 0 (ADERDO)

m Port A Pins

The 1/0 pins of Port A are also used for A/D converter analog input. The I/O pins cannot be
used as an I/O port when they are being used for A/D converter analog input. Conversely, the I/
O pins cannot be used for A/D converter analog input when they are being used as an 1/O port.

Table 8.5-1 Port A Pins

; I/O form i
Port Pin Port function Resource function Ctlrcwt
name name Input Output ype
PAO/ ANO Analog input 0
ANO/ PAO
TMCK TMCK | Timing clock output
PA1/AN1 | PA1 AN1 Analog input 1
PA2/AN2 | PA2 AN2 Analog input 2
I/O X CMOS
POTtA | PA3IAN3 | PA3 | o AN3 | Analog input 3 (hysteresis) | CMOS F
PA4/AN4 | PA4 AN4 Analog input 4
PA5/AN5 | PA5 ANS5 Analog input 5
PAG/ANG6 | PA6 ANG6 Analog input 6
PA7/AN7 | PA7 AN7 Analog input 7

Note:
For the circuit type, see Section 1.7 "I/O Circuit Types."
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8.5 Port A

m Block Diagram of the Port A Pins

Figure 8.5-1 Block Diagram of the Port A Pins

H| ADERO A/D converter

analog input signal
< e
o~

PDRA read |
> 1/0 check _'nput buffer
circuit —>>| Output buffer | _ Port A pin

PDRA write /]\

DDRA Standby control (LPMCR:SPL = "1")

Internal data bus

Note:

To use a port pin as an input port, set the corresponding bit of the Port A direction register
(DDRA) to 0 and the corresponding bit of analog input enable register 0 (ADERO) to 0.

To use a port pin as an analog input pin, set the corresponding bit of the Port A direction
register (DDRA) to 0 and the corresponding bit of analog input enable register 0 (ADERDO) to
1.

m Port A Registers

The Port A registers are the Port A data register (PDRA), the Port A direction register (DDRA),
and analog input enable register 0 (ADERO). The bits of each register correspond to the Port A
pins on a one-to-one basis.

Table 8.5-2 Port A Pins and Corresponding Register Bits

Port name Register bits and corresponding port pins

PDRA, DDRA, ADERO bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
Port A

Corresponding pin PA7 PA6 PAS5 PA4 PA3 PA2 PA1 PAO
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8.5.1

Port A Registers (PDRA, DDRA and ADERO)

This section describes the Port A registers.

m Functions of the Port A Registers

170

O Port A data register (PDRA)

The PDRA register specifies the output value for each Port A pin.

Port A direction register (DDRA)

The DDRA register specifies the 1/0O direction for each Port A pin.

A pin functions as an output port when the bit corresponding to the pin is set to 1. A pin
functions as an input port when the bit corresponding to the pin is set to 0.

Analog input enable register 0 (ADERO)

Each bit of the ADERO register can be set as an 1/O port or as analog input to the A/D converter.
A pin is used for analog input when the bit corresponding to the port (pin) is set to 1, and is used
as an I/O port when the bit is set to 0.

Note:

If a signal at an intermediate level is input when a pin is set as an 1/O port, input leakage
current flows. To use a pin for analog input, therefore, be sure to set the corresponding bit of
the ADERO register for analog input to the A/D converter.

Reference:

When reset, the DDRA register is initialized to 00y, the ADERO register is initialized to FF,
and the A/D converter is set to analog input.



Table 8.5-3 Functions of the Port A Registers

8.5 Port A

; ; Read mode Write mode
Register Bllt Address | Initial value
name | valu® | |npyt port | Output port | Inputport | Output port
. The . The .| The"L" levelis
0 The pinis at |corresponding | corresponding output from
Port A the "L" level. |bit of PDRAis | bit of PDRA is .
or the pin.
data setto 0. 0.
. 00000AK | XXXXXXXXg
o The The The "H" level
(PDRA) 1 The pinis at |corresponding | corresponding is outout from
the "H" level. |bit of PDRA is |bit of PDRA is P
the pin.
1. setto 1.
Port A 0 The corresponding bit of The pin functions as an input
direction PDRA is set to 0. port.
ot 00001A4 | 00000000g
register L | The corresponding bit of The pin functions as an output
(DDRA) PDRA is setto 1. port.
Analog The corresponding bit of
input 0 ADERO is set to 0. /O port
enable - - 00001E, | 11111111p
register 0 1 The corresponding bit of A/D converter analog input 0
X: Undefined
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8.5.2 Operation of Port A

This section describes the operation of Port A.

m Operation of Port A

0 When Port A is set as an output port in the Port A direction register (DDRA) and analog
input enable register 0 (ADERO)

» The value stored in the Port A data register (PDRA) is output to the Port A pin.
» When Port A data register (PDRA) is read, the value stored in PDRA is output.
00 When Port A is set as an input port in the Port A direction register (DDRA) and analog
input enable register 0 (ADERO)
» The Port A pins have high impedance.

* When a value is set in the Port A data register (PDRA), the value is retained but is not output
to the pin.

» When the PDRA register is read, the pin input level (0 for "L" or 1 for "H") is output.

» If a read-modify-write instruction (such as the bit set instruction) is used to access the PDRA
register, none of the bits specified for output in the DDRA register are affected. For a bit
specified for input in the DDRA register, however, the pin input level is written to the PDRA
register. Therefore, to change a bit specified for input to output, first write an output value to
the PDRA register and then specify the DDRA register as an output port.

0 When Port A is set for analog input to the A/D converter

To use a port pin for analog input to the A/D converter, set the bit of analog input enable register
0 (ADERQO) corresponding to the analog input pin to 1. When the corresponding PDRA bit is
read while a pin is set for A/D converter analog input, 0 is read.

O Port operation after a reset

When the CPU is reset, the DDRA register is initialized to 00y and the ADERO register is
initialized to FFy so that it can be used for analog input to the A/D converter. To use Port A as
an 1/O port, set the ADERQO register to 00y to set the port to port I/O mode.
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O Port operation in stop or time-base timer mode

8.5 Port A

When the port switches to stop mode or time-base timer mode while the pin status setting bit
(SPL) of the low-power mode control register (LPMCR) is set to 1, the pins have high
impedance regardless of the value in the Port A direction register (DDRA). Note that the input
buffer is forcibly blocked off to prevent leakage due to an open circuit.

Table 8.5-4 States of the Port A pins

Stop mode or Stop mode or
. Normal time-base timer | time-basetimer
Pin name . Sleep mode
operation mode mode
(SPL =0) (SPL = 1)
PAO to
PA7 1/0O port I/O port
Input blocking: Input blocking:
ANO to Analog input of Analog input of Out held Output at Hi-z
A/D converter 0 A/D converter 0
AN7
to7 to7

SPL: Pin status specification bit of low-power mode control register (LPMCR:SPL)
Hi-z: High impedance
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8.6 PortB

Port B is an I/O port that can also be used for A/D converter analog input, a serial
interface, and external interrupt input. Each of the port pins can be switched between
analog input and an 1/O port according to the value of the corresponding bit. This

section describes the configuration and registers of Port B and provides a block

diagram of the pins. The focus is on I/O ports.

m Port B Configuration

Port B consists of the following:

» 1/O port pins, A/D converter analog input pins, and resource input pins (PBO, AN8 to PB7,
AN15, and INT3)

» Port B data register (PDRB)
» Port B direction register (DDRB)

* Analog input enable register 1 (ADER1)

m Port B Pins

The 1/O pins of Port B are also used for A/D converter analog input and resource 1/0. The I/O
pins cannot be used as an 1/O port when they are being used for A/D converter analog input or
resource /0. Conversely, the 1/0O pins cannot be used for A/D converter analog input or
resource 1/0 when they are being used as an 1/O port.

Table 8.6-1 Port B Pins

TO Reload timer output 1

I/O form At
Port Pin name | Port function Resource function CtII’CUIt
name Input Output ype
PBO/AN8 | PBO ANS8 Analog input 8
PB1/AN9 | PB1 AN9 Analog input 9
PB2/AN10 | PB2 AN10 | Analog input 10
PB3/ AN11 | Analog input 11
PB3
AN11/S12 SI2 Serial data input 2
Port B /o AN12 | Analog input 12 CMOS. CMOSs F
PB4/ port (hysteresis)
AN12/ PB4 SC2 Serial clock output 2
SC2/TIN . .
TIN Reload timer input 1
AN13 | Analog input 13
PB5/
AN13/ PB5 S0O2 Serial data output 2
S02/TO
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8.6 PortB

Table 8.6-1 Port B Pins (Continued)

I/O form -
Port Pin name | Port function Resource function Circuit
name Input Output | type
PB6/ AN14 | Analog input 14
AN14/ PB6
INT2 INT2 External interrupt 2
Port B I/Ot h C':AOS. CMOS F
PB7/ por AN15 | Analog input 15 (hysteresis)
AN15/ PB7 X
INT3 INT3 External interrupt 3
Note:
For the circuit type, see Section 1.7 "I/O Circuit Types."
m Block Diagram of the Port B Pins
Figure 8.6-1 Block Diagram of the Port B Pins
Resource input <——
@I ADER1 A/D converter
analog input signal
0 ™ 9 MpHEsg
2 ™~ |
< PDRB read
= Input buffer
] . - I/0 check :li‘
- circuit Output buffer Port B pi
g PDRB write 1 P ‘ ' ort 8 pin
[}
= DDRB I | standby control (LPMCR:SPL = "1")
1/0O control circuit
Resource output
Note:

To use a port pin as an input port, set the corresponding bit of the Port B direction register
(DDRB) to 0 and the corresponding bit of analog input enable register 1 (ADER1) to 0.

To use a port pin as an analog input pin, set the corresponding bit of the Port B direction
register (DDRB) to 0 and the corresponding bit of analog input enable register 1 (ADER1) to
1.

m Port B Registers

The Port B registers are the Port B data register (PDRB), Port B direction register (DDRB), and
analog input enable register 1 (ADER1). The bits of each register correspond to the Port B pins
on a one-to-one basis.

Table 8.6-2 Port B Pins and Corresponding Register Bits

Port name Register bits and corresponding port pins

PDRB, DDRB, DER1 | bitl5 | bitl4 | bitl3 | bitl2 | bitll | bitl0 bit9 bit8

Port B

Corresponding pin PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
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8.6.1

Port B Registers (PDRB, DDRB and ADER1)

This section describes the Port B registers.

m Functions of the Port B Registers
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O Port B data register (PDRB)

The PDRB register specifies the output value for each Port B pin.

Port B direction register (DDRB)

The DDRB register specifies the 1/0O direction for each Port B pin.

A pin functions as an output port when the bit corresponding to the pin is set to 1. A pin
functions as an input port when the bit corresponding to the pin is set to 0.

Analog input enable register 0 (ADER1)

Each bit of the ADERL1 register can be set as an 1/O port or as analog input to the A/D converter.
A pin is used for analog input when the bit corresponding to the port (pin) is set to 1, and is used
as an I/O port when the bit is set to 0.

Note:

If a signal at an intermediate level is input when a pin is set as an 1/O port, input leakage
current flows. To use a pin for analog input, therefore, be sure to set the corresponding bit of
the ADERL1 register for analog input to the A/D converter.

Reference:

When reset, the DDRB register is initialized to 00y, the ADER1 register is initialized to FF,
and the A/D converter is set to analog input.



Table 8.6-3 Functions of the Port B Registers

8.6 PortB

; ; Read mode Write mode
Register Bit -
Address | Initial value
name | value | |noutport | Outputport | Inputport | Output port
. The . The .| The"L" levelis
0 The pinis at |corresponding | corresponding outout from
Port B the "L" level. |bit of PDRB is |bit of PDRB is thep in
data setto 0. 0. pin.
. 00000Bp | XXXXXXXXg
register The The .
(PDRB) The pinis at |corresponding | corresponding The H" level
1 ) . ) .2 |is output from
the "H" level. |bit of PDRB is | bit of PDRB is )
the pin.
setto 1. 1.
Port B 0 The corresponding bit of The pin functions as an input
direction DDRB is set to 0. port.
. 00001By | 00000000g
register L | The corresponding bit of The pin functions as an output
(DDRB) DDRB is set to 1. port.
Analog The corresponding bit of
input 0 ADER1 is set to 0. /O port
enable - - 00001Fy | 11111111p
register 1 The corresponding bit of )
(ADERY) 1 ADER1 is set to 1. A/D converter analog input
X: Undefined
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8.6.2 Operation of Port B

This section describes the operation of Port B.

m Operation of Port B

0 When Port B is set as an output port for the Port B direction register (DDRB) and analog
input enable register 1 (ADER1)

» The value stored in the Port B data register (PDRB) is output to the Port B pin.
» When Port B data register (PDRB) is read, the value stored in PDRB is output.
00 When Port B is set as an input port in the Port B direction register (DDRB) and analog
input enable register 1 (ADER1)
» The Port B pins have high impedance.

* When a value is set in the Port B data register (PDRB), the value is retained but is not output
to the pin.

» When the PDRB register is read, the pin input level (0 for "L" or 1 for "H") is output.
Note:

If a read-modify-write instruction (such as the bit set instruction) is used to access the PDRB
register, none of the bits specified for output in the DDRB register are affected. For a bit
specified for input in the DDRB register, however, the pin input level is written to the PDRB
register. Therefore, to change a bit specified for input to output, first write an output value to
the PDRB register and then specify the DDRB register as an output port.

0 When Port B is set for analog input to the A/D converter

To use a port pin for analog input to the A/D converter, set the bit of analog input enable register
1 (ADER1) corresponding to the analog input pin to 1. When the corresponding PDRB bit is
read while a pin is set for A/D converter analog input, 0 is read.

O Port operation after a reset

When the CPU is reset, the DDRB register is initialized to 00y and the ADER1 register is
initialized to FFy so that it can be used for analog input to the A/D converter. To use Port B as
an 1/O port, set the ADERL1 register to 00y to set the port to port I/O mode.
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O Port operation in stop or time-base timer mode

8.6 PortB

When the port switches to stop mode or time-base timer mode while the pin status setting bit
(SPL) of the low-power mode control register (LPMCR) is set to 1, the pins have high
impedance regardless of the value in the Port B direction register (DDRB). Note that the input
buffer is forcibly blocked off to prevent leakage due to an open circuit.

Table 8.6-4 States of the Port B Pins

Stop mode or Stop mode or
. Normal time-base timer time-base
Pin name . Sleep mode .
operation mode timer mode
(SPL =0) (SPL=1)
PBO to
PB7 I/O port I/O port
Analog input of A/ | Analog input of A/
ANS to
AN15 D converter 8 to D converter 8 to
15 15
SI2 Serial data input 2 | Serial data input 2
. : lInput blocking: Input blocking:
SC2 Serial clock I/O 2 | Serial clock I/O 2 Output held Output at Hi-z
SO? Serial data output | Serial data output
2 2
Reload timerinput | Reload timerinput
TIN
1 1
T0 Reload timer Reload timer
output 1 output 1
. Input blocking:
Input blocking: Output at Hi-z
Output held (Input is
INT2, INT3 External interrupt | External interrupt | (Inputis enabled enabled when
request 2, 3 request 2, 3 when an external
. ) an external
interrupt is : .
enabled.) interrupt is
' enabled.)

SPL: Pin status specification bit of low-power mode control register (LPMCR:SPL)
Hi-z: High impedance
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8.7 Sample I/O Port Program

This section provides a sample program that uses I/O ports.

m Sample I/O Port Program

O Processing specifications

» Ports 8 and A are used to turn on all segments of a seven-segment (eight-segment if the
decimal point is included) LED.

» Pin PAO corresponds to the anode common pin of the LED, and pins P80 to P87 correspond

to the segment pins.

MB90M405 series

PAO

pe7 —T>—"\W\——
pge I >0—"\WN—m
pes —1>0—"\N—]
pea  —T>—"\W\——

P83 —|>°—‘ W\ I I
P2 —T>—"\W\ |
pe1  —T>—\WW\— I L
pso —T>—"\W\
0 Coding example
PDR8 EQU 000008H
PDRA EQU 00000AH
DDR8 EQU 000018H
DDRA EQU 00001AH
jemem-- MBI N PrOgr M - - - - - - o s mm o e oo
CODE CSEG
START
; Already initialized
MoV | : PDRA, #00000000B ; Sets PAO to the "L" level
;o (#Xxxxxxx0B)
MOV | : DDRA, #11111111B ; Sets all port-A bits to output node.
MOV |: PDR8, #11111111B ; Sets all port-8 bits to 1.
MoV | : DDR8, #11111111B ; Sets all port-8 bits to output node.
CODE ENDS
END START
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CHAPTER 9 SERIAL I/O

This chapter describes the functions and operations of the serial 1/0O unit of the
MB90M405 series.

9.1 "Overview of the Serial 1/0 Unit"
9.2 "Registers of the Serial I/O Unit"
9.3 "Serial I/0O Prescaler (CDCR)"
9.4 "Operations of the Serial I/O Unit"
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9.1 Overview of the Serial I/0 Unit

The serial I/O unit is a serial I/O interface that can transfer data in an 8-bit/2-channel
configuration in clock synchronous mode. Moreover, selection between LSB-first and
MSB-first transfer for data transfer is possible.

m Overview of Serial I/O Unit

The two types of serial I/O operating modes are as follows:

O Internal shift clock mode:

Transfers data in synchronization with the internal clock (communication prescaler).

O External shift clock mode:

Transfers data in synchronization with the clock input from an external pin (SC). In this mode,
general-purpose ports that share the external pin (SC) can perform transfer operations using
CPU instructions (based on the timing of execution of the port reversal instruction).

m Block Diagram of the Serial I/O Unit

Figure 9.1-1 Block Diagram of the Serial I/O Unit

Internal data bus

(MSB first) DO to D7 ‘ D7 to DO (LSB first)
‘ Bit direction select
SI0,1

H Serial data register (SDR) ‘ Write

I e

SCO,1
Y

° Control circuit Shift clock counter

Internal clock {—

(Serial I/O prescaler [CDCRY])

AT
[smp2|smp1|smpo| siE | siR [Busy |sTop| sTRT|MODE| BDS | SOE |ScoE]

Interrupt ' '
request

Internal data bus
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9.2 Registers of the Serial I1/0 Unit

9.2 Registers of the Serial 1/0 Unit

The operations of the serial /0O unit can be specified using the following registers:
» Serial mode control status register (SMCR), higher

» Serial mode control status register (SMCR), lower

» Serial shift data register (SDR)

m Registers of the Serial I/O Unit

Figure 9.2-1 Registers of the Serial I/O Unit
it 15 --vvvee e Dit 8 DIt 7 oo bit 0

Serial mode control status register (SMCR)

Serial data register (SDR)
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9.2.1 Serial Mode Control Status Register (SMCR)

The serial mode control status register (SMCR) controls the operating mode for serial
I/O transfer.

m Serial Mode Control Status Register, Higher (SMCR)

Figure 9.2-2 Serial Mode Control Status Register, Higher (SMCR)
Bit
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15 14 13 12 11 10 9 8 Initial value
SMD2|SMD1SMDO| SIE | SIR [BUSY|STOP|STRT| 000000108
RW RW RW RW RW R RW RW
I I
STRT Start bit

0 Stop of serial transfer
1 | Start of serial transfer

»>STOP Stop bit
0 Normal operation
1 Stop of transfer

»BUSY Transfer status bit
0 | Stopped or serial data register R/W wait
1 | Serial transfer

> SR Serial I/O interrupt request flag bit

" Read Write

No interrupt request exists. | Clears an interrupt request.

1 | Aninterrupt request exists. | Does not affect operation.

> SIE Serial I/O interrupt request enable bit
0 Disables interrupt requests.
1 Enables interrupt requests.

svp2lsod Serial shift clock mode setting bit

» SMD - - -

0 ¢@=16MHz(div = 8) | = 8MHz(div = 4) | ¢=4MHz(div = 4)
0|0 |O 1 MHz 1 MHz 500 KMHz
0[0f|1 500 KMHz 500 KMHz 250 KMHz
of[11]0 125 KMHz 125 KMHz 62.5 KMHz
011 62.5 KMHz 62.5 KMHz 31.25 KMHz
10| 0| 31.25KMHz 31.25 KMHz 15.625 KMHz
1]10(1 External shift clock mode
110 Reserved
111 Reserved

R/W : Read/write enabled
R : Read only
[ : Initial value
@ : Machine clock frequency




9.2 Registers of the Serial I1/0 Unit

Table 9.2-1 Functional Description of High Order Bits in Serial Mode Control Status Register (SMCR)

No.

Bit name

Function

bit15
to
bit13

SMD2, SMD1, SMDO:
Serial shift clock mode
setting bits

Selects a serial shift clock mode.

The settings of the serial shift clock mode setting bits (SMD2, SMD1
and SMDO0) and Communication Prescaler Control Register (CDCRO0/
CDCR1) determine the transfer speed of the shift clock.

A reset initializes these bits to 000B.

Writing to these bits during transfer is prohibited (Do not write these
bits).

One of five internal shift clocks or an external shift clock can be
specified. Do not set SMD2 to SMDO to 110B or 111B because these
settings are reserved.

When SCOE is set to "0" for clock selection, shift operations
manipulate ports that share the SC pin to allow shift operations for
each instruction.

bit12

SIE:
Serial I/O interrupt
request enable bit

This bit enables serial I/O interrupt requests.

When this bit is set to "1", setting the serial I/O interrupt request flag bit
(SIR) to "1" outputs an interrupt request.

A reset initializes this bit to "0".

bit11

SIR:
Serial I/O interrupt
request flag bit

This is a flag bit for an interrupt request to the serial /0.

This bit is set to "1" when serial data transfer ends.

While the serial I/O interrupt request enable bit (SIE) is "1", set this bit
to "1" to output an interrupt request to the CPU.

When the MODE bit is "0", set this bit to "0" to clear the interrupt
request.

When the MODE bit is "1", reading or writing the SDR register clears
the interrupt flag bit to "0".

Regardless of the value of the MODE bit, a reset or setting of the
STOP bit to "1" clears the interrupt flag bit to "0".

Setting this bit to "0" clears the interrupt flag bit to "0".

Setting this bit to "1" does not affect operation.

The read value is always "1".

bit10

BUSY:
Transfer status bit

This bit is "1" while a serial transfer is being executed.
A reset initializes this bit to "0".

bit9

STOP:
Stop bit

This bit forcibly stops serial transfer.

Setting this bit to "1" puts serial transfer into the stopped state with
STOP set to "1".

A reset initializes this bit to "1".

bit8

STRT:
Start bit

This bit starts serial transfer.

Setting this bit to "1" in the stopped state starts transfer.

Setting this bit to "1" during serial transfer or in the serial shift register
R/W wait state causes the written value to be ignored.

Setting this bit to "0" does not affect operation.

The read value is always "0".
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m Serial Mode Control Status Register Lower (SMCR)

Figure 9.2-3 Serial Mode Control Status Register Lower (SMCR)

Bit 7 6 5 4 3 2 1 0 Initial value

SMCR - - - - |MODE| BDS | SOE |SCOE XXXX00008

- - - - RW R/W RW R/W

SCOE Shift clock output enable bit

0 | I/O port pin

1 | Serial data output

> SOE Serial output enable bit

0 | I/O port pin

1 | Shift clock output pin

> BDS Bit direction selection bit

0 | LSB first (transfer from the least significant bit)

1 | MSB first (transfer from the most significant bit)

MODE| Serial mode selection bit

0 | Started when STRT is "1"

Started by read or write access to the serial
data register (SDR)

R/W : Read/write enabled

[ ] : Initial value
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Table 9.2-2 Functional Description of Lower Bits in Serial Mode Control Status Register (SMCR)

No. Bit name Function
bit7to | -: The read value is undefined.
bit4 Undefined bit Setting this bit does not affect the transfer operation.
Use this bit to select the condition for resuming operation from the
stopped state.
. If this bit is "0", starting is performed by setting STRT to "1".
MODE: R . " . .
. : . If this bit is "1", reading or writing the serial data register (SDR) starts
bit3 Serial mode selection :
bit the transfer operation.
Rewriting this bit during transfer is prohibited.
A reset initializes this bit to "0".
Set this bit to "1" to start the extended intelligent I/O service.
This bit selects the serial data transfer direction.
i If this bit is "0", data is transferred starting with the least significant bit
BDS: )
bit2 Bit direction selection (LSB first).
) If this bit is "1", data is transferred starting with the most significant bit
bit .
(MSB first).
Set the BDS bit before writing data to the SDR register.
This bit controls the output of the serial 1/O output external pins (SO2
SOE: and SO3).
bitl Serial output enable If this bit is "0", the pin serves as the 1/O port pin.
bit If this bit is "1", the pin serves as the serial data output pin.
A reset initializes this bit to "0".
This bit controls the output of the shift clock I/O external pins (SC2 and
SC3).
SCOE: If this bit is "0", the pin serves as the 1/O port pin.
bit0 Shift clock output If this bit is "1", the pin serves as the serial data output pin.
enable bit Set this bit to "0" to perform transfer for each instruction in external

shift clock mode.
A reset initializes this bit to "0".
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9.2.2 Serial Shift Data Register (SDR)

The serial shift data register (SDR) retains serial I/0O transfer data. Writing to and
reading the SDR is prohibited during transfer.

m Serial Shift Data Register (SDR)

Figure 9.2-4 Serial Shift Data Register (SDR)
Bit 7 6 5 4 3 2 1 0 Initial value
D7 D6 D5 D4 D3 D2 D1 DO XXXXXXXXB
RW RW RW RW RW RW R/W R/W
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9.3 Communication Prescaler Control Register (CDCRO/
CDCR1)

The Communication Prescaler Control Register (CDCRO/CDCR1) provides a serial 1/0
shift clock.

The operation clock for serial 1/0O operation can be obtained by dividing the output of
the machine clock. The serial I/0O unit is designed to obtain a fixed baud rate for each
of the machine clocks in the system. The Communication Prescaler Control Register
(CDCRO/CDCRL1) controls division of the machine clock.

m Communication Prescaler Control Register (CDCR0O/CDCR1)

Bit 15 14 13 12 11 10 9 8 Initial value
MD - - - |Reserved| DIV2 | DIV1 | DIVO 0OXXX0000s
RW RW RW RW RW RW RW R/W

Table 9.3-1 Functional Description of Bits in Communication Prescaler Control Register (CDCRO0/
CDCR1)

No. Bit name Function
MD: L . L
Communication » Use this bit to enable operation of the communication prescaler.

bitl5 rescaler operation  If this bit is set to "1", the communication prescaler is enabled.
P ' op  If this bit is set to "0", the communication prescaler is disabled.
enable bit

E:gg - * The read value is undefined.

bit12 Undefined bit » The value of this bit does not affect operation.

bit11 Reserved: . » Be sure to set this bit to "0".
Reserved bit

bit10 | DIV2 to DIVO: » Use this bit to set the division ratio of the machine clock.

bit9 Division ratio setting » For information on the setting values, see Table 9.3-2 "Communication

bit8 bit Prescaler."
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Table 9.3-2 Machine Clock Division Ratio

<
w)

DIV2 DIVl DIVO div

Stopped

Rrlr|lrRr|Rr|RP|rR|RP]R]|O
P|lRr|Rr|r|lo|lo|lo]|o
R|lr|lo|lo|lr|rR,r|o]|o
r|lo|lr|oOo|r|O|R]|O
o|l~N|jlo|la|bd|lw|N

div: Machine clock division ratio

Note:

If the division ratio has been changed, wait one cycle of the divide-by-two machine clock for
clock stabilization before performing transfer.

The CDCRO is a prescaler for the serial /0 channel 2 (also serve as the UART channel 0).
The CDCR1 is a prescaler for the serial I/0 channel 3 (also serve as the UART channel 1).
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9.4 Operation of the Serial I/0 Unit

The serial 1/0 unit consists of the serial mode control status register (SMCR) and the
shift data register (SDR). The serial I/0O unit is used to input and output 8-bit serial
data.

m Operation of the Serial I1/0O Unit

The following explains how serial data is input and output. The contents of the shift data
register are output to the serial output pin (SO pin) in bit serial mode in synchronization with a
falling edge of the serial shift clock (external or internal clock). Data is input from the serial input
pin (SI pin) in bit serial mode in synchronization with a rising edge of the clock. The shift
direction (transfer from the MSB or LSB) can be selected using the bit direction bit (BDS) in the
serial mode control status register lower (SMCR).

When transfer ends, the serial I/O unit enters the stopped state or data register R/W wait state
according to the setting of the serial mode selection bit (MODE) in the serial mode control status
register lower (SMCR). To enter the transfer state from the various states, do the following:

e To return from the stopped state, set the stop bit (STOP) to "0" and the start bit (STRT) to "0"
(The settings for STOP and STRT can be made simultaneously).

< To return from the serial data register (SDR) wait state, read or write the data register.
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94.1

Shift Clock

The shift clock operates in two modes: internal shift clock mode and external shift
clock mode. A mode can be specified in the serial mode control status register
(SMCR). Switch the mode while the serial I/O unit is stopped. Check for the stopped
state by reading the transfer status bit (BUSY).

m [nternal Shift Clock Mode

In internal shift clock mode, the shift clock with a 50% duty cycle can be supplied for
synchronous timing output from the SC pin. One-bit data is transferred for each clock.
Calculate the transfer rate as follows:

divx A

transfer-rate (s) = _
machine-clock-frequency (Hz)

A, the divide factor specified in the serial shift clock mode setting bits (SMDO to SMD?2), is 2, 4,
16, or 32.

m External Shift Clock Mode

192

In external shift clock mode, one-bit data is transferred for each clock in synchronization with the
external shift clock that is input from the SC pin. A transfer rate up to 1/5 machine cycles is
available. For example, a transfer rate up to 2 MHz is available when one machine cycle is 0.1

us.
Data can also be transferred for each instruction. Transfer data for each instruction as follows:

1. Select the external shift clock mode and set the shift clock output enable bit (SCOE) in the
serial mode control status register (SMCR) to "0".

2. Then, set the direction register for one of the ports that share the ISC pin to "1" to set the
port to output mode.

After making the above settings, set the port data register (PDR) to "1" and then "0". The port
value that is output to the SC pin is then fetched as the external clock and data is transferred.
Start the shift clock at the "H" level.

Note:

Writing to the serial mode control register (SMCR) and the serial shift data register (SDR) is
prohibited during serial I/O operation.



9.4.2

9.4 Operation of the Serial I/O Unit

Operating States of the Serial I/0O Unit

The serial I/0 unit operates in the following four states:
STOP state

Stopped state

R/W wait state of the SDR register

Transfer state

STOP State

When a reset occurs or the stop bit (STOP) in the serial mode control status register (SMCR) is
set to "1", the shift counter is initialized and SIR is set to "0". Have the serial I/O unit return from
the STOP state by setting STOP to "0" and STRT to "1" (the settings for these bits can be made
simultaneously). No transfer operation occurs when the stop bit (STOP) is set to "1" and the
start bit (STRT) is set to "1" because STOP has a higher priority than STRT.

Stopped State

While the serial mode selection bit (MODE) is set to "0", BUSY is set to "0" and SIR is set to "1"
in the serial mode control status register (SMCR) at the end of transfer. After that, the counter
is initialized and the serial /O enters the stopped state. Set STRT to "1" to have the serial I1/0O
unit return from the stopped state and resume transfer.

R/W Wait State of the Serial Data Register

While the serial mode selection bit (MODE) is set to "1", BUSY is set to "0" and SIR is set to "1"
in the serial mode control status register (SMCR) at the end of serial transfer. After that, the
serial I/O unit enters the SDR register R/W wait state. If the setting in the interrupt enable
register is Enabled, this block outputs an interrupt signal.

To have the serial I/O unit return from the R/W wait state and resume transfer, read or write the
SDR register to set BUSY to "1".
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m Transfer State

194

While BUSY is set to "1", the serial I/O unit is transferring serial data. Depending on the setting
of the serial mode selection bit (MODE), the serial /O enters either the stopped or the R/W wait

State.

Figure 9.4-1 State Transition Diagram of Serial I1/O Operation

Reset
STOP ="0"& STRT ="0" ’
End of transfer STOP
STRT ="0", BUSY ="0" STOP ="1" STRT ="0", BUSY ="0"
MODE ="0"
MODE = "0"
STOP ="0" &
& STOP ="0" STOP ="1" STOP ="0" STOP ="1"
STRT ="1" & &
END STRT ="1"
Transfer operation Serial data register R/W wait
MODE ="1"& End & STOP ="1"
STRT ="1", BUSY ="1" STRT ="1", BUSY ="0"
MODE ="1"

Serial data

R/W of SDR & MODE ="1"

Figure 9.4-2 Concept of Reading from and Writing to the Serial Data Register

Data b Data bus
<-| SO0,S01 Data bus
Read Read CPU
—{slosor  write f— Write
Interrupt output ﬁ @
@ & Interrupt input
Serial 1/O interface Data bus Interrupt controller

1. When MODE is set to "1", transfer is completed according to the shift clock counter. Then,
SIR is set to "1" and the serial I/O enters the read/write wait state. When the serial I/O
interrupt enable bit (SIE) is set to "1", an interrupt signal is generated. However, no interrupt
signal is generated if SIE is inactive or transfer is interrupted by setting of the stop bit
(STOP) to "1".

2. When the serial shift data register (SDR) is read or written, the interrupt request is cleared
and serial transfer is resumed.



9.4 Operation of the Serial I/O Unit

9.4.3 Start/Stop Timing of Shift Operation

To start the shift operation, set the stop bit (STOP) to "0" and the start bit (STRT) to "1"

in the serial mode control status register (SMCR). The shift operation stops if STOP is

set to "1" or when transfer terminates.

» Stop by setting STOP to "1": The shift operation stops while SIR remains at "0"
regardless of the value the serial mode selection bit (MODE) is set to.

» Stop at the end of transfer: The shift operation stops after SIR is set to "1"
regardless of the value the serial mode selection bit (MODE) is set to.

The transfer status bit (BUSY) is set to "1" in serial transfer state or "0" in stopped or

R/W wait state regardless of the value the serial mode selection bit (MODE) is set to.

To check the transfer state, read the BUSY bit.

m  Start/Stop Timing of Shift Operation

O Internal shift clock mode (LSB first)

Figure 9.4-3 Timing of Shift Operation (Internal Clock)
I e 1 I "1" is output.
scosct @ @@ @

(Start of transfer) (End of transfer)
STRT — When MODE is "0" ‘
BUSY — |
S00,S01 DOO0 e DO7 (Data is retained.)

O Internal shift clock mode (LSB first)

Figure 9.4-4 Timing of Shift Operation (External Clock)

(Start of transfer) (End of transfer)
STRT S When MODE is "0" |
BUSY — |
S00,S01 DOO L DO7 (Data is retained.)
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0 When shift operation is performed in accordance with instructions in external shift clock
mode (LSB first)

Figure 9.4-5 Timing of Shift Operation (When a Shift Operation Is Performed in Accordance with
Instructions in External Shift Clock Mode)

_________ The SC bitin PDR is "0". The SC bitin PDR is "0".
1 | )
SCO0,SC1 - .
The SC bit in PDR is "1" (End of transfer).
STRT When MODE is "0" )
BUSY |
sS00,sO01 - - - DO6 DO7 (Data is retained.)

O Stop by setting STOP to "1" (LSB first, internal clock mode)
Figure 9.4-6 Stop Timing When the Stop Bit (STOP) Is Set to "1"
_________ — — —— — "1" is output.
SC0,SC1

(Start of transfer) (End of transfer)
STRT -------=- J When MODE is "0" |
BUSY - J |
STOP -----o- ‘
S00,S01 Cae DO3 DO4 DOS5 (Data is retained.)

Note: DO7 to DOO represent output data.

m Serial Data I/O Timings

During serial data transfer, data is output from the serial output pin (SO) on a falling edge of the
shift clock and data is input from the serial input pin (SI) on a rising or falling edge (determined
beforehand).

Figure 9.4-7 Timing of Serial Data I/O Shift

O LSB first (when the BDS bit is "0")

SCO.SC1 BN g B EE N S S B
Slinput
SI0,SI1 >< DIO >< DIl >< DiI2 >< DI3 >< Dl4 >< DI5 >< DI6 >< DI7
: SO output
S00,S01 >< DOO >< DO1 >< DO2 >< DO3 >< DO4 >< DO5 >< DO6 >< DO7

O MSB first (when the BDS bit is "1")

sco.scL A s I s TN s S s S s S e N e N
Slinput !
sI0,SI1 /[ o ) Die X pis b4 b3 D2 ) b ) Dio
;SO output
S00,501 ) po7 [ pos ) pos ) Dos4 | pos ) poz | poi ) Doo
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9.4.4 Interrupt Function of the Serial I/O Unit

The serial /0O unit can output interrupt requests to the CPU. If, at the end of data
transfer, the serial /0O interrupt request flag bit (SIR), which is an interrupt flag, is set to
"1" and the serial /O interrupt enable bit (SIE) in the serial mode control status register
(SMCR) is set to "1", the serial I/0 outputs an interrupt request to the CPU.

m Interrupt Function of the Serial I/O Unit

Figure 9.4-8 Timing of Serial I/O Interrupt Signal Output
I S N
SCO0,SC1

(End of transfer) * When Mode is "1"
|
BUSY SIE="1' | |
SIR
RD/WR
of SDR
S00,S01 DO6 DO7 (Data is retained.)
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CHAPTER 10 TIMEBASE TIMER

This chapter describes the functions and operation of the timebase timer of the
MB90M405 series.

10.1
10.2
10.3
10.4
10.5
10.6

"Overview of the Timebase Timer"
"Configuration of the Timebase Timer"
"Timebase Timer Control Register (TBTC)"
"Timebase Timer Interrupts"”

"Operation of the Timebase Timer"

"Usage Notes on the Timebase Timer"
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10.1 Overview of the Timebase Timer

The timebase timer is an 18-bit free-running counter that counts up in synchronization
with the main clock. The timer has two functions: An interval timer function that can
select one of four intervals and a function for supplying clocks to the oscillation
stabilization interval timer and the watchdog timer.

m Interval Timer Function
The interval timer function repeatedly generates an interrupt request at a given interval.

* An interrupt request is generated when the interval timer bit for the timebase counter
overflows.

* The interval timer bit (interval) can be selected from four types.

Table 10.1-1 Intervals for the Timebase Timer

Main clock cycle Interval cycle

22/HCLK (Approx. 0.97 ms)

214/HCLK (Approx. 3.90 ms)

2/HCLK (0.5 pis)
216/HCLK (Approx. 15.62 ms)

2'9/HCLK (Approx. 125.00 ms)

HCLK: Oscillation clock frequency
Values in parentheses are for a 4.194 MHz oscillation clock.

m Clock Supply Function

The clock supply function supplies clocks to the oscillation settling time timer and to some
peripheral functions.

Table 10.1-2 Clock Cycle Time Supplied from the Timebase Timer

Clock destination Clock cycle time Remarks

213/HCLK (Approx. 1.95 ms) Oscillation settling time for ceramic vibrator

Oscillation setting time 215/HCLK (Approx. 7.81 ms)

Oscillation settling time for crystal vibrator
218/HCLK (Approx. 62.50 ms)

212/HCLK (Approx. 0.97 ms)

214/HCLK (Approx. 3.90 ms)
Watchdog timer Count-up clock for watchdog timer
218/HCLK (Approx. 15.62 ms)

219/HCLK (Approx. 125.00 ms)

HCLK: Oscillation clock frequency
Values in parentheses occurs during operation of the 4.194 MHz oscillation clock.
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10.1 Overview of the Timebase Timer

Reference:

The oscillation settling time is the yardstick because the oscillation cycle time is unstable as
soon as oscillation starts.
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10.2 Configuration of the Timebase Timer

The timebase timer consists of the following four blocks:
Timebase timer counter

Counter clear circuit
Interval timer selector

Timebase timer control register (TBTC)

202

Block Diagram of the Timebase Timer

Figure 10.2-1 Block Diagram of the Timebase Timer

»

. 5 |Tothe watchdog
To thf PPG timer ——> [timer
Timebase timer counter \—>—‘
H |
Main clock [ x21] x22| x23|- - |- - -| x28| x2° | x210| x211| x212| x213| x214| x215| x216| x217|x218| i
‘ ” OFi T T
OF OF‘ ’_‘ OF
L To the oscillation
L » | settling time selector
» | in the clock control section
Y Y VYV
Power-on reset —> .
Stop mode start __,|Counter clear Interval timer |«
CKSCRIMCS="1" —"0" (x1) —>|Circutt selector <
[} TBOF set
TBOF clear
v

Timebase timer control register
(TBTC)

—(C

Timebase timer interrupt signal
#34 (22n) (*2)

. Undefined bit
OF : Overflow

RESV‘

- ‘ - ‘TBIE‘TBOF‘ TBR ‘TBCl‘TBCOl

*1 Switching of the machine clock from the oscillation clock to the PLL clock

*2 Interrupt number

O Timebase timer counter

An 18-bit up counter that uses the main clock as the count clock

Clears the timebase timer counter by setting the timebase timer initialization bit (TBR) of the
timebase timer control register (TBTC) to "0", performing a power-on reset, sending the CPU
into stop mode (LPMCR: STP ="1"), and changing the machine clock from the main clock to the

Counter clear circuit

PLL clock (CKSCR: MCS = "1" ->"0").

Selects one of four outputs of the timebase timer counter.

Interval timer selector

becomes an interrupt cause.

An overflow of the selected bit



10.2 Configuration of the Timebase Timer
O Timebase timer control register (TBTC)

Selects the interval, clears the timebase timer counter, controls an interrupt request, and checks
the status.
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10.3 Timebase Timer Control Register (TBTC)

The timebase timer control register (TBTC) selects the interval, clears the timebase
timer counter, controls an interrupt request, and checks the status.

m Timebase Timer Control Register (TBTC)

Figure 10.3-1 Timebase Timer Control Register (TBTC)

Bit 15 14 13 12 11 10 9 8 Initial value
RESV| — — TBIE |TBOF| TBR |[TBC1|TBCO| 1XX00100g
R/W - - R/W R/W W R/W R/W

]

[TBC1|TBCO Interval selection bit
0 | o | 2HCLK (Approx. 0.97 ms)
0 1 | 2Y%/HCLK (Approx. 3.90 ms)
1 | o |2%/HCLK (Approx. 15.62 ms)
1 | 1 | 2'9/HCLK (Approx. 125.00 ms)

Values in parentheses are for a 4.194 MHz oscillation clock.

TBR Timebase timer initialization bit

o | Clearing of the timebase timer counter and an interrupt request

1 | No effect on operation

Interrupt request flag bit
During reading During writing
0 |No interrupt request made | Clearing of an interrupt request
1 |Interrupt request made No effect on operation

Y
-
w
o

Interrupt request enable bit

\4
4
@
m

0 | Interrupt request output disabled

1 | Interrupt request output enabled

RESV Reserved bit
Be sure to write 1 to this bit.

Y

R/W : Read/write
W  : Write only
X . Undefined
- . Not used

[ : Initial value

HCLK : Oscillation clock frequency
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Table 10.3-1 Function Description of Each Bit in the Timebase Timer Control Register (TBTC)

Bit name Function
bitl5 | RESV: * Be sure to write 1 to this bit.
Reserved bit
bitl4 | Not used *  When read, the value is undefined.
bit13 « Writing has no effect on operation.
bit12 | TBIE: e This bit enables interrupt requests.
Interrupt request < When this bit and the interrupt request flag bit (TBOF) are 1, an interrupt
enable bit request is output.
bit11 | TBOF: « TBOF is a flag bit for an interrupt request.
Interrupt requestflag | « This bit is set to "1" when the interval timer bit selected for the timebase
bit timer counter overflows.
* When the interrupt request enable bit (TBIE) is set to "1", an interrupt
request is output.
e Set this bit to "0" to clear an interrupt request.
* When this bit is set to "1", there is no effect on operation.
Note:
« To set this bit to "0", set the interrupt request enable bit (TBIE) or the
interrupt level mask register (ILM) of the processor status (PS) to
Disabled.
« This bit is cleared to "0" when a transition to stop mode occurs, the
timebase timer is cleared due to the timebase timer initialization bit
(TBR), or a reset occurs.
bitl0 | TBR: » Used to clear the timebase timer counter.
Timebase timer * When this bit is set to "0", the timebase timer counter is cleared to
initialization bit 000004 and the interrupt request flag bit (TBOF) is cleared to "0".
« Writing 1 does not affect operation.
[Reference]
The read value is always 1.
bit9 | TBC1, TBCO: « Used to select an interval timer cycle.
bit8 | Interval selection bit | « The bit for the interval timer of the timebase timer counter is specified.

Four types of interval can be selected.
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10.4 Timebase Timer Interrupts

The timebase timer can output an interrupt request when an overflow of the interval
counter selected with the interval time setting bit occurs (interval timer function).

m Timebase Timer Interrupts

The interrupt request flag bit (TBOF) of the timebase timer control register (TBTC) is set to "1"
when the timebase timer counter counts up on the main clock and an overflow of the specified
interval timer occurs. If the TBOF bit is set to "1" while the interrupt request enable bit is set to
Enabled (TBTC:TBIE="1"), an interrupt request (interrupt number #34) is output to the CPU and
the interrupt processing routine is executed. In the interrupt processing routine, set the TBOF
bit to "0" to clear the interrupt request. When the specified interval timer bit overflows, the
TBOF bit is set to "1" regardless of the value in the TBIE bit.

Reference:

» The timebase timer cannot use the extended intelligent 1/O service (EIZOS).

m Timebase Timer Interrupts and EI0S

Table 10.4-1 Timebase Interrupts and EI’0S

Interrupt level setting register Vector table address
Interrupt number EI20S
Register name Address Lower Upper Bank
#33 (21p) ICR11 0000BBy FFFF78y | FFFF79y | FFFF7A4 X

x: Not available
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10.5 Operation of the Timebase Timer

This section describes the operation of the interval timer function, the oscillation
stabilization interval timer function, and the clock supply function.

m Operation of the Interval Timer Function (Timebase Timer)
The interval timer function generates an interrupt request for each interval
The stabilization in Figure 10.5-1 "Stabilization of the Timebase Timer" is required to all the
timer to operate as an interval timer.
Figure 10.5-1 Setting of the Timebase Timer
Bit 15 14 13 12 11 10 9 8

TBTC RESV| — — | TBIE [TBOF| TBR |TBC1 |TBCO
1 - - © 0 0 © ©
© : Used
0 : SetO.
1 : SetO.

: Undefined bit

* The timebase timer continues counting up as long as the clock oscillates.

« |If the timebase timer counter is cleared (TBTC: TBR = "0"), the counter counts up from
"000000000000000000g". When the specified interval timer bit overflows, the interrupt
request flag bit (TBOF) of the timebase timer control register (TBTC) is set to "1". If the
overflow occurs while the interrupt request enable bit is set to Enabled (TBIE = "1"), interrupt
requests are output at every specified interval based on the time when the counter was
cleared.

« The interval may become longer than the time set because of timebase timer clearing.

m Oscillation Stabilization Wait Time Timer Function
The timebase timer is also used as the oscillation time timer for oscillation and the PLL clocks.

The timebase timer is also used for the oscillation stabilization interval of the oscillation clock
and the PLL clock. The timebase timer counts up the oscillation stabilization interval since it
has the value "000000000000000000g" (counter cleared) and until it detects the oscillation

stabilization interval. When the timebase timer returns from timebase timer mode to PLL clock
mode, the oscillation stabilization interval indicates only the portion from the middle of counting
because the timebase timer counter has not been cleared.
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Table 10.5-1 Timebase Timer Counter Clearing and Oscillation Stabilization Wait Time

Operation Counter clear | TBOF clear Oscillation Stabilization Wait Time
TBTC: Writing of 0 to TBR @] @) -
Power-on reset @] (0] Oscillation clock oscillation stabilization wait
time
Watchdog reset @] (0]
Releasing of stop mode Oscillation clock oscillation stabilization wait
O (0] : )
time (at return to main clock mode)
Transition from oscillation PLL clock oscillation stabilization wait time
clock mode to PLL clock 0] (0]
mode (MCS = 1to 0)
Releasing of timebase X X PLL clock oscillation stabilization wait time
timer mode (at return to PLL clock mode)
Releasing of sleep mode X X -

O: Available
X: Not available

m Clock Supply Function

The timebase timer supplies clocks to the watchdog timer. Clearing of the timebase counter
affects operation of the watchdog timer. For more information, see Section 10.6 "Usage Notes
on the Timebase Timer".
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m Timebase Timer Operation Statuses
Figure 10.5-2 "Timebase Timer Operations" shows the following operation statuses.
* When a power-on reset occurs
* When the CPU enters sleep mode while the interval timer function is operating
* When the CPU enters stop mode
* When the timebase timer counter clear request is issued

When the CPU enters stop mode, the timebase timer counter is cleared and the timebase timer
counter stops. To release stop mode, use the timebase timer counter to count the oscillation
stabilization interval.

Figure 10.5-2 Timebase Timer Operations

Counter value

3FFFFH Cleared by transition
to stop mode

Oscillation stabilization [, o S
interval bit overflow 3 : 3

00000+ { T ; , 5 f >

Counter cleared
(TBTC:TBR="0")

CPU ‘Interval cycle  : :
operation ((TBTC.TBC1,TBC0="118")
Power-on  started : :

Eg;ggnal) Cleared by an interrupt processing routine
TBOF bit
TBIE bit : :
_I : Sleep .
SLP bit -

(LPMCR register) : : ‘Stop
Sleep released by an interval interrupt <——»

STP bit : : :

(LPMCR register)

Stop released by an external interrupt
If the interval time setting bits of the timebase timer control register (TBC: TBC, TBCO) is set to "115" (219/HCLK)

[ : Oscillation stabilization interval
HCLK : Oscillation clock frequency
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10.6 Usage Notes on the Timebase Timer

This section provides notes on how clearing of an interrupt request or clearing of the
timebase timer counter affects the functions.

m Timebase Timer Usage Notes

210

O Clearing interrupt requests

Clear the interrupt request flag bit (TBOF) of the timebase timer control register (TBTC) to "0"
while the interrupt request enable bit (TBIE) or the interrupt level mask register (ILM) of the
processor status (PS) is set to disabled.

Functions affected by clearing of the timebase timer counter
» Interval timer function (interval interrupt)

* When the watchdog timer is being used

» Clock output circuit

Use of the timebase timer as the oscillation settling time timer

In stop mode in which the operating clock stops, the timebase timer counter is cleared and
stopped. When the timebase timer counter is cleared, the clock supplied from it starts to be
supplied again from the initial state. As a result, the H level may be shortened or the L level
may be prolonged by half a cycle at the maximum. Although the clock for the watchdog timer
also starts to be supplied again from the initial state, the watchdog timer operates in normal
cycles because the watchdog timer counter is cleared at the same time.

Notes on peripheral functions to which clocks are supplied from the timebase timer

At power-on or in stop mode, the source oscillation is stopped. Thus, the timebase timer
counter places the oscillation stabilization interval for the operating clock using the clock
supplied from the oscillator. Depending on the oscillator type, an appropriate oscillation
stabilization interval must be specified.

For more information, see Section 4.5 "Oscillation Stabilization Wait Time".



CHAPTER 11 WATCHDOG TIMER

This chapter describes the functions and operations of the watchdog timer of the
MB90M405 series.

11.1 "Overview of the Watchdog Timer"

11.2 "Configuration of the Watchdog Timer"

11.3 "Watchdog Timer Control Register (WDTC)"
11.4 "Operation of the Watchdog Timer"

11.5 "Usage Notes on the Watchdog Timer"
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11.1 Overview of the Watchdog Timer

The watchdog timer is a 2-bit counter that uses the output of the timebase timer as the
count clock. After the watchdog timer is activated, the CPU is reset within a specified
interval unless the watchdog timer is cleared.

m Watchdog Timer Function

The watchdog timer is provided to detect whether a program is running out of control. The
watchdog timer, once activated, must continue to be cleared within every specified interval. If
the program results in an endless loop and the watchdog timer is not cleared within the
minimum time shown in Table 11.1-1 "Intervals for the Watchdog Timer" a watchdog reset is
issued to the CPU, sending it into the reset status. Specify the watchdog timer interval in the
interval setting bits (WT1, WTO) of the watchdog timer control register (WDTC).

Table 11.1-1 Intervals for the Watchdog Timer

Interval
WT1 WTO
Minimum (*1) Maximum (*1) Oscillation clock cycle count
0 0 Approx. 3.58 ms Approx. 4.61 ms 214 + 2 cycle
0 1 Approx. 14.33 ms Approx. 18.3 ms 216 4 p13 cycle
1 0 Approx. 57.23 ms Approx. 73.73 ms 218 4+ 215 cycle
1 1 Approx. 458.75 ms Approx. 589.82 ms 221 + 218 cycle

*1: Value during operation of the 4.19 MHz oscillation clock

212

For more information on a watchdog timer interval,

Watchdog Timer".

Reference:

see Section 11.4 "Operation of the

The watchdog timer, after being activated, can be stopped using a power-on reset or a reset
The watchdog timer can be cleared with an external reset, an
internal reset, writing to the watchdog control bit (WTE) of the watchdog timer control register
(WDTC), or transition to sleep or stop mode. However, the watchdog function is enabled

from the watchdog timer.

and not stopped.

Note:

The watchdog counter consists of a 2-bit counter that uses the carry signals of the timebase
timer as count clocks. Since the watchdog timer uses a carry signal of the timebase timer,
the watchdog reset interval time may become longer than the specified time if the timebase

timer is cleared.



11.2 Configuration of the Watchdog Timer

11.2 Configuration of the Watchdog Timer

The watchdog timer consists of the following blocks:

Count clock selector

Watchdog timer (2-bit counter)
Watchdog reset generator

Counter clear control circuit

Watchdog timer control register (WDTC)

Block Diagram of the Watchdog Timer
Figure 11.2-1 Block Diagram of the Watchdog Timer
Watchdog timer control register (WDTC)
PONR| — [WRST|ERST|SRST| WTE | WT1 | WTO
] |
) 2
Watchdog timer
: Activation Clear
: Y y Wwith CLR o
: ver- :
Start of sleep mode —*E clounter | Cloulr(n o it rer flow Watchdog _é_»To the internal
Start of hold status mode —>, giscehritcontro ge?lgctor > counte reset generator [ reset generator
Start of stop mode :
A Clear A
Clear 4
.................................. o )
(Timebase timer counter)
Main clock =>{ x2t | x22 | - - - [x2® | x2° |x21° | x21 | x212 | x212 | x234 | x215 | x218| x217 | x21¢ |

.......................................................................................................

- : Undefined bit

0 Count clock selector

Used to select one of the four timebase timer output clocks as the count clock of the watchdog
timer. Setting the count clock of the watchdog timer determines a watchdog reset interval.

0 Watchdog counter (2-bit counter)

The watchdog timer is a 2-bit timer that counts the clock specified by the count clock selector.

0 Watchdog reset generator

Used to generate the reset signal by an overflow of the watchdog counter.

O Counter clear circuit

Used to clear the watchdog counter and to control the operation or stopping of the counter.
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CHAPTER 11 WATCHDOG TIMER
0 Watchdog timer control register (WDTC)

Used to set the interval, activate and clear the watchdog timer, and hold the reset generation
cause.
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11.3 Watchdog Timer Control Register (WDTC)

The watchdog timer control register (WDTC) is used to set an interval time, start the
watchdog timer, clear a setting, and indicate a reset generation cause.

m Watchdog Timer Control Register (WDTC)

Figure 11.3-1 Watchdog Timer Control Register (WDTC)

Bit 7 6 5 4 3 2 1 0 Initial value
WDTC PONR| — |WRST|ERST |SRST | WTE | WT1 | WTO XXXXX111e
R - Il? Il? IIQ W W W
L Interval selection bit (for 4.19 MHz HCLK)
WT1 | WTO Interval Oscillation clock
Minimum Maximum cycle count
0 0 |Approx. 3.58ms |Approx. 4.61ms 214+ 211 ¢ycle
0 1  |Approx. 14.33ms |Approx. 18.3ms 216+ 213 cycle
1 0 |Approx. 57.23ms |Approx. 73.73ms | 218215 cycle
1 1 |Approx. 458.75ms| Approx. 589.82ms | 221+ 218 cycle
> WTE Watchdog control bit
- Activation of the watchdog timer
0 (At first write after reset)
- Clearing of the watchdog timer
(At second or subsequent write after reset)
1 No operation
> Reset cause bit
Reset cause
PONR |WRST | ERST | SRST
1 X X X Power-on
* 1 * * Watchdog timer
* * 1 * External reset (RST pin input)
* * * 1 Software reset (LPMCR: RST)
R : Read only
W : Write only
X @ Undefined
- 1 Undefined bit
[ : Initial value
*

: Retains the previous status.

HCLK : Oscillation clock frequency

215



CHAPTER 11 WATCHDOG TIMER

Table 11.3-1 Function Description of Each Bit of the Watchdog Timer Control Register (WDTC)

Bit name Function
Read-only bits for indicating the reset cause. If more than one reset
cause occurs, the bit for each reset cause occurring is set to 1.
b!t7 PONR, WRST, These b|t§ are all cleared to 0 after the watchdog timer control register
bit5 ERST SRST- (WDTCQC) is read.
bit4 Reset’cause bits A power-on reset sets the reset cause flag bit PONR to "1" and sets the
bit3 reset cause flag bits WRST, ERST, and SRST to an undefined value.
If the PONR bit is set to "1", the contents of the WRST, ERST, and SRST
bits should be ignored.
bitg | The value of this bit is not defined if it is read.
Undefined bit The set value does not affect the operation.
The watchdog timer is activated when this bit is set to "0" in the first write
. operation after a power-on reset or a reset from the watchdog timer.
WTE: ; : S - ;
. . The watchdog timer is cleared when this bit is set to "0" in write
bit2 | Watchdog timer : )
: operations after the first after a power-on reset or a reset from the
control bit )
watchdog timer.
Writing 1 does not affect operation.
Used to select the watchdog timer interval.
. ) Data in these bits is valid when the watchdog timer is activated. Data can
bitl | WT1, WTO: . o . :
: . . be written to this bit and the watchdog control bit (WTE) at the same time.
bit0 | Interval selection bit

Data written to these bits after the watchdog timer is activated is invalid.
These bits are write-only.
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11.4 Operation of the Watchdog Timer

The watchdog timer generates a watchdog reset by an overflow of the watchdog

counter.

m Watchdog Timer Operation

Figure 11.4-1 Setting of the Watchdog Timer
Bit 7 6 5 4 3 2 1 0

WDTC |PONR| — |WRST|ERST|SRST|WTE|WT1|WTO
0 © 0

© : Used
0 : SetO.

O Activating the watchdog timer

To activate the watchdog timer, set the watchdog control bit (WTE) of the watchdog timer
control register (WDTC) to "0" for the first time after a reset from the watchdog timer is
generated after a power-on reset. The interval can be set in the interval setting bits (WT1,
WTO) of the watchdog timer control register (WDTC).

The watchdog timer, after being activated, can be stopped using a power-on reset or a reset
from the watchdog timer. The watchdog timer cannot be stopped by an external reset, a
software reset, writing to the watchdog control bit (WTE) of the watchdog timer control
register (WDTC), or transition to sleep or timebase timer mode.

O Clearing the watchdog timer

To clear the watchdog timer, set the watchdog control bit (WTE) of the watchdog timer
control register (WDTC) to "0".

The watchdog timer can be cleared also by input of an external reset or an internal reset or
transition to sleep mode.

Transition to timebase timer mode clears and stops the watchdog timer.

O Intervals for the watchdog timer

Figure 11.4-2 "Clear Timing and Watchdog Timer Intervals" shows the relationship between the
clear timing of the watchdog timer and intervals.

O Checking areset cause

A reset cause can be determined by checking the PONR, WRST, ERST, and SRST bits of the
watchdog timer control register (WDTC) after a reset.
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Figure 11.4-2 Clear Timing and Watchdog Timer Intervals
[WDG timer block diagram]
2 bit counter

Divide-by- L Divide-by-

(9]

(S| Reset i) _
two circuit two circuit |- circuit Reset signal

S— 7 S L S—

Count enabling and clearing

Clock
selector

Count enable
WTE bit —>{output circuit

[Minimum interval] When the WTE bit is cleared immediately before the count clock rises:

Count start
Counter clearing —ll

Countclocka __| [ | L 1 LI [_1 1
Divide-by-two m | | | |

value b

Divide-by-two m E [ |
value ¢ e

Count enabling L

Reset signal d

A
< ».

7 x (count clock cycle/2)
WTE bit clearing Watchdog reset generation

[Maximum interval] When the WTE bit is cleared immediately after the count clock rises:

Count start
Counter clearing

¢ v
Countclocka __ | | L 1 LI [_1 1

Divide-by-two X | | | |
value b : :

Divide-by-two X| 5 | |—

value ¢

Count enabling l |

Reset signal ,'k y
h 9 x (count clock cycle/2) 4
WTE bit clearing Watchdog reset generation
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11.5 Usage Notes on the Watchdog Timer

Notes on using the watchdog timer are given below.

m Usage Notes on the Watchdog Timer

O Stopping the watchdog timer

Once the watchdog timer is activated, it cannot stop until a power-on or watchdog reset occurs.

O Interval setting

The interval setting becomes valid when the watchdog timer is activated. The interval setting is
ignored unless the watchdog timer is activated.

O Interval time

The interval time of the watchdog timer may become longer than the specified value when the
timebase timer is cleared because a carry signal of the timebase timer is used as the count
clock.

O Notes on program creation
If the watchdog timer is repetitiously cleared in a program, the processing time of the program
including the interrupt processing must be equal to or less than the minimum interval.

0 Watchdog timer operation in timebase timer mode

In timebase timer mode, the watchdog timer is cleared and stopped. The watchdog timer is
restarted when the CPU returns from timebase timer mode to main clock mode or PLL clock
mode.
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CHAPTER 12 16-BIT RELOAD TIMER

This chapter describes the functions and operations of the 16-bit reload timer of the
MB90M405 series.

12.1 "Overview of the 16-Bit Reload Timer"
12.2 "Configuration of the 16-Bit Reload Timer"
12.3 "16-Bit Reload Timer Pins"

12.4 "16-Bit Reload Timer Registers"

12.5 "16-Bit Reload Timer Interrupts”

12.6 "Operation of the 16-Bit Reload Timer"
12.7 "Usage Notes on the 16-Bit Reload Timer"
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12.1 Overview of the 16-Bit Reload Timer

The MB90MA405 series has three 16-bit reload timer channels. The following clock
modes and the following counter operation modes can be specified.

Clock modes

* Internal clock mode: The timer counts down in synchronization with the internal

clock.

* Event count mode: The timer counts down in synchronization with the external
input pulse.

Counter operation modes

* Reload mode: The timer repeats counting by reloading the count setting value.

* One-shot mode: The timer stops counting when an underflow occurs.

m 16-bit reload timer operating modes

Table 12.1-1 16-Bit Reload Timer Operating Modes

Clock mode Counter operation Operation of 16-bit reload timer

Internal clock mode Reload mode Software trigger operation
External trigger operation
External gate input operation

One-shot mode

Event count mode Reload mode Software trigger operation
(external clock mode)

One-shot mode

m Internal Clock Mode

222

The 16-bit reload timer is in internal clock mode if the count clock setting bits (CSL1, CSLO) of
the timer control status register (TMCSR) are set to "00g", "01g", or "10g".

For internal clock mode, select one of the following three operations:

Software trigger operation

Counting starts when the software trigger bit (TRG) is set to "1" while the count enable bit
(CNTE) of the TMCSR register is set to "1".

External trigger operation

Counting starts when a valid edge (rising, falling, or both edges) of trigger input specified in the
operation mode setting bits (MOD2, MOD1, and MODO) is input to the TIN pins while the CNTE
bit of the TMCSR register is set to "1".

External gate input operation

Counting continues while a valid level of gate input ("L" or "H") specified in the operation mode
setting bits (MOD2, MOD1, and MODQO) is input to the TIN pins while the CNTE bit of the
TMCSR register is set to "1".



12.1 Overview of the 16-Bit Reload Timer

m Event Count Mode (External Clock Mode)

The 16-bit reload timer is in event count mode (external clock) if the count clock setting bits
(CSL1, CSLO) of the timer control status register (TMCSR) are set to "11g". Counting starts
when a valid edge (rising, falling, or both edges) of trigger input specified in the operation mode
setting bits (MOD2, MOD1, and MODOQO) is input to the TIN pins while the CNTE bit is set to "1".
The 16-bit reload timer can also be used as an interval timer if external clock is input

periodically.

m Counter Operation

0 Reload mode

Counting starts when an underflow of the 16-bit down counter (change from "00004" to
"FFFFY") loads the values of the 16-bit reload register (TMRLR) into the 16-bit down counter.
Since the 16-bit reload timer causes an interrupt request to occur for an underflow condition, it
can be used as an interval timer. Every time an underflow occurs, a reversed toggle waveform
can be output from the TO pin.

Table 12.1-2 Intervals for the 16-Bit Reload Timer

Count clock

Count clock period

Interval

Internal clock

2Y/¢ (0.125 ps)

0.125 us to 8.192 ms

23/¢ (0.5 ps)

0.5 us to 32.768 ms

2%/¢ (2.0 ps)

2.0 pusto 131.1 ms

External clock

23/ or more (0.5 ps)

0.5 us or more

¢ : Machine clock

Values in parentheses are for a 16 MHz machine clock.

O Single-shot mode

An underflow of the 16-bit down counter (change from "0000y" to "FFFF4") stops counting.

Reference:

* 16-bit reload timer O can be used to create the baud rate of UART.

« 16-bit reload timer 1 can be used to provide a start trigger of the A/D converter.
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m 16-Bit Reload Timer Interrupts and EI20S

An underflow of the 16-bit down counter (change from "00004" to "FFFFy") outputs an interrupt

request.

Table 12.1-3 16-Bit Reload Timer Interrupts and EI?0S

Interrupt control

Vector table address

register
Channel Interrt;th EI20S
nuMber | pegister
Address Lower Upper Bank
name
16-bit reload timer 0 #23 (17y) FFFFAO, | FFFFAly | FFFFA2y
ICRO6 0000B6
16-bit reload timer 1 #24 (18,) FFFFOC | FFFFODy | FFFFOEL A
16-bit reload timer 2 #21 (154) | ICRO5 0000B5y | FFFFA8, | FFFFA9y | FFFFAAY

A : Usable when an interrupt cause that shares the ICR is not used.
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12.2 Configuration of the 16-Bit Reload Timer

Each of the 16-bit reload timers 0 to 2 consists of the following blocks:

Count clock generation circuit

Reload control circuit

Output control circuit

Operation control circuit

16-bit timer register (TMR)

16-bit reload register (TMRLR)

Timer control status register (TMCSR)

Block Diagram of the 16-Bit Reload Timer

Figure 12.2-1 Block Diagram of the 16-Bit Reload Timer

Internal data bus

TMRLR J L
16-bit reload register
J Reload signal Reload con-
D trol circuit
TMR T A A A
16-bit timer register (down counter)  UF
A
CLK
Count clock generation circuit """ 1
o Gate [y : L
Machine :|Pre- 3, Input fejock | Wait signal
clock T| scaler 4 "l judgment[™ :
@ : circuit :
i A cClear F ok To UART 1
: To A/D converter "2
Internal ¢ | Output control circuit
clock Output signal
. H Input "1 clock i generation Pin
Pin ™ control selector| i circuit
circuit Dl Invert A A
............... External clock &
3 2 Selec
signal Operation
Function selection control
circuit
A
[ T T T 1 [ =
— | — | — | — |CSL1|CSLO|MOD2|MOD1/MODO|OUTE|OUTL|RELD|INTE| UF [CNTE|TRG
Timer control status register (TMCSR) .
*1 Channel 0 | )< Interrupt request signal
*2 Channel 1
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16-BIT RELOAD TIMER

Count clock generation circuit

This circuit generates the count clock for the 16-bit reload timer from the machine clock or
external input clock.

Reload control circuit

This circuit controls starting of the 16-bit down counter and, if an underflow (change from 00004
to FFFFR) is detected, the load operation for loading a value into the 16-bit down counter.

Output control circuit

This circuit controls the inversion of the TO pin output through an underflow of the 16-bit down
counter (change from "00004" to "FFFF4") and enabling and disabling of TO pin output.

Operation control circuit

This circuit controls activation and stop of the 16-bit down counter.

16-bit timer register (TMR)

This register is a 16-bit down counter. The current counter value is read from this register
during a read operation.

16-bit reload register (TMRLR)

This register stores a value to be loaded to the 16-bit down counter. The setting value of this
register is loaded to the 16-bit down counter, which then starts counting down.

Timer control status register (TMCSR)

This register selects the operation mode of the 16-bit reload timer, the count clock, and the
operating conditions, enables and disables counting, controls interrupts, and checks the
statuses of interrupt requests.



12.3 16-Bit Reload Timer Pins

12.3 16-Bit Reload Timer Pins

This section describes the pins of the 16-bit reload timer and provides a pin block

diagram.

m 16-Bit Reload Timer Pins
The pins of the 16-bit reload timer are shared with the general-purpose ports.

Table 12.3-1 16-Bit Reload Timer Pins

Pin name Pin function /O format Pull_-up Standby Settings r_equired for
option control pins

Port B input-output/ Setting for the input port

PBAITING | timer input EMOS output (DDRB: bit12=0)
. Not .

Port B input-outpuyy | CMOS hysteresis | . | Available | getting for timer output

PB5/TO0 | timer output Input enable
(TMCRO:OUTE=1)

m Block Diagram of the 16-Bit Reload Timer Pins

Figure 12.3-1 Block Diagram of the 16-Bit Reload Timer Pins

Resource input <—

PDR read

Internal data bus

1/0 decision
circuit

PDR

Input buffer

PDR write

DDR

1/0 control circuit

Resource output

Output buffer

N

[

Port pin

Standby control (LPMCR: SPL ="1")
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12.4 16-Bit Reload Timer Registers

The 16-bit reload timer registers are as follows.

m 16-Bit Reload Timer Registers

Figure 12.4-1 16-Bit Reload Timer Registers

Timer control status register (TMCSR)

16-bit timer register/16-bit reload register (TMR/TMRLR) (*1)

*1 This register functions as a 16-bit timer register (TMR) during reading, and functions
as a 16-hit reload register (TMRLR) during writing.
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12.4.1 Timer Control Status Register, Higher (TMCSR)

The timer control status register (TMCSR) is used to select the operating mode and the
count clock of the 16-bit reload timer.

m Timer Control Status Register, Higher (TMCSR)

Figure 12.4-2 Timer Control Status Register, Higher (TMCSR)
Bit 15 14 13 12 11 10 9 8 7 Initial value

- — |CSL1|CSLO [MOD2|MOD1/MODQ| XXXX00000s

- - - - RW RW R/W R/W R/W
| | | |

Operating mode selection bit
MOD2|MOD1 |MODO (in the internal clock mode)
Input terminal function| Valid edge, level
0 0 0 Trigger inhibit -
0 0 1 Rising edge
0 1 0 Trigger input Falling edge
0 1 1 Both edges
1 X 0 . "L" level
Gate input
1 X 1 "H" level
Operating mode selection bit
»MOD2|MOD1 [MODO (in the event count mode)
Input terminal function Valid edge
X 0 0 - -
X 0 1 Rising edge
X 1 0 Trigger input Falling edge
X 1 1 Both edges
»| csi1 ] csLo .Count clock selection bit
Function Count clock
0 0 2% @(0.125 ps)
0 1 Internal clock mode 2%/ @ (0.5 ps)
1 0 2%/ @ (2.0 ps)
1 1 | Event count mode External event input
R/W : Read/write
- : Undefined bit
X Indefinite
[ : Initial value
@ : Machine clock, the value in the parentheses () indicates the value when the machine clock is operated at 16MHz.
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Table 12.4-1 Function Description of Each Bit of the Higher of the Timer Control Status Register

(TMCSR)
Bit name Function
bit15 | Not used » When these bits are read, their values are undefined.
bit14 | Undefined bit » Writing to these bits has no effect on operation.
bit13
bit12
bitll | CSL1, CSLO: » These bits select the count clock of the 16-bit reload timer.
bit10 | Count clock selection | « When these bits are set to "00g", "01g", and "10g", internal clock mode is
bits selected.
* When these bits are set to 115, event count mode is set.
bit9 MOD2, MOD1, MODQ: | « These bits select operation mode.
bit8 | Operating mode In internal clock mode:
bit7 | selection bits  The MOD2 bit is used to select input pin functions.

*  When the MOD2 bit is set to "0", the input pin is used as a trigger input
pin. Whenever a valid edge is input, the value in the 16-bit reload
register (TMRLR) is loaded into the counter and counting starts. The
MOD1 and MODO bits select the type of valid edge.

*  When the MOD2 bit is set to "1", the input pin becomes a gate. Counting
continues as long as a valid level specified in the MODO bit is input.

» The value specified in the MODL1 bit has no effect on operation.

In event count mode:

» The MOD2 bit is not affected.

* In event count mode, the input pin becomes a trigger input pin. Counting
starts when a valid edge specified in the MOD1 and MODO bhits is input.
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12.4 16-Bit Reload Timer Registers

12.4.2 Timer Control Status Register, Lower (TMCSR)

The timer control status register (TMCSR) is used to set the operating conditions of
the 16-bit reload timer, enable and disable counting, control interrupts, and check the
status of interrupt requests.

m Timer Control Status Register, Lower (TMCSR)

Figure 12.4-3 Timer Control Status Register, Lower (TMCSR)

Bit 7 6 5 4 3 2 1 0 Initial value
|MO*D0‘OUTE‘OUTL‘RELD‘ INTE ‘ UF ‘CNTE‘ TRG | 00000000s
RW R/W RW R/W RW R/W R/W R/W

T

LP TRG Software trigger bit
0 | No change, no effect on other bits

1 | Counting starts after data loading

CNTE Count enable bit
0 | Counting stopped

1 | Counting enabled (wait for the start trigger))

Underflow interrupt request flag bit

During reading During writing
0 | No interrupt request issued Clearing the interrupt request
Interrupt request issued No effect on operation
> INTE Underflow interrupt request enable bit

0 | Interrupt request output disabled

1 | Interrupt request output enabled

»>RELD Reload selection bit
0 | One-shot mode (reload disabled)

1 | Reload mode (reload enabled)

Pin output level selection bit

> OUTL In single-shot mode In reload mode
(RELD="0") (RELD="1")

Square wave of H during counting [ Toggle output of L when counting is started.

Square wave of L during counting Toggle output of H when counting is started.

Timer output enable bit

» OUTE ) ) Registers and pins corresponding to each channel
Pin functions
TMCR
1/0 port PB5
Timer output TOO

R/W : Read/write
[ : Initial value
* . See Section 12.4.1, "Timer Control Status Register, Higher (TMCSR)," for MODO (bit 7)
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Table 12.4-2 Function Description of Each Bit of the Lower of the Timer Control StatusRegister

(TMCSR)
Bit name Function
bit6 | OUTE: This bit enables or disables output to the timer output pin.
Timer output When this bit is set to "0", the pin serves as an 1/O port. When this bit is set
enable bit to "1", the pin serves as a timer output pin.
bit5 | OUTL: This bit selects the output level of the timer output pin.
Pin output level The timer output pin outputs a toggle waveform in reload mode or a square
setting bit wave indicating that counting is in progress in one-shot mode.
Opposite output levels are output from the pin depending on whether this bit
is set to "0" or "1".
bit4 | RELD: This bit enables reloading.

Reload selection bit

When this bit is set to "1", the timer is in reload mode. When an underflow of
the 16-bit down counter occurs, the value stored in the 16-bit reload register
is loaded into the 16-bit down counter and counting continues.

When this bit is set to "0", the timer is in one-shot mode. When an underflow
of the 16-bit down counter occurs, counting stops.

Software trigger bit

bit3 | INTE: This bit enables interrupt requests.
Underflow interrupt When this bit and the interrupt request flag (UF) bit are 1, the timer outputs
request enable bit an interrupt request.

bit2 | UF: This is a flag bit for an interrupt request.

Underflow interrupt This bit is set to "1" when an underflow of the 16-bit down counter occurs.

request flag bit An interrupt request is output when this bit is set to "1" while the underflow
interrupt request enable bit (INTE) is set to "1".

Setting this bit to "0" clears an interrupt request.

Setting this bit to "1" has no effect on operation.

This bit is also cleared when EI?OS is activated.
bitl | CNTE: This bit enables or disables counting.

Count enable bit When this bit is set to "1", the counter is placed in trigger standby mode.
Counting starts when the software trigger bit (TRG) is set to "1" or a valid
edge (rising, falling, or both edges) of trigger input specified in the operation
mode setting bits (MOD2, MOD1, and MODQO) is input to the TIN pins.
When this bit is set to "0", counting stops.

bit0 | TRG: This bit starts the interval timer function or counter function with software.

When this bit is set to "1" while the count enable bit (CNTE) is set to "1", the
value stored in the 16-bit reload register is loaded into the 16-bit down
counter and counting starts.

When this bit is set to "0", there is no effect on operation.

The read value is "0".
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12.4 16-Bit Reload Timer Registers

12.4.3 16-bit Timer Register (TMR)

The 16-bit timer register (TMR) is always able to read the count value from the 16-bit
down counter.

m 16-bit Timer Register (TMR)

Figure 12.4-4 16-Bit Timer Register (TMR)
Bit 15 14 13 12 11 10 9 8 Initial value
D15 | D14 | D13 | D12 | D11 | D10 | D9 | D8 XXXXXXXXs

R R R R R R R R

Bit 7 6 5 4 3 2 1 0 Initial value
D7 D6 D5 D4 D3 D2 D1 DO XXXXXXXXs

R: Read only
X: Undefined

The 16-bit timer register is a 16-bit down counter.

When the software trigger bit (TRG) is set to "1" while the count enable bit (CNTE) of the timer
control status register (TMCSR) is set to "1" or a valid edge (rising, falling, or both edges) of
trigger input specified in the operation mode setting bits (MOD2, MOD1, and MODO) is input to
the TIN pins, the values stored in the 16-bit reload register (TMRLR) are loaded into the 16-bit
down counter and counting starts. This register holds the value of the 16-bit timer register
(TMR) while counting is stopped (TMCSR: CNTE ="0").

Notes:

* Be sure to use a word transfer instruction (MOVW A, 003Ay) to read data from the 16-bit
timer register (TMR).

e Although 16-bit timer register (TMR) is read-only and the 16-bit reload register (TMRLR) is
write-only, they are placed at the same address. Thus, writing a value to the 16-bit timer
register has no effect on this register because the value is written to the 16-bit reload
register.
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12.4.4 16-bit Reload Register (TMRLR)

The 16-bit reload register (TMRLR) sets a reload value in the 16-bit down counter. The
value written to this register is loaded into the down counter, and the value is counted

down.

m 16-Bit Reload Register (TMRLR)
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Figure 12.4-5 16-Bit Reload Register (TMRLR)

Bit 15 14 13 12 11 10 9 8 Initial value
D15| D14 | D13 | D12 | D11 | D10 | D9 | D8 XXXXXXXXs
W w W W W W W W

Bit 7 6 5 4 3 2 1 0 Initial value
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO XXXXXXXXs

w wW W W W W W W

W: Write only
X: Undefined

When a value is written to the 16-bit reload register (TMRLR), counting must be stopped
(TMCSR:CNTE="0") regardless of the operating mode of the 16-bit reload register. While the
count enable bit (CNTE) of the timer control status register (TMCSR) is set to "1", a value stored
in the 16-bit reload register is loaded into the 16-bit down counter and countdown starts in one
of two cases: the software trigger bit (TRG) is set to "1" or a valid edge (rising, falling, or both
edges) of the trigger input specified in the operation mode setting bits (MOD2, MOD1, and
MODO) is input to the TIN pins.

In reload mode, when an underflow of the 16-bit down counter occurs (change from "00004" to
"FFFFY"), a value stored in the 16-bit reload register (TMRLR) is loaded into the 16-bit down

counter and countdown continues. In one-shot mode, when an underflow of the 16-bit down
counter occurs, the 16-bit down counter stops at the value "FFFF4".

Notes:

e Counting must be stopped (TMCSR: CNTE = "0") when a value is written to the 16-bit reload
register (TMRLR).

* Use a word transfer instruction (MOVW 003Ay, A) to write a value to the 16-bit reload
register (TMRLR).

» Although the 16-bit reload register (TMRLR) is write-only and the 16-bit timer register (TMR)
is read-only, they are placed at the same address. Since different values are written to, and
read from these registers, none of the INC/DEC and other instructions that result in read-
modify-write (RMW) operations can be used.



12.5 16-Bit Reload Timer Interrupts

12.5 16-Bit Reload Timer Interrupts

The 16-bit reload timer outputs an interrupt request when an underflow of the 16-bit
down counter occurs. The 16-bit reload timer also supports the extended intelligent I/

O service (EIZOS).

m 16-Bit Reload Timer Interrupts

Table 12.5-1 Interrupt Control Bits and Interrupt Causes of the 16-Bit Reload Timer

16-bit reload timer 0

16-bit reload timer 1

Interrupt request flag bit

TMCSRO: UF

TMCSR1: UF

Interrupt request enable bit

TMCSRO: INTE

TMCSR1: INTE

Interrupt cause

Underflow of the 16-bit down
counter (TMRO)

Underflow of the 16-bit down
counter (TMR1)

In the 16-bit reload timer, the underflow interrupt request flag bit (UF) of the timer control status
register (TMCSR) is set to "1" when an underflow of the 16-bit down counter occurs (change
from "00004" to "FFFFQ"). If, at this time, the underflow interrupt request enable bit is set to

Enabled (TMSCR: INTE ="1"), an interrupt request is output.

m 16-Bit Reload Timer Interrupts and EI?0S

Table 12.5-2 16-Bit Reload Timer Interrupts and EI?0S

Interrup_t E[:ontrol Vector table address
Interrupt register 5
Channel b EI“OS
numober | pegister
Address Lower Upper Bank
name
16-bit reload timer 0 #23 (17y) FFFFAO | FFFFAly | FFFFA2y
ICRO6 0000B6
16-bit reload timer 1 #24 (18y) FFFFOCy | FFFFODy | FFFFOEY A
16-bit reload timer 2 #21 (154) | ICRO5 0000B5, | FFFFA8y | FFFFA9y | FFFFAAY

A : Usable when an interrupt cause that shares the ICR is not used.

m EI20S Function of the 16-Bit Reload Timer

The 16-bit reload timer allows the use of the extended intelligent 1/0O service (EIZOS) when an
underflow of the 16-bit down counter occurs (change from "00004" to "FFFF4").
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CHAPTER 12 16-BIT RELOAD TIMER

12.6 Operation of the 16-Bit Reload Timer

This section describes the 16-bit reload timer settings and counter operating status.

m 16-Bit Reload Timer Settings

O Internal clock mode setting

The setting shown in Figure 12.6-1 "Internal Clock Mode Setting" is required to operate this
timer as an interval timer.

Figure 12.6-1 Internal Clock Mode Setting

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMCSR [ —|— | — | — [csta|cstolwopz|monijmonooutejourt|reLn| ne | uF [onte| Tre |

A5 © 66 © © 66 © ©® 1 0
Other than 11

TMRL | Set the initial value (reload value) of the counter. |

©: Used
1:Setl.

O Event counter mode setting

he setting shown in Figure 12.6-2 "Event Counter Mode Setting" is required to operate this timer
as an event counter.

Figure 12.6-2 Event Counter Mode Setting

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
TMCSR [ —|—|— | — |csta]csto|monemopi|monoourejourt|reLo|nTe| U [onte| Tre|
1 1 © © O O O © © © 1 0

TMRL | Set the initial value (reload value) of the counter. |
DDRB HEEEEEEN
A
© : Used
1 :Setl

A : Setthe corresponding to the pin used to 0.
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12.6 Operation of the 16-Bit Reload Timer

m Counter Operating Status

The 16-bit down counter status is determined by the count enable bit (CNTE) values of the timer
control status register (TMCSR) and the internal trigger wait signal value (WAIT). Figure 12.6-3
"Counter Status Transition" shows the relationship between the count enable bit (CNTE) values
and the internal trigger wait signal (WAIT) values in the stop status (STOP status), trigger wait
status (WAIT status), and running status (RUN status)

Figure 12.6-3 Counter Status Transition

Reset >  STOP |CNTE="0", WAIT ="1"

TIN: Input disabled

TO: 1/O port

Counter: The counter value is retained
when the counter stops.

Immediately after a reset,
it is undefined.

CNTE ="1" CNTE ="1"
TRG ="0" TRG ="1"

WAIT CNTE ="1", WAIT ="1" RUN CNTE ="1", WAIT ="0"
TIN: Only trigger input enabled TIN: Functions as TIN
TO: Output initial value < TO: Functions as TO
. ; ; UF="1" ;
Counter: The counter value is retained RELD = "0" Counter: Run

when the counter stops.

. (Single-shot mode)
Immediately after a reset,

it is undefined and remains so UF = "1"

until a value is loaded. RELD ="1" }
TRG = "1" v (Reload mode) TRG = "1" .
(Software trigger) LOAD CNTE ="1", WAIT = "0" (Software trigger)

The value of the 16-bit reload register is

loaded into the 16-bit down counter. Loading ends.

External trigger from TIN

—> : State transition by hardware

——» : State transition by register access

WAIT : Wait signal (internal signal)

TRG : Software trigger bit of timer control status register (TMCSR)

CNTE : Count enable bit of timer control status register (TMCSR)

UF . Underflow interrupt request flag bit of timer control status register (TMCSR)
RELD : Reload selection bit of timer control status register (TMCSR)
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CHAPTER 12 16-BIT RELOAD TIMER

12.6.1 Internal Clock Mode (Reload Mode)

The 16-bit reload timer count downs the 16-bit down counter in synchronization with
the internal count clock and outputs an interrupt request when an underflow occurs
(change from "00004" to "FFFFY"). It can also output a toggle waveform from the timer

output pin.

m Operation

in Internal Clock Mode (Reload Mode)

While the count enable bit (CNTE) of the timer control status register (TMCSR) is set to "1", a
value stored in the 16-bit reload register (TMRLR) is loaded into the 16-bit down counter, and
then countdown starts in one of the following cases: the software trigger bit (TRG) is set to "1",
or a valid edge (rising, falling, or both edges) of the trigger input specified in the operation mode
setting bits (MOD2, MOD1, and MODO) is input to the TIN pins. When the CNTE bit and the
software trigger bit are set to "1" simultaneously, countdown starts as soon as counting is
enabled.

When an underflow of the 16-bit down counter occurs (change from "0000y" to "FFFF4"), a

value stored in the 16-bit reload register (TMRLR) is loaded into the 16-bit down counter and
countdown continues. An interrupt request is output to the CPU when an underflow of the 16-bit
down counter occurs while the underflow interrupt request flag bit (UF) of the timer control
status register (TMCSR) is "1" and the underflow interrupt request enable bit (INTE) is "1".

The timer can also output from the TO pin a toggle waveform, which is inverted for each
underflow.

Software trigger operation

Counting starts when the software trigger bit (TRG) is set to "1" while the count enable bit

(CNTE) of the timer control status register (TMCSR) is set to "1".

Figure 12.6-4 Count Operation in Reload Mode (Software Trigger Operation)

Countclock [ LI LI LI L e

Data load signal

counter XN YR X Y X X

L N T . .
oNTEDE [ — - — e
TRGHit  _[T] L L -
_>; * 54_ E ----- E E ------

Topn LA ' L .. |

T: Machine cycle (one cycle of the machine clock)
* |t takes 1T time from trigger input to loading of the reload data.
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12.6 Operation of the 16-Bit Reload Timer

O External trigger operation

Counting starts when a valid edge (rising, falling, or both edges) of trigger input specified in the
operation mode setting bits (MOD2, MOD1, and MODO) is input to the TIN pins while the count
enable bit (CNTE) of the timer control status register (TMCSR) is set to "1".

Figure 12.6-5 Count Operation in Reload Mode (External Trigger Operation)

Countclock LI LI LI LI Lo T
Counter S, E Y T S, S I S, E A I S, A S

Data load signal

UF bit I I I

CNTEbit ]

TIN pin [ L. L S L

2T to 2.5T* : lllllllllll
TO pin [ [ |

T: Machine cycle (one cycle of the machine clock)
* |t takes 2T to 2.5T time from external trigger input to loading of the reload data.
Note:
Specify 2/¢ (¢ : machine clock frequency) or more for the width of a trigger pulse to be input
to the TIN pin.
O Gate input operation

Counting starts when the software trigger bit (TRG) is set to "1" while the count enable bit
(CNTE) of the timer control status register (TMCSR) is set to "1".

Counting continues while a valid level of gate input ("L" or "H") specified in the operation mode
setting bits (MOD2, MOD1, and MODOQO) is input to the TIN pin.

Figure 12.6-6 Count Operation in Reload Mode (Software Trigger, Gate Input Operation)

Count clock L s gyt
Counter ST € (€D G G 6 € 6

Data load signal | [1 Reload data
UF bit : - n
CNTEbit  _[ . —
TRG bit 1 -
> -~ E ----- : .
TIN pin T [ |
topm . |

T: Machine cycle (one cycle of the machine clock)
* |t takes 1T time from trigger input to loading of the reload data.

Note:

Specify 2/¢ (¢ : machine clock frequency) or more for the width of a gate input pulse to be
input to the TIN pin.
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12.6.2 Internal Clock Mode (Single-shot Mode)

The 16-bit reload timer count downs the 16-bit down counter in synchronization with
the internal count clock and outputs an interrupt request when an underflow occurs
(change from "00004" to "FFFFy4"). It can also output a square waveform from the TO

pin.

m Internal Clock Mode (Single-Shot Mode)
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When the software trigger bit (TRG) is set to "1" while the count enable bit (CNTE) of the timer
control status register (TMCSR) is set to "1" or a valid edge (rising, falling, or both edges) of
trigger input specified in the operation mode setting bits (MOD2, MOD1, and MODO) is input to
the TIN pins, a value stored in the 16-bit reload register (TMRLR) is loaded into the 16-bit down
counter and countdown starts. When both the CNTE bit and the software trigger bit (TMCSR:
TRG) are set to "1", countdown starts as soon as counting is enabled.

When an underflow of the 16-bit down counter occurs (change from "00004" to "FFFFy"), the
16-bit down counter stops counting at the value "FFFF".

An interrupt request is output when an underflow of the 16-bit down counter occurs while the
underflow interrupt request flag bit (UF) of the timer control status register (TMCSR) is set to "1"
and the underflow interrupt request enable bit (INTE) is set to "1".

The timer can also output from the TO pin a rectangular waveform indicating that counting is in
progress.
Software trigger operation

Counting starts when the software trigger bit (TRG) is set to "1" while the count enable bit
(CNTE) of the timer control status register (TMCSR) is set to "1".

Figure 12.6-7 Count Operation in Single-Shot Mode (Software Trigger Operation)

countcock I LI LI i L L e

Counter :XQ(::I:I: ooo FFFFHII:I::)QCIII:WFFFFH

Data load signal | Reload. data e n Reload fjftfa.. :
UF bit L ... L [

ONTE bit N — — —
TRGbit | L. . i [

> E Do :

T* : ' :

TO pin _ |_ ...... J |

>

Wait for trigger input

T: Machine cycle (one cycle of the machine clock)
* |t takes 1T time from trigger input to loading of the reload data.



12.6 Operation of the 16-Bit Reload Timer

O External trigger input operation

Counting starts when a valid edge (rising, falling, or both edges) of trigger input specified in the
operation mode setting bits (MOD2, MOD1, and MODO) is input to the TIN pins while the count
enable bit (CNTE) of the timer control status register (TMCSR) is set to "1".

Figure 12.6-8 Count Operation in Single-Shot Mode (External Trigger Operation)

Countclock — LI LI L e

................

Counter X k XLz 0000 FFFF X 2( B 0000+ FFFFx

................

Data load signal [1 Reload data 5 [T  Reload data

UF bit o .. S I'I

CNTE bit _I i —— e ———

S e

> e -
2T to 2.5T* :
TOpin  _| ... I

Wait for trigger input

T: Machine cycle (one cycle of the machine clock)
* |t takes 2T to 2.5T time from external trigger input to loading of the reload data.

Note:
Specify 2/¢ or more for the width of the trigger pulse input to the TIN pin.

O External Gate input operation

Counting starts when the software trigger bit (TRG) is set to "1" while the count enable bit
(CNTE) of the timer control status register (TMCSR) is set to "1".

Counting continues while a valid level of gate input ("L" or "H") specified in the operation mode
setting bits (MOD2, MOD1, and MODOQO) is input to the TIN pin.

Figure 12.6-9 Count Operation in Single-Shot Mode (Software Trigger Gate Input Operation)

countcock [ LI LI LIy oy L

Counter X_Reload data XIIIIZZW@%III 15X
Data load signal n ..... R : Reload data
UF bit ..... |_|_ ..... .....
ONTE bit N ..... — .....
TRG bit +—,_I+ A A _|_| .....
T : : ' :
Tin pln ..... ........... _I
1O pin _r ..... |_ ..... _[ ..... :

Wait for trigger input
T: Machine cycle (one cycle of the machine clock)
* |t takes 1T time from trigger input to loading of the reload data.

Note:

Specify 2/¢ (¢ : machine clock frequency) or more for the width of a gate input pulse to be
input to the TIN pin.
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CHAPTER 12 16-BIT RELOAD TIMER

12.6.3 Event Count Mode

The 16-bit reload timer count downs the 16-bit down counter every time it detects a
valid edge of pulse input to the TIN pin and outputs an interrupt request when an
underflow occurs (change from "00004" to "FFFFy"). It can also output a toggle or

square waveform from the TO pin.

m Event Count Mode
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When the software trigger bit (TRG) is set to "1" while the count enable bit (CNTE) of the timer
control status register (TMCSR) is set to "1", a value stored in the 16-bit reload register
(TMRLR) is loaded into the 16-bit down counter and countdown occurs every time a valid edge
(rising, falling, or both edges) of pulse input to the TIN pin (external count clock) is detected.
When both the CNTE bit and the software trigger bit (TRG) are set to "1", countdown starts as
soon as counting is enabled.

Operation in reload mode

When an underflow of the 16-bit down counter occurs (change from "00004" to "FFFF4"), a

value stored in the 16-bit reload register (TMRLR) is loaded into the 16-bit down counter and
countdown continues.

An interrupt request is output to the CPU when an underflow of the 16-bit down counter (change
from 0000y to FFFFy) occurs while the underflow interrupt request flag bit (UF) of the timer

control status register (TMCSR) is set to "1" and the underflow interrupt request enable bit
(INTE) is setto "1".

The timer can also output from the TO pin a toggle waveform, which is inverted for each
underflow.

Figure 12.6-10 Count Operation in Reload Mode (Event Count Mode)

TINpin ) 6 I I_I_I_I_I_I_I I_I_I_I_I_I_I I_I_

Counter :x:q: """ X XX X

Data load signal Reload.(.j?.t‘:i n Reloaq.d.?f? Remad.‘??fe.‘ Reload data
UF bit L . ﬂ ..... ﬂ ......
CNTE bit N — — — —
TRG bit I I S S L
_H :<_ : ------ : : -----
TO pin - | L .. |

T: Machine cycle (one cycle of the machine clock)
* |t takes 1T time from trigger input to loading of the reload data.

Note:

Specify 22/¢ or more for the H and L widths of the pulse input to the TIN pin.



12.6 Operation of the 16-Bit Reload Timer

O Operation in single-shot mode

When an underflow of the 16-bit down counter occurs (change from "00004" to "FFFFy"), the
16-bit down counter stops counting at the value "FFFF".

An interrupt request is output to the CPU when an underflow of the 16-bit down counter (change
from 0000y to FFFF) occurs while the underflow interrupt request flag bit (UF) of the timer

control status register (TMCSR) is "1" and the underflow interrupt request enable bit (INTE) is
"1

The timer can also output from the TO pin a rectangular waveform indicating that count.

Figure 12.6-11 Counter Operation in Single-Shot Mode (Event Count Mode)
TIN pin ML ML FLrLL
Counter :XQ(:IZIZIW@%III:XQCIZIZIWFFFFH

Data load signal 1L~ . PR | S issbon

UF bit ..... rl_ ..... ...... ﬂ

CNTE bit 1 ; :
TRG bit J .. L I ..
> - : Do :
T* ----- S E
TO pin | l_ ..... .J I

Wait for trigger input

T: Machine cycle (one cycle of the machine clock)
* |t takes 1T time from trigger input to loading of the reload data.

Note:

Specify 22/¢ or more for the H and L widths of the pluse input to the TIN pin.
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12.7 Usage Notes on the 16-Bit Reload Timer

Notes on using the 16-bit reload timer are given below.

m Usage Notes on the 16-Bit Reload Timer
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0 Notes on using a program for setting

Write a value to the 16-bit reload register (TMRLR) when counting stops (TMCSR: CNTE =
0). Also, a value can be read from the 16-bit timer register (TMR) even during counting, but
always be sure to use a word transfer instruction (MOVW A, dir, etc.).

Counting must be stopped (TMCSR: CNTE = "0") when the count clock setting bits (CSL1
and CSLO) of the timer control register (TMCSR) are changed.

0 Notes about interrupts

When the UF bit of the timer control status register (TMCSR) is set to 1 and an interrupt
request is enabled (TMCSR: INTE = 1), control cannot be returned from interrupt
processing. Always clear the UF bit.

The 16-bit reload timer shares the interrupt control register with the 8/16-bit PPG timers.
Therefore, if multiple interrupts of the same level are output, the interrupt with a smaller
interrupt vector number has precedence.



CHAPTER 13 16-BIT I/O TIMER

This chapter describes the functions and operations of the 16-bit I/O timer of the
MB90M405 series.

13.1 "Overview of the 16-Bit I/O Timer"

13.2 "16-Bit I/O Timer Block Diagram"

13.3 "16-Bit I/O Timer Registers"

13.4 "16-Bit Free-Running Timer Operations"
13.5 "16-Bit Output Compare Operations”
13.6 "16-Bit Input Capture Operations"
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CHAPTER 13 16-BIT I/O TIMER

13.1 Overview of the 16-Bit I/O Timer

The 16-bit 1/0 timer, which is based on a 16-bit free-running timer, can output two
independent waveforms and measure an input pulse width and an external clock cycle.

m 16-bit Free-Running Timer (One Channel)

The 16-bit free-running timer consists of a 16-bit up counter (timer data register [TCDT]), timer
control status register (TCCS), and prescaler.

The counter output value of the 16-bit free-running timer is used as the basic time (base timer)
for output compare and input capture.

Counter operation clock (one of four types)

Internal clock types: ¢/4, $/16, $/32, ¢p/64

¢: Machine clock frequency

Interrupt

An interrupt is issued to the CPU when a counter overflow occurs or the counter value matches
the value of compare register 0.

Initialization

The counter value is initialized to 00004 when a reset occurs, the software reset bit is cleared to
"0", or the value of compare register 0 matches the count value of the free-running timer.

m Output Compare (One Channel)

The output compare module consists of a 16-bit compare register and a control register. When
the value of the 16-bit free-running timer matches the compare register value, an interrupt is
issued to the CPU.

m Input Capture (Two Channels)
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The input capture module consists of a capture register and a control register, each of which
corresponds to two independent external input pins. The capture register stores the value of the
16-bit free-running timer. It can also issue an interrupt to the CPU when an edge of the signal
input from an external pin is detected.

» The edge to be detected (rising, falling, or both edges) of an external input signal can be
selected.

» Two input capture modules can operate independently.
« Aninterrupt can be issued upon detection of a valid edge of an external input signal.

An input capture interrupt can be used to start the extended intelligent I/O service.



13.2 16-Bit I/O Timer Block Di

13.2 16-Bit I/O Timer Block Diagram

agram

Figure 13.2-1 "16-Bit I/O Timer Block Diagram"” shows a block diagram of the 16-bit 1/0

timer.

m 16-Bit /O Timer Block Diagram

Figure 13.2-1 16-Bit I/O Timer Block Diagram

Interrup

t request ¢
2

<«<—>{ IvF | IvFE | STOP|MODE| CLR

| cLki | cLko| | Divider |

(TCCS)

Comparator O

H 16-hit free-running timer (data register [TCDT])IJ ermnnnnnnnooeeeeod Clock

Count value output (T15 to TOO)

j‘>| Compare control

{}

| Compare register 0 (2)

Internal data bus

I Control section

Compare 0 (2) interrupt
Each control block

H Capture data register 0

H Capture data register 1

Edge detection ICO
| EG11] EG10] EGO1] EGOO|

k Ed i

[< ge detection IC1

[ 1cP1 | icPo | icE1 | IcE0 |

| —{ )>———> Capture interrupt

. = »——> Captureinterrupt
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13.3 16-Bit I/O Timer Registers

The 16-bit I/0O timer has the following six types of registers:

Timer counter data register (TCDT)

Timer counter control status register (TCCS)

Output compare register (OCCPO0)

Output compare control status register (OCSO0)
Input capture data register (IPCO and IPC1)
Input capture control status register (ICS01)
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16-Bit I/O Timer Registers

Figure 13.3-1 16-Bit I/O Timer Registers

BItB  BIL7 ---vseeeesessssesssssmesssee s

Timer counter data register upper (TCDT)

Timer counter data register lower (TCDT)

Timer counter control status register (TCCS)

Output compare register upper (OCCP)

Output compare register lower (OCCP)

Output compare control status register (OCSO0)

Input capture data register upper (IPC)

Input capture data register lower (IPC)

Input capture control status register (ICS01)




13.3 16-Bit I/O Timer Registers

13.3.1 16-Bit Free-Running Timer Registers (TCDT and TCCS)

The 16-bit free-running timer has the following registers:

» Timer counter data register (TCDT)
» Timer counter control status register (TCCS)

m Timer Counter Data Register (TCDT)

The count value of the 16-bit free-running timer can be read from the timer counter data register
(TCDT). A reset clears the counter value to 0000g. You can set the timer value via the timer

counter data register. The setting must be made in stop state (STOP="1").

The 16-bit free-running timer is initialized by any of the following events:

¢ Reset

« Initialization due to the clear bit (CLR) of the control status register

« Initialization due to a match between compare register 0 for output compare and the timer
counter value (mode setting is required)

Figure 13.3-2 Timer Counter Data Register (TCDT)

Bit 15

14

13

12

11

10

9

8

T15

T14

T13

T12

T11

T10

TO9

TO8

R/W R/W

7

6

R/W

R/W

R/W

R/W

R/W

R/W

TO7

TO6

TO5

TO4

TO3

TO2

TO1

TOO

R/W R/W

R/W : Read/write enabled

Note:

R/W

R/W

R/W

R/W

R/W

R/W

Initial value

000000008

Initial value

000000008

The timer counter data register (TCDT) requires word access.

249



CHAPTER 13 16-BIT I/O TIMER

m Timer Counter Control Status Register (TCCS)

Figure 13.3-3 Timer Counter Control Status Register (TCCS)

Bit 7 6 5 4 3 2 1 0 Initial value
Reserve| IVF [IVFE STOPMODE CLR |CLK1|CLKO 000000008

RW RW RW RW R/W R/W R/W R/W
—

I

L okt cLko e Count clock selection bit
Clock |©=16MHz | 9=8MHz | ¢=4MHz | ¢=1MHz
0 0 @4 0.25ns 0.5ns 1ns 4 us
0 1 @16 1ns 2ns 4ns 16 ps
1 0 @64 4 ns 8 ns 16 ps 64 ps
1 1 @256 16 ns 32 ps 32 us 256 ps
—>»| CLR Clear bit

0 No effect on operation

1 Counter initialized to 0000H

Y
=
(@]
o
M

Free-running timer initialization condition setting bit

0 Initialization occurs due to a reset or the clear bit.

1 | Initialization occurs due to a reset, the clear bit, or compare register 0.

Count stop bit

\
%)
—
©]
)

0 | Counting enabled (The counter is operating.)

1 | Counting disabled (The counter is stopped.)

Y
<
5
m

Free-running timer interrupt request enable bit

0 Interrupt requests disabled

1 Interrupt requests enabled

Y

Free-running timer interrupt request flag bit

IVF -
Read Write
No interrupt request present | Interrupt request cleared
1 | Interrupt request present No effect on operation

R/W : Read/write enabled

[ : Initial value

[0) : Machine clock frequency

250




13.3 16-Bit I/O Timer Registers

Table 13.3-1 Functions of the Timer Counter Control Status Register (TCCS) Bits

Bit name

Function

bit 7

Reserved:
Reserved bit

Be sure to set this bit to "0".

bit 6

IVF:

Free-running timer
interrupt request flag
bit

This bit is a flag bit for an interrupt request.

This bit is set to "1" if the counter value of the 16-bit free-running timer
overflows.

An interrupt is output if this bit is set to "1" while the free-running timer
interrupt enable bit (IVFE) is "1".

An interrupt request is cleared if this bit is set to "0".

Setting this bit to "1" does not effect operation.

Read-modify-write instructions return "1" for this bit.

IVFE:
Free-running timer

This bit enables interrupt requests.

Count stop bit

bit5 | . < Aninterrupt is output if the free-running timer interrupt request flag bit
interrupt request . o T
. (IVF) is set to "1" while this bit is "1".
enable bit
» This bit stops the 16-bit free-running timer counter.
« If this bit is set to "0", the 16-bit free-running timer counter runs.
bit 4 STOP: « If this bit is set to "1", the 16-bit free-running timer counter stops.

Note:

When the 16-bit free-running timer counter stops, the output compare
operation also stops.

bit 3

MODE:

Free-running timer
initialization condition
setting bit

Note:

This bit sets the initialization condition of the 16-bit free-running timer
counter value.

If this bit is set to "0", a reset or setting the clear bit (CLR="1") initializes
the counter value to 0000.

If this bit is set to "1", a reset, setting the clear bit (CLR="1"), or a match
between the 16-bit free-running timer counter value and the compare
clear register (CPCLR) value initializes the counter value to 0000.

The counter value is cleared at the next counting operation after the
detection of an initialization condition as specified in the MODE bit.

The CLR bit clears the counter value to 0000y while the 16-bit free-
running timer counter is running.

If this bit is set to "0", operation is not affected.

If this bit is set to "1", the counter value is cleared to 0000.

bits

bit 2 CLR: . e The read value of this bit is always "0".
Clear bit )

Note:

* To clear the counter value to 0000 while the 16-bit free-running timer
counter is stopped (STOP="1"), set the timer data register (TCDT) to
0000y.

. CLK1 and CLKO: * These bits select the count clock of the 16-bit free-running timer.
bit 1 . : : . .
bit 0 Count clock selection « Set these bits while output compare and input capture are stopped, since

the count clock changes as soon as these bits are set.
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13.3.2 Output Compare Registers (OCCPO and OCSO0)

The output compare unit uses the following registers:
* Output compare register (OCCPO0)
* Output compare control status register (OCSO0)

m Output Compare Register (OCCPO0)

The output compare register (OCCPO) is a 16-hit register whose value is compared with the 16-
bit free-running timer. Because the initial value of this register is undefined, set an initial value
before enabling timer operation. When the output compare register value matches the 16-bit
free-running timer value, a compare signal that sets the output compare interrupt request flag bit

to "1" is generated.

Figure 13.3-4 Output Compare Register (OCCPO0)

Bit 15 14 13 12 11 10 9

8

C15| C14 | C13 | C12 | C11 |C10 | CO9

Cco8

RW R/W R/W R/W R/W R/W R/W
7 6 5 4 3 2 1

R/W
0

CO7 | CO6 | CO5 | CO4 |CO3 |C0O2 |CO1

C00

R/W R/W R/W R/W R/W R/W R/W

R/W : Read/write enabled
X . Undefined

Note:

The output compare register (OCCPO) requires word access.
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R/W

Initial value

XXXXXXXXB

Initial value

XXXXXXXXB



13.3 16-Bit I/O Timer Registers

Output Compare Control Status Register (OCSO0)

Figure 13.3-5 Output Compare Control Status Register (OCSO0)

Bit 7 6 5 4 3 2 1 0 Initial value
- |lIOPO| - |IOEO| - - - |CSTO| XX00XXXO0es
- RW - R/W - - - RW
|
|—> CST0 Compare operation enable bit

0 | Compare operation enabled

1 | Compare operation disabled

Output compare interrupt request enable bit

L4
@)
m
(=]

0 | Interrupt requests disabled

1 | Interrupt requests enabled

Output compare interrupt request flag bit

>{|0PO -
Read Write
0 | No interrupt request present Interrupt request cleared
1 | Interrupt request present No effect on operation

R/W : Read/write enabled
X : Undefined
- . Undefined bit

:| . Initial value
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Table 13.3-2 Functions of the Output Compare Control Status Register (OCSO0) Bits

Bit name

Function

bit 7

Undefined bit

The value read from this bit is undefined.
Setting this bit to a new value does not affect operation.

bit 6

IOPO:

Output compare
interrupt request flag
bit

This bit is a flag bit for interrupt requests.

This bit is set to "1" if the compare register (OCCP) value matches the
value of the 16-bit free-running timer counter.

An interrupt is output to the CPU if this bit is set to "1" while the output
compare interrupt enable bit (IOEOQ) is "1".

An interrupt request is cleared if this bit is set to "0".

Setting this bit to "1" does not affect operation.

Read-modify-write instructions return "1" for this bit.

bit 5

Undefined bit

The value read from this bit is undefined.
Setting this bit to a new value does not affect operation.

IOEO:
Output compare

This bit enables interrupt requests.

bit 4 interrunt request An interrupt request is output to the CPU if the output compare interrupt
ptreq request flag bit (IOPO) is set to "1" while this bit is "1".
enable bit
bit3 | -: The value read from this bit is undefined.
bit 2 | Undefined bit Setting this bit to a new value does not affect operation.

This bit enables a compare operation between the output compare
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Since output compare is synchronized with the 16-bit free-running timer clock, the compare

bit 1 CST1, CSTO: register (OCCPO) value and the 16-hit free-running timer counter value.
bit 0 Compare operation Set the output compare register (OCCPO0) value before enabling the
enable bit compare operation.
If this bit is set to "1", the compare operation is enabled.
Note:

operation stops when the 16-bit free-running timer stops (TCCS:STOP="1").




13.3 16-Bit I/O Timer Registers

13.3.3 Input Capture Registers (IPCO/IPC1 and ICSSSO0)

The input capture unit has the following registers:
* Input capture data registers (IPCO/IPC1)
* Input capture control status register (ICS01)

m Input Capture Data Registers (IPCO/IPC1)

The input capture data registers (IPCO/IPC1) retain the value of the 16-bit free-running timer
when a valid edge of the corresponding external pin input waveform is detected.

Figure 13.3-6 Input Capture Data Registers (IPC0O/IPC1)
Bit 15 14 13 12 11 10 9 8 Initial value

CP15|CP14|CP13|CP12|CP11|CP10|CP0O9|CP0O8] XXXXXXXXs

R R R R R R R R
Bit 7 6 5 4 3 2 1 0 Initial value

CPO7|CP06|CP0O5|CP04|CP0O3|CP02 [CPO1|CPO0| XXXXXXXXs
R R R R R R R R

R : Read only
X : Undefined

Note:

The input capture data registers (IPCO/IPC1) require word access. Writing to these registers
is disabled.
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m Input Capture Control Status Register (ICS01)

Figure 13.3-7 Input Capture Control Status Register (ICS01)

Bit 7 6 5 4 3 2 1 0 Initial value
ICP1|ICPO|ICE1|ICEO|EG11|EG10|EGO01|EGO0 000000008

RW RW RW RW R/W R/W R/W R/W

— I | I | |
|—>EG01 EGO0 Valid edge polarity selection bits

0 0 | No edge detected (operation disabled)
0 1 | Rising edge detected 1 (operation enabled)
1 0 | Falling edge detected | (operation enabled)
1 1 | Both edges detected 11 (operation enabled)

>EG11EG10 Valid edge polarity selection bits
(0] 0 | No edge detected (operation disabled)
0 1 | Rising edge detected 1 (operation enabled)
1 0 | Falling edge detected | (operation enabled)
1 1 | Both edges detected 1| (operation enabled)

> |CEOQ Input capture interrupt request enable bit

0 | Interrupt requests disabled

1 | Interrupt requests enabled

\i
)
m
i

Input capture interrupt request enable bit

0 | Interrupt requests disabled

1 | Interrupt requests enabled

Input capture interrupt request flag bit

>ICPO

Read Write

No interrupt request present | Interrupt request present

Interrupt request cleared No effect on operation

Input capture interrupt request flag bit

Y

ICP1

Read Write

0 | No interrupt request present | Interrupt request present

Interrupt request cleared No effect on operation

R/W : Read/write enabled

[ : Initial value

Note:

The input capture data register (ICS01) requires byte access.
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Table 13.3-3 Functions of the Input Capture Control Status Register (ICS01) Bits

Bit name Function
This bit is a flag bit for interrupt requests.
This bit is set to "1" if a valid edge of an external input pin is detected.
bit 7 ICP1, ICPO: An interrupt request is output if this bit is set to "1" while the input
bit 6 Input capture interrupt capture interrupt enable bits (ICE1 and ICEOQ) are "1".
request flag bit An interrupt request is cleared if this bit is set to "0".
Setting this bit to "1" does not affect operation.
Read-modify-write instructions return "1" for this bit.
. ICE1, ICEO: This bit enables interrupt requests.
bit 5 . . : . . .
bit 4 Input capture interrupt An interrupt request is output if the input capture interrupt request flag
request enable bit bits (ICP1, ICPO) are set to "1" while this bit is "1".
These bits select the polarity of a valid edge of the input waveform and
enable or disable the input capture operation.
bit 3 Egéé EG10, EGO1, The input capture operation is enabled if these bits are setto Olgto 11p.
to valid éd e polarit The polarity of a valid edge of the input waveform can be selected as
bit 0 ge p y rising edge, falling edge, or both edges.

selection bits

If these bits are set to 00g, input capture operation and edge detection
are disabled.
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13.4 16-Bit Free-Running Timer Operations

The 16-bit free-running timer starts counting from the counter value 0000y after a reset

is released. The counter value is used as the reference time for16-bit output compare
and 16-bit input capture.

m 16-Bit Free-Running Timer Operations

A counter value is cleared in the following cases:

An

The counter value overflows.

The counter value matches the value of output compare register 0. (A mode must be set.)
The clear bit (CLR) of the timer counter control status register (TCCS) is set to "1".

The timer counter data register (TCDC) is set to 0000g during a stop.

A reset occurs.

interrupt can be output to the CPU if the free-running timer overflows or if the counter is

cleared when the free-running timer value matches the value of compare register 0 (A mode

mu

st be set for the compare match interrupt).

Figure 13.4-1 Counter Cleared by an Overflow

Counter value

Overflow

T R
T R e TR
o T R
e B

0000,

Reset

Interrupt

Figure 13.4
Counter val
FFF

BFF

7FF

3FF

-2 Counter Cleared by a Compare Match with Output Compare Register 0 Value
ue

T

T 5=t

T e B il B

T R e e EELLE

0000y Time

Reset
Compare register value |

Interrupt |
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m 16-bit Free-Running Timer Count Timing
The 16-bit free-running timer counts up based on the specified internal clock.

Figure 13.4-3 Count Timing of the Free-Running Timer

Count clock

N N+1

Counter value

The counter can be cleared using a reset, software clear, or match with compare register 0. A
reset or software clears the counter immediately. A match with compare register O clears the

counter in synchronization with the count timing.

Figure 13.4-4 Clear Timing of the Free-Running Timer (Match with Compare Register 0)

()
Compare register value N
Compare match
Counter value N 0000
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13.

5 16-Bit Output Compare Operations

A 16-bit output compare compares the specified compare register value with the value
of the 16-bit free-running timer. If a match occurs, the interrupt request flag bit is set

to"

1",

m 1

260

6-bit Output Compare Operations

Output compare outputs an interrupt when the free-running timer value matches the specified
compare register value and a compare match signal is generated.

Figure 13.5-1 Compare Operation When Compare Register Rewritten

Counter value N >< N+1 >< - N+2 >< N+3 ><
; No match signal is generated. ; !
Compare register 0 value M : N+1 '
T

Compare register 0 write

Compare 0 stops.é

Figure 13.5-2 Interrupt Timing of Output Compare

Counter value

Compare register value

Compare match

Interrupt



13.6 16-Bit Input Capture Operations

13.6 16-Bit Input Capture Operations

The 16-bit input capture can capture the 16-bit free-running timer value in the capture
register for outputting an interrupt when the specified valid edge is detected.

m 16-bit Input Capture Operations

Counter value
FFFFy
BFFFy
7FFFy
3FFFy
0000y

Reset

INO

IN1

ININ example
Capture 0

Capture 1

Capture example
Capture 0 interrupt
Capture 1 interrupt

Capture interrupt

Figure 13.6-1 Example of Input Capture Timing

______________________________________________________________________________________________________

______________________________________________________________________________________________________

Time
] 5 5
R i
' v
. » v i
Undefined | 3FFFu . | .
Undefined | ; ; | 7FFFy
Undefined | ' BFFFH iz
S | |
.

Capture0 = Rising edge
Capturel = Falling edge
Capture example = Both edges (example)
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m Input Capture Input Timing

Figure 13.6-2 Capture Timing for Input Signals

¢ [ o 7 7 =7 7 1 [/
Counter value N N+1
Input capture input /I\V id ed
alid edge

Capture signal

N+1

Capture register

Interrupt
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CHAPTER 14 UART

This chapter describes the functions and operations of the MB90M405 series UART.

14.1 "Overview of UART"
14.2 "Configuration of UART"
14.3 "UART Pins"

14.4 "UART Registers”

14.5 "UART Interrupts”

14.6 "UART Baud Rates"
14.7 "Operation of UART"
14.8 "Notes on Using UART"
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14.1 Overview of UART

UART is a general-purpose serial data communication interface for performing
synchronous or asynchronous (start-stop synchronization) communication with
external devices. The UART has a bidirectional communication function (normal
mode), additionally the master-slave communication function (multiprocessor mode) is
only available for the master system.

m UART Functions

0O UART Functions

UART is a general-purpose serial data communication interface for transmitting serial data to
and receiving data from another CPU and peripheral devices. It has the functions listed in Table
14.1-1 "UART Functions".

Table 14.1-1 UART Functions

Function

Data buffer

Full-duplex, double buffering

Transfer mode

« Clock synchronous (using start and stop bits)
» Clock asynchronous (start-stop synchronization)

Baud rate

* Up to 2MHz (when the machine clock is operated at 16MHz)

« A dedicated baud rate generator is provided.

« Baud rate by an external clock (clock input through the SCK pins)

« Internal clock (internal clocks supplied from 16-bit reload timer 0 can be used.)
* The baud rate can be selected from a total of eight types

Data length

e 7 bits (in asynchronous normal mode only)
e 8bits

Signal mode

Non-return to zero (NRZ)

Reception error
detection

e Framing error
e Overrun error
e Parity error (cannot be detected in multiprocessor mode.)

Interrupt request

« Reception interrupt (reception completion and reception error detection)

e Transmission interrupt (transmission completion)

« Extended intelligent I/O service (EI%0S) is available for both transmission and
reception interrupts.

Master-slave
communication
function
(multiprocessor
mode)

One-to-n communication (one master to n slaves) can be performed. (This function is
supported only for the master system.)
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Note:

14.1 Overview of UART

During clock synchronous transfer, start and stop bits are not added so only data is
transferred in UART.

Table 14.1-2 UART Operation Mode

Data length
o i d Synchronization Stop bit
peration mode When parity | When parity on mode length
is disabled is enabled
0 Normal mode 7 or 8 bits Asynchronous 1 or 2 bits ("2
1 Multiprocessor g+1 ("D - Asynchronous
2 Normal mode 8 - Synchronous None

-2 Setting not possible

*1: "+1" indicates the address/data selection bit (A/D) for communication control.
*2: During reception, only one stop bit can be detected.

m UART Interrupt and EI?0S

Table 14.1-3 UART Interrupt and EI20S

Interrupt control

Vector table address

Interrupt register )
Interrupt cause b EI“OS
number | Register
Address Lower Upper Bank
name
UARTO reception
interrupt #35(23) FFFF70y | FFFF71, | FFFF72y ©
ICR12 0000BCH
UARTO transmission
interrupt #36(24p) FFFF6C, | FFFF6Dy | FFFF6E A
UART1 reception
interrupt #39(27) FFFF60y | FFFF61ly, | FFFF62y ©
— ICR14 0000BEY
ﬂ'ﬁefgj;:ra”sm'ss'on #40(28,,) FFFF5C, | FFFF5Dy | FFFF5E, | A

© : Provided with a function that detects a UART reception error and stops EI?0S
A : Usable when ICR12 and ICR14 or interrupt causes that share an interrupt vector are not used
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14.2 Configuration of UART

UART consists of the following 11 blocks:
» Clock Selector

» Reception Control Circuit

* Transmission Control Circuit

* Reception Status Detection Circuit
* Reception Shift Register

* Transmission Shift Register

* Mode Control Register (SMRO0/1)

» Control Register (SCRO0/1)

» Status Register (SSR0/1)

* Input Data Register (SIDR0/1)

* Output Data Register (SODRO0/1)

m Block Diagram of UART
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Dedicated baud Transmission
rate generator clock
16-bit reload Clock .
timer selector | Reception .
clock Reception
. control circuit]
Pin ¢ ....... Yoo || Y
1) Sta}rt bit_ e
: | detection circuit | :
‘| Received —J
: bit counter |—
L5 R_eceived
1| parity counter
Pin Recept{on
shift register

Figure 14.2-1 Block Diagram of UART

Control bus

14.2 Configuration of UART

Reception

Transmission

v control circuit

Transmission
start circuit

interrupt signal

—<> Transmission
interrupt signal

Transmission
bit counter

Transmission
parity counter

\d

Transmission
shift register

F{ Pin

Complétion of refception

. Start of

SIDRO/SIDR1 SODRO/SODRL1] : transmission
Receptionstatus | 7] [T R E U ' Reception eror
detection circuit receprt)ion signal
f > for EROS
(to CPU)
Internal data bus
> MD1 PEN PE
——> MDO ——> P —> ORE
SMRO/ > CS2 SCRO/ SBL SSRO > FRE
SMR1 » CS1 SCR1 CL /ISSR1 RDRF
register > CSO register > AID register > TDRE
» REC > BDS
» SCKE > RXE > RIE
> SOE > TXE TIE

O Clock Selector

The clock selector selects the sending/receiving clock from the dedicated baud rate generator,
external input clock (clock input through the SCKO/SCK1 pins), and internal clock (clock
supplied from the 16-bit reload timer).

Reception Control Circuit

The reception control circuit consists of a received bit counter, start bit detection circuit, and
received parity counter.The received bit counter counts receive data bits. When reception of
one data item for the specified data length is complete, the received bit counter generates a
reception interrupt request. The start bit detection circuit detects start bits from the serial input
signal. When the circuit detects a start bit, it writes data in the SIDRO/1 register by shifting at
the specified transfer rate. The received parity counter calculates the parity of the receive data.
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UART

Transmission Control Circuit

The transmission control circuit consists of a transmission bit counter, transmission start circuit,
and transmission parity counter.The transmission bit counter counts transmission data bits.
When transmission of one data item of the specified data length is complete, the transmission
bit counter generates a transmission interrupt request. The transmission start circuit starts
transmission when send data is written to the output data register (SODRO/SODR1). The
transmission parity counter generates the parity bits for data when transmitting data with parity.
Reception Shift Register

The reception shift register fetches receive data input from the SINO/1 pin, shifting the data bit
by bit. When reception is complete, the reception shift register transfers receive data to the
SIDRO/1 register.

Transmission Shift Register

The transmission shift register transfers data written to the SODRO/1 register to itself and
outputs the data to the SOTO/1 pin, shifting the data bit by bit.

Mode Control Register (SMRO0/1)

The mode register performs the operations of the operation mode setting, baud rate clock
setting, serial clock 1/0O control, and output enable setting of serial data to pins.

Control Register (SCR0/1)

The control register performs the operations of the parity presence/absence setting, parity
setting, stop bit length/data length settings, frame data format setting in operation mode 1,
clearing of received error flag bits, and enable/disable setting of send/receive operations.

Status Register (SSR0/1)

The status register performs the operations of status check for transmission/reception and
errors, transfer direction setting of serial data, and enable/disable setting of send/receive
interrupt requests.

Input Data Register (SIDRO0/1)

This register retains receive data.

Output Data Register (SODRO0/1)

This register sets transmission data. Data written to this register is converted to serial data and
output.



14.3 UART Pins

14.3 UART Pins

This section describes the UART pins and provides a pin block diagram.

m UART Pins

The UART pins also serve as /O ports.

Table 14.3-1 UART Pins

Pin name Pin function I/0 format Pull-up Sct::tdrg?/ Setting required to use pin
SI0 Port I_/O or serial Set as an input port
data input (DDRS: bit2 = 0)
SO0 Port I/O or serial Set to serial data output enable
data output mode (SMRO: SOE = 1)
Set as an input port
_ (DDRS: bit3 = 0)
sCo Port I/_O or serial .
clock input/output Set to serial clock output
enable mode
CMOS output (SMRO:SCKE = 1)
and CMOS Nothing | Provided
s Port I/O or serial hysteresis input Set as an input port
data input (DDRS: bit5 = 0)
so1 Port I/O or serial Set to serial data output enable
data output mode (SMR1: SOE = 1)
Set as an input port
_ (DDRS: bité = 0)
sc1 Port I/_O or serial .
clock input/output Set to serial clock output
enable mode
(SMR1:SCKE =1)
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m Block Diagram of UART Pins
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14.4 UART Registers

14.4 UART Registers

The following figure shows the UART registers.

m UART Registers

Figure 14.4-1 UART Registers

bitl5 oo oo Dit8 Dit7 -----cvrrerrr bit0
Control register (SCR) Mode control register (SMR)
Status register (SSR) Input/output data register (SIDR/SODR)
Communication prescaler control register (CDCR)
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14.4.1 Control Register (SCR0O/SCR1)

The control register (SCRO/SCR1) is a register for performing the operations of the
parity presence/absence setting, parity setting, stop bit length/data length settings,
frame data format setting in operation mode 1, clearing of received error flag bits, and
enable/disable setting of send/receive operations.

m Control Register (SCRO/SCR1)

Figure 14.4-2 Control Register (SCRO/SCR1)

Bt 15 14 13 12 11 10 9 8 el value
|PEN‘ P ‘SBL‘ cL ‘A/D‘REC‘RXE‘TXE‘ 000001008
RW RW RW RW RW W RW RW

E TXE Transmission enable bit

0 [Disables transmission.
1 |Enables transmission.

RXE Reception enable bit
0 |Disables reception.

1 |Enables reception.

REC Reception error flag clear bit
0 |Clears the FRE, ORE, and PE flags.
1 |Has no effect on the others.

AID Address/data setting bit
0 |Data frame
1 |Address frame

CL Data length setting bit
7 bits
8 bits

SBL Stop bit length setting bit
0 |1-bitlength
1 |2-bitlength

Parity setting bit

P
Enabled only when parity is provided (PEN=1)
Even parity
Odd parity
PEN Parity enable bit
R/W : Read/Write 0 | Provides no parity bit.
W : Write only 1 |Provides a parity.

[ : Initial value
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Table 14.4-1 Functions of Bits for Control Register (SCR0/SCR1)

enable bit

Bit name Function
bit15 PEN: Parity This bit selects whether to add a parity bit during transmission in serial
enable bit data input-output mode or to detect it during reception.
Note:
No parity can be used in operation modes 1 and 2. Therefore, fix this
bit to 0.
bit14 P: Parity selection | This bit specifies the odd parity/even parity.
bit Note:
Valid only when parity presence (PEN="1") is selected.
bit13 SBL: Stop hit This bit selects the length of the stop bits or the frame end mark of send
length selection data in asynchronous transfer mode.
bit Note:
During reception, only the first bit of the stop bits is detected.
bit12 CL: Data length This bit specifies the length of send and receive data.
selection bit Note:
Seven bits can be selected in operation mode 0 (asynchronous) only.
Be sure to select eight bits (CL=1) in operation mode 1 (multiprocessor
mode) and operation mode 2 (synchronous).
bit1l | A/D: Address/ « Specify the data format of a frame to be sent or received in
data selection bit multiprocessor mode (mode 1).
» Select usual data when this bit is 0, and select address data when the
bit is 1.
bit10 REC: Reception < This bit clears the FRE, ORE, and PE flags of the status register
error flag clear bit (SSRO0/1).
e Write 0 to this bit to clear the FRE, ORE, and PE flag. Writing 1 to this
bit has no effect on the others.
Note:
If UART is active and a reception interrupt is enabled, clear the REC
bit only when the FRE, DRE, or PE flag indicates 1.
bit9 RXE: Reception « This bit controls UART reception.

* When this bit is 0, reception is disabled. When itis 1, reception is
enabled.

Note:
If reception operation is disabled during reception, reception of data
currently being received is finished and the received data is stored in
the input data register (SIDRO/SIDR1), and then the reception
operation is stopped.
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Table 14.4-1 Functions of Bits for Control Register (SCR0/SCR1) (Continued)

Bit name Function

bit8 TXE: * This bit controls UART transmission.
Transmission * When this bit is 0, transmission is disabled. When the bit is 1,
enable bit transmission is enabled.

Note:
When transmission operation is disabled during transmission, wait until
there is no data in the send data buffers (SODRO0/1) before stopping
the transmission operation.
If transmission operation is disabled during transmission, transmission
operation is stopped after all data in the output data register (SODRO/
SODR1) is sent out. When setting "0", write data to the output data
register (SODRO/SODR1) and then wait for at least 1/16 period of the
baud rate for the clock asynchronous transfer mode and the same
period as the baud rate for the clock synchronous transfer mode.
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14.4.2 Mode Register (SMRO/SMR1)

The mode register (SMRO/SMR1) is a register for performing the operations of the
operation mode setting, baud rate clock setting, serial clock 1/0 control, and output
enable setting of serial data to pins.

m Mode Control Register (SMRO/SMR1)

Figure 14.4-3 Mode Control Register (SMRO/SMR1)

Bit 7 6 5 4 3 2 1 0 Initial value
MD1|MDO| CS2| CS1| CSO| - |SCKE[SOE| 00000X00s
RW RW R/W R/W RW - R/W R/W

L’ SOE|  Serial data output enable bit (P37/SOTO0, P61/SOT1 pin)
0 | Uses the pin as an I/O port.
1 | Uses the pin as the serial data output pin.

Y
(2]
(@]
Py
m

Serial clock output enable bit (P40/SCKO, P62/SCK1 pin)
0 |Uses the pin as an /O port or clock input pin of UARTO0/1
1 | Uses the pin as the clock output pin.

> CS2t00 Clock selection bit
"000s" to "101s" | Baud rate by dedicated baud rate generator
"110s" Baud rate by internal timer
(16-bit reload timer)
"111s" Baud rate by external clock (SCKO/SCK1 pins)

Operation mode selection bit
»| MD1|MDO
” Operation mode
R/W : Enables read and write. 0 0 Asynchronous (normal mode)
X Undefined 0 1 1 Asynchronous (multiprocessor mode)
- @ Undefined bit 1 0 Synchronous (normal mode)
:l: Initial value 1 1 Disables setting.
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Table 14.4-2 Functions of Bits for Mode Register (SMRO/SMR1)

Bit name

Function

bit7
bit6

MD1 and MDO:
Operation mode
selection bits

These bits select an operation mode.
Note:

Operation mode 1 (multiprocessor mode) can be used only from the master
system during master-slave communication. UART cannot be used from the
slave system because it has no address/data detection function during
reception.

bit5
bit4
bit3

CS2 to CSO0:
Clock selection bits

This bit selects a baud rate clock source. When the dedicated baud rate
generator is selected, the baud rate is determined at the same time.

When the dedicated baud rate generator is selected, eight baud rates can be
selected: 6 types for the dedicated baud rate generator selected, 1 type for
the internal timer selected, and 1 type for the external clock selected.

Clock input can be selected from external clocks (SCKO/SCK1 pin input), the
internal clock (16-bit reload timer0), and the dedicated baud rate generator.

bit2

Undefined bit

When this bit is read, the value is undefined.
The value set to this bit does not affect operation.

bitl

SCKE:
Serial clock output
enable bit

This bit controls the serial clock input-output ports.
When this bit is 0, the SC pins operate as input-output ports or serial clock
input pins. When this bit is 1, the pins operate as serial clock output pins.

Note:

- To use the SC pins as serial clock input (SCKE="0") pins, set them as
input pins. Also, select an external clock (SMRO/SMR1: CS2 to
CS0="111g") using the clock setting bits.

- To use the SC pins as serial clock output (SCKE="1"), select the dedicated
baud rate generator (SMRO/SMR1:CS2 to CS0=000g to 101g) or internal
clock (SMRO/SMR1:CS2 to CS0=110g).

Reference:

When the SCKO/1 pin is assigned to serial clock output (SCKE=1), it
functions as the serial clock output pin regardless of the status of the input-
output ports.

bit0

SOE:
Serial data output
enable bit

This bit enables the output of serial data.
When this bit "0", the SO pins operate as an /O port.
When this bit is "1", the SO pins operate as a serial data output pin.

Reference:

When the serial data output (SOE="1") is selected, the pins operate as a
serial data output pin regardless of the state of the 1/O port.
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14.4 UART Registers

The status register (SSRO/SSR1) is a register for performing the operations of status

check for transmission/reception and errors, transfer direction setting of serial data,

and enable/disable setting of send/receive interrupts.

m Status Register (SSR0/SSR1)

Figure 14.4-4 Status Register (SSR0/SSR1)

Bit 15 14 13 12 11 10 9 8 Initial value
PE | ORE| FRE |RDRHTDRE/ BDS | RIE | TIE 000010008
R R R R R ’_R,/W R/W R/W
TIE Transmission interrupt request enable bit
0 | Disables output of transmission interrupt request.
1 | Enables output of transmission interrupt request.
RIE Reception enable bit
0 | Disables output of reception interrupt request.
1 | Enables output of reception interrupt request.
BDS Transfer direction selection bit
0 | LSB first (transfer from the least significant bit)
1 | MSB first (transfer from the most significant bit)
TDRE] Transmission data empty flag bit
0 | Transmission data exists.
(Writing transmission data is not allowed.)
1 | Transmission data does not exist.
(Writing transmission data is allowed.)
RDRF Receive data full flag bit
0 | No receive data exists.
1 | Receive data exists.
FRE Framing error flag bit
0 | No framing error occurred.
1 | Aframing error occurred.
ORE Overrun error flag bit
0 | No overrun error occurred.
1 | Anoverrun error occurred.
PE Parity error flag bit
0 | No parity error occurred.
A parity error occurred.

R/W : Read/Write
R : Read only

[ 1: Initial value
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Table 14.4-3 Functions of Bits for Status Register (SSR0/SSR1)

No.

Bit name

Function

bit15

PE:
Parity error flag bit

This bit is set to "1" when a parity error occurs during reception.

This bit is cleared to "0" when "0" is written to the reception error flag
clear bit (REC) of the control register (SCR0O/SCR1).

When this bit is set to "1" while the reception interrupt request enable bit
(RIE) is 1, a reception interrupt request is output.

When this bit is set to "1", data in the input data register (SIDRO/SIDR1)
will be invalid.

bit14

ORE:
Overrun error flag bit

This bit is set to "1" when an overrun error occurs during reception.

This bit is cleared to "0" when "0" is written to the reception error flag
clear bit (REC) of the control register (SCR0/SCR1).

When this bit is set to "1" while the reception interrupt request enable bit
(RIE) is 1, a reception interrupt request is output.

When this bit is set to "1", data in the input data register (SIDRO/SIDR1)
will be invalid.

bit13

FRE:
Framing error flag bit

This bit is set to "1" when a framing error occurs during reception.

This bit is cleared to "0" when "0" is written to the reception error flag
clear bit (REC) of the control register (SCR0/SCR1).

When this bit is set to "1" while the reception interrupt request enable bit
(RIE) is 1, a reception interrupt request is output.

When this bit is set to "1", data in the input data register (SIDRO/SIDR1)
will be invalid.

bit12

RDRF:
Receive data full flag
bit

This bit indicates the status of the input data register (SIDRO/SIDR1).
This bit is set to "1" when the receive data is stored in the input data
register (SIDRO/SIDR1).

This bit is cleared to "0" when the input data register (SIDRO/SIDR1) is
read.

When the reception interrupt request enable bit (RIE) is set to 1 while
this bit is "1", a reception interrupt request is output.

bit11

TDRE: Transmission
data empty flag bit

This bit indicates the status of the output data register (SODR0O/SODRL).
This bit is cleared to "0" when transmission data is written to the output
data register (SODRO/SODR1).

This bit is set to "1" when data is sent after loading it into the
transmission shift register.

When the transmission interrupt request enable bit (TIE) is set to 1 while
this bit is "1", a transmission interrupt request is output.

Note:

"1" is set in the initial state.

bit10

BDS:
Transfer direction
selection bit

This bit specifies the transfer direction of serial data.

When this bit is set to "0", transfer starts with the lowest-order bit (LSB
first).

When this bit is set to "1", transfer starts with the highest-order bit (MSB
first).

Note:

The upper bits and lower bits of data are exchanged during reading from
or writing to the serial data register. Written data therefore becomes
invalid if the bit direction selection bit (BDS) is rewritten after the data
was written to the output data register (SODR0/SODR1).
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Table 14.4-3 Functions of Bits for Status Register (SSR0/SSR1) (Continued)

No. Bit name Function

bit9 RIE: » This bit enables a reception interrupt request.
Reception interrupt » When the reception data full flag enable bit (RDRF) is set to "1" or one of
request enable bit the reception error flag bits (PE, ORE, and FRE) is set to "1" while this

bit is "1", a reception interrupt request is output.

bit8 TIE: » This bit enables a transmission interrupt request.
Transmissioninterrupt | « When the transmission data empty flag bit (TDRE) is set to "1" while this
request enable bit bit is "1", a transmission interrupt request is output.
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14.4.4 Input Data Register (SIDRO/SIDR1) and Output Data

Register (SODR0O/SODR1)

The input data register (SIDRO/SIDR1) is a serial data reception register. The output
data register (SODRO/SODR1) is a serial data transmission register.

280

Input Data Register (SIDR0O/SIDR1)

Figure 14.4-5 Input Data Register (SIDRO/SIDR1)

Bit 7 6 5 4 3 2 1 0 Initial value
D7 D6 D5 D4 | D3 D2 D1 DO XXXXXXXXs

R R R R R R R R

R : Read only
X Indefinite

The input data register (SIDRO/SIDR1) is a register to store receive data. The serial data signal
transmitted to the SI0/SI1 pin is converted in the shift register and then stored in the input data
register (SIDRO/SIDR1). When the data length is 7 bits long in operation mode 0, bit7 (D7)
becomes invalid. When receive data is stored in this register, the reception data full flag bit
(RDRF) of the status register (SSRO/SSR1) is set to "1". If the reception interrupt request
output is enabled (SSR0O/SSR1: RIE="1"), a reception interrupt is output.

Read the input data register (SIDR0O/SIDR1) when the reception data full flag bit (RDRF) of the
status register (SSR0/SSR1) is set to "1". The reception data full flag bit (RDRF) is cleared to
"0" when the input data register (SIDRO/SIDR1) is read. When a reception error occurs (one of
SSRO/SSR1: PE, ORE, FRE is "1"), data in the input data register (SIDRO/SIDR1) becomes
invalid.
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m Output Data Register (SODR0O/SODR1)

Figure 14.4-6 Output Data Register (SODR0/SODR1)

Bit 7 6 5 4 3 2 1 0 Initial value
D7 D6 D5 D4 | D3 D2 D1 DO XXXXXXXXB

w wW W W W W W W

W : Write only
X Indefinite

When data to be transmitted is written to the output data register (SODRO/SODR1), if
transmission is enabled, the send data is transferred to the transmission shift register, converted
into serial data, and then transmitted from the serial data output pin (SO0/SO1 pin). When the
data length is 7 bits long in operation mode 0, bit7 (D7) becomes invalid.

When the transmission data is written to the output data register, the transmission data empty
flag bit (TDRE) of the status register (SSRO/SSR1) is cleared to "0". When transfer to the
transmission shift register is completed, the status register is set to "1". If the transmission data
empty flag bit (TDRE) is "1", the next send data can be written. When the transmission data
empty flag bit (TDRE) is set to "1" while the transmission interrupt request output is enabled
(SSRO/SSR1: TIE="1"), a transmission interrupt is output. When a transmission interrupt is
output, write the next transmission data after the transmission data empty flag bit (TDRE) is set
to "1".

Note:

The output data register (SODR0O/SODR1) is a write-only register and the input data register
(SIDRO/SIDR1) is a read-only register. These registers are located at the same address,
and so the read value is different from the write value. Therefore, instructions that perform a
read-modify-write (RMW) operation such as the INC/DEC instruction cannot be used.
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14.4.5 Communication Prescaler Control Register (CDCRO0/

CDCR1)

The communication prescaler control register (CDCRO/CDCR1) is a register that
controls the division of machine clocks.

m Communication Prescaler Control Register (CDCRO/CDCR1)

The operation clocks of UART can be obtained by dividing machine clocks. UART is designed
to obtain certain baud rates for various machine cycles. Output from the communication
prescaler is used for the operation clocks of serial 1/0.

15 14 13 12 11 10 9 8

Initial value
0XXX0000s

MD - - - |REsv|DIV2| DIV1|DIVO

R/W - - - RW RW R/W R/W

R/W : Read/write
X : Undefined
: Undefined bit

Table 14.4-4 Functions of Bits for Communication Prescaler Control Register (CDCRO/CDCR1)

No. Bit name Function
bit15 | MD: This bit enables a communication prescaler operation.
Communication If this bit is "1", the communication prescaler operates.
prescaler operation If this bit is "0", the communication prescaler stops.
enable bit
bitl4 | - When these bits are read, values are undefined.
bitl3 | Undefined bit Values set to these bits do not affect operation.
bit12
bit1l | RESV: Always set "0".
Reservation bit
bit10 | DIV2 to DIVO: These bits are used to set the frequency division ratio of the machine clock.
bit9 Frequency division For the set values, see Table 14.4-5 "Machine Clock Division Ratio".
bit8 ratio setting bit

282




Table 14.4-5 Machine Clock Division Ratio

14.4 UART Registers

<
@)

DIV2

DIVl

DIVO

div

Stopped

1

N I e B e A e B e B e e e =)
R|lRr|lRr|RrP|Oo|lo|lo]| o

PP, O|lO|FRL|FL,|O| O

Rl O| kR, |O|FR,|O|Fr| O

2
3
4
5
6
7
8

div: Machine clock division ratio

Note:

If a division ratio is changed, wait two time cycles as clock stabilization time before starting

communication.

The CDCRO is a prescaler for the UART channel 0 (also serve as the serial I/O channel 2).
The CDCR1 is a prescaler for the UART channel 1 (also serve as the serial I/O channel 3).
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14.5 UART Interrupts

UART uses both reception and transmission interrupts and outputs an interrupt

request for either of the following causes:

* Areception interrupt is output when receive data is set to the input data register
(SIDRO/SIDR1) or a reception error occurs.

* A transmission interrupt is output when send data is transferred from the output
data register (SODRO/SODR1) to the transmission shift register.

The extended intelligent 1/0O service (EIZOS) is available for these interrupts.

m UART Interrupts

Table 14.5-1 Interrupt Control Bits and Interrupt Causes of UART

. Interrupt | OpPeration Interrupt When interrupt
Reception/ mode !
o request Interrupt cause cause request flag is
transmission ; :
flag bit ol 112 enable bit cleared
Loading receive data into Receive data is
RDRF 0|10 |0 buffers (SIDR0/1) read.
Reception ORE O | O | O | Overrun error SSRO/SSRL: | 0is written to the
: RIE reception error flag
FRE O | O | X | Framing error clear bit (SCRO/
PE O | X | X | Parity error 1:REC).
Send data transfer from
o the output data register SSRO/ Transmission data is
Transmission | TDRE | O | O | O | (s5hR0/SODR1) SSRL:TIE | written
completed
O: Used
X: Not used

0 Reception Interrupt

In reception mode, "1" is set to the reception data full flag bit (RDRF) or one of the reception
error flag bits (ORE, FRE, PE) in the status register (SSR0/SSR1) when data reception is
completed, or an overrun error, framing error, or parity error occurs. If the reception interrupt is
enabled (SSRO/SSR1: RIE="1"), a reception interrupt request is output.

The reception data full flag bit (RDRF) of the status register (SSR0/SSR1) is cleared to "0" when
the input data register (SIDRO/SIDR1) is read. All reception error flag bits (PE, ORE, FRE) of
the status register (SSR0/SSR1) are cleared to "0" when the reception error flag clear bit (REC)
of the status register (SCRO/SCR1) is set to "0".

0 Transmission Interrupt

The transmission data empty flag bit (TDRE) of the status register (SSR0/SSR1) is set to "1"
when send data is transferred from the output data register (SODRO/SODR1) to the transfer
shift register. If the transmission interrupt is enabled (SSRO/SSR1: TIE="1"), a transmission
interrupt request is output.
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m UART Interrupts and EIP0S

Table 14.5-2 UART Interrupts and EI20S

14.5 UART Interrupts

Interrupt control

Vector table address

Interrupt register ,
Interrupt cause b E20S
number Register
Address Lower Upper Bank
name
UARTO reception
interrupt #35(23p) FFFF70y | FFFF71y | FFFF724 | ©
ICR12 0000BCy
UARTO transmission
interrupt #36(241) FFFF6C, | FFFF6Dy | FFFF6E A
UART1 reception
interrupt #39(27) FFFF60, | FFFF61ly, | FFFF62, ©
. ICR14 0000BEY
iLrJ;tAeF:E)ttransm'SS'on #40(28y) FFFF5Cy | FFFF5Dy | FFFF5EY A

© : Provided with a function that detects a UART reception error and stops EI?0S
A : Usable when interrupt causes that share the ICR12 and ICR14 or the interrupt vectors are not used

m UART EI?0S Functions

UART has a circuit for operating EI20S, which can be started up for either reception or

transmission interrupts.

O For Reception

EI20S can be used regardless of the status of other resources.

O For Transmission

UART shares the interrupt registers (ICR14) with the UART reception interrupts.
EI20S can be started up only when no UART reception interrupts are used.

Therefore,
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14.5.1 Reception Interrupt Generation and Flag Set Timing

The following are reception interrupt causes: completion of reception (SSRO/SSR1:
RDRF="1") and occurrence of a reception error (one of SSRO/SSR1: PE, ORE, and FRE

is"1").

m Reception Interrupt Generation and Flag Set Timing

286

Receive data is stored in the input data register (SIDRO/SIDR1) and the reception data full flag
bit (RDRF) of the status register (SSR0/SSR1) is set to "1" when a stop bit is detected (in
operation mode 0 or 1) or the last bit of data (D7) is detected (in operation mode 2). When a
reception error occurs, one of the reception error flags (PE, ORE, FRE) is set to "1". If any of
the reception error flag bits in each operation mode is set to "1", the value contained in the input
data register (SIDR0O/SIDR1) becomes invalid.

Operation Mode 0 (Asynchronous, Normal Mode)

The reception data full flag bit (RDRF) of the status register (SSR0/SSR1) is set to "1" when a
stop bit is detected. If a reception error is detected, "1" is set to one of the reception error flag
bits (PE, ORE, FRE).

Operation Mode 1 (Asynchronous, Multiprocessor Mode)

The reception data full flag bit (RDRF) of the status register (SSR0/SSR1) is set to "1" when a
stop bit is detected. If a reception error is detected, "1" is set to either of the reception error flag
bits (ORE, FRE). Parity errors cannot be detected.

Operation Mode 2 (Synchronous, Normal Mode)

The reception data full flag bit (RDRF) of the status register (SSR0/SSR1) is set to "1" when the
last bit (D7) of receive data is detected. If a reception error is detected, "1" is set to the
reception error flag bit (ORE). Parity and framing errors cannot be detected.

Figure 14.5-1 Reception Operation and Flag Set Timing

Receive data
(operation mode 0)

Receive data
(operation mode 1)

Receive data
(operation mode 2)

PE, ORE, FRE*
RDRF
A reception interrupt occurs.
* : The PE flag cannot be used in mode 1.
The PE and PRE flags cannot be used in mode 2.
ST : Start bit
SP : Stop bit

A/D : Mode 2 (multiprocessor mode) address/data selection bit
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O Reception Interrupt Output Timing

When the reception data full flag bit (RDRF) of the status register (SSR0/SSR1) or the one of
the reception error flag bits (PE, ORE, FRE) is set to "1" while the reception interrupt is enabled

(SSRO/SSR1: RIE="1"), a reception interrupt request is output.

287



CHAPTER 14 UART

14.5.2 Transmission Interrupt Generation and Flag Set Timing

A transmission interrupt is output when the output data register (SODRO/SODRL1) is
ready to accept writing of the next data item.

m Transmission Interrupt Output and Flag Set Timing
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The transmission data empty flag bit (TDRE) of the status register (SSR0O/SSR1) is set to "1"
when data written to the output data register (SODR0O/SODR1) is transferred to the transmission
shift register and the next piece of data is ready to be written. The transmission data empty flag
bit (TDRE) is cleared to "0" when send data is written to the output data register (SODRO0/
SODR1).

Figure 14.5-2 Transmission Operation and Flag Set Timing

A transmission interrupt occurs. A transmission interrupt occurs.
[Operation modes 0 and 1] ¢ ¢

SODR writing I | |
TDRE | | '
SP:

SOTO/1 output ST|DO|D1|D2|D3|D4|D5|D6|D7 A/DESP ST|DO|D1| D2| D3

A transmission interrupt occurs. A transmission interrupt occurs.

[Operation modes 2] # ¢
SODR writing

TDRE I ,

SOTO/ output DO|D1|D2| D3| D4|D5|D6|D7|D0O|D1|{D2|D3|D4|D5|D6| D7

ST . Start bit
DO to D7: Data bit
SP : Stop bit
A/D . Address/data selection bit

O Transmission Interrupt Request Output Timing

When the transmission data empty flag bit (TDRE) of the status register (SSR0/SSR1) is set to
"1" while the transmission interrupt is enabled (SSRO/SSR1: TIE="1"), a transmission interrupt
request is output.

Note:

Because the transmission data empty flag bit (TDRE) of the status register (SSRO/SSR1) is
set to "1" in the initial state, a transmission interrupt request is output when the transmission
interrupt is enabled (SSRO/SSR1: TIE="1"). The transmission data empty flag bit (TDRE) is
a read-only bit. Accordingly, the only way to clear it is to write new data to the output data
register (SODRO/SODR1). Specify carefully the timing for enabling a transmission interrupt.
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14.6 UART Baud Rates

One of the following can be selected as the UART transmitting/receiving block:
* Dedicated baud rate generator

» Internal clock (16-bit reload timer 0)

» External clock (clock input to the SCK pin)

m UART Baud Rate Selection
The baud rate selection circuit is designed as shown below. One of the following three types of
baud rates can be selected:
0 Baud Rates Determined Using the Dedicated Baud Rate Generator

UART has an internal dedicated baud rate generator. One of six baud rates can be selected
using the mode control register (SMRO0/1).

An asynchronous or clock synchronous baud rate is selected using the machine clock and CS2
to CSO bits of the mode control register (SMRO/1).

0 Baud Rates Determined Using the Internal Timer
The internal clock supplied from 16-bit reload timer is used as is (synchronous) or by dividing it
by 16 (asynchronous) for the baud rate. Any baud rate can be set by setting the reload value.

0 Baud Rates Determined Using the External Clock

The clock input from the UART clock input pin (SCK) is used as is as the baud rate in
synchronous mode or as the divide-by-16 input clock in asynchronous mode. Note, however,
that the frequency of the input external clock must be 2 MHz or less.
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Figure 14.6-1 Baud Rate Selection Circuit

[Dedicated baud rate generator]

SMRO/SMR1 : CS2 to CSO

(clock selection bits)

Clock selector

16-bit reload timer 0

[External clock]

When the bits are
111s .

Pin

@ : Machine clock

1/1 (synchronous)
7| 1/16 (asynchronous)

4 When the bits are
—],0005 to 100e
Frequency divider
(Synchronous)
0: @/4 _| Selects one of 1/2, 1/4, _
¢ 1: @5 g and 1/8. >
: (Asynchronous)
Prescaler Selects the internal fixed
division ratio.
/)
[Internal clock]
TMCR : CSL, CSLO :
2 When the bits are :
"""""""" &/ : 1108 .
Clock select: Down UF: .| 1/1 (synchronous)
ock selector 1 counter : : "l 1/16 (asynchronous)
S S 1
@2t @23 @2°
Prescaler

SMRO/SMR1 : MD1

(Clock synchronous/asynchronous selection)

Y

» Baud rate
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14.6.1 Baud Rates Determined Using the Dedicated Baud Rate
Generator

This section describes the baud rates that can be set when the clock from the
dedicated baud rate generator is selected as the UART transfer clock.

m Baud Rates Determined Using the Dedicated Baud Rate Generator

When the clock setting bits of the mode register (SMRO/SMR1) are set to "0005-101g", the baud
rate is set by the dedicated baud rate generator.

When the transfer clock is generated by the dedicated baud rate generator, the machine clock is
divided by the machine clock prescaler and then divided by using the transfer clock division ratio
set by the clock selector. The machine clock division ratios are common to the asynchronous
and synchronous baud rates, but the transfer clock division ratio is set by the clock setting bits
(CS2 to CS0) of the mode register (SMRO/SMR1) separately for the asynchronous and
synchronous baud rates.

The actual transfer ratio can be calculated by using the following formulas:

asynchronous baud rate = ¢ / (prescaler division ratio) / (asynchronous transfer clock division
ratio)

synchronous baud rate = ¢ / (prescaler division ratio) / (synchronous transfer clock division ratio)
¢ : Machine clock frequency

O Division Ratios for the Prescaler (Common to Asynchronous and Synchronous Baud
Rates)

As listed in Table 14.6-1 "Setting of Each Division Ratio by the Machine Clock Prescaler”, the
machine clock division ratio is set by the division ratio setting bits (DIV2 to DIVO) of the
communication prescaler control register (CDCR0O/CDCRL1).

Table 14.6-1 Setting of Each Division Ratio by the Machine Clock Prescaler

MD DIV2 (D]AVA DIVO div

Stopped

1

RPlRr|lrRr|Rr|RP|RP|R,R|R]|O
R|lRr|Rr|Rr|lo|lo|lo]|o
R|lr|lo|lo|r|r|oO|oO
r|lo|lr|o|r|O|lRrRr]|O

2
3
4
5
6
7
8

div: Machine clock division ratio
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0 Synchronous Transfer Clock

The synchronous baud rate is set, as listed in Table 14.6-2 "Synchronous Baud Rate Division

Ratio Setting", by the clock setting bits (CS2 to CS0) of the mode register (SMR0O/SMR1).

Table 14.6-2 Synchronous Baud Rate Division Ratio Setting

Division ratio for CLK

Cs2 Cs1 CS0 synchronization Calculation formula SC0/sC1
0 0 0 16 Mbps (¢ / div)/1 (¢ / div)/1
0 0 1 8 Mbps (¢ / div)/2 (¢ / div)/2
0 1 0 4 Mbps (¢ / div)/a (¢ / div)/a
0 1 1 2 Mbps (¢ / div)/8 (¢ / div)/8
1 0 0 1 Mbps (¢ / div)/16 (¢ / div)/16
1 0 1 500 kbps (¢ / div)/32 (¢ / div)/32

This calculation assumes a machine cycle frequency ¢ = 16 MHz and div = 4.

O Asynchronous Transfer Clock Division Ratios

Asynchronous baud rates is selected using the CS2 to CSO bits of the mode control register

(SMRO/1) as listed in Table 14.6-3 "Asynchronous Baud Rate Division Ratio Setting".

Table 14.6-3 Asynchronous Baud Rate Division Ratio Setting

CS2 Cs1 CSO

Asynchronus
(start-stop
synchronization)

Calculation formula

SC0/SC1

0 0 0 76,923 bps (¢ / div)/(8 x 13 x 2) (¢ /div)/(13 x 1)
0 0 1 38,461 bps (¢ / div)/(8 x 13 x 4) (¢ / div)/(13 x 2)
0 1 0 19,230 bps (¢ / div)/(8 x 13 x 8) &/ div)/(13 x 4)
0 1 1 9,615 bps (¢ / div)/(8 x 13 x 16) (¢ / div)/(13 x 8)
1 0 0 500 kbps (¢ /div)/(Bx2x2) (¢ / div)/2
1 0 1 250 kbps (¢ /div)/(8x2x4) (¢ /div)/4

However, the baud rate is calculated based on the values of ¢ (machine clock) = 16MHz and div

(machine clock division ratio) = 1.
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14.6.2 Baud Rates Determined Using the Internal Timer

This section describes the settings used when the internal clock supplied from 16-bit
reload timer is selected as the UART transfer clock. It also shows the baud rate
calculation formulas.

m Baud Rates Determined Using the Internal Timer (16-bit Reload Timer 0)

If the clock setting bits (CS2 to CSO0) of the mode register (SMRO/SMR1) are set to "110g", the
baud rate is set by the internal clock. The baud rate can be set by specifying the prescaler

division ratio and reload value of the 16-bit reload timer.
Figure 14.6-2 Baud Rate Selection Circuit for the Internal Timer (16-bit Reload Timer 0)

SMRO/SMR1 : CS2 to CSO ="1108"
(Selects the internal timer.)

l Clock selector

16-bit reload timer output
(the frequency is specified with a prescaler
division ratio and reload value.)

»|1/1 (synchronous)
1/16 (asynchronous)

___________________ I

SMRO/SMR1 : MD1
(Clock synchronous/asynchronous selection)

——»> Baud rate

0 Baud Rate Calculation Formulas
Asynchronous baud rate = (¢ / N)/(16x2x (n+1)) bps
Synchronous baud rate = (¢ / N)/(2x (n+1)) bps

¢: Machine clock

N: Division ratio for the prescaler of 16-bit reload timer 0 (21, 23, or 25)

n: Reload value for 16-bit reload timer 0 (0 to 65535)
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Table 14.6-4 Baud Rates and Reload Values

0 Examples of Setting Reload Values (Machine Clock: 7.3728 MHz)

Reload value (n)
Baud rate Clock a:zzgmggiozl;c()snt)art—stop Clock synchronous
N:21(machine cycle N=23 (machine cycle N:21(machine cycle N=23 (machine
divided by 2) divided by 8) divided by 2) cycle divided by 8)

38400 2 - 47 11
19200 5 - 95 23

9600 11 2 191 47

4800 23 5 383 95

2400 47 11 767 191
1200 95 23 1535 383
600 191 47 3071 767
300 383 95 6143 1535

N: Division ratio for the prescaler of 16-bit reload timer 0
-: Setting not allowed
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14.6.3 Baud Rates Determined Using the External Clock

This section describes the settings used when the external clock is selected as the
UART transfer clock. It also shows the baud rate calculation formulas.

m Baud Rates Determined Using the External Clock

The following three settings are required to select the baud rate determined by using the
external clock:

* Write 1115 to the CS2 to CSO bits of the mode control register (SMRO0/1) to select the baud
rate determined by using the external clock input.

e Set the SC pin to be used as an input port.

e Write 0 to the SCKE bit of the mode control register (SMRO0/1) to set the pin as an external
clock input pin.

As shown in Figure 14.6-3 "Baud Rate Selection Circuit for the External Clock”, a baud rate is
selected using the external clock input from the SC pin. To change the baud rate, the external
input clock cycle must be changed because the internal division ratio is fixed.

Figure 14.6-3 Baud Rate Selection Circuit for the External Clock

SMRO/SMR1 : CS2 to CS0="1118"
(Select the external clock.)

SC

- : 1/1 (synchronous) :
Pin : >| 1/16 (asynchronous) [T > Baud rate

S T

SMRO/SMR1 : MD1
(Synchronous/asynchronous selection)

0 Baud Rate Calculation Formulas
asynchronous baud rate = /16 bps
synchronous baud rate = f bps

f. External clock (up to 2 MHz)
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14.7 Operation of UART

UART operates in operation modes 0 and 2 for normal bidirectional serial
communication and in operation mode 1 for master-slave communication.

m Operation of UART

296

0 Operation modes

There are three UART operation modes: modes 0 to 2. As listed in Table 14.7-1 "UART
Operation Mode", an operation mode can be selected according to the inter-CPU connection
method and data transfer mode.

Table 14.7-1 UART Operation Mode

Data length
Operation mode When When S¥_nchronc;- Stop bit length
parity is parity is zation mode
disabled enabled
0 Normal mode 7 or 8 bits Asynchronous | 1 or2 bits "2
1 Multiprocessor mode 8+1"1 - Asynchronous
2 Normal mode 8 - Synchronous None

-2 Setting not possible
*1: "+1" indicates the address/data selection bit (A/D) for communication control.
*2: During reception, only one stop bit can be detected.

Note:
Operation mode 1 of UART is used only from the master system during master-slave
connection.

Inter-CPU Connection Method

One-to-one connection (normal mode) and master-slave connection (multiprocessor mode) can
be selected. For either connection method, the data length, whether to enable parity, and the
synchronization method must be common to all CPU. Select an operation mode as follows:

* In the one-to-one connection method, operation mode 0 or 2 must be used in the two CPUs.
Select operation mode 0 for asynchronous transfer mode and operation mode 2 for
synchronous transfer mode.

» Select operation mode 1 for the master-slave connection method and use it from the master
system. Select "When parity is disabled" for this connection method.

Synchronization Method

Asynchronous mode (start-stop synchronization) or clock synchronous mode can be selected in
any operation mode.
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O Signal Method

UART can treat data only in non-return to zero (NRZ) format.

O Operation Enable

UART controls both transmission and reception using the control register (SCR0O/SCR1) with its
transmission enable bit (TXE) and reception enable bit (RXE). If any of the operations is
disabled during operation, the following will occur:

« If reception operation is disabled during reception (data is input to the reception shift
register), finish frame reception and store the received data in the input data register (SIDRO/
1). Then stop the reception operation.

e |If the transmission operation is disabled during transmission (data is output from the
transmission shift register), wait until there is no data in the output data register (SODRO0/1)
before stopping the transmission operation.

* When mode 1 is selected for URAT, the received data bit 9 is ignored.
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14.7.1 Operation in Asynchronous Mode (Operation Modes 0
and 1)

When UART is used in operation mode 0 (normal mode) or operation mode 1
(multiprocessor mode), asynchronous transfer mode is selected.

m Operation in Asynchronous Mode
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Transfer Data Format

Transfer data always starts with the start bit ("L" level) and ends with the stop bit ("H" level).
The data of the specified data bit length is transferred in "LSB first."

» In operation mode 0, data without a parity bit is always seven bits long and data with a parity
bit is always eight bits long.

* In operation mode 1, the data is fixed to eight bits with an address/data setting bit (A/D) bit
instead of a parity bit.

Figure 14.7-1 Transfer Data Format (Operation Modes 0 and 1)

*

[Operation mode 0] \ ST A D0 X D1 X D2 X D3 X D4 X D5 X D6 XD7/PY SP

[Operation mode 1] \ ST A DO X D1 X D2 X D3 X D4 X D5 X D6 X D7 X ADY SP

*

ST
SP

A/D :

O

. D7(bit7)........ When no parity bit is added

P(parity)........ When a parity bit is added
. Start bit
. Stop bit
Address/data setting bit of operation mode 1 (multiprocessor mode)

Transmission Operation

When the transmission data empty flag bit (TDRE) of the status register (SSR0/SSR1) is set to
"1", send data is written to the output data register (SODR0O/SODR1). If the transmission is
enabled (SCRO/SCR1: TXE="1"), data is sent.

When the send data is transferred to the transmission shift register and transmission is started,
the transmission data empty flag bit (TDRE) of the status register (SSR0/SSR1) is set to "1"
again so that the next piece of send data can be set. If the transmission interrupt request output
is enabled (SSRO/SSR1: TIE="1"), a transmission interrupt request is output so that send data is
set to the output data register (SODR0O/SODR1). The transmission data empty flag bit (TDRE)
is cleared to "0" after writing the send data to the output data register (SODR0O/SODRL).
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0 Reception Operation

If the reception is enabled (SCRO/SCR1: RXE="1"), reception operation is always performed.
When a start bit is detected, one frame of data is received in accordance with the data format
specified in the control register (SCR0O/SCR1). When reception of one frame is completed, if a
reception error occurs, one of the reception error flag bits (PE, ORE, FRE) of the status register
(SSRO/SSR1) is set to "1" and then the reception data full flag bit (RDRF) is set to "1". If the
reception interrupt request output is enabled (SSRO/SSR1: RIE="1"), a reception interrupt
request is output. Check each of the reception error flag bits (PE, ORE, FRE) of the status
register (SSRO/SSR1). If no error occurred in reception, read the input data register (SIDRO/
SIDR1). If an error has occurred, take the appropriate measures to deal with the error. The
reception data full flag bit (RDRF) is cleared to "0" after reading receive data from the input data
register (SIDRO/SIDR1).

O Stop Bit
One or two stop bits can be set for transmission. The receiving side always evaluates the first
one bit.
O Error Detection
* In operation mode 0, parity, overrun, and framing errors can be detected.
« In operation mode 1, overrun and framing errors can be detected, but parity errors cannot be
detected.
O Parity

Parity can be used only in operation mode 0. The parity presence/absence can be set in the
parity enable bit (PEN) of the control register (SCR0O/SCR1) and even parity/odd parity can be
set in the parity setting bit (P). Parity cannot be used in operation mode 1.

Figure 14.7-2 Transmission Data when Parity is Enabled

A parity error occurred

Si1 |ST| | I Sp when receiving data with

i ini1i1i0:0 0! even parity
:11:0:1:1:0:0:0: (SCR1: P="0")

Transmission with even parity

so1 |5T| | | : Sp (SCR1: P="0")

1:0i1i1i0i0i1]

Transmission with odd parity

so1 |5T| | | : L |sp (SCR1: P="1")

11:0i1:1:0:0:0"

e
Data Parity
ST: Start bit
SP: Stop bit
Note: Parity cannot be used in operation modes 1 and 2.
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14.7.2 Operation in Synchronous Mode (Operation Mode 2)

When UART is used in operation mode 2 (normal mode), the synchronous transfer

mode is selected.

m Operation in Synchronous Mode (Operation Mode 2)

O Transfer Data Format

In synchronous mode, 8-bit data is transferred in LSB first mode.

Figure 14.7-3 Transfer Data Format (Operation Mode 2)

Transmission data writing

A

Transmission/reception clock

| ]

EpEpEpEy

[T

|_,_ Mark level

RXE, TXE |

Send/receive data

0 Clock Supply

1

<

0

»

LSB

Data

MSB

In clock synchronous (I/O extended serial) mode, as many clocks as the number of
transmission/reception bits need to be supplied.

» If the internal clock is selected, a data reception synchronous clock is generated when data

is received.

» If an external clock is selected, a clock for exactly one byte needs to be supplied from an
external source after making sure that the output data register (SODR0O/SODR1) on the
sending side UART contains data (SSR0O/SSR1: TDRE="0"). The mark level "H" must be
retained before transmission starts and after it is completed.

O Error Detection

Only overrun errors can be detected, and parity and framing errors cannot be detected.

O Initialization

The following shows the values to be set to use synchronous mode:

[Mode register (SMRO/SMR1)]

MD1, MDO: Set "10g".

CS2, CS1, CS0: Specify the clock input of the clock selector.

SCKE: Set "1" for the dedicated baud rate generator or the internal clock. Set "0" for the
clock output or an external clock.

SOE: Set "1" for transmission. Set "0" for reception.
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[Control register (SCRO/SCR1)]
PEN: Set"0".
P, SBL, A/D: These bits make no sense.
CL: Set"1" (8-bit data).
REC: Set"0" (Clear all error flags for initialization).
RXE, TXE: Set "1" to either of the bits.
[Status register (SSR0/SSR1)]
RIE: Set"1" to use interrupts and "0" to not use interrupts.

TIE: Set"1" to use interrupts and "0" to not use interrupts.

Communication Start

Write data to the output data register (SODR0O/SODR1) start communication. Note that the
receiving side must also write send data to the output data register (SODR0O/SODR1) to start
communication.

Communication End

The reception data full flag bit (RDRF) of the status register (SSR0/SSR1) is set to "1" when
transmission or reception of one frame of data is completed. When receiving data, check the
overrun error flag bit (ORE) to see if the communication has been normally executed.
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14.7.3 Bidirectional Communication Function (Normal Mode)

In operation mode 0 or 2, serial bidirectional communication (one-to-one connection)
is available. Select operation mode O for asynchronous communication and operation
mode 2 for synchronous communication.

m Bidirectional Communication Function

302

The settings shown in Figure 14.7-4 "Settings for UART1 Operation Mode 0" are required to
operate UARTL1 in normal mode (operation mode 0 or 2).

Figure 14.7-4 Settings for UART1 Operation Mode 0

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCR1, SMR1 |PEN‘ P ‘SBL‘ CL ‘ AD ‘REC‘RXE‘TXE‘MDl‘MDO‘CSZ‘CSl‘CSO‘ - ﬁCKE‘ SOEl
Mode0 —© © © © X 0 © © 0o o0 © o o - o o
Mode2 —0 X X 1 X 0 © © 1 o0 © © o - 0 o0
SSRLSIDRO/SIDRL | PE | ORE| FRE RDRATDRE BDS| RIE | TIE | 8! conversion data (during writing). |

Mode0 —© ©O © © ©O © O 0
Mode2 —> X © X © © © © ©

© : bitused

X @ Bit not used

1 : Setl.

0 : SetO.

A . Set0to use an input pin.

O Inter-CPU Connection

As shown in Figure 14.7-5 "Connection Example of UART1 Bidirectional Communication”,
interconnect two CPU.

Figure 14.7-5 Connection Example of UARTL1 Bidirectional Communication
Sl Sl
sc Output Input; sc

_Mrre
CPU-1 CPU-2

0 Communication Procedure

Communication starts from the transmitting system when transmission data has been prepared.
An ANS is returned periodically (byte by byte in this example) when the receiving system
receives transmission data.
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Figure 14.7-6 Example of Bidirectional Communication Flowchart

(Transmitting system) (Receiving system)
Set operation mode Set operation mode
(O or2) (same mode as that for
T the transmitting side)
s Data = >l
Set 1-byte data in SODR transmission 3

and perform communication

Any received data?

>
}

Any received data?

Read and process
received data.

!

Transmit 1-byte data

Read and process Data transmission

received data. (ANS)
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14.7.4 Master-slave Communication Function (Multiprocessor
Mode)

With UART, communication with multiple CPU connected in master-slave mode is
available. However, UART can be used only from the master system.

m Master-slave Communication Function

The settings shown in Figure 14.7-7 "Settings for UART1 Operation Mode 1" are required to
operate UARTL1 in multiprocessor mode (operation mode 1).

Figure 14.7-7 Settings for UART1 Operation Mode 1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SCR1, SMR1 PEN| P |SBL| CL | AD |REC|RXE|TXE |MD1|MDO|CS2|CS1|CSO| - [SCKE/SOE
0o x ©®© 1 © o © © o 1 © © 0o - 0 ©

SSR1, Set transmission data (during writing).
PE | ORE| FRE |RDRF/TDRE BDS| RIE | TIE Retain receive data (dlgring r%ading?.)

SIDR1, SODR1
x © © 0 0 o 0 0

DDR

: Bit used

. Bit not used

: Set 1.

. Set 0.

. Set 0 to use an input pin.

> X0

O Inter-CPU Connection

As shown in Figure 14.7-8 "Connection Example of UART1 Master-Slave Communication”, a
communication system consists of one master CPU and multiple slave CPU connected to two
communication lines. UART1 can be used only from the master CPU.

Figure 14.7-8 Connection Example of UART1 Master-Slave Communication

- ;
t

SI < A A
Master CPU v A
SO Sl SO Sl
Slave CPU #0 Slave CPU #1
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O Function Selection

Select the operation mode and data transfer mode for master-slave communication as shown in
Table 14.7-2 "Selection of the Master-Slave Communication Function".

Table 14.7-2 Selection of the Master-Slave Communication Function

Operation mode
. Synchroni- .
Master Slave Data Parity sation method Stop bit
CPU CPU
Address transmission A/D+: 1
and reception :
Operation 8-bit address .
- None Asynchronous 1 or 2 bits
mode 1 (e
. A/D="0
Data transmission +
and reception 8-bit address

O Communication Procedure

When the master CPU transmits address data, communication starts. The A/D bit in the
address data is set to 1, and the communication destination slave CPU is selected. Each slave
CPU checks the address data using a program. When the address data indicates the address
assigned to a slave CPU, the slave CPU communicates with the master CPU (ordinary data).
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Figure 14.7-9 Master-Slave Communication Flowchart

(Master CPU)

¥
Set operation mode to 1

v

Set SIN pin as the serial
data input pin

v

Set 1-byte data for
selecting the slave

CPU (address data)

in DO to D7,and transmit
data (A/D =1)

!

Set 0in A/ID

Y

Enable reception
operation

<
Communicate with
slave CPU

!

Is
communication
complete?

YES

Communicating
with another slave

Disable
reception operation

End
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14.8 Notes on Using UART

Notes on using UART are given below.

m Notes on Using UART

0 Enabling Operations

UART has the transmission enable bit (TXE) and reception enable bit (RXE) in the control
register (SCRO/SCR1). Both transmission and reception operations need to be enabled before
starting transfer because the transmission/reception enable bits (TXE/RXE) are set to "0" in the
initial state. The transfer can also be canceled by disabling the transmission/reception as
required.

0 Communication Mode Setting
Set the communication mode while the system is not operating. If the mode is set during
transmission or reception, the transmission or reception data is not guaranteed.

O Synchronous Mode
UART clock synchronous mode (operation mode 2) uses clock control (I/O extended serial)
mode, in which start and stop bits are not added to the data.

O Transmission Interrupt Enabling Timing

The default (initial value) of the transmission data empty flag bit (SSR0/1: TDRE) is 1 (no
transmission data and transmission data write enable state). A transmission interrupt request is
generated as soon as the transmission interrupt requests are enabled (SSRO/1: TIE=1). Be
sure to set the TIE flag to 1 after setting the transmission data.

O Reception in Operation Mode 1 (Multiprocessor Mode)

In operation mode 1 (multiprocessor mode) of UART, the 9-bit receive operation cannot be
performed.
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CHAPTER 15 DTP/EXTERNAL INTERRUPT CIRCUIT

This chapter describes the functions and operations of the DTP/external interrupt
circuit of the MB90M405 series.

15.1 "Overview of the DTP/External Interrupt Circuit"
15.2 "Configuration of the DTP/External Interrupt Circuit"
15.3 "DTP/External Interrupt Circuit Pins"

15.4 "DTP/External Interrupt Circuit Registers"

15.5 "Operation of the DTP/External Interrupt Circuit"
15.6 "Usage Notes on the DTP/External Interrupt Circuit"
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15.1 Overview of the DTP/External Interrupt Circuit

The data transfer peripheral (DTP)/external interrupt circuit detects interrupt request
input from an external interrupt input pin in order to generate an interrupt request.

m DTP/External Interrupt Functions

310

The DTP/external interrupt circuit function outputs an interrupt request when it detects an edge
or level signal input to the external interrupt input pins.

When an interrupt request is accepted by the CPU and the extended intelligent 1/O service
(EI208) is enabled, the automatic data transfer (DTP function) is performed by EI20S before
branching to the interrupt processing routine. If EI20S is disabled, the automatic data transfer
(DTP function) by EI20S is not activated; instead, direct branching to the interrupt processing

routine takes place.

Table 15.1-1 Overview of the DTP/External Interrupt Circuit

External interrupt function

DTP function

Input pins

Four (P80/INTO, P81/INT1, PB6/INT2, and PB7/INT3)

Interrupt cause

By using the request level setting register (ELVR), the detection level

or edge type can be set for each pin.

Input of the "L" level/"H" level

Input of the rising edge/falling
edge

Interrupt number

#11 (0By), #13 (0Dy), #16 (10,

Interrupt control

The output of interrupt requests is enabled and disabled using the

DTP/interrupt enable register (ENIR).

Interrupt flag

Interrupt causes are stored in the DTP/interrupt cause register (EIRR).

routine.

Processing EI20S is disabled (ICR: ISE =0). | EI20S is enabled (ICR: ISE = 1).
selection

The circuit branches to an Branching to the interrupt
Processing external interrupt processing processing routine after

automatic data transfer by EI20S

ICR: Interrupt control register




15.1 Overview of the DTP/External Interrupt Circuit

m Interrupt of the DTP/external interrupt circuit and EI0S

Table 15.1-2 Interrupt of the DTP/External Interrupt Circuit and EI20S

Interrupt control register

Vector table address

Interrupt 5
Channel b EI“OS
NUMDEr | Register name | Address Lower Upper Bank
INTO #11 (0Bp) ICROO 0000B0Oy FFFFDOy FFFFD1y FFFFD2y
INTL | #13 (0Dyy) ICROL 0000, | FFFFCBy | FFFFCOy | FFFFCAy |
INT2
#16 (10,) ICRO2 0000B2, | FFFFBC, | FFFFBDy | FFFFBE,
INT3
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15.2 Configuration of the DTP/External Interrupt Circuit

The DTP/external interrupt circuit consists of the following blocks:
* DTP/interrupt input detection circuit

* Request level setting register (ELVR)

» DTP/interrupt cause register (EIRR)

» DTP/interrupt enable register (ENIR)

m Block Diagram of the DTP/External Interrupt Circuit

Figure 15.2-1 Block Diagram of the DTP/External Interrupt Circuit

Request level setting register (ELVR)

LB3|LA3|LB2JLA2|LB1JLAL1|LBOJLAO
Selector Pin
INTO
\ 4
Selector| Pin
INT1
\ 4
Selector| Pin
INT2
[}
3 A 4
% Selector Pin
©
= | INT3
c
5]
=

Y Y I £

ER3 | ER2 | ER1 | ERO
L

Interrupt request

EN3 | EN2 | EN1 | ENO
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DTP/external interrupt input detection circuit

Upon detecting a match of the signal input to an external interrupt input pin and the level or
edge specified in the request level setting register (ELVR), the DTP/external interrupt cause flag
bit (EIRR: ER3 to ERO) corresponding to the external interrupt input pin is set to "1".

Request level setting register (ELVR)

This register sets the detection condition (level or edge) of interrupt requests for each external
interrupt input pin.

DTP/interrupt cause register (EIRR)

This register retains and clears interrupt causes.

DTP/interrupt enable register (ENIR)

This register enables/disables interrupt requests for each external interrupt input pin.
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15.3 DTP/External Interrupt Circuit Pins

This section describes the DTP/external interrupt circuit pins and provides a pin block
diagram.

m DTP/External Interrupt Circuit Pins

The DTP/external interrupt circuit pins are also used as 1/O ports.

Table 15.3-1 DTP/External Interrupt Circuit Pins

Pin Function /O format Pul_l-up Standby Setting req_uwed to use
name resistor control pins
INTO _ Set the pin as an input port
Port 8 input- (DDRS: bit0 = 0)
output/external : .
INT1 interrupt input Set the pin as an input port
CMOS output/ (DDRS: bit9 = 0)
CMOSs Not provided | Not provided : .
INT2 ) hysteresis input Set the pin as an |nput port
Port B input- (DDRB: bit16 = 0)

output/external
INT3 interrupt input

Set the pin as an input port
(DDRB: bitl7 = 0)

m Block Diagram of the DTP/External Interrupt Circuit Pins

Figure 15.3-1 Block Diagram of the DTP/External Interrupt Circuit Pins

E ~

PDR read
& /0 Input buffer
N <
T circuit ,
c . Output buffer Port pin
Py PDR write /I\ ‘
[

DDR Standby control (LPMCR:SPL="1")
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15.4 DTP/External Interrupt Circuit Registers

This section describes IDTP/external interrupt circuit registers.

m DTP/External Interrupt Circuit register

Figure 15.4-1 DTP/External Interrupt Circuit Registers

DIELS -oeeeeeeeeeeeeeeee DIt DIt7 ---eeeeeeeeceeeee bit0

DTP/interrupt cause register (EIRR)

DTPl/interrupt enable register (ENIR)

Request level setting register (ELVR)
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15.4.1 DTP/Interrupt Cause Register (EIRR)

The DTP/interrupt cause register (EIRR) stores and clears interrupt causes.

m DTP/Interrupt Cause Register (EIRR)

Bit 15

Figure 15.4-2 DTP/Interrupt Cause Register (EIRR)

14 13 12 11 10 9 8 Initial value
- - - - ER3 |ER2 | ER1| ERO | XXXXXXXXg
- - - - R/W R/W R/W R/W
I I I |
|
R EtR3 External interrupt request flag bit
1 ero Reading Writing
0 No interrupt request Clear interrupt requests
1 | Interrupt request present No effect on operation

R/W : Read/write enabled

X 1 Undefined
- . Undefined bit
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Table 15.4-1 Function Description of Each Bit of the DTP/Interrupt Cause Register (EIRR)

Bit name Function
bitl5 | ER7: Setting of any of these bits is invalid because the external input pins are
to | INTO through INT3
bitl2 | ER4: '
This bit is a flag that requests an interrupt.
This bit is set to "1" when the level or edge signal set in the external
interrupt request detection condition setting bit (LB3, LA3) of the request
level setting register (ELVR) is detected in the external interrupt input
. i pin (INT3).
bitll | ER3: When this bit is set to "1" while the external interrupt request enable bit
(EN3) of the DTP/external interrupt enable register (ENIR) is set to "1",
an interrupt request is output.
When this bit is "0", the interrupt request is cleared.
When this bit is "1", operation is not affected.
This bit is a flag that requests an interrupt.
This bit is set to "1" when the level or edge signal set in the external
interrupt request detection condition setting bit (LB2, LA2) of the request
level setting register (ELVR) is detected in the external interrupt input
. ) pin (INT2).
bitl0 | ER2: When this bit is set to "1" while the external interrupt request enable bit
(EN2) of the DTP/external interrupt enable register (ENIR) is set to "1",
External an interrupt request is output.
interrupt When this bit is "0", the interrupt request is cleared.
request flag bit When this bit is "1", operation is not affected.
This bit is a flag that requests an interrupt.
This bit is set to "1" when the level or edge signal set in the external
interrupt request detection condition setting bit (LB1, LA1) of the request
level setting register (ELVR) is detected in the external interrupt input
bit9 | ERL: pin (INTZ).
' When this bit is set to "1" while the external interrupt request enable bit
(EN1) of the DTP/external interrupt enable register (ENIR) is set to "1",
an interrupt request is output.
When this bit is "0", the interrupt request is cleared.
When this bit is "1", operation is not affected.
This bit is a flag that requests an interrupt.
This bit is set to "1" when the level or edge signal set in the external
interrupt request detection condition setting bit (LBO, LAO) of the request
level setting register (ELVR) is detected in the external interrupt input
bits | ERO: pin (INTO). . . .
' When this bit is set to "1" while the external interrupt request enable bit
(ENO) of the DTP/external interrupt enable register (ENIR) is set to "1",
an interrupt request is output.
When this bit is "0", the interrupt request is cleared.
When this bit is "1", operation is not affected.
Reference:

When the extended intelligent /O service (EI?0OS) is activated as a DTP function, the
corresponding external interrupt request flag bit (ER3 to ERO) is cleared to "0" when the
transfer of one piece of data is completed.
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Note:

Reading by read-modify-write type instructions always returns "1".

If multiple external interrupt request outputs are enabled (ENIR: EN3 to ENO=1), only the bits
for which the CPU accepts an interrupt (bits for which "1" was set in ER3 to ERO) are
cleared. No other bits must be cleared unconditionally.
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15.4.2 DTP/Interrupt Enable Register (ENIR)

The DTP/interrupt enable register (ENIR) enables/disables an external interrupt request
for each external interrupt pin (INT7 to INTO).

m DTP/Interrupt Enable Register (ENIR)

Figure 15.4-3 DTP/Interrupt Enable Register (ENIR)

Bit 7 6 5 4 3 2 1 0 Initial value
- - - - EN3 | EN2 | EN1 | ENO XXXX00008

- - - - RW RW RW R/W
I | | |

EN3
to External interrupt request enable bits
ENO

0 An interrupt request is disabled.

Y

X Undefined - -
R/W : Read/write enabled 1 An interrupt request is enabled.

[ Initial value

. Undefined bit

Table 15.4-2 Function Description of Each Bit of the DTP/Interrupt Enable Register (ENIR)

Bit name Function
bit7 | ENT: » Setting of any of these bits is invalid because the external input pins are
o | 1o INTO through INT3
bita | EN4: g '
» This bit enables an interrupt request.
bita | EN3: * When the external interrupt request flag bit (ER3) of the DTP/interrupt

cause register (EIRR) is set to "1" while this bit is set to "1", an interrupt
request is output.

» This bit enables an interrupt request.

* When the external interrupt request flag bit (ER2) of the DTP/interrupt
cause register (EIRR) is set to "1" while this bit is set to "1", an interrupt
request is output.

External

bit2 | EN2: | Interrupt
requestenable
bit

» This bit enables an interrupt request.
* When the external interrupt request flag bit (ER1) of the DTP/interrupt

bitl | EN1: cause register (EIRR) is set to "1" while this bit is set to "1", an interrupt
request is output.
» This bit enables an interrupt request.
bito | ENO: * When the external interrupt request flag bit (ERO) of the DTP/interrupt

cause register (EIRR) is set to "1" while this bit is set to "1", an interrupt
request is output.
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320

Reference:

To use an external interrupt input pin that also serves as an I/O port, set the bit that also
serves the corresponding I/O port of the port direction register (DDR) to "0" to use the pin as
an input port.

The states of the external interrupt input pins can be read directly using the port data register
(PDR) regardless of the states of the external interrupt request enable bits (ENIR: EN3 to
ENO).

External interrupt request flag bits (ER3 to ERO) of the DTP/interrupt cause register (EIRR)
are set to "1" regardless of the values of the external interrupt request enable bits (ENIR:
EN3 to ENO) when a DTP/external interrupt request signal is detected.

Table 15.4-3 Correspondence between the DTP/Interrupt Control Registers (EIRR and
ENIR) and Each Channel

DTP/external External interrupt External interrupt
) . Interrupt number . i
interrupt pin request flag bit request enable bit

INT3 ER3 EN3

#16 (10p)

INT2 ER2 EN2

INT1 #13 (0Dy) ER1 EN1

INTO #11 (0By) ERO ENO
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15.4.3 Request Level Setting Register (ELVR)

The request level setting register (ELVR) sets the detection condition (level or edge) for
interrupt requests for each external interrupt input pin.

m Request Level Setting Register (ELVR)

Figure 15.4-4 Request Level Setting Register (ELVR)
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Initial value

- -T-T-T-T-1-T- [wsfwefwezfuae]isr]ia]ieo]im]ioicyccioo.

- - - - - RW RW R/W RW R/W RW R/W RW
l | | | | | | |

LB7 Léj External interrupt request

LBO | LAO detection selection bits
0 0 The L level is to be detected.

A4
=
o

0 1 The H level is to be detected.
1 0 A rising edge is to be detected.
X Undefined 1 1 A falling edge is to be detected.
R/W : Read/write enabled
[_]: Initial value

: Undefined bit

Table 15.4-4 Function Description of Each Bit of the Request Level Setting Register (ELVR)

Bit name Function
Bitl5 | LB7:
to to
bit8 | LB4: e Setting of any of these bits is invalid because the external input pins
LA7: are INTO through INT3.
to
LA4:
bit7 | LB3: » This bit is used to set the detection condition (level or edge) for
o6 | LAS: interrupt requests from the signal input to the external interrupt input
! " | External interrupt pin (INT3).
bit5 | LB2: req”??t detec_tlon .. | « This bit is used to set the detection condition (level or edge) for
condition setting bit . . . . .
X _ interrupt requests from the signal input to the external interrupt input
bit3 | LB1: < This bit is used to set the detection condition (level or edge) for
X _ interrupt requests from the signal input to the external interrupt input
bitl | LBO: < This bit is used to set the detection condition (level or edge) for
- _ interrupt requests from the signal input to the external interrupt input
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Reference:

When the detection signal set in the request level setting register (ELVR) is input to an
external interrupt input pin, the external interrupt request flag bit (EIRR: ER7 to ERO) of the
corresponding pin is set to "1" regardless of the setting in the DTP/interrupt enable register
(ENIR).

Table 15.4-5 Correspondence between Request Level Setting Register (ELVR) and Each

Channel
External interrupt input pin Interrupt number Bit name
INT3 LB3, LA3
#16 (104)
INT2 LB2, LA2
INT1 #13 (0Dy) LB1, LAl
INTO #11 (0By) LBO, LAO
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15.5 Operation of the DTP/External Interrupt Circuit

The DTP/external interrupt circuit provides the external interrupt function and the DTP
function. This section describes the settings required for each function and the
operation of the circuit.

m Setting the DTP/External Interrupt Circuit

Figure 15.5-1 "DTP/External Interrupt Circuit" shows the settings required to operate the DTP/
external interrupt circuit.

Figure 15.5-1 DTP/External Interrupt Circuit

Bit 5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ICR ICS3|ICS2[ICS1{ICSO| ISE| IL2 | IL1 | ILO |ICS3|ICS2[ICSL{ICSO| ISE | IL2| IL1]| ILO
0O & ¢ o 0 @ @ ¢ Fortheexternal interrupt function
® & 6 6 1 6 6 6 O O 6 6 1 & ¢ o FortheDTPfunction
EIRR ER3|ER2| ER1|ERO EN3|EN2| EN1|ENO
/ENIR
* & O o S0 OO
ELVR LB3|LA3|LB2|LA2 | LB1|LALl|LBO|LAO
® & 6 6 O 6 0 o
DDR PB7|PB6 P81 | P80
A A A A
¢ : Used
<& : Set the bit corresponding to the bit used to 1.
A : Set the bit corresponding to the bit used to 0.
0 : Specifies 0.
1 : Specifies 1.

Set the DTP/external interrupt circuit registers in accordance with the following procedure
because an interrupt request may be generated erroneously when setting them.

1. Setthe DTP/interrupt enable register (ENIR) to "004" to disable interrupt requests.

2. Set the interrupt detection condition to the external interrupt request detection condition
setting bit (LB3 to LBO, LA3 to LAO) corresponding to the external interrupt input pin of the
request level setting register (ELVR).

3. Set the external interrupt request flag bit (ER3 to ERQ) corresponding to the external
interrupt input pin of the DTP/interrupt cause register (EIRR) to "0" to clear the interrupt
request.

4. To enable an interrupt request, set the external interrupt request enable bit (EN3 to ENO)
corresponding to the external interrupt input pin of the DTP/interrupt enable register (ENIR)
to "1".
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O Switching between the external interrupt function and the DTP function

Switching between the external interrupt function and the DTP function is set by the EI20S
enable bit (ISE) of the interrupt control register (ICR) corresponding to the interrupt cause to be

used. When the EI?0S enable bit (ISE) is set to "1", the extended intelligent I/O service (EIZOS)
is enabled, operating as the DTP function. When the EI20S enable bit (ISE) is set to "0", the

extended intelligent 1/0O service (EIZOS) is disabled, and the register operates as the external
interrupt function.

m Operation of the DTP/External Interrupt Circuit
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Table 15.5-1 Control Bit and Interrupt Cause of the DTP/External Interrupt Circuit

DTP/external interrupt circuit

External interrupt request flag bit EIRR: ER3 to ERO

External interrupt request enable bit | ENIR: EN3 to ENO

Interrupt cause Input of an effective edge or level to pin INT3 to INTO

The DTP/external interrupt circuit outputs an interrupt request to the interrupt controller when,
after operations are set to the request level setting register (ELVR), DTP/interrupt cause register
(EIRR), and DTP/interrupt enable register (ENIR), the detection condition set in the request
level setting register (ELVR) is input to the corresponding external interrupt input pin. When the

EI20OS enable bit (ICR: ISE) of the interrupt control register is "0", interrupt processing is

performed. When the EI?OS enable bit (ICR: ISE) of the interrupt control register is "1",
interrupt processing is performed after the extended intelligent I/O service processing (DTP
processing) is executed.



15.5 Operation of the DTP/External Interrupt Circuit

Figure 15.5-2 Operation of the DTP/External Interrupt Circuit

DTP/external interrupt circuit
Another request

Interrupt controller CPU
e
(e | >[icR v | e | -
nterrupt processing

microprogram
ENIR J_* ILM P

Cause —>|---------- e

Generation of DTP/external

interrupt request Transfer data between
l memory and peripheral

A

Update descriptor

Accepted by interrupt
controller?

Execute interrupt
processing routine

b lio v

) Set again or stop
Return from DTP processing

Descriptor data counter

Accepted by CPU?

Start interrupt processing l
microprogram Return from CPU processing
1
0

Start external interrupt routine

Y

Clear interrupt flag

l

Return from external interrupt
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15.5.1 External Interrupt Function

The DTP/external interrupt circuit has an external interrupt function that outputs an
interrupt request when the input signal is input to an external interrupt input pin.

m External Interrupt Function

326

When the detection condition (level or edge) set in the request level setting register (ELVR) is
input to an external interrupt input pin, the external interrupt request flag bit (ER3 to ERO)
corresponding to the pin of the DTP/external interrupt cause register (EIRR) is set to "1". If the
external interrupt request enable bit (EN3 to ENO) corresponding to the external interrupt input
pin of the DTP/external enable register (ENIR) is set to "1", an interrupt request is output to the
interrupt controller. The interrupt controller determines the interrupt level (ICR: IL2 to ILO) of
interrupt requests from peripheral functions (resources) and priorities when interrupt requests
are output simultaneously. The CPU determines whether to accept an interrupt request based
on the interrupt level mask register (PS: ILM) and interrupt enable flag (PS: CCR: I). When the
CPU accepts an interrupt request, it performs interrupt processing before branching to the
interrupt processing routine. In the interrupt processing program, set the corresponding external
interrupt request flag bit (ER3 to ERO) to "0" and clear the interrupt request before returning
from the interrupt using an interrupt return instruction.

Note:

When the interrupt processing program is activated, be sure to set the external interrupt
request flag bit (EIRR: EN3 to ENO) that caused the activation to "0". It is not possible to
return from an interrupt while the external interrupt request flag bit (EIRR: EN3 to ENO) is set
to "1".
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15.5.2 DTP Function

The DTP/external interrupt circuit has a DTP (Data Transfer Peripheral) function that
detects the data transfer request signal input to an external interrupt input pin from
external peripheral devices and activates the extended intelligent 1/O service.

m Operation of the DTP Function

The DTP function is a function for detecting the data transfer request signal input to an external
interrupt input pin from external peripheral devices to automatically transfer data between
memory and the peripheral devices.

The extended intelligent I/O service is activated by the external interrupt function. The operation
of the DTP function is the same as that of the external interrupt function until an interrupt
request is accepted by the CPU. If the EI?OS operation is enabled (ICR: ISE="1"), EI?OS is
activated when an interrupt request is accepted to start data transfer. When the data transfer is
completed, the descriptor is updated and the external interrupt request flag bit (EIRR: ER3 to
ERO) is cleared to "0" to operate as the external interrupt function again. When the transfer by
EI20S is completed, branching to the interrupt processing routine pointed to by the vector
address of the external interrupt occurs. Peripheral devices that are externally connected
should remove the cause input of the data transfer request signal (DTP cause) within three
machine cycles after the first transfer started.

Figure 15.5-3 Example of Interfacing with External Peripheral Devices

H-level request (ELVR: LBO, LAO = "015")
Input to the INTO pin _ l

(DTP external interrupt cause)
Descriptor selection
and reading

Internal operation of the
CPU (microprogram)

Descriptor
updating

. Write address >< o

Address bus pin T X Readaddress X
Databus pin T X Readdata XX write address X |
Read signal = oreeeein U -----------------------------
Write signal O 11_ .........
>
*1
External
peripheral < Internal data bus >
- Read operation(*1) Write operation (*3)
DTP external Interrupt Y : y
Data interrupt cause (*2) | INT | DTP/external | duest | ~p Internal
transfer | interrupt 5
request circuit (EFOS) memory

*1 Three machine cycles
*2 Must be removed within three machine cycles of transfer.
*3 If the extended intelligent I/O service is in peripheral — memory transfer mode.
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15

.6 Usage Notes on the DTP/External Interrupt Circuit

Notes on the signal to be input to the DTP/external interrupt circuit, release from
standby mode, and interrupts are given below.

m Usage Notes on the DTP/External Interrupt Circuit
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0 Conditions for external peripherals using the DTP function

To support the DTP function, peripheral devices that are externally connected must be able to
automatically clear data transfer requests after transfer is carried out. If an externally connected
peripheral device continues to output a transfer request longer than three machine cycles after
the CPU started the transfer operation, the DTP/external interrupt circuit interprets the request
as another transfer request and performs the data transfer operation again.

O Input polarities of external interrupts

» If the request level setting register (ELVR) is set for edge detection, the pulse width of at
least three machine cycles is required from the point of change of the input level to detect
the input of an edge that is to become an interrupt request.

» If the request level setting register (ELVR) is set for level detection, and the level for interrupt
request is input, the cause flip-flop in the DTP/interrupt cause register (EIRR) is set to "1"
and retains the cause, as shown in Figure 15.6-1 "Clearing the Cause Retention Circuit
When a Level is Specified". Thus, even if the interrupt cause is removed, the request to the
interrupt controller remains active. To cancel the request to the interrupt controller, set the
external interrupt request flag bits (EIRR: ER3 to ERO) to "0" to clear the cause flip-flop to
"0", as shown in Figure 15.6-2 "DTP/External Interrupt Cause and Interrupt Request When
the Output of Interrupt Requests is Enabled".

Figure 15.6-1 Clearing the Cause Retention Circuit When a Level is Specified

PTP/externaI DTP/intgrrup_t input ' Cause FF . Enable gate To the interrupt
interrupt cause detection circuit (in the EIRR register) controller

(interrupt request)

The cause is stored until the register is cleared.
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Figure 15.6-2 DTP/External Interrupt Cause and Interrupt Request When the Output of Interrupt
Requests is Enabled

DTP/external interrupt ‘

cause (when the T

H level is detected)

Removal of the interrupt cause

Interrupt request to the

interrupt controller T

Becomes inactive by clearing cause FF.

O Notes about interrupts

When the external interrupt function is used to branch to an interrupt processing routine, it is not
possible to return from the interrupt processing program if an external interrupt request flag bit
(EIRR: ER3 to ERO) is "1" and an external interrupt request enable bit (ENIR: EN3 to ENO) is
"1". Be sure to clear the external interrupt request flag bits (EIRR: ER3 to ERO) to "0" in the
processing program. (When using the DTP function, the external interrupt request flag bits

(EIRR: ER3 to ERQO) are cleared to "0" by EIZOS.)

If the register is set for level detection, it is not possible to return from the interrupt processing
program when the level signal of an interrupt request is input to an external interrupt input pin
(INT3 to INTO) because, even if an external interrupt request flag bit (EIRR: ER3 to ERO) is set
to "0", it is set to "1" again. Thus, disable an interrupt request or remove the level signal for an
interrupt request.
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CHAPTER 16 I°C INTERFACE

This chapter describes the functions and operations of the 12C interface of the
MB90MA405 series.

16.1 "Overview of the I1°C Interface”
16.2 "Block Diagram and Configuration of the 12C Interface"
16.3 "I°C Interface Registers"

16.4 "Operation of the 12C Interface”
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16.1 Overview of the I2C Interface

The 12C interface operates as a master or slave device on the 1°C bus at the serial /0
port that supports an inter-IC bus.

m Features of the I12C Interface
MB90M405 series microcontrollers use one channel for the 12C built-in interface.

The I°C interface has the following features:

» Master/slave transmission

» Arbitration function

e Clock synchronization function

» Function for detecting a slave address and a general call address

» Function for detecting the transfer direction

» Function for repeated generation and detection of the start condition
* Bus error detection function

e Support of a transfer rate up to 100 kbps
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16.2 Block Diagram and Configuration of the 12C Interface

Figure 16.2-1 "Block Diagram of the 1°C Interface" shows a block diagram of the 1°C

interface. Figure 16.2-2 "Configuration of the 1°C Interface” shows the configuration of

the 12C interface.

m Block Diagram of the I°C Interface

Internal data bus

Figure 16.2-1 Block Diagram of the I1°C Interface

ICCR

% 12C enable

Clock division 1 Machine clock
ICCR 5 6 7 8
S Hé kw |W' W1
ock selection
CS3 T
Cs2 Clock division 2
248 16 32 64 128 256 Sync ) )
<—1 CS1 TI 0 v 1 U O Shift clock generation
CS0 Clock selection 2 lW
shift clock
IBSR edge change
Bus busy
<— BB
Repeat start| Start and stop condition detection
K<—1 RSC
Last Bit
<— LRB
Send/Receive Error
K—1 TRX ]
<— FBT ! First Byte
K— AL I Arbitration lost detection ||<
IBCR
<— BER
K—> BEIE ScL
Interrupt request H IRQ SDA
<— INTE ] P
K—> INT
IBCR 0 End
Start
K—> SCC
Master
K—> MSS Start and stop condition generation
ACK enable
K—> ACK
GC-ACK enable
K—GCAA
2| IDAR k
IBSR T
Slave
<—1 AAS
Global call |Slave address compare
<— GCA
2
>|| IADR
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m Configuration of the 1°C Interface
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Figure 16.2-2 Configuration of the I°C Interface
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16.3 1°C Interface Registers

The I12C interface uses the following six types of registers:
- 12C status register (IBSR)

« 12C control register (IBCR)

« 12C clock control register (ICCR)

« 12C address register (IADR)

. 12C data register (IDAR)

« 12C port select register (ISEL)

m [°C Interface Registers

Figure 16.3-1 I1°C Interface Registers
1 - (071 T 1 A bit0

I2C port select register (ISEL) I2C status register (IBSR)

I2C control register (IBCR)

I2C clock control register (ICCR)

I2C address register (IADR)

I2C data register (IDAR)

335



CHAPTER 16 12C INTERFACE

16.3.1 I°C Status Register (IBSR)

The 12C status register (IBSR) has the following functions:
» Detection of a repeated start condition
» Detection of arbitration lost

» Storage of acknowledgements

» Detection of the first byte

» Detection of addressing

» Detection of the general call address

+ Data transfer

m 12C Status Register (IBSR)

Bit 7 6

Figure 16.3-2 12C Status Register (IBSR)

5

4

3

2 1

0 Initial value

|BB ‘RSC‘ AL ‘LRB‘TRX‘AAS‘GCA‘FBT|

000000008

R R R R R R R R
E FBT First byte detection bit
0 | Received byte is not the first byte.
1 | Received byte is the first byte.
GCA General call address detection bit
0 | General call address not received in slave mode
1 | General call address received in slave mode
AAS Addressing detection bit
0 | Addressing in other than slave mode
1 | Addressing in slave mode
TRX Transfer status setting bit
0 | Receiving
1 | Sending
AL Arbitration lost detection bit
0 | Arbitration lost not detected
Either arbitration lost occurred during transfer
1 | by the master or the MSS bit was set to "1"
while another system was using the bus
RSC Repeated start condition bit
0 | Repeated start condition not detected
1 | Repeated start condition detected
BB Bus status setting bit
0 | Stop condition not detected
1 Start condition detected
(indicating that the bus is in use)
R . Read only
[ ] : Initial value
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Table 16.3-1 Functions of the I°C Status Register (IBSR) Bits

Bit name Function
BB: This bit shows the 12C bus status.
bit7 Bué status bit "0" is read from this bit if the stop condition is detected.
"1" is read from this bit if the start condition is detected.
This bit shows whether the repeated start condition is detected.
RSC: "1" is read from this bit if the start condition is detected again while the
bit6 Re éated start bus is in use.
cor?dition detection bit This bit is cleared to "0" if the start condition or the stop condition is
detected during the bus stop status while the INT bit is set to "0" and
addressing is not in slave mode.
This bit shows whether arbitration lost is detected.
AL: "1" is read from this bit if arbitration lost has occurred during transfer by
bit5 | Arbitration lost the master or if the MSS bit is set to "1" while another system is using
detection bit the bus.
This bit is cleared to "0" if the INT bit is set to "0".
LRB: - -
bitd | Acknowledge storage This bit stores an acknowledgement from the receiving system.
bit This bit is cleared if a start or stop condition is detected.
) This bit shows the data transfer send or receive status
. TRX: A L . -
bit3 Transfer status bit 0" is read from this bit during receiving
"1" is read from this bit during sending.
. This bit shows whether addressing is detected.
bit2 Address detection bit 1" is read from this bit if addressing was in slave mode.
This bit is cleared to "0" if the start or stop condition is detected.
. This bit shows whether the general call address (00y) is detected.
GCA: A oo : . X
. 1" is read from this bit if the general call address is received in slave
bitl General call address
detection bit mode.
This bit is cleared to "0" if the start or stop condition is detected.
This bit shows whether the first byte is detected.
Read operations return "1" for this bit if the received byte is the first byte
bito FBT: (address data).

First byte detection bit

Even if this bit has been set to "1" due to detection of a start condition, it
will be cleared to "0" if the INT bit is set to "0" or addressing was in other
than slave mode.
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16.3.2 1°C Control Register (IBCR)

The 12C control register (IBCR) has the following functions:

* Interrupt request and interrupt enable

* Generation of the start condition

e Setting a system as the master or slave

» Enabling of generation of acknowledgements
m 12C Control Register (IBCR)

Figure 16.3-3 12C Control Register (IBCR)

Bit 15 14 13 12 11 10 9 8 Initial value
|BER‘BEIE‘SCC‘MSS‘ACKFCWINTE‘ INT | 000000008
RW R/W RW RW RW R/W R/W R/W

—

L INT Transfer end interrupt request flag bit
Read Write
0 | Transfer not ended yet Interrupt request cleared

After the transfer ends, this bitis| N eff n ration
1 | set according to the conditions o effect on operatio
shown in the following table.

INTE Interrupt request enable bit

0 | Interrupt requests disabled

1 | Interrupt requests enabled

—>|GCAA Acknowledgement generation enable bit

0 | No acknowledgement generated

1 | Acknowledgement generated

> ACK Acknowledgement generation enable bit

0 | No acknowledgement generated

1 | Acknowledgement generated

>MSS Master/slave setting bit

0 | Slave mode entered after stop condition is generated and transfer ends

1 Transfer of address data starts after start condition is generated
again during transfer by the master

»SCC Start condition generation bit

0 | No effect on operation

1 | Start condition generated again during transfer by the master;
transfer of address data restarted

——>BEIE Bus error interrupt enable bit

0 | Bus error interrupt requests disabled

1 | Bus error interrupt requests enabled

Bus error interrupt request flag bit

> BER -
Read Write
0 | No interrupt request present | Interrupt request cleared
1 | Interrupt request present No effect on operation

R/W : Read/write enabled
[ : Initial value
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Table 16.3-2 Functions of the I2C Control Register (IBCR) Bits

bit15

Bit name Function
This is a bus error interrupt request flag bit.
An interrupt request is output if this bit is set to "1" while the bus error
BER: interrupt request enable bit (BEIE) is "1".

Bus error interrupt
request flag bit

If this bit is set to "1", the EN bit of the CCR register is cleared, the 12c
interface is stopped, and data transfer is halted.

If this bit is set to "0", the interrupt request is cleared.

Setting this bit to "1" does not effect operation.

bit14

BEIE:
Bus error interrupt
request enable bit

This is a bus error interrupt enable bit.
An interrupt is generated if the bus error interrupt request flag bit (BER)
is set to "1" while this bit is "1".

bit13

SCC:
Start condition
generation bit

This is a start condition generation bit.

If this bit is set to "1", the start condition is generated again during
transfer by the master and address data transfer is started.

The read value is always "0".

bit12

MSS:
Master/slave setting
bit.

This bit sets either master or slave mode.

If this bit is set to "0", slave mode is entered after the stop condition is
generated and the transfer ends.

If this bit is set to "1", address data transfer is started after master mode
is entered and the start condition is generated again.

This bit is cleared to "0" and slave mode starts if arbitration lost occurs
during transfer by the master.

bit11

ACK:
Acknowledgement
generation enable bit

This bit enables generation of an acknowledgement when data is
received.

If this bit is set to "1", an acknowledgement is generated.

This bit is invalid if address data is received in slave mode.

bit10

GCAA:
Acknowledgement
generation enable bit

This bit enables generation of an acknowledgement when the general
call address is received.
If this bit is set to "1", an acknowledgement is generated.

INTE: This bit enables interrupts.
bit9 Interrupt request An interrupt is generated if the transfer end interrupt request flag bit
enable bit (INT) is set to "1" while this bit is set to "1".
This is the transmission end interrupt request flag bit.
INT: If this bit is set to "1", the SCL line is kept at the "L" level.
bits | Transfer end interrupt If this bit is set to "0", the interrupt request is cleared, the SCL line is

request flag bit

released, and the next byte is transferred.
This bit is cleared to "0" if the start or stop condition is generated in
master mode.
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m Notes on Competition among the SCC, MSS and INT Bits

340

When simultaneous writing to the SCC, MSS, and INT bits occurs, there is competition for
transmission of the next byte or generation of the start or stop condition. The priority is
determined as explained below.

1) Transmission of the next byte or generation of the stop condition

When the INT bit is set to "0" and the MSS bit is set to "0", the "0" setting of the MSS bit
takes precedence, and the stop condition is generated.

2) Transmission of the next byte or generation of the start condition

When the INT bit is set to "0" and the SCC bit is set to "1", the "1" setting of the SCC bit
takes precedence, and the start condition is generated.

3) Generation of the start or stop condition

Setting the SCC bit to "1" and the MSS bit to "0" at the same time is prohibited.
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16.3.3 1°C Clock Control Register (ICCR)

The 12C clock control register (ICCR) has the following functions:

* Enabling operation of the 1°C interface
» Setting the frequency of the serial clock

m 12C Clock Control Register (ICCR)

Figure 16.3-4 Clock Control Register (ICCR)

Bit 7 6 5 4

2 1 0 Initial value

- - EN | CS4

CS3 |CS2 |CS1 [CSO | XXOXXXXXs

- - RW RW RW RW RW R/W

»| EN I2C interface operation enable bit

R/W : Read/write enabled
X : Undefined

|:| . Initial value

Operation disabled

1 | Operation enabled

Table 16.3-3 Functions of the I°C Clock Control Register (ICCR) Bits

Bit name Function
bit7 | - The read value of this bit is undefined.
bit6 Undefined bit The value set for this bit does not affect operation.
This bit enables operation of the 1°C interface.
EN: If this bit is set to "0", the bits of the I°C bus status register (IBSR) and
bit5 1°C interface operation the 1°C bus control register (IBCR), except for the BER and BEIE bits,
enable bit are cleared.
This bit is cleared to "0" if the BER bit is set to "1".
These bits set the frequency of the serial clock
The frequency of the shift clock (fsck) is set as follows:
bit4 | CS4 to CSO: ®
; fsck =
to Serial clock frequency mxn+4
bit0 | setting bits

@. Machine clock frequency

For information on the serial clock frequency setting value, see Table
16.3-5 "Serial Clock Frequency Settings (CS2 to CS0)".
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Table 16.3-4 Serial Clock Frequency Settings (CS4 and CS3)

Cs4 CS3

o | ~N|loo| o] 3

0 0
0 1
1 0
1 1

Table 16.3-5 Serial Clock Frequency Settings (CS2 to CSO0)

n CS2 Cs1 CSO0

4

8

16

32

64

128

256

Rl FRP|PFP|OC|OC|O| O
Rl O|lO|FR|PFR,|O]| O
k|l O|lPFR,|O|PFP|O|FL,| O

512

If, for example, m =5 and n = 32 are selected when ¢ = 16 MHz, the resulting serial clock
frequency is 97.561 kHz.

Notes:

» The addition of four cycles is the minimum overhead required to check whether the output
level of the SCL pin has changed. More cycles are required if the rising edge delay on the
SCPL pin is greater or the clock period on the slave device is prolonged.

» According to the setting of the 1°C operation enable bit (EN bit), the output from the 12c
common port pin varies as follows:

» When the EN bit is set to 1 (operation is enabled): An 1°C output signal is output from the
SDA/D90 and SCL/P91 pins regardless of the setting values (input or output settings) of
bit 8 of DDR9 bit 9 of DDR9.

* When the EN bit is set to O (operation is disabled): The P90 and P91 setting values of
the PDRO register are output from the SDA/D90 and SCL/P91 pins if bit 8 of the DDR9 is
"1" and bit 9 of DDR9 is also "1" (output setting).

«  While the I°C is in operation, execution of an RMW instruction for the port data register
(PDRY) reflecting the setting of the 1°C pin reads the pin level into bit 8 and bit 9 of PDR9

during reads operations. Accordingly, note that the values of bit 8 and bit 9 of PDR9 may
change depending on the level of the P91/SCL and P90/SDA pins.
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Figure 16.3-5 Change Timing for the 12C Common Port

I2C operation
enabled/disabled

I2C operation enabled: EN bit=1

I2C operation disabled: EN bit =0

SCL/P91

DDR9: bit9 = 0: Hi-z for input setting
DDR9: bit9 = 1: New PDRA value is output

SDA/P90

Timing for executing an RMW
instruction for the PDRA register

DDRO9: bit8 = 0: Hi-z for input setting
DDR9: bit8 = 1: New PDRA value is output

RMW instruction executed

HA/

PDRA register value

Previous data ) Varies depending on the pin level at the time the RMW instruction is executed
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16.3.4 1°C Address Register (IADR)

The 1°C address register (IADR) specifies the slave address.

m |°C Address Register (IADR)

Figure 16.3-6 1°C Address Register (IADR)

Bit 15 14 13 12 11 10 9 8 Initial value

- A6 A5 | AA | A3 | A2 Al A0 XXXXXXXXB
- RW RW R/W R/W R/W R/W R/W

R/W : Read/write enabled
X : Undefined

This register specifies the slave address. In slave mode, received address data is compared
with the DAR register, and if a match occurs, an acknowledgement is sent to the master.
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16.3.5 1°C Data Register (IDAR)

The I12C data register (IDAR) is used for serial transfer.

m [°C Data Register (IDAR)

Figure 16.3-7 I°C Data Register (IDAR)
Bit 7 6 5 4 3 2 1 0 Initial value
D7 | D6 D5 D4 | D3 | D2 D1 DO XXXXXXXXB
RW RW R/W R/W RW R/W R/W R/W

R/W : Read/write enabled
X : Undefined

The data register is used for serial transfer. Data is transferred starting from the MSB. The
data output value is "1" if data is being received (TRX="0").

The writing side of this register is double-buffered. While the bus is in use (BB="1"), the write
data is loaded into the register for serial transfer for each byte is transferred. During reading,
data is read directly from the register for serial transfer. Thus, the received data is valid only
while the INT bit is set.
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16.3.6 1°C Port Select Register (ISEL)

The I2C port select register (ISEL) contains the settings for the 12C.

m |°C Port Select Register (ISEL)

Figure 16.3-8 12C Port Select Register (ISEL)

Bit

R/W : Read/write enal
X : Undefined
- : Undefined bit

15 14 13 12 11 10 9 8 Initial value
- - - - - - - SEL | XXXXXXXO0s
- - - - - < - RW

bled

Table 16.3-6 Functions of the I°C Port Select Register (ISEL) Bits

Bit name Function
bltt;S - » The value read from this bit is undefined.
bit9 Undefined bit » Setting this bit to a new value does not affect operation.
« Set this bit to use the I1°C pin functions.
 If this bit is set to "0", the port or UART ch.3 is enabled.
SEL: « If this bit is set to "1" and the I°C interface operation enable bit (EN) of
bit8 | >~ . . the 12C clock control register (ICCR) is set to "1", the pins become the
I“C setting bit 2 :
I“C 1/O pins.
Note:

Be sure to set this bit to "1" to use the I1°C interface.
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16.4 Operation of the 1°C Interface

The I2C bus, which serves as a bidirectional bus line for communications, consists of

a serial data line (SDA) and a serial clock line (SCL). As the 1°C interface, SDA and
SCL can be used as open drain 1/O pins (SDA and SCL), enabling wired logic. The
input withstand voltage is 5V (Typ.).

m Start Condition

If the MSS bit is set to "1" while the bus is free (BB="0" and MSS="1"), the 1°C interface enters
master mode and generates the start condition at the same time. In master mode, you can
generate the start condition again by setting the SCC bit to "1" even though the bus line is in
use (BB="1").

The start condition is generated for either of the following conditions:
1. The MSS bit is set to "1" while the bus is free (MSS="0", BB="0", INT="0", AL="0").

2. The SCC bit is set to "1" in an interrupt state in bus master mode (MSS="1", BB="1",
INT="1", AL="0").

If the MSS bit is set to "1" while the bus is being used by another system (idle state), the AL bit
is set to "1". Under conditions other than (1) and (2), the "1" setting in the MSS and SCC bits is
ignored.

m Stop Condition

In master mode, setting the MSS bit to "0" generates a stop condition, causing the 1°C interface
to enter slave mode.

The stop condition is generated under the following condition:

e The MSS bit is set to "0" in an interrupt state in bus master mode (MSS="1", BB="1",
INT="1", AL="0").

Under conditions other than the above, an MSS bit setting of "0" is ignored.

m Addressing

If, in master mode, a start condition is generated, the BB bit is set to "1", the TRX bit is set to
"1", and the contents of the IDAR register are output starting from the MSB. If, after the address
data is sent, an acknowledgement is received from the slave, bit 0 of the send data (IDAR bit O
after sending) is inverted and stored in the TRX bit.

If, in slave mode, the start condition is generated, the BB bit is set to "1", the TRX bit is cleared
to "0", and the send data from the master is received in the IDAR register. After the address
data is received, the IDAR and IADR registers are compared. If the register values match, AAS
is set to "1" and an acknowledgement is sent to the master. Then, bit O of the receive data
(IDAR bit 0 after receiving) is stored in the TRX bit.
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m Arbitration

Arbitration occurs if data is sent in master mode and another master sends data at the same
time. If the send data is "1" and the data on the SDA line is at the "L level", the sender assumes
that it has lost the arbitration and sets the AL bit to "1". The AL bit is set to "1" also if the start
condition is generated while the bus is in use.

If the AL bit is set to "1", both the MSS and TRX bits are set to "0", causing the 12C interface to
enter slave receive mode.

m Acknowledgement

m Bus Error

An acknowledgement is sent from the receiver to the sender. While data is being received, the
ACK bit is used to set whether an acknowledgement should be used. While data is being sent,
an acknowledgement is stored in the LRB bit.

If, in slave send mode, no acknowledgement is received from the master receiver, the TRX bit is

set to "0", causing the 12C interface to enter slave receive mode. Thus, the master can generate
the stop condition when the slave frees the SCL line.

If any of the following conditions occurs, a bus error is assumed and the 12C interface is
stopped.

« A basic specification violation is detected on the 1°C bus during data transfer (including the
ACK bit).

» The stop condition is detected in master mode.

« A basic specification violation is detected on the 12C bus when the bus is idle.

m Execution of Start Condition Generation Instruction While SDA=LOW and SCL=LOW

When the start condition generation instruction (which writes 1 to the MSS bit) is executed while
SDA=LOW and SCL=LOW, this results in BB=0 and AL=1. In this case, the transfer end
interrupt request flag (INT bit) is not set because the transfer is not completed. Consequently,
detect this status by monitoring the BB and AL bits from the program.

Figure 16.4-1 Change Timing for Flags When the Start Condition Generation Instruction is Executed

Start condition

348

While SDA=LOW and SCL=LOW
SCL nLn

SDA

T Setting the MSS bit to "1"

Arbitration AL bit of IBSR
INT bit of IBCR "L
Interrupt
BB bit of IBSR "Lt
Bus busy bit of IBS




16.4 Operation of the I12C Interface

16.4.1 Transfer Flow of the I°C Interface

Figure 16.4-2 "One-byte Transfer Flow from the Master to the Slave" shows the flow of
a one-byte transfer from the master to the slave. Figure 16.4-3 "One-byte Transfer
Flow from the Slave to the Master" shows the flow of a one-byte transfer from the slave
to the master.

m Transfer Flow of the I12C Interface

Figure 16.4-2 One-byte Transfer Flow from the Master to the Slave

Master Slave
( Start )
DAR: Writing
MSS: Writing 1
Start condition
BB set, TRX set BB set, TRX set
Address data transfer
AAS set
Acknowledgement
LBR reset
INT set, TRX set INT set, TRX set
DAR: Writing Interrupt ACK: Writing 1
INT: Writing O INT: Writing O
Data transfer
Acknowledgement
LBR rest
INT set INT set
Interrupt DAR: Reading
INT: Writing O
MSS: Writing O
INT reset
BB reset, TRX reset Stop condition BB reset, TRX reset
AAS reset

Cw

349



CHAPTER 16 12C INTERFACE

350

Figure 16.4-3 One-byte Transfer Flow from the Slave to the Master

Master
DAR: Writing
MSS: Writing 1

BB set, TRX set

LBR reset
INT set, TRX reset

INT: Writing O

INT set
DAR: Reading

MSS: Writing O
INT reset
BB reset, TRX reset

T

Start condition

Address data transfer

Acknowledgement

Interrupt

Data transfer

Negative acknowledgement

Interrupt

Stop condition

e

Slave

BB set, TRX set

AAS reset

INT set, TRX set
DAR: Writing
INT: Writing O

LBR set, TRX set

INT set

INT: Writing O

BB reset,TRX reset
AAS reset
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16.4.2 Mode Flow of the I2C Interface

Figure 16.4-4 "12C Mode Flow" shows the flow of mode transitions for the I1°C interface.

m Flow of I12C Interface Mode Transitions

Figure 16.4-4 1°C Mode Flow

Slave receive mode

NO
YES

TRX,AAS,LRB:reset
FBT:set

YES
STC&BB=1 RSC:set

NO

Address comparison

Match

RSC,FBT:reset

AAS:set  Acknowledgement
output

—1 INT:set SCL line retained
atL"

NO
¢ Slave receive mode

Slave send mode

AAS,LRB,BB,RSC
‘reset

' NO

INT: 0 write ‘

FBT:reset
SCL line freed

‘ Send/receive ‘

YES
Acknowledgement received?
NO

TRX:reset

L]
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16.4.3 Operation Flow of the 1°C Interface

Figure 16.4-5 "Operation Flow of the Master Send/Receive Program (with Interrupts) for
the I2C Interface” shows the operation flow of a master send/receive program (with
interrupts) for the 12C interface. Figure 16.4-6 "Operation Flow of the Slave Program

(with Interrupts) for the 12C Interface” shows the operation flow of the slave program
(with interrupts) for the 12C interface.

m Operation Flow of the I°C Interface

Figure 16.4-5 Operation Flow of the Master Send/Receive Program (with Interrupts) for the 1°C Interface

Main routine

Set the slave
address
2C operation enabled

Master receive
operation?

Master send |No

Master receive

Set the number of bytes to be
sent for each time that data
is written
[

Set the number of bytes to be
sent for each time that data
is written

Send the slave address set
(Data direction bit=0)

Receive the slave address set
(Data direction bit=1)

S .
BBbit = 1?
No

ves oo

BBbit = 1?

Generate the start condition
while sending the slave address

‘ ’ Generate the start condition

while sending the slave address

Wait for a certain
amount of time

BB bit = 0 and—~XES

12C operation disabled| N

Wait for a certain
amount of time

BB bit = 0 and ~XES
AL bit =17

Interrupt routine

Bus error €s
occurred?
No

No

Is the data
direction bit (TRX) 12

@
v
Clear the bus error
interrupt source

Stop condition generated

®

RETI
12C operation enabled
® ® 12C initial setting

/Acknowledge occurrence enabled
v

To the slave program
©) interrupt routine

Is the number
of remaining bytes to be
received 02

Is the number
of remaining bytes to be
eceived 12

No

Decrement the number of
bytes to be sent

‘ [Acknowledge occurrence enabled] [Acknow\edge occurrence enabled

I
[I2C operation disabled] [ Set the send data ]
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Clear the end interrupt factor

75 the first byte €
being received?
No

[Decrement the number of bytes to be received ]

[ Store the receive data to the RAM ]

[_Clear the end interrupt factor ]

RETI
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Figure 16.4-6 Operation Flow of the Slave Program (with Interrupts) for the I°C Interface

Main routine Interrupt routine
@ @

Clear the end Clear the bus error
Seg&h;:éive Bus error interrupt source interrupt factor

occurred?

lc operati?n enabled|

@ |
[I2C operation enabled|
[

| IC initial setting |

[ Set slave mode |

LOOP

—Is the data recei\llsetggta an ves
|rect|onll%|t (TRX address?

Yes No

Store the receive
Is ACK No :
Q) data in RAM

Yes Clear the end

[ Set the send data | |nterrup|t source
[

Clear the end RETI

interrupt source
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CHAPTER 17 8/10-BIT A/D CONVERTER

This chapter describes the functions and operations of the MB90M405 series 8/10-bit
A/D converter.

17.1 "Overview of the 8/10-Bit A/D Converter"
17.2 "Configuration of the 8/10-Bit A/D Converter"
17.3 "8/10-Bit A/D Converter Pins"

17.4 "8/10-Bit A/D Converter Registers"

17.5 "8/10-Bit A/D Converter Interrupts”

17.6 "Operation of the 8/10-Bit A/D Converter"
17.7 "Usage Notes on the 8/10-Bit A/D Converter"
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17.1 Overview of the 8/10-Bit A/D Converter

The 8/10-bit A/D converter has a function for converting the analog input voltage into a
10-bit or 8-bit value using the RC-type successive approximation conversion method.

m Functions of the 8/10-Bit A/D Converter

The following shows the functions of the 8/10-bit A/D converter:

* The minimum conversion time is 5.9 us (for a machine clock of 16.8 MHz; includes the

sampling time).

* The minimum sampling time is 2.1 us (for a machine clock of 16.8 MHz).

» The converter uses the RC-type successive approximation conversion method with a sample

hold circuit.

* A resolution of 10 bits or 8 bits can be selected.

» The input signal can be set using a program from the 8-channel analog input pins.

» At the end of A/D conversion, an interrupt request can be generated and EI20S can be

activated.

» If A/D conversion is performed while an interrupt is enabled, the conversion data protection
function is activated.

» The conversion can be activated by software, 16-bit reload timer 1 output (rising edge), and
16-bit free-running timer zero detection edge.

Table 17.1-1 "8/10-bit A/D Converter Conversion Modes" lists four types of conversion modes.

Table 17.1-1 8/10-bit A/D Converter Conversion Modes

Conversion mode

Single conversion

Scan conversion

Single conversion mode 1
Single conversion mode 2

Converts the input of a specified
channel (single channel) just once.

Converts the inputs of two or more
consecutive channels (up to 16
channels) just once.

Continuous conversion mode

Converts the input of a specified
channel (single channel) repeatedly.

Repeatedly converts the inputs of
two or more consecutive channels
(up to 16 channels).

Stop conversion mode

Converts the input of a specified
channel (single channel), after which
it is on standby for the next
activation.

Converts the inputs of two or more
consecutive channels (up to 16
channels) once, then enters standby
mode and waits for the next start.
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m 8/10-Bit A/D Converter Interrupts and EI20S

17.1 Overview of the 8/10-Bit A/D Converter

Table 17.1-2 8/10-Bit A/D Converter Interrupts and EI?0S

Interrupt control register

Vector table address

Interrupt No. ; EI0S
Register Address Lower Upper Bank
name
#37 (254) ICR13 0000BDy FFFF68 FFFF69 FFFF6AHL @]
O: Available
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CHAPTER 17 8/10-BIT A/D CONVERTER

17.2 Configuration of the 8/10-Bit A/D Converter

The 8/10-bit A/D converter consists of the following blocks:

D/A converter
Comparator
Control circuit

A/D control status register (ADCS0/ADCS1)
A/D data register (ADCRO/ADCR1)
A/D conversion channel select register (ADMR)
Clock selector (Input clock selector for activating A/D conversion)
Decoder
Analog channel selector
Sample hold circuit

Block Diagram of the 8/10-Bit A/D Converter
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A/D control status

Figure 17.2-1 Block Diagram of the 8/10-Bit A/D Converter

TD—@ Interrupt request signal #37 (25,,)

A/D conversion channel

/ select register (ADMR)

-

register
(ADCSO/ADCS1) |BUSY| INT |INTE[PAUS|STS1|STSO|STRT|RESV|MD1{MDOJANS3|ANS2|ANS1|ANSO|ANE3|ANE2|ANEL|ANEQ)

A | [ I [ [ [ [ [ 7

8
Y Y y
—bi i 2
16-bit reload timer 1 output ~ —> Clock selector h Decoder
¢
) Y A YVY
Comparator
»| Sample
holding circuit —> Control circuit
PB15/AN15
to  —>»| Analog TN
PAO/ANO | channel < b
selector AVR | 5
AVcc—  DJ/A converter >
AVss—
| O
A/D data register _
(ADCRO/ADCS1) S10|ST1|STO|CT1|CTO D9 | D8 |D7|D6|D5|D4|D3|D2|D1|D0

¢ : Machine clock
*: Interrupt signal

Internal data bus




17.2 Configuration of the 8/10-Bit A/D Converter

A/D control status register (ADCSO/ADCS1)

The A/D control status register (ADCSO0) sets the A/D conversion mode.

The A/D control status register (ADCS1) sets the A/D conversion activation trigger and enable/
disable of interrupt requests and checks the interrupt request status and whether the A/D
conversion has halted/is in progress.

A/D data register (ADCRO/ADCR1)

This register stores the results of A/D conversion. It also sets the resolution for A/D conversion,
sampling time during A/D conversion, and compare time during A/D conversion.

A/D conversion channel select register (ADMR)

A/D conversion channel select register (ADMR) sets the A/D conversion start/end channel.

Clock selector

The clock selector selects the clock for starting A/D conversion. The 16-bit reload timer 1 output
can be used as the start clock.

Decoder

This circuit sets the analog input pin to be used based on the A/D conversion end channel
setting bits (ANEO to ANE3) and A/D conversion start channel setting bits (ANSO to ANS3) of
the A/D control status register (ADCSO0).

Analog channel selector

This circuit selects the pin to be used from among 16 analog input pins.

Sample hold circuit

This circuit maintains the input voltage from the pin set by the analog channel selector. By
maintaining the input voltage just after starting A/D conversion, it is not affected by input voltage
variations during A/D conversion (during comparison).

D/A converter

This circuit generates a reference voltage for comparison with the input voltage maintained by
the sample hold circuit.

Comparator

This circuit compares the input voltage maintained by the sample hold circuit with the output
voltage of the D/A converter to determine which is greater.

Control circuit

This circuit determines the A/D conversion value based on the decision signal generated by the
comparator. When the A/D conversion has been completed, the circuit sets the conversion
result in the A/D data register (ADCRO/ADCR1) and generates an interrupt request.

359



CHAPTER 17 8/10-BIT A/D CONVERTER

17.3 8/10-Bit A/D Converter Pins

This section describes the 8/10-bit A/D converter pins and provides pin block

diagrams.

m 8/10-Bit A/D Converter Pins

Table 17.3-1 8/10-bit A/D Converter Pins

The A/D converter pins are also used as 1/O ports.

Function Pinname | Pin function | MPutoutput Pull-up Standby Setting for
signal type option control using the pin
Channel 0 PAO/ANO
Channel 1 PA1/AN1
Set Port A as
Channel 2 PA2/AN2 CMOS output/ an input port
Channel3 | PAZIAN | PortAinput- | CMOS DRt
. Not Not bit7="0").
output or hysteresis lectabl lectabl Set
Channel 4 PA4/ANA analog input input or selectable selectable e Ias an t
analog input analog p_or
Channel 5 PA5/ANS5 (ADERO:bitO
to bit7="1"
Channel 6 PAG/ANG )
Channel 7 PA7/AN7
Channel 8 PBO/ANS
Channel 9 PB1/AN9
Set Port B as
Channel 10 | PB2/AN10 CMOS output/ an input port
Channel 11 | PB3/AN11 | PortBinput- | CMOS (DDRB:bIO to
. Not Not bit7="0").
output or hysteresis lectabl lectabl Set
Channel 12 PB4/AN12 anak)g input input or selectable Selectable € Ias an ;
analog input analog p_or
Channel 13 | PB5/AN13 (ADER1:bit0
to bit7="1"
Channel 14 | PB6/AN14 )
Channel 15 | PB7/AN15
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17.3 8/10-Bit A/D Converter Pins

m Block Diagrams of the 8/10-Bit A/D Converter Pins

Figure 17.3-1 Block Diagram of the PAO/ANO to PB7/AN15 Pins

A/D converter analog

«> ADER i )
input signal
2]
>
Qo
< <
<
o
® PDR read 4
5 1/0 evaluation < Input bufer
£ —[}—» PDR > o ‘_‘
= circuit
PDR write yy Output buffer Port pin

|

Standby control (LPMCR: SPL="1")

A
Y

DDR

Standby control: Stop mode and LPMCR: SPL="1"

Notes:

« To use a pin as an input port, set the corresponding bit (bit7 to bit0) of the port direction
registers (DDRA and DDRB) to "0" and the corresponding bit (bit15 to bit0) of the analog
input enable registers (ADERO and ADER1) to "0".

e To use a pin as an analog input pin, set the corresponding bit (bit15 to bit0) of the analog
input enable registers (ADERO and ADER1) to "1". The value read from each of the port
data registers (PDRA and PDRB) is 00.
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CHAPTER 17 8/10-BIT A/D CONVERTER

17.4 8/10-Bit A/D Converter Registers

This section lists the 8/10-bit A/D converter registers.

m 8/10-Bit A/D Converter Registers

Figure 17.4-1 List of Registers of the 8/10-Bit A/D Converter
BItLS ---rveeversemseneeeeeeeee, DIt Dit7 ---ee-eroseesrenriieeenes bit0

A/D control status register (ADCS1) | A/D control status register (ADCSO0)

A/D data register (ADCR1) A/D data register (ADCRO)

A/D conversion channel select register (ADMR)
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17.4 8/10-Bit A/D Converter Registers

17.4.1 A/D Control Status Register 1 (ADCS1)

The A/D control status register (ADCS1) sets the A/D conversion activation trigger and
enable/disable of interrupt requests and checks the interrupt request status and
whether the A/D conversion has halted/is in progress.

m A/D Control Status Register 1 (ADCS1)

Bit 15

14

13

12

11

10

9

Figure 17.4-2 A/D Control Status Register 1 (ADCS1)

8 Initial value

BUSY

INT

INTE

PAUS

STS1

STSO

STRT

RESV| 000000008

RW R/W R/W R/W R/W

RIW W R/W

L1
RESV| Reserved bit

R/W : Read/write
W : Write only

1 : Initial value

Always write O to this bit.
STRT A/D conversion activation bit
(valid only when activated by software (ADC2: EXT= 0))
0 |Does not activate the A/D conversion.
1 |Activate the A/D conversion function.
STS1|STSO A/D activation select bit
0|0 -
Activation by software.
0 1
1 0 | Activation by 16-bit reload timerl or
1 1 | activation of software
PAUS Halt flag bit
(valid only when EI20S is used)
0 | A/D conversion is active
1 | A/D conversion is halted.
INTE Interrupt request enable bit
0 Disables interrupt request output.
1 A/D conversion is halted.
INT Interrupt request flag bit
Reading Writing
0 |A/D conversion has not been completed. |Clears interrupt request
1 |A/D conversion has been completed. |No effect on operation
Busy bit
BUSY - —
Reading Writing
0 A/D conversion is halted. Stops the A/D conversion.
1 | A/D conversion is in progress. | No change,no effect on other bits.
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CHAPTER 17 8/10-BIT A/D CONVERTER

Table 17.4-1 Function Description of Each Bit of A/D Control Status Register 1 (ADCS1)

Bit name

Function

bit15

BUSY:
Busy bit

< This bit indicates the operating status of the A/D converter

* When this bit is "0", the A/D conversion has halted.

« When this bitis "1", the A/D conversion is in progress.

* When this bit is set to "0", the A/D conversion is forced to halt.

« When this bit is set to "1", operation is not affected.

Note:
Do not set the forced A/D conversion stop and the activation (BUSY="0",
STRT="1") simultaneously.

bit14

INT:
Interrupt request
flag bit

« This bit is a flag that requests an interrupt.

* This bitis set to "1" when A/D conversion results are stored in the A/D data
register (ADCRO/ADCR1).

« When this bit is set to "1" while the interrupt request enable bit (INTE) is "1", an
interrupt request is output.

* When this bit is set to "0", the interrupt request is cleared.

« When this bit is set to "1", operation is not affected.

« When EI?OS is used, this bit is cleared to "0",

Note:
To clear the interrupt requests, stop the A/D conversion.

bit13

INTE:
Interrupt request
enable bit

e This bit enables an interrupt request.

« When the interrupt request flag bit (INT) is set to "1" while this bit is set to "1",
an interrupt request is output.

«+ To use EI?0S, set this bit to "1".

bit12

PAUS:
Halt flag bit

e This bitis set to "1" when the A/D conversion stops temporarily.

«  When EI?0S is used in continuous conversion mode, this bit is set to "1" if
transfer of the last piece of data to memory has not been completed even
though A/D conversion is completed. Thus, the A/D conversion is stopped
temporarily and conversion data is not stored in the A/D data register (ADCRO/
ADCR1).

« When data transfer of the last piece of data to memory is completed, this bit is
cleared to "0" and the A/D conversion is then restarted.

Note:

This bit is valid when EI?0S is used.

bit11l
bit10

STS1, STSO:
A/D activation
select bit

* These bits select how A/D conversion is to be activated.

* When two or more activation causes are shared, activation is the result of the
cause that occurs first.

Note:
Change the setting during A/D conversion only while there is no corresponding
activation cause, since the change becomes effective immediately.

bit9

STRT:
A/D conversion
activation bit

» This bit allows software to start A/D conversion.

e Writing 1 to this bit activates A/D conversion.

« In stop conversion mode, conversion cannot be reactivated with this bit.

Note:
Never perform the forced stop and activation (BUSY="0", STRT="1") of the A/D
conversion simultaneously.

bit8

RESV:
Reserved bit

Note:
Always write 0 to this bit.

364




17.4 8/10-Bit A/D Converter Registers

17.4.2 A/D Control Status Register 0 (ADCSO0)

The A/D control status register (ADCSO0) sets the A/D conversion mode.

m A/D Control Status Register 0 (ADCSO0)

Figure 17.4-3 A/D Control Status Register 0 (ADCSO0)

Bit 7 6 S 4 3 2 1 0 Initial value
MD1|MDO| - - - - - - 00XXXXXXs
RIW RW - - - - - -
L |
> MD1|MDO| A/D conversion mode setting bit

0 0 Single conversion mode 1 (reactivation allowed
during operation)

0 1 Single conversion mode 2 (reactivation not
allowed during operation)

1 0 Continuous conversion mode (reactivation not
allowed during operation)

1 1 Stop conversion mode (reactivation not allowed
during operation)

R/W : Read/write enabled
: Undefined bit

[ initial value
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Table 17.4-2 Function Description of Each Bit of A/D Control Status Register 0 (ADCSO0)

Bit name

Function

bit7
bit6

MD1, MDO:
A/D conversion
mode setting bit

» This bit is used to set the A/D conversion mode.

» Single conversion mode 1, single conversion mode 2, continuous conversion
mode, and stop conversion mode can be set.

Single conversion mode 1:
A/D conversion is performed from the channel specified by the A/D
conversion start channel setting bits (ANS3 to ANSO) to that specified by the
A/D conversion end channel setting bits (ANE3 to ANEO) before terminating.
Reactivation during operation is allowed.

Single conversion mode 2:
A/D conversion is performed from the channel specified by the A/D
conversion start channel setting bits (ANS3 to ANSO) to that specified by the
A/D conversion end channel setting bits (ANE3 to ANEO) before terminating.
Reactivation during operation is not allowed.

Continuous conversion mode:
A/D conversion is performed from the channel specified by the A/D
conversion start channel setting bits (ANS3 to ANSO) to that specified by the
A/D conversion end channel setting bits (ANE3 to ANEO) is repeated until
the conversion stop is forcibly implemented by the Converting bit (BUSY).
Reactivation during operation is not allowed.

Stop conversion mode:
A/D conversion is performed from the channel specified by the A/D
conversion start channel setting bits (ANS3 to ANSO) to that specified by the
A/D conversion end channel setting bits (ANE3 to ANEQO) is repeated by
making a pause for each channel until the conversion stop is forcibly
implemented by the Converting bit (BUSY). Reactivation during operation is
not allowed. Reactivation during the pause depends on the activation trigger
set in the A/D activation trigger setting bits (STS1, STSO0).

Note:
The impossibility of reactivation of each conversion mode (simple,
continuous, and stop) is applied to the 16-bit free-running timer 0 detection,
16-bit reload timerl, and activation of all software.
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17.4 8/10-Bit A/D Converter Registers

17.4.3 A/D Data Register (ADCRO/ADCR1)

The A/D data register (ADCRO/ADCRL1) stores the results of A/D conversion. It also

sets the resolution for A/D conversion, sampling time during A/D conversion, and
compare time during A/D conversion.

m A/D Data Register (ADCRO/ADCR1)

Figure 17.4-4 A/D Data Register (ADCRO/ADCR1)

Bit

15

14

13

12

11

10

9

8 7 6 5 4 3 2 1 0 Initial
00000XXXB (Upper)
S10| STLSTO|CT1CTO| — | D9| D8| D7 | D6| D5| D4 | D3| D2| D1 | DO[ yywxxXXXs (Lower)
W W W wW W R R R R R R R R R R
[E— [E— | | | | | | | | |
>| D9 to DO A/D data bit
Stores conversion data
CT1|CTO Comparison time setting bit
0 0 | 44 machine cycles (5.50 ps when ¢ =8 MHz)
0 1 | 66 machine cycles (4.12 us when @ = 16 MHz)
1 0 | 88 machine cycles (5.50 us when @ = 16 MHz)
1 1 | 176 machine cycles (11.0 ps when @ = 16 MHz)
ST1| STO Sampling time setting bit
0 0 | 20 machine cycles (2.5 ps when ¢ = 8 MHz)
0 1 | 32 machine cycles (2.0 ps when @ = 16 MHz)
1 0 | 48 machine cycles (3.0 us when @ =16 MHz)
1 1 | 128 machine cycles (8.0 ps when ¢ =16 MHz)
> S10 A/D conversion resolution setting bit
0 | 10-hit resolution mode (D9 to DO)
1 | 8-bit resolution mode (D7 to DO)
R/W : Read-only
W @ Write-only
X : Undefined
- @ Undefined bit
[ : Initial value
@ : Machine clock frequency
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Table 17.4-3

Function Description of Each Bit of A/D Control Status Register (ADCRO/ADCR1)

Bit name

Function

bit15

S10:
A/D conversion
resolution setting bit

* This bit is used to set the resolution for A/D conversion.

* When this bit is "0", the 10-bit resolution is set.

* When this bit is "1", the 8-bit resolution is set.

Note:
A/D data bits to be used depend on the resolution. In 10-bit
resolution mode, the D9 to DO bits are used. In 8-bit resolution
mode, the D7 to DO bits are used.

bit14
bit13

ST1, STO: Sampling
time setting bit

« This bit is used to set the sampling time for A/D conversion.

« When A/D conversion is activated, the analog input is captured
for the time interval specified by the sampling time setting bits
(ST1, STO).

Note:

* When "00g" is set, the machine clock frequency should be
equal to or less than 8 MHz.

» If"00g" is set when the machine clock frequency is 16 MHz,
normal analog conversion values may not be obtained.

bit12
bit11

CT1, CTO:
Comparison time
setting bit

e This bitis used to set the compare time for A/D conversion.

« The A/D conversion result is determined after the analog input
is captured (sampling time passed) and the compare time
interval specified by the compare time setting bits (CT1, CTO).
In 10-bit resolution mode, the result is stored in the A/D data
bits (D9 to DO0). In 8-bit resolution mode, the result is stored in
the A/D data bits (D7 to DO).

Note:

* When "00g" is set, the machine clock frequency should be
equal to or less than 8 MHz.

» If"00g" is set when the machine clock frequency is 16 MHz,
normal analog conversion values may not be obtained.

vit10

Undefined bit

« The value read from this bit is undefined.
e The value set to this bit does not affect operation.

bit9 - bit0

D9 - DO:
A/D data bit

* These bits are used to store A/D conversion results. They are
rewritten after each A/D conversion is completed.

* Normally, the final conversion value is stored.

* The initial value is undefined.

Note:
The A/D conversion data protection function is available (For
details, see Section 17.6 "Operation of the 8/10-Bit A/D
Converter").
Do not write data to the A/D data bits during A/D conversion.

Notes:

» Be sure to stop the A/D conversion before rewriting the A/D conversion resolution setting bit
(S10). If the bit is rewritten after the A/D conversion started, the A/D data register (ADCRO0/
ADCR1) contents are undefined.

e To read the A/D data register (ADCRO/ADCRL1), be sure to use the word transfer instructions
(such as MOVW A and 002E) when 10-bit resolution mode is specified.
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17.4 8/10-Bit A/D Converter Registers

17.4.4 A/D Conversion Channel Select Register (ADMR)

The A/D Conversion Channel Select Register (ADMR) selects an A/D conversion

channel.

m A/D Conversion Channel Select Register (ADMR)

Bit

15

Figure 17.4-5 A/D Conversion Channel Select Register (ADMR)

14

13

12

11

10

9

8

ANS3

ANS2

ANS1

ANSO

ANE3

ANE2|ANE1

ANEOQ

R/W R/W

L1

R/W R/W R/W R/W R/W R/W

L

Initial value

0000000g

ANE3 | ANE2

ANE1

ANEO

A/D conversion end channel selection bit

o

o

o

ANO

o

AN1

AN2

AN3

AN4

ANS

ANG

AN7
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5

R/W : Read/write enabled

1

Initial value

\ 4

ANS3 | ANS2

ANS1

ANSO

A/D conversion start channel selection bit

Stopped

Reading
during
conversion

Reading during
temporary stop in
stop conversion mode

ANO

AN1

AN2

AN3
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Table 17.4-4 Functions of the A/D Conversion Channel Selection Register (ADMR) Bits

selection bits

Bit name Function
These bits are used to select an A/D conversion start channel and check a
bit7 ANS3, ANS2, channel number being converted.
bit6 ANS1, ANSO: A/D conversion starts from the channel selected via the A/D conversion start
bit5 A/D conversion channel selection bits (ANS3 to ANSO).
bita start channel During A/D conversion, a channel number that is being converted is read.
selection bits During temporary stop in stop conversion mode, a channel number
converted just before the temporary stop is read.
These bits are used to select an A/D conversion end channel.
A/D conversion ends with the channel selected by the A/D conversion end
channel selection bits (ANE3 to ANEO).
If the same channel is selected both by the A/D conversion start channel
selection bits (ANS3 to ANSO) and by the A/D conversion end channel
. ANES3, ANE2, : . e -
bit3 ! selection bits, A/D conversion is performed on the specified channel.
. ANE1, ANEO: . . . . "
bit2 : If continuous conversion mode or stop conversion mode is specified, A/D
. A/D conversion . : .
bitl end channel conversion ends with the channel selected by the A/D conversion end
bit0 channel selection bits (ANE3 to ANEO) and conversion is then repeated

starting with the start channel selected by the A/D conversion start channel
selection bits (ANS3 to ANSOQ). If the value specifying the start channel is
greater than the value specifying the end channel, A/D conversion is
performed on the start channel through AN15 and then on ANO through the
end channel, completing the first phase of conversion operation.
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17.5 8/10-Bit A/D Converter Interrupts

17.5 8/10-Bit A/D Converter Interrupts

The 8/10-bit A/D converter can generate an interrupt request when the data for the A/D
conversion is set in the A/D data register. This function supports the extended

intelligent I/O service (EIZOS).

m 8/10-bit A/D Converter Interrupts

Table 17.5-1 Interrupt Control Bits of the 8/10-Bit A/D Converter and the Interrupt Cause

8/10-bit A/D converter

Interrupt request flag bit ADCS: INT="1"

Interrupt request enable bit ADCS: INTE="1"

Interrupt cause Writing the A/D conversion result to the A/D data register

When A/D conversion is started and the A/D conversion result is stored in the A/D data register
(ADCRO and ADCR1), the interrupt request flag bit (INT) of the A/D control status register
(ADCS1) is set to "1". If the interrupt request enable bit (INTE) has been set to "1", an interrupt
request is output to the CPU.

m 8/10-Bit A/D Converter Interrupts and EI20S

Table 17.5-2 8/10-Bit A/D Converter Interrupts and EI?0S

Interrupt Interrupt control register Vector table address 208
No. Register name Address Lower Upper Bank
#37 (254) ICR13 0000BDy FFFF684 FFFF69 FFFF6AHL o
o: Available

m EI20S Function of the 8/10-Bit A/D Converter

The 10-bit A/D converter can transfer A/D conversion results to memory using the EI20S

function. When the EI20S function is used, the conversion data protection function is activated
to temporarily stop A/D conversion until A/D conversion data has been transferred to memory
and the interrupt request flag bit (INT) of the A/D control status register (ADCS1) is cleared to
"0". This function is useful for preventing the omission of data.
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17.6 Operation of the 8/10-Bit A/D Converter

The 8/10-bit A/D converter has four conversion modes: single conversion mode 1,
single conversion mode 2, continuous conversion mode, and stop conversion mode.
This section explains each of these modes.

m Operation in Single Conversion Mode

372

ADCSO/ADCS1 [BUSY| INT [ INTE [PAUS| STS1|STSO|STRT|RESV|MDL|MDO| — | — | — | — | — | —

ADCRO/ADCR1 |S10|ST1|STO|CT1|CTO| — Stores conversion data

ADMR

In single conversion mode, analog input specified by the ANS and ANE bits is converted in
sequence. A/D conversion ends when it is performed on an end channel specified by the ANE
bits. If the start channel and the end channel are the same (ANS=ANE), only one channel
specified by the ANS bits is converted. To use single conversion mode, make settings as
shown in Figure 17.6-1 "Settings for Single Conversion Mode".

Figure 17.6-1 Settings for Single Conversion Mode
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

L R SR R R N R

IR R R

<& Used
ANS3|ANSZ|ANSL |ANSOIANE3|ANEZ ANELIANEQ @ : Set to 1 the bit corresponding to the pin used.

® ¢ 6 6 6 ¢ O o 0 : SetO.

The following are sample conversion sequences in single conversion mode:
ANS = 0000z, ANE = 00115:ANO --> AN1 --> AN2 --> AN3 --> End

ANS =1110g, ANE = 00105:AN14 --> AN15 --> ANO --> AN1 --> AN2 --> End
ANS = 0011g, ANE = 00115:AN3 --> END



17.6 Operation of the 8/10-Bit A/D Converter

m Operation in Continuous Conversion Mode

ADCSO/ADCSL1 |BUSY| INT [JINTE |PAUS| STS1|{STSO|STRT|RESV|MDL| MDO| — | — | — | — | — | —

ADCRO/ADCR1 [S10|ST1|{STO|CT1|{CTO| — Stores conversion data

ADMR

In continuous conversion mode, analog input from the start channel specified by the A/D
conversion start channel setting bits (ANS3 to ANSO) of the A/D control status register (ADCS0)
to the end channel specified by the A/D conversion end channel setting bits (ANE3 to ANEO) is
A/D converted to return to the analog input specified by the A/D conversion start channel setting
bits (ANS3 to ANSO) to repeat the A/D conversion.

If the start channel and the end channel are the same, the A/D conversion of the channel
specified by the A/D conversion start channel setting bits (ANS3 to ANSO) is repeated.

The A/D conversion does not stop until the Converting bit (BUSY) of the A/D control status
register (ADCS1) is set to "0". Reactivation during operation is not possible. For operation in
continuous conversion mode, the settings shown in Figure 17.6-2 "Settings for Continuous
Conversion Mode" are required.

Figure 17.6-2 Settings for Continuous Conversion Mode

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

SO0 OO e O 01 o0

(SR R R &

& Used
ANS3|ANS2 |ANS1 |ANSO ANE3 ANE2 ANELANEO & : Set to 1 the bit corresponding to the pin used.

® & 6 O ¢ O 0 o 1:Setl.
0 : Set 0.

The following are sample conversion sequences in continuous conversion mode:
ANS = 0000g, ANE = 00115:ANO --> AN1 --> AN2--> AN3--> ANO--> Repeat

ANS = 1110g, ANE = 00105:AN14 --> AN15 --> ANO--> AN1--> ANZ2 --> AN14 --> Repeat
ANS = 0011g, ANE = 00115:AN3 --> AN3 --> Repeat
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m Operation in Stop Conversion Mode

374

ADCS  [BUSY| INT |INTE [PAUS| STS1{STSO|STRT|RESV|MDL|{MDO| — | — | — | — | — | —

ADCR [S10|ST1|STO|CT1|CTO| — Stores conversion data

In stop conversion mode, analog input from the start channel specified by the A/D conversion
start channel setting bits (ANS3 to ANSO) of the A/D control status register (ADCSO0) to the end
channel specified by the A/D conversion end channel setting bits (ANE3 to ANEO) is A/D
converted by making a pause for each channel before returning to the analog input specified by
the A/D conversion start channel setting bits (ANS3 to ANSO) to repeat the A/D conversion and
pause.

If the start channel and the end channel are the same, the A/D conversion of the channel
specified by the A/D conversion start channel setting bits (ANS3 to ANSQ) is repeated.

In the pause state, reactivation method of the A/D conversion depends on the activation cause
specified in the activation cause set bit (STS1, STSO0) in the A/D control status register
(ADCS1).

The A/D conversion does not stop until the Converting bit (BUSY) of the A/D control status
register (ADCS1) is set to "0". Reactivation during operation is not possible. For operation in
stop conversion mode, the settings shown in Figure 17.6-3 "Settings for Stop Conversion Mode"
are required.

Figure 17.6-3 Settings for Stop Conversion Mode

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

G o000 SO 001

(R R R &

<& Used

ADMR  [ANS3|ANS2|ANSTANSO|ANE3|ANEZ|ANEL |ANEO & : Set to 1 the bit corresponding to the pin used.
® 6 6 6 6 O 0 o 1:Setl.
0 :SetO.

The following are sample conversion sequences in stop conversion mode:

ANS = 0000z, ANE = 0011g:

ANO --> Pause --> AN1 --> Pause --> AN2 --> Pause --> AN3 --> Pause --> ANO --> Repeat
ANS = 1100, ANE = 0001g:

AN14 --> Pause --> AN15 --> Pause --> ANO --> Pause --> AN1 --> Pause --> AN14 --> Repeat
ANS = 0011, ANE = 0011g:

AN3 --> Pause --> AN3 --> Pause --> Repeat



17.6 Operation of the 8/10-Bit A/D Converter

17.6.1 Conversion Using EI0S

The 8/10-bit A/D converter can use EI20S transfer the A/D conversion result to
memory.

m Conversion Using EI0S

Figure 17.6-4 Sample Operation Flowchart When EI20S is Used

Start A/D conversion

Y

Sample and hold

\ EI20S started

Conversion

Transfer data

Y

A

End conversion

data transfer been
repeated for the specified
number of times?

(*1)

YES

Interrupt processing

A

Generate an interrupt — NO

Interrupt cleared

*1 The number of times is determined by an EI20S setting.

When EI20S is used, the conversion data protection function prevents any part of the data from
being lost even in continuous conversion. Multiple data items can be safely transferred to
memory.
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17.6.2 A/D Conversion Data Protection Function

When A/D conversion is performed in the interrupt enabled state, the conversion data
protection function operates.

m A/D Conversion Data Protection Function

376

The 8/10-bit A/D converter has only one data register for conversion data storage. Thus, when
A/D conversion is performed, the data stored in the data register is rewritten when the
conversion is completed. In continuous conversion mode, if conversion data is transferred to
memory too late, part of the stored data will be missing.

As measures against such data omission, the data protection function works as shown below if
an interrupt request is enabled (ADCS1: INTE="1").

Data protection function when EI20S is not used

When conversion data is stored in the A/D data register (ADCRO/ADCR1), the interrupt request
flag bit (INT) of the A/D control status register 1 (ADCS1) is set to "1" and the A/D conversion is
halted. The A/D conversion is restarted after transferring the A/D data register (ADCRO/
ADCR1) values to memory in the interrupt routine and the interrupt request flag bit (INT) is
cleared to "0".

Data protection function when EI20S is used

In continuous conversion mode, the pause flag bit (PAUS) of the A/D control status register 1

(ADCS1) is set to "1" if EI20S is used and A/D conversion is completed, but the transfer of the
last piece of data to memory is not completed so that the A/D conversion is halted and
conversion data is not stored in the A/D data register (ADCRO/ADCR1). When the transfer of
the last piece of data to memory is completed, the pause flag bit (PAUS) is cleared to "0" and
the A/D conversion is restarted.



17.6 Operation of the 8/10-Bit A/D Converter

Figure 17.6-5 Flow of the Data Protection Function when EI20S is Used

Set EI0S

A

A

Start continuous A/D
conversion

}

Y

End the first conversion

Y

Y

Store data
regi

in the data
ster

A

A

End the second conversion

y

Activate EI20S

End EI?0S

<
4

Store data
register

in the data

Halt A/D

A

A

End the third conversion

Y

Continue

All conversions complete

y

Activate EI20S

A

, Continue

Store data in the data
register

Y

Activate EI?0S

Initialize or stop A/D

<Caution> The steps followed while the A/D converter is stopped are omitted.

Notes:

Interrupt processing :

routine :

The conversion data protection function operates only in the interrupt enabled state (ADCS1:

INTE = 1).

If interrupts are disabled during a pause of A/D conversion while EI20S is operating, the A/D
conversion may be reactivated. This will cause new data to be written before the old data is

transferred.

Reactivation attempted during a pause will destroy the standby data.
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17.7 Usage Notes on the 8/10-Bit A/D Converter

Notes on using the 8/10-bit A/D converter.

m Usage Notes on the 8/10-Bit A/D Converter
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O Analog input pin

The analog input pins of the A/D converter are used also as the 1/0 pins of ports A and B. Use
these pins by switching the port direction registers (DDRA and DDRB) and the analog input
enable registers (ADERO and ADER1). To use a pin as an analog input pin of the A/D
converter, set the corresponding bit (bit 7 to bit 0) of the port direction registers (DDRA and
DDRB) to "0" (set it as an input port) and then set the corresponding bit (bit 7 to bit 0 and bit 15
to bit 8) of the analog input enable registers 0 and 1 (ADERO and ADERL1) to "1" to permanently
select the input gate on the port side. In port I/O mode (bit 7 to bit 0 of ADERO and ADER1 ="0"
and hit7 to bit0="0"), the input of an intermediate-level signal causes an input leakage current to
flow through the gate.

Note on using an internal timer

To activate the A/D converter with the internal timer, set the A/D activation trigger setting bits
(STS1, STSO0) of the A/D control status register (ADCS1). Set the internal timer to the inactive
level ("L" for the internal clock). If the internal clock remains at the active level and data is
written to the A/D control status register (ADCS0/ADCS1), the A/D converter may be activated.

Sequence of turning on the A/D converter and analog input

Be sure to apply the voltage to the power supply pins (AVcc, AVR, and AVgg) of the A/D

converter and the analog input pins (ANO to AN15) after turning on the digital power supply
(Vce)- Turn off the digital power supply (V) after turning off the A/D converter and the analog

input power supply. Turn on and turn off the voltage so that AVR does not exceed AVc.

Supply voltage to the A/D converter

The supply voltage to the A/D converter (AVcc) must not exceed the digital power supply (Vcc);
otherwise, latchup may occur.



CHAPTER 18 FL CONTROL CIRCUIT

This chapter explains the functions and operation of the MB90M405 series FL control
circuit.

18.1 "Overview of FL Control Circuit"
18.2 "Configuration of FL Control Circuit"
18.3 "FL Control Circuit Pins"

18.4 "FL Control Circuit Operation"
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CHAPTER 18 FL CONTROL CIRCUIT

18.1 Overview of FL Control Circuit

The FL control circuit provides functions for automatic display on fluorescent tube and

LED displays.

The automatic fluorescent display function provides up to 32 points for displaying
digits and up to 60 points for displaying digits and segments.

The automatic LED display function can output data at a 1/2-duty cycle from the LEDO1
to LED16 pins while using the LEDOO pin as common output.

m High Dielectric Output Pins

60 high dielectric output pins (FIPO to FIP59) are provided.

34 high-current output pins (FIPO to FIP33) and 26 medium-current output pins (FIP34 to
FIP59) are provided.

Use of pull-down resistors can be set for all high dielectric outputs as well as for
combinations of high dielectric outputs.

m Automatic Fluorescent Tube Display Function

380

A display RAM area of 32 x 60 bits is provided.
The display timing can be specified with a value from 1 to 32.

For each point of the timing, 60 bits can be used for specifying a combination of digits and
segments.

The digit pins from FIPO to FIP31 can be consecutively set according to the numbers stored
in the digit count register, starting with the pin for which start of display is specified.

Output control of up to 59 segments is supported.
Four types of display scan cycles (segment widths) are supported.

In segment output, digit dimmer control is performed during the two T periods that apply to
each digit output, as shown in Figure 18.1-1 "Digit Dimmer Control". Seven steps of
adjustment are supported. (Dimming is effective for all digits.)

The output level of all digits and segments can be inverted from "H" to "L" or "L" to "H".

Gradation display (use of a segment dimmer) can be applied to segment output with an
arbitrary timing. As shown in Figure 18.1-2 "Segment Dimmer Control", control is performed
for the two T periods that apply to each segment output.



18.1 Overview of FL Control Circuit

Figure 18.1-1 Digit Dimmer Control

L
Digit output
Segment output X
T T T T T
Figure 18.1-2 Segment Dimmer Control

Digit output ! : ! !
H | 1 H H | 1
iH Olét_l iL outt '
Example of segment L 1t i Lt
dimmer output AN : i /[ \ :, i
: | I | |
Dimming can be set - = T EHT . |

for a specified segment
at a specified timing.

m Automatic LED Display Function
e Any LED pin from LEDOO to LED16 can be set, provided it has not already been set.

e As shown in Figure 18.1-3 "Timing Chart of Automatic LED Display", pin LEDOO becomes a
common pin, while the 16 pins from LEDO1 to LED16 become LED segment outputs.

« When pin LEDOO is at the "H" level, the corresponding value is output to pins LEDOL to
LED16 at the point "T1" of the timing stored in the display RAM. When pin LEDOO is at the
"L" level, the corresponding value is output to pins LEDOL to LED16 at the point "T2".

e By inverting the output level of common pin LEDOO externally, LED output with 1/2-duty cycle
can be obtained.

e Figure 18.1-3 "Timing Chart of Automatic LED Display" shows the output time for pins
LEDO1 to LED16 as determined by pin LEDOO and its inverting signal. Pin LEDOO has an
output time of 5.12 ms, and pins LEDO1 to LED16 have an output time of 4.096 ms each (for
a machine clock [peripheral operation clock] frequency of 16 MHz).

Figure 18.1-3 Timing Chart of Automatic LED Display

5.12 ms 5.12 ms
4.096 ms1.024 ms 4.096 ms

LEDOQO pin /—\—
(common output)
Inverted output is
created externally. \—/7
LED segment output ™\ /[
from pin LEDO1 to pin LED16 / \

T1 T2 T1 T2
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CHAPTER 18 FL CONTROL CIRCUIT

18.2 Configuration of FL Control Circuit

The FL control circuit consists of the following blocks:
» Control circuit for automatic fluorescent tube display
» Control circuit for automatic LED display

* Display RAM

» Display control register (FLC1)

» Display control register (FLC2)

» Digit setting register (FLDG)

» Digit count register (FLDC)

* Segment dimmer setting register (SEGDO to SEGD?7)
» Port register (FLPDO to FLPD2)

» Status/authorization register (FLST)

m Block Diagram of the FL Control Circuit

Figure 18.2-1 Block Diagram 1 of the FL Control Circuit

FLST

Control circuit

—> FLC1
% 7 ¥ \
| colﬁltzrgller | | FIP controller |
—> FLC2 > Width setting
Inverting of output,
timing value setting
| Digit Segment |
> <[ Dimmer
FLDG ] < (width setting
Setting of start
pin for display
—> FLDC 3> Count setting|
l 4 Dimmer
1 |width setting
Setting of
segment for
which dimming
is set
Display RAM S
> > 32 x 60 bits — High current
N Pch Tr x 34
Selection of
segment dimmer
setup timing Medium
SEGDT current
32 x 1 bit PchTrx 2
>|| X 24
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18.3 FL Control Circuit Pins

18.3 FL Control Circuit Pins

This section describes the FL control circuit pins and provides a block diagram.

m Block Diagram of FL Control Circuit Pins

Writing for LED output

N

Figure 18.3-1 Block Diagram of the FL Control Circuit Pins (FIPOO to FIP16)

LED output latch

FL output latch

:

Data bus in FL control circuit

FL output writing

At start of automatic
fluorescent tube
display: "1"

For automatic LED display: "1"

el
o -

: FIPOO to FIP16
"0" when digit ®
or segment pin .,
is specified 1" for standby §
mode and reset Pull-down resistor
<
*

Figure 18.3-2 Block Diagram of the FL Control Circuit Pins (FIP17 to FIP35)

Writing for FL output

FL output latch

At start of automatic
fluorescent tube display: "1"

Data bus on FL control circuit

"1" for standby
mode and reset = Pull-down resistor

1

Pch
FIP17 to FIP35
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Figure 18.3-3 Block Diagram of the FL Control Circuit Pins (FIP36 to FIP59)

i Pch

Writing for FL output

FL output latch

FIP36 to FIP59
At start of automatic o—
fluorescent tube
display: "1" "1" for standby
H Port output latch mode and reset
*

Data bus on FL control circuit
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18.3.1 Display Control Register 1 (FLC1)

18.3 FL Control Circuit Pins

This register is used to start, stop, and set up the automatic fluorescent tube and LED

display.

This register is a write-only register and does not support bit operations. Byte access

to this register is suppo

rted.

m Display Control Register 1 (FLC1)

Figure 18.3-4 Display Control Register 1 (FLC1)

Bit 7 6 5 4 3 2 1 0 Initial value
. . - - - - FLLE | FLFE | XXXXXX00g
- - - - - - W W
|
L FLFE Sii; Ij‘)cl)arlystarting automatic fluorescent tube
0 Stops automatic fluorescent tube display.
1 Starts automatic fluorescent tube display.
FLLE | Bit for starting automatic LED display
0 Stops automatic LED display.
W : Write only 1 Starts automatic LED display.
- 1 Unused bit

|:| . Initial value
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Table 18.3-1 Functions of the Display Control Register 1 (FLC1) Bits

Bit name Function
Bit 7 & . + Read value is undefined.
to Unused bits : .
Bit 2 » Setting a value has no effect on operation.
« This bit specifies the start of automatic LED display.
« When this bit is set to 1, automatic LED display starts.
FLLE: « When this bit is set to 0, automatic LED display stops.
o « When automatic LED display starts, LEDOO outputs the "H" level and the
Bit for . )
Bit 1 startin display RAM value for T1 is output.
automgtic « When automatic LED display stops, all LED outputs are switched off even
. during display.
LED display Note:
After the required display settings have been made, set display control
register 2, the digit setting register, and the digit count register to "1".
« This bit specifies the start of automatic fluorescent tube display.
« When this bit is set to "1", automatic fluorescent tube display starts.
i « When this bit is set to "0", automatic fluorescent tube display stops.
FLFE: . ) )
. « When automatic fluorescent tube display starts, output starts with the
Bit for .
Startin display RAM value for T1.
Bit 0 9 * When automatic fluorescent tube display stops, the output is set to off
automatic -
after output for the current timing value has ended.
fluorescent )
tube display Note:
After the required display settings have been made, set display control
register 2, the digit setting register, the digit count register, the display
RAM digits, and the segment dimmer (SEGD) to "1".
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18.3 FL Control Circuit Pins

18.3.2 Display Control Register 2 (FLC2)

This register is used to set inverted output and to specify a segment width and timing
value. This register is a write-only register and does not support bit operations. Byte
access to this register is supported.

m Display Control Register 2 (FLC2)

Figure 18.3-5 Display Control Register 2 (FLC2)

Bit 7 6 5 4 3 2 1 0 Initial value

FLDX | FLS1 | FLSO | FLT4 | FLT3 | FLT2 | FLT1 | FLTO | 0000000g

w W w w w w W w

FLT4 | FLT3| FLT2 | FLT1| FLTO Display timing
0 0 0 0 0 Repetition of T1 timing
0 0 0 0 1 | Repetition of T1,T2,T1, T2, ..
0 0 0 1 0 | Repetition of T1,T2,T3,T1,T2, ..
0 0 0 1 1 Repetition of T1,T2,..T4,T1,T2, ..
0 0 1 0 0 | Repetition of T1,T2,..T5,T1,T2, ..
0 0 1 0 1 | Repetition of T1,T2,..T6,T1,T2, ..
1 1 1 0 0 Repetition of T1,T2,..T29,T1,T2, ..
1 1 1 0 1 | Repetition of T1,T2,.T30,T1,T2, ..
1 1 1 1 0 | Repetition of T1,T2,..T31,T1,T2, ..
1 1 1 1 1 | Repetition of T1,T2,..T32,T1,T2, ..

FLS1|FLSO Segment width setting bit
0 0 211/MCLK(128 ps)
0 1 212/MCLK(256 ps)
1 0 213/MCLK(512 ps)
1 1 214/MCLK(1024 ps)

For operation with a machine clock (peripheral

operation clock) of 16 MHz

FLDX] Bits for digit and segment output inversion
0 Not inverted

W : Write only 1 Inverted

] : Initial value
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Table 18.3-2 Functions of the Display Control Circuit 2 (FLC2) Bits

Bit name Function
FLDX: o wan -
. - * When this bit is set to "1", the digit and segment output levels for
. Bit for digit and . ) . (*1)
Bit 7 segment outout automatic fluorescent tube display are inverted.
Segme P * The output level for automatic LED display is not inverted.
inversion
Bit 6 FLS1, FLSO: .
. Segment width * Sets a segment width. 1)
Bit 5 . .
setting bit
Bit 4 FLT4 to FLTO:
to Display timing « Sets a display timing value. (D
Bit 0 setting bit

*1: Make the settings while the automatic fluorescent tube and LED display are stopped.
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18.3.3 Digit Setting Register (FLDG)

18.3 FL Control Circuit Pins

This register is used to set the digit dimmer and digit display starting pin.

This register is a write-only register and does not support bit operations. Byte access
to this register is supported.

m Digit Setting Register (FLDG)

Bit

Figure 18.3-6 Digit Setting Register (FLDG)

7 6 5 4 3 2 1 0 Initial value
FLDM2|FLDM1|FLDMO|FLDS4| FLDS3| FLDS2| FLDS1|FLDS0| 000000005
w w W w w w w W
FLDS4FLDS3|FLDS2|FLDS1|FLDSO| Bit for specifying the start pin of
digit display
0 0 0 0 0 Starts digit display from FIPOO.
0 0 0 0 1 Starts digit display from FIPO1.
0 0 0 1 0 Starts digit display from FIP02.
0 0 0 1 1 Starts digit display from FIP03.
0 0 1 0 0 Starts digit display from FIP04.
0 0 1 0 1 Starts digit display from FIP05.
. . . Starts digit display from FIPO6.
1 1 1 0 0 .
1 1 1 0 1 Starts digit display from FIP29.
1 1 1 1 0 Starts digit display from FIP30.
1 1 1 1 1 Starts digit display from FIP31.
FLDM2 FLDM]JFLDMO Digit dimmer setting bit

0 0 0 2/16

0 0 1 4/16

0 1 0 6/16

0 1 1 8/16

1 0 0 10/16

1 0 1 12/16

1 1 0 14/16

W : Write only
[ : Initial value
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Table 18.3-3 Functions of the Digit Setting Register (FLDG) Bits

Bit name

Function

* These bits specify the digit dimmer width. 1)
* When set to 0005 (2/16), the following waveform is generated.
« Digit output

Bt';[)7 FLDM2, FLDM1, FLDMO: . .
Bit 5 Digit dimmer setting bits i ' i
" L
Segment width
Bit 4 FLDS4 to FLDSO:
to Setting bits for digit These bits specify the digit display start pin. 1)
Bit 0 display start pin

*1: Make the settings while the automatic fluorescent tube and LED display is stopped.
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18.3.4 Digit Count Register (FLDC)

18.3 FL Control Circuit Pins

The digit count register is used to set the segment dimmer and digit pin count. This
register is a write-only register and does not support bit operations. Byte access to

this register is supported.

m Digit Count Register (FLDC)

Figure 18.3-7 Digit Count Register (FLDC)

Bit 7 6 5 4 3 2 1 0 Initial value
FLSD2|FLSD1 | FLSDO|FLDC4| FLDC3|FLDC2| FLDC1| FLDCO| 00000000z
W W W W W W W w

FLDC4|FLDC3|FLDC2|FLDC1|FLDCO| Digit count setting bit
0 0 0 0 0 Setting for digit count 1
0 0 0 0 1 Setting for digit count 2
0 0 0 1 0 Setting for digit count 3
0 0 0 1 1 Setting for digit count 4
0 0 1 0 0 Setting for digit count 5
0 0 1 0 1 Setting for digit count 6
1 1 1 0 0 Setting for digit count 29
1 1 1 0 1 Setting for digit count 30
1 1 1 1 0 Setting for digit count 31
1 1 1 1 1 Setting for digit count 32

FLSD2 FLSD]]FLSDO Segment dimmer setting bits
0 0 0 2/16
0 0 1 4/16
0 1 0 6/16
0 1 1 8/16
1 0 0 10/16
1 0 1 12/16
1 1 0 14/16

W : Write only
[ : Initial value

391



CHAPTER 18 FL CONTROL CIRCUIT

Table 18.3-4 Functions of the Digit Count Register (FLDC) Bits

Bit name Function

Holds the settings for the segment dimmer waveform. (1)

SEGDT (bit 7 of address OEQOy to OFF,) in the display RAM specifies
the display timing that is to be applied to the segment dimmer. The
segment dimmer register (SEGD) specifies segments.

When the segment dimmer settings have not been made, set the
segment dimmer register (SEGD) or SEGDT to all zeros.

Bit 7 FLSD2 to FLSDO: When value 0005 (2/16) is set, the following waveform is generated.
to Segment dimmer
Bit 5 setting bits

Output when
the segment
dimmer is set

|

i
B
P Segment width
when the dimmer

is not set

- Specify a digit count. (D
« The settings of the digit display start bits (bit 0 to bit 4 of FLDG)
Bit 4 ) take priority over the digit count settings. 32 pins (FIPOO to

to Eli_l?thAcrnE?]thLgticnO. bit FIP31) can be specified by the digit count value. If the digit
Bit 0 9 9 display start bit is set for FIP30, the maximum digit count
becomes 2, and 2 will be assumed if a digit count of 3 or more is
set.

*1: Make the settings while the automatic fluorescent tube and LED display is stopped.

Reference:

The segment dimmer is set only for the segment output at specific times (T0O1 to T32). This
makes it possible to set the dimmer for the segment in a specific digit; in other words, control
of dimmer operation for a specific character is supported.
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18.3 FL Control Circuit Pins

18.3.5 Port Register (FLPD)

The 24 pins from FIP36 to FIP59 can be used as output ports by setting a value in the

port register. When a pin is used as an output port, "0" must be set for that pin in the
display RAM for all times before automatic fluorescent tube display is started.

This register is a write-only register and does not support bit operations. Byte access
to this register is supported.

m Port Register (FLPD)

Figure 18.3-8 Port Register (FLPD)

Bit 7 6 5 4 3 2 L 0 Initial value
ELPDO FIP43 | FIP42 | FIP41 | FIP40 | FIP39 | FIP38 | FIP37 | FIP36 00000000g
FLPD1 FIP51 | FIP50| FIP49 | FIP48 | FIP47 | FIP46 | FIP45 | FIP44 00000000g
FLPD2 FIP59 | FIP58 | FIP57 | FIP56 | FIP55 | FIP54 | FIP53 | FIP52 000000005

W w W w W W W W
W: Write only

m Port Register

O When a pin is used as a port

Before automatic fluorescent tube display is started, "0" must be set for that pin in the display
RAM for all times.

When FLDX (bit for inverted digit/'segment output) is set to specify display in reverse video, "1"
must be set for that pin in the display RAM for all times before automatic fluorescent tube
display is started.

When the port register (FLPD) is set to "0", the Pch high dielectric output is switched off, and the
Vkk pin voltage is connected via the pull-down resistor.

We recommend the addition of a diode clamping circuit.

When the port register (FLPD) is set to "1", the Pch high dielectric output is switched on.

0 When a pin is used for automatic fluorescent tube display
A "0" must be set in the port register (FLPD) for the pin.

Because the initial value of the port register (FLPD) is 0 at power-on and reset, automatic
fluorescent tube display is assumed unless the register is set to another value.
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18.3.6 Status/Authorization Register (FLST)

This register includes the following types of bits: Bits for confirming fluorescent tube
and automatic LED display, write authorization bits for display RAM and registers

(display control register 1, display control register 2, digit setting register, digit count
register, and segment dimmer setting register), and bits for preventing access to the

display RAM and registers.

Bit 7 and bit 6 are write-only, while bit 5, bit 1, and bit O are read-only bits. Bit

operations are not supported for this register, but byte access is.

m Status/Authorization Register (FLST)

Figure 18.3-9 Status/Authorization Register (FLST)

Bit 7 6 5 4 3 2 1 0 Initial value
FLINI |[FLIWR|FLDNE FLFS | FLLS | 001XXX00g
W W R - - - R R
L FLLS Automatic LED display status bit
0 Stops automatic LED display.
1 Automatic LED display is in progress.
FLFS | Status bit for automatic fluorescent tube display
0 Stops automatic fluorescent tube display.
1 Automatic fluorescent tube display is in progress.
FLDNE| Bit for preventing display RAM and register access
0 |[Disables display RAM and register access.
o Enables display RAM and register access.
Bit for authorizing writing of one byte to
FLIWR display RAM or registers.
0 Does not affect operation.
1 Authorizes writing of one byte to the
display RAM or a register.
ELINI Bit for authorizing writing to display RAM
or registers.
W : Read only :
R - Write only 0 Does not affect operation.
- : Undefined 1 Authorizes writing to the display RAM
[ : itial value and a register
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18.3 FL Control Circuit Pins

Table 18.3-5 Functions of the Status/Authorization Register Bits

display status
bit

Bit name Function
FLINI: This bit authorizes writing to the display RAM or a register.
Bit for When setting a value in the display RAM or a registers (display control

Bit 7 authorizing register 1, display control register 2, digit setting register, digit count
writing to register, or segment dimmer setting register), the respective value
display RAM or changes after this bit is set to "1".
registers Setting this bit to "0" has no effect on operation.

This bit authorizes writing of one byte to the display RAM or a register.
. When setting a one-byte value in the display RAM or a register (display
FL1IWR: . . i L . ) o
Bit for control register 1, display control register 2, digit setting register, digit
. count register, or segment dimmer setting register), the respective value
authorizing ‘g wan
. . changes after this bit is set to "1".
Bit 6 writing of one . e .
byte to display Setting this bit to "0" has no effgct on operation. _
When FLFS=1 or FLLS=1, writing of any new value to display control

RAM or . - . . I .

. register 2, the digit setting register, the digit count register, or the

registers . i . . ) . .
segment dimmer setting register is not authorized. To authorize a write
operation for these registers, select FLFE=0 and FLLE=0.

FLDNE: This bit prevents access to the display RAM and registers.

Bit for When this bit is set to "1", reading from or writing to the display RAM and

Bit 5 preventing reading from or writing to any of the registers is allowed.
display RAM When this bit is set to "0", access to the display RAM and all registers is
and register prohibited (with the exception of reading from the status/authorization
access register).

Bit 4 . o ,

to - The value read from this bit is undefined.
Bit 2 Undefined Setting this bit has no effect on operation.
FLFS:
Status bit for This bit indicates the status of automatic fluorescent tube display.

Bit 1 automatic When this bit is "1", automatic fluorescent tube display is active.
fluorescent tube When this bit is "0", automatic fluorescent tube display is inactive.
display
FLLS: C . .

Automatic LED This bit indicates the status of automatic LED display.

Bit 0 When this bit is "1", automatic LED display is active.

When this bit is "0", automatic LED display is inactive.
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Timing

Figure 18.3-10 Display RAM

Make settings for automatic LED display using the bits for the TO1 and TP2 timing LED

pins.
Specify the time at which the segment dimmer operates in bit 7 of the addresses 1EOy4

The display RAM contains the settings for digit and segment data based on the timing
to 11FF

for automatic fluorescent tube display.

CHAPTER 18 FL CONTROL CIRCUIT
18.3.7 Display RAM

m Display RAM
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18.3 FL Control Circuit Pins

18.3.8 Segment Dimmer Setting Register (SEGD)

Dimming can be set for any time and any segment of the fluorescent tube.

Using the segment dimmer setting register, set a timing for the segment with bit 7 of
11EQ0y to 11FFy in the display RAM.

This register is a write-only register and does not support bit operations.

Write data to this register while automatic fluorescent tube and LED display are
stopped.

Byte access is supported for this register.

m Segment Dimmer Setting Register (SEGD)

Figure 18.3-11 Segment Dimmer Setting Register (SEGD)

Bit 7 6 5 4 3 2 1 0 "
Initial value

secpo | FIPO7| FIPO6 FIPO5 | FIPO4 | FIPO3 | FIPO2 | FIPO1 | FIPOO [ XXXXXXXXg

secp1 | FIP15| FIP14| FIP13| FIP12| FIP11 | FIP10| FIPO9 | FIPO8 | XXXXXXXXg

SEGD2 | FIP23| FIP22| FIP21| FIP20 | FIP19 | FIP18| FIP17 | FIP16 | XXXXXXXXg

SEGD3 | FIP31| FIP30| FIP29 | FIP28| FIP27 | FIP26 | FIP25 | FIP24 | XXXXXXXXg

SEGD4 | FIP39| FIP38| FIP37 | FIP36 | FIP35| FIP34 | FIP33 | FIP32| XXXXXXXXg

SEGD5 | FIP47 | FIP46| FIP45| FIP44 | FIP43| FIP42 | FIP4L | FIP40 | XXXXXXXXg

SEGD6 | FIP55| FIP54| FIPS3| FIP52 | FIPS1 | FIPS0 | FIP49 [ FIP48 | XXXXXXXXg

SEGD7 - - - - FIP59 | FIPS8 | FIPS7 | FIP56 | XXXXXXXXg

W W \W W w \W W W

W: Write only

m Segment Gradation Display (Segment Dimmer)

Specify a segment using registers SEGDO0 to SEGD7. Specify the segment by setting a value of
"1

Set a timing with bit 7 of 11E0 to 11FF in the display RAM.
Specify the timing by writing a value of "1".

The SEGDO to SEGD?7 bits for digit pins are ignored.
Dimmer operation can be specified more than once.

Note:

Because the initial values of SEGDO to SEGD7 and 11E0y to 11FF of the display RAM are
undefined, set these values before starting with display.
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CHAPTER 18 FL CONTROL CIRCUIT

18.4 FL Control Circuit Operation

This section explains the operation of automatic fluorescent tube and LED display.

m Assignment of Automatic Fluorescent Tube Display Digits and Segments and Automatic LED Display

Pins

Automatic fluorescent tube display digits can be specified using pins FIPO to FIP31. These
digits are consecutively set according to the count specified in the digit count setting bits of the
digit count register, starting with the pin that is specified in the digit display starting pin setting
bits of the digit setting register.

Figure 18.4-1 "Example of assignment for LED, Digit, and Segment Display" shows an example
of the resulting assignment.

When both the digit display start setting bit and digit count setting bit are set, the digit display
start setting bit has priority. (In item [3] of Figure 18.4-1 "Example of assignment for LED, Digit,
and Segment Display"”, the digit count setting bits are set to 1FH (32 digits), but 16 digit pins are
used in the actual operation.)

All pins after pins that are used for setting digits become segment pins.

When the value expressed in the digit display pin setting bits is larger than 17H, all pins from
FIP17 to the one before the pin specified in the digit display starting pin selection bit are used
for segments. (See item [4] in Figure 18.4-1 "Example of assignment for LED, Digit, and
Segment Display.")

The automatic LED display pins are set in the LEDOO to LED16 registers that are not used for
automatic fluorescent tube display.

Figure 18.4-1 Example of assignment for LED, Digit, and Segment Display

s L mai— L | 1o nfm i, o L |
TiT TT T 000 el T[T T|o oo Tt T
[oHe) oo = (o NN wlw w|bd INY N oo 01
[@H [o2] BN} o aljon~ w|d =N oo ~l|Co g ©
1 1 LED common | 4digits
(1] 6 LED segments |/ / 52 segments i
D'Iglt d|ISpt|'ay StI?mng O7H l_l_ —|n T mmT mm mm mm mm -
£ seewion 9 mm os 3 937 3T 33 D v TT T
Digit count——— 03, 20 e TR N ST W1 0
setting bit oik o
32 digits
[2] 9 28 segments |
D_|g|td||spt|.aysbt.z:rt|ng 00, oo oo Z( nom nm ] ! nT nm nmm T
pin se’ection B TT TTU U TTT 3T o il °T TT TT T
Digit count 1F oo oo B R NN wjw ws NN ga Ol
. B H (=F 2 o~ o g~ wh [ NS} ©0o ~l 00 o ©
setting bit
1 LED common s
[3] 15 segments 16 digits 28 segments |

Digit display starting 10,

N

in selection bit Ci mm M oy LU g L] L0 L AL L

pin < m:m w M5 T TlT T7T TT TT T
Digcount 3, L  TORRTRRRGL et
setting bit oim o © a I

4 1 LED common FIP17 to FIP27 are 4 digits

(4] 16 segments used for segments. 9 28 segments
Digit display starting 1¢ Z="" |

in selection bit H iy gz 7 o | S Rl o7 T nn T

P m:m mm m mmg TT |©v Tlu TT To TT T
Digit count 03 g8 83 2 PEn BR BB 8 3§ 88 8
setting bit H S o © 6o
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18.4 FL Control Circuit Operation

m Reading from/Writing to Registers or Display RAM in the FL Control Circuit

Display RAM and the following registers support byte access, but not bit operations.

* Registers in the FL control circuit

« Display control register 1 (FLC1)

« Display control register 2 (FLC2)

« Digit setting register (FLDG)

« Digit count register (FLDC)

« Segment dimmer setting registers (SEGDO to SEGD7)
« Portregisters (FLPDO to FLPD?2)

» Status/authorization register (FLST)

Writing to the display RAM and the registers in the FL control circuit can only be performed
when a "1" is set in the status/authorization register (FLST) display RAM and the bit for
preventing register access (FLDNE).

Reading from the display RAM can be performed even when the bit for preventing register
access (FLDNE) is set to "1".

After writing to the display RAM and any register other than the status/authorization register
(FLST), the display RAM/register write authorization bit (FLINI) in the status/authorization
register (FLST) must be set to "1".

The following diagram explains the operation.

O At initialization

Figure 18.4-2 At Initialization

{Writing is prohibited,vé

Initial setting

Write to register
display RAM

Set FLINI
in the FLST
register to
npn

Set FLINI

inthe FLST: ;

register to
e

i and any attempts to |
i write are ignored.

«—L >

v

\

After reset
is canceled
1
Initial value
="1"

1
FLDNE bit
0

<~ Authorized in descending

i order of address value.
i Therefore, operation starts

; after write operations for ot

; the FLCI register have been Agphorlzatlpn of FL display

», authorized. . writing to d|sp|_ay LED display started
RAM and all registers Port operation

About 137 s |
for 16 MHz |
[}

| machine clock

L

In this interval, writing to all registers and the display RAM is prohibited.
Reading of display RAM is also prohibited.
The FLST register can only be accessed for reading.

*1
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CHAPTER 18 FL CONTROL CIRCUIT

0 When segment data (multiple bytes) is overwritten during automatic fluorescent tube
display

Figure 18.4-3 When Segment Data Is Overwritten During Automatic Fluorescent Tube Display (for
Multiple Bytes)

Overwrite display Set FLINI
RAM segment of FLST
data or data of to"1"

FLPDO to FLPD2

% *
FLDNE bit \ |

0 |

! Upto153pus |
! for 16 MHz |
! machine clock |
| |

[ E—
Authorization | [FL
of writing to LED changed
display RAM | |Port operation
v
*2

After operation (FL or LED) has started, writing to FLC2, FLDG, FLDC,
and SEGDO0 to SEGD7 cannot be authorized.

The last one-byte writing operation to the FLST register FLIWR is authorized. The following
diagram explains this operation.

O Stop while operation is in progress or start from stop state (for 1 byte)

Figure 18.4-4 Stop While Operation Is in Progress or Start from Stop State (for 1 Byte)

. Set
Overwrite FLC1 FLIWR

register data of ELST

to "1"

Confirm
the setting
of 1"

1 % | |

FLDNE bit \ :
0 '

From operation From stop to ! '

to stop state operating state | !

Maximum of 10 us Maximum of 1 ps : :

for 16 MHz forI6 MHz | '

machine clock machine clock

Authorization of | |FL
writing to FLCI Operation start/stop
register LED,

v

The following diagram provides an example for combined setting of FLIWR of the FLST register
and FLINI of the FLST register. Note that the value of FLINI can only be changed after a reset.
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18.4 FL Control Circuit Operation

O Setting FLIWR after setting FLINI

Figure 18.4-5 Setting FL1WR after Setting FLINI

—

Overwrite Set FLINI Set FLIWR

register of the FLST of the FLST

or register to register to
display RAM "1t "1"

2 !

' > .

FLDNE bit \ / \ 1
! |
0 ] ' | !
iMaximum of 153 s Maximum of ' '
| forl6MHz  [10psfor 16 MHz | !
: ; 1 !
! machine clock | machine clock | !
FLIWR are set to 1", Authorization of writing to all Only the |
L nly the last
"..A'.:LlNI has priority. of the display RAM one-byte write
When FL or LED is inactive, operation is
writing to all registers is authorized.
authorized.
— =

m Start and Stop Timings of Automatic Fluorescent Tube Display

Automatic fluorescent tube display starts with timing point T1. When automatic fluorescent tube
display is stopped, output stops after the output of the current segment output has been
completed.

Figure 18.4-6 Example of Start and Stop Timing of Automatic Fluorescent Tube Display
o [ M M
T2 1
T3 |
T4 1

Segment J j I

1 1

Digit

FLFS |

N /

FLDNE

FLC1 register FLFE | |FLC1 register FLFE FLC1 register FLFE
starts FL display stops FL display and starts FL display and
and FLST register FLST register FLIWR FLST register FLIWR
FLIWR authorizes it.| |authorizes it. authorizes it.

Starting of automatic
fluorescent tube display

Stopping of automatic
fluorescent tube display

Starting of automatic
fluorescent tube display
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CHAPTER 18 FL CONTROL CIRCUIT

m Start and Stop Timing of Automatic LED Display

Up to the first 5 milliseconds after the start of automatic LED display, "L" level (the Pch open

drain output is off) is output from common and segment output.

Next, the data for the timing point of T1 is output as segment output when the common output
(LEDO) is at the "H" level. When automatic LED display stops, the common and segment output

switch to "L" level after authorization of writing to the registers.

Figure 18.4-7 Start and Stop Timings of Automatic LED Display

Maximum time

€—5ms—>

LEC1 to 16 output

T1

T2 \

LDEO (common output)

FLLS

FLDNE

FLC1 register FLLE
starts LED display
and FLST register
FL1IWR authorizes it.

Starting of automatic
LED display

m Operation in Stop Mode and Sleep Mode

O In stop mode

The FL control circuit is reset in stop mode. (All Pch high dielectric outputs are switched off.)

FLC1 register FLFE
stops LED display
and FLST register
FL1WR authorizes it.

FLC1 register FLLE
starts LED display
and FLST register
FL1WR authorizes it.

LED display

After stop mode is released, initialization must be performed.

O In sleep mode

The FL control circuit is operational in sleep mode. To enter low-power mode, such operations

Stopping of automatic  Starting of automatic
LED display

as stopping automatic display must be performed before sleep mode is set.
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CHAPTER 19 WATCH CLOCK OUTPUT

This chapter describes the functions and operations of MB90M405 series watch clock
output.

19.1 "Overview of the Watch Clock Output Circuit"
19.2 "Configuration of the Watch Clock Output Circuit"
19.3 "Watch Clock Output Control Register (TMCS)"
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CHAPTER 19 WATCH CLOCK OUTPUT

19.1 Overview of the Watch Clock Output Circuit

The watch clock output circuit divides the oscillation clock by the timebase timer and
outputs the specified divided clock externally.
One of the divisions 32, 64, 128, and 256 of the oscillation clock can be selected.

m Watch Clock Output Circuit

The watch clock output circuit is disabled during a reset or in stop mode and in enabled in
normal run mode, sleep mode, and pseudo watch mode.

Table 19.1-1 Watch Clock Output Modes

PLL_Run Main_Run Sleep Pseudo watch STOP Reset

Operating status 0 0 0 0 X X

Notes:

The clock cannot be output correctly if the timebase timer is cleared while the watch clock
output circuit is in use.

For information about the conditions for clearing the timebase timer, see Chapter 10,
"Timebase Timer".
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19.2 Configuration of the Watch Clock Output Circuit

19.2 Configuration of the Watch Clock Output Circuit

The watch clock output circuit consists of the following blocks:
» Watch clock selection circuit
» Watch clock output control register (TMCS)

m Block Diagram of the Watch Clock Selection Circuit

X0

X1

Figure 19.2-1 Block Diagram of the Watch Clock Selection Circuit

Watch clock selection circuit

—» Selector
Oscillation circuit TT T T
4_
l Timebase timer
Divide-by-2 I
circuit

>

Watch clock output
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CHAPTER 19 WATCH CLOCK OUTPUT

19.3 Watch Clock Output Control Register (TMCS)

The watch clock output control register (TMCS) sets the watch clock division ratio.

m Watch Clock Output Control Register (TMCS)

Figure 19.3-1 Watch Clock Output Control Register (TMCS)

Bit

15 14 13 12 11 10 9 8 Initial value

- - - - - TEN| TS1| TSO| XXXXX000g

- - - - - RW R/W R/W

Watch clock division Output cycle for

TSi ) TS0 ratio setting bit HCLK = 4.19 MHz

0 0 Divide by 32 7.45 ns

0 1 Divide by 64 3.72 ns

1 0 Divide by 128 1.86 ns

1 1 Divide by 256 0.93 ns
TEN Watch clock output enable bit

0 Output disabled

1 Output enabled

R/W : Read/write enabled

- . Undefined bit
[ : Initial value

HCLK: Oscillation clock frequency

Table 19.3-1 Functions of the I°C Status Register (IBSR) Bits

Bit name Function
bitl5 | . . . .
0 - e The reading value read from this bit is undefined.
bit11 Undefined bit » The value set for this bit does not affect operation.
TEN: . . .
. » This bit enables watch clock output. To use this function, be sure to
bit10 | Watch clock output . . . .
) specify a port in ADERO and to specify output from the port in DDRA.
enable bit
. TS1, TSO: .
bit9 : L » Set TS1 and TS2, and specify output from the port to output the clock for
. Time clock division
bit8 . . . the watch clock.
ratio setting bit

406

Note:

The first waveform that is output when the TEN bit is set to Enabled may be different from
the actually specified output waveform because the watch clock is started asynchronously
with the timebase timer.




CHAPTER 20 DELAYED INTERRUPT GENERATOR

MODULE

This chapter describes the functions and operation of the MB90M405 series delayed
interrupt generator module.

20.1 "
20.2 "
203 "
204 "

Overview of the Delayed Interrupt Generator Module"”
Delayed Interrupt Cause/Cancel Register (DIRR)"
Operation of the Delayed Interrupt Generator Module"

Precautions to Follow when Using the Delayed Interrupt Generator
Module"
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CHAPTER 20 DELAYED INTERRUPT GENERATOR MODULE

20.1 Overview of the Delayed Interrupt Generator Module

The delayed interrupt generator module outputs interrupt requests for task switching.
By using this module, interrupt requests for task switching can be output and
canceled for the MBO90OM405 series CPU via software.

m Block Diagram of the Delayed Interrupt Generator Module

Figure 20.1-1 Block Diagram of the Delayed Interrupt Generator Module

—> Delayed interrupt request register/decoder

Internal data bus

<€ Interrupt cause latch
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20.2 Delayed Interrupt Cause/Cancel Register (DIRR)

20.2 Delayed Interrupt Cause/Cancel Register (DIRR)

This section explains the delayed interrupt cause/cancel register (DIRR).

m Delayed Interrupt Cause/Cancel Register (DIRR)

R/W

Figure 20.2-1 Delayed Interrupt Cause/Cancel Register (DIRR)

Bit

. Read/write
. Undefined
: Undefined bit

15 14 13 12 11 10 9 8 Initial value
[ -] = =] = =] =] =] ro| xxxxxxxos
- - - - - - - Rw

Table 20.2-1 Functional Explanation of Each Bit of the Delayed Interrupt Cause/Cancel Register (DIRR)

Bit name

Function

bit15 to bit9

Undefined bit

When these bits are read, the values are undefined.
Writing to these bits does not affect operation.

bit8

RO:

Delayed
interruptrequest
output bit

This bit sets the generation/cancel of a delayed interrupt request.

When this bit is "1", a delayed interrupt request is output.

When this bit is "0", the delayed interrupt request is cleared.

When a reset is specified, interrupt causes are canceled (cleared to "0").
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CHAPTER 20 DELAYED INTERRUPT GENERATOR MODULE

20.3 Operation of the Delayed Interrupt Generator Module

When the delayed interrupt request output bit (R0O) of the delayed interrupt cause/
cancel register (DIRR) is set to "1" using software, a delayed interrupt request is
output to the interrupt controller.

m Operation of the Delayed Interrupt Generator Module

When the delayed interrupt request output bit (R0O) of the delayed interrupt cause/cancel register
(DIRR) is set to "1" using software, an interrupt request is output to the interrupt controller. If
interrupt requests other than the delayed interrupt have lower priorities or there is no interrupt
request other than the delayed interrupt request, the interrupt controller outputs an interrupt
request to the CPU. The CPU compares the interrupt request level with the interrupt level mask
register (ILM) in the processor status register (PS). If the interrupt request level is higher than
the interrupt level mask register (ILM), the hardware imbedded processing microprogram is
activated after the instruction currently being executed is completed, to execute the delayed
interrupt processing routine. If the delayed interrupt request output bit (RO) of the delayed
interrupt cause/cancel register (DIRR) is set to "0" in the interrupt processing routine, the
delayed interrupt cause is cleared and the task is switched.

Figure 20.3-1 Operation of the Delayed Interrupt Generator Module

Delayed interrupt generator module Interrupt controller MB90M405 series CPU
WRITE

Other requests

e L j
[ DRR II ILM

NTA

DIRR : Delayed interrupt cause/cancel register

IL . Interrupt level setting bit in the interrupt control register (ICR)
ILM  : Interrupt level mask register in PS

CMP : Comparator

ICR : Interrupt control register
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20.4 Precautions to Follow when Using the Delayed Interrupt Generator Module

20.4 Precautions to Follow when Using the Delayed Interrupt
Generator Module

This section explains the precautions to follow when using the delayed interrupt
generator module.

m Precautions to Follow when Using the Delayed Interrupt Generator Module

O Delayed interrupt request

If the delayed interrupt request output bit (RO) of the delayed interrupt cause/cancel register
(DIRR) is not set to "0" after interrupt processing is completed using an interrupt processing
routine or while an interrupt processing routine is being executed, it is not possible to return
from the interrupt processing.
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CHAPTER 21 ADDRESS MATCH DETECTION FUNCTION

This chapter describes the address match detection function of the MB90M405 series
and its operations.

21.1 "Overview of the Address Match Detection Function”
21.2 "Registers of the Address Match Detection Function”
21.3 "Operation of the Address Match Detection Function”
21.4 "Example of Using the Address Match Detection Function”
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CHAPTER 21 ADDRESS MATCH DETECTION FUNCTION

21.1 Overview of the Address Match Detection Function

If the program address matches the value set in the address match detection register,
the instruction code to be read by the CPU is replaced with an INT9 instruction code.
By performing processing using an INT #9 interrupt routine, a program patch
application function can be implemented.

m Block Diagram of the Address Match Detection Function

Figure 21.1-1 Block Diagram of the Address Match Detection Function

—>| Address latch

Y

<—>| Address detection register

SN MEsOM405

CPU core

Comparison

Internal data bus

_>| Detection bit |<

Reset Set

\

<
<%

414



21.2 Registers of the Address Match Detection Function

21.2 Registers of the Address Match Detection Function

This section shows a list of registers of the address match detection function.

m List of Registers of the Address Match Detection Function

Figure 21.2-1 List of Registers of the Address Match Detection Function

PADRO (program address detection register; upper/middle/lower)

PADR1 (program address detection register; upper/middle/lower)

PACSR (program address
detection control status register)
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CHAPTER 21 ADDRESS MATCH DETECTION FUNCTION

21.2.1 Program Address Detection Register for Upper, Middle,
and Lower Parts of Address (PADRO/PADR1)

The program address detection register for upper, middle, and lower parts of an
address (PADRO/PADR1) is used to set an address for comparison.

m Program Address Detection Register for Upper, Middle and Lower Parts of an Address (PADRO/
PADR1)

Figure 21.2-2 Program Address Detection Register for Upper, Middle, and Lower Parts of an Address

(PADRO/PADR1)
bit23  bitle bitl5  bit8 bit7 bit0 Initial value
PADRO | Upper | Middle | Lower | SXOOOXXXXXH
R/W R/W R/W

bit23  bitl6 bitl5  bit8 bit7 bit0
PADR1 [ Upper | Middle | Lower | XXXXXXXXXH

R/W R/W R/W

R/W : Read/write enabled
X 1 Undefined

If the corresponding interrupt enable bit of the program address detection control status register
(ACSR) is set to "1", the program address is compared with the value stored in the program
address detection register for the upper, middle, and lower parts of an address (PADRO/
PADR1). If the program address value (PC value) matches the value stored in the program
address detection register for upper, middle, and lower parts of an address (PADRO/PADR1),
the corresponding interrupt flag bit is set to "1" and an INT9 instruction is output. If the interrupt
enable bit is set to "0", no INT9 instruction is output.

The following table lists the correspondence between the program address detection control
status register (PASCR) and the interrupt request enable bits and the interrupt request flag bits.

Address detection register Interrupt enable bit Interrupt request flag bit
PADRO ADOE ADOD
PADR1 AD1E AD1D
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21.2.2 Program Address Detection Control Status Register
(PACSR)

The program address detection control status register (PACSR) is used to perform the
interrupt control of the address match detection function.

m Program Address Detection Control Status Register (PACSR)

Figure 21.2-3 Program Address Detection Control Status Register (PACSR)

Bit 7 6 5 4 3 2 1 0 Initial value
|RESV |RESV |RESV |RESV |AD1E |AD1D |ADOE | ADOD| 000000008
RW R/W R/W RW R/W RW R/W R/W

R/W : Read/write
X : Undefined

Table 21.2-1 Functional Explanation of Each Bit of the Program Address Detection Control Status
Register (PACSR)

Bit name Function
b7 | RESV: .
to . * Always set "0".
: Reserved bit
bit4
e This bit enables an interrupt of PADR1.
ADI1E: « When this bit is "1", the program address detection register (PADR1) and the
bit3 PADRL1 interrupt request program address are compared. If the program address detection register
enable bit (PADR1) matches the program address, the PADRL interrupt flag bit (AD1D) is
set to "1" and an INT9 instruction is output.
e This bit enables an interrupt request of PADRL1.
« This bit is set to "1" when the program address detection register (PADR1) and
AD1D: the program address are compared and match.
bit2 PADRL1 interrupt request | « While the PAD1 request enable bit (AD1E) is "1", setting this bit to "1" outputs an
flag bit INT9 instruction.
e Setting this bit to "0"clears it to "0".
e Setting this bit to "1" has no effect on operation.
ADOE: e This bit gnaplgs an interrupt of PADRO. . .
bit1 PADR'O interrupt request * When this bhit is "1", the program address detection reglgter (PADRO) yalue and
enable bit the program a(_jdress are compared. If k_)oth ma_Ltch_, the interrupt flag bit (ADOD)
of the PADRO is set to "1" and an INT9 instruction is output.
* This bit enables an interrupt request of PADRO.
e This bit is set to "1" when the program address detection register (PADR1) and
ADOD: the program address are compared and match.
bit0 PADRO interrupt request | =« While the PADO request enable bit (ADOE) is "1", setting this bit to "1" outputs an
flag bit INT9 instruction.
e Setting this bit to "0" clears it to "0".
« Setting this bit to "1" does not affect operation.
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21.3 Operation of the Address Match Detection Function

This section explains the operation of the address match detection function.

m Operation of the Address Match Detection Function

If the program address matches the value set in the address match detection register, the
instruction code to be read by the CPU is replaced with an INT9 instruction code (01y). When

the CPU executes the instruction at the specified program address, the INT9 instruction is
executed. By performing processing using an INT #9 interrupt routine, a program patch
application function can be implemented.

There are two program address detection registers (PADRO/PADR1), each of which has an
interrupt enable bit (AD1E, ADOE) and an interrupt flag bit (AD1D, ADOD). If the interrupt
enable bit (AD1E, ADOE) is set to "1", the value stored in the address detection register and the
program address are compared. If they match, the interrupt flag bit (AD1D, ADOD) is set to "1",
and the instruction code to be read by the CPU is replaced with an INT9 instruction code.
Setting the interrupt flag bit (AD1D, ADOD) to "0"clears it to "0".

Note:

The address detection function does not work correctly if a program address after the 1st
byte of the instruction is set in the address detection register. Change the address detection
register after setting the interrupt enable bit to "0". If the setting of the address detection
register is changed while the interrupt enable bit is set to "1", an address detection may be
mistakenly performed while making settings.
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21.4 Example of Using the Address Match Detection Function

This section contains example of Using the Address Match Detection Function.

m System Configuration

Figure 21.

4-1 System Configuration Example

MCU E2PROM

MB90M405
series

SIN

m E?PROM Memory Map

Initial State

Table 21.4-1 E?PROM Memory Map

Address

Meaning

Number of bytes of patch program No. 0

Number of bytes of patch

program No. 0

0000y (O for no program error)

00014 Bit 7 to bit 0 of program address No. 0

0002y Bit 15 to bit 8 of program address No. 0

0003y Bit 24 to bit 16 of program address No. 0

0004y, Number of bytes of patch program No. 1
(O for no program error)

0005y Bit 7 to bit 0 of program address No. 1

0006y Bit 15 to bit 8 of program address No. 1

00074 Bit 24 to bit 16 of program address No. 1

0010+

Original of patch program No. 0

The contents of E2PROM are all 0s.
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m INTO9 Interrupt

An interrupt routine finds the address detection cause for which an interrupt request was output
by referencing the interrupt flag bits (AD1D, ADOD) of the detection control status register
(PACSR). The routine then causes a branch to the program from which the interrupt request
was output. If a branch to the program is caused, information saved on the stack due to the
interrupt becomes invalid, and the interrupt flag bits (AD1D, ADOD) are cleared to "0".

Figure 21.4-2 System Configuration Example

""""""""" FFFFFFH
®
Abnormal program
ROM
@
o External E2PROM
=]
) E
- O Number of program bytes
% Register set for O Interrupt-generated address
E program patch O Modification program address
,,,,,,,,,,,,,,,,,,,,, %
I
O
a
Data transfer using UART
Modification program
RAM T® ..... || TorTeeton program
I 000000H
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0000+H=00H

21.4 Example of Using the Address Match Detection Function

Figure 21.4-3 Flowchart of Program Patch Processing

Reset

i

Read 00004 of E2PROM

0000H(E*PROM)

Read address
0001+ to 0003H(EZPROM)
| MOV
PADRO(MCU)

2

Read patch program
0010+ to 0090H(E2PROM)
| MoV
000400+ to 000480H(MCU)

i

Enable patch processing
MOV PACSR,#02H

0000H +00H

FFFFH
0090k
0010H

0003+
0002+
0001+
0000H

Executes the normal program

To patch program
JMP000400H

N2

Execute patch program
000400+ to 000480+

v

End patch program

JMP FFO050H

PC=PADRO

YES

E? PROM

NO

Patch program

Lower program address: 50,

Middle program address: 80y,

Upper program address:FF

Number of bytes of patch program: 80y

FF8050H

Py

OM
FF8000H

— FFO000H

— 001100~

000480+
RAM
000400+

000100+

— 000000+

— FFFFFFH

Abnormal program

Stack area

RAM area

Patch program

RAM/register area

I/O area
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CHAPTER 22 ROM MIRRORING FUNCTION SELECTION
MODULE

This chapter describes the function and operation of the MB90M405 series ROM
mirroring function selection module.

22.1 "Overview of the ROM Mirroring Function Selection Module™

22.2 "ROM Mirroring Function Selection Register (ROMM)"
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22.1 Overview of the ROM Mirroring Function Selection Module

The ROM mirroring function selection module can access ROM data in bank FF from
bank 00 by setting its register.
The ROM mirroring function enables access from the target area (FF4000y to FFFFFF)

to the I/O area or the RAM area without bank accesses.

m Block diagram of the ROM mirroring function selection module

Figure 22.1-1 Block Diagram

—>| ROM mirroring function selection i
Address area
0 Address
o > | FF bank | | 00 bank |
8
©
©
©
c [ J
9
[
- Data Y
% ROM |
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22.2 ROM Mirroring Function Selection Register (ROMM)

This section explains the register in the ROM mirroring function selection module.

m ROM Mirroring Function Selection Register (ROMM)

Figure 22.2-1 ROM Mirroring Function Selection Register (ROMM)

Bit 15 14 13 12 11 10 9 8 Initial value

T T T-T - T ] xooooow

W : Write only
X : Undefined
- . Undefined bit

Note:

Do not set the ROM mirroring function selection register while accessing the addresses
"0040004 to OOFFFFy".

Table 22.2-1 Functional Explanation of the ROM Mirroring Function Selection Register (ROMM)

Bit name Function
bitl5 | . . .
to - * The values read from these bits are undefined.
bit9 Undefined bit » Setting these bits to a new value does not affect operation.
bit8 | MI: e This bit is used to set the ROM mirroring function.
ROM mirroring « When this bitis "1", ROM data in bank FF can be read from bank 00.
function setting bit « When this bit is "0", ROM data in bank FF cannot be read from bank 00.
Note:
The ROM mirroring function accesses addresses 0040004 to OOFFFFy from addresses
FF4000y to FFFFF. Therefore, addresses FFO000y to FF3FFF cannot be accessed when
use of the ROM mirroring function is set.
MB90M407/M407A MB90M408/M408A | MB90MF408/MF408A MB90MV405
Address 1 FE8000y FEOO0OOH FEOO00OH FEOO00OH
Address 2 0011004 0011004 0011004 0011004
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Figure 22.2-2 Memory Space

Address
FFFFFF,
FF4000, |- ROM-area----- ROM area
Address 1 <~ — "
0010004 —
004000H mirroring area
Address 2 F——
000100y, RAMarea | RAM area
0000C0O, |—————— oo
000000, WOarea | . .. /0 area
When Mi="1" When MI="0"
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CHAPTER 23 1M-BIT FLASH MEMORY

This chapter describes the functions and operations of the MB90M405 series 1M-bit
flash memory.

23.1 "Overview of the 1M-Bit Flash Memory"

23.2 "Registers and Sector Configuration of the Flash Memory"
23.3 "Flash Memory Control Status Register (FMCS)"

23.4 "Starting the Automatic Algorithm of the Flash Memory"
23.5 "Detailed Description of Flash Memory Writing and Deletion™
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23.1 Overview of the 1M-Bit Flash Memory

The 1M-bit flash memory is allocated in banks FE4 and FF on the CPU memory map.

Like mask ROM, it does support read access and program access from the CPU
because of the flash memory interface circuit function. Data can be written to or
deleted from the flash memory via the flash memory interface circuit using CPU
instructions. Because this approach enables rewriting the flash memory when it is
installed under control of the built-in CPU, programs and data can be changed more

efficiently.

m Writing Data to or Deleting Data from the Flash Memory

You can write data to or delete data from the flash memory in one of the following two ways:

1. Dedicated serial programmer (AF220 manufactured by YDC)

2. Writing and deletion using a program

This section describes the second option of executing a program.

m Features of the 1M-bit Flash Memory

Configuration of 128K words x 8K or 64K words x 16 bits (16K + 8K + 8K + 32K + 64K)
sector

Automatic program algorithm (equivalent to Embedded Algorithm: MBM29F400TA)
Function for temporarily stopping and restarting deletion

Detection of the completion of writing and deletion using CPU interrupts
Compatibility with JEDEC standard commands

Sector-by-sector deletion (Any combination of sectors)

10,000 writes and deletes guaranteed

Embedded Algorithm is a trademark of Advanced Micro Devices Corporation.

m Writing to and Deletion from the Flash Memory

Writing to and deletion from the flash memory must not be performed at the same time. To
write data to or delete data from the flash memory, first copy the program to RAM and then
execute the copied program in RAM.

For more information, see Section 23.5.2 "Writing Data to the Flash Memory".
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23.2 Registers and Sector Configuration of the Flash Memory

Figure 23.2-1 "Sector Configuration of the 1M-bit Flash Memory" shows the registers
and sector configuration of the flash memory.

m Registers of the Flash Memory

O Flash memory control status register (FMCS)

Bit 7 6 5 4 3 2 1 0 Initial value
| INTE[RDYINT| WE | RDY |Reserved| LPM1 |Reseed| LPMO| 00000000

RW RW RW R w RW W R/W

R/W : Read/write enabled
R : Read only
W : Write only

m Sector Configuration

Figure 23.2-1 "Sector Configuration of the 1M-bit Flash Memory" shows the sector configuration
of the 1M-bit flash memory. In this figure, high-order and low-order addresses are shown for
each sector.

For access from the CPU, SAO is stored in the FE bank register and SA1 to SA4 are stored in
the FF bank register.

Figure 23.2-1 Sector Configuration of the 1M-bit Flash Memory

Flash memory CPU address

High order| FFFFFFu
SA4(16 KB)
Low order| FFCO00OH

High order| FFBFFFH
SA3(8 KB)
Low order| FFAOOOH

High order| FFOFFFH
SA2(8 KB)
Low order| FF8000H

High order| FF7FFFH
SA1(32 KB)
Low order| FFOOOOH
High order| FEFFFFH
SA0(64 KB)

Low order| FEOOOOH
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23.3 Flash Memory Control Status Register (FMCS)

This section describes the functions of the flash memory control status register
(FMCS).

m Flash Memory Control Status Register (FMCS)

430

R/IW

Bit

Figure 23.3-1 Flash Memory Control Status Register (FMCS)

2 1 0 Initial value

LPM1 |Reserved| LPMO 000000008

7 6 5 4 3
INTE |RDYINT| WE | RDY |Reserved
RW RW R/W R w R/W w R/W

i

> LPM1 | LPMO | Low power consumption mode setting bits
0 0 Ordinary power consumption mode
(internal operating frequency of 16 MHz or less)
Power consumption mode 1
0 0 (internal operating frequency of 4 MHz or less)
1 1 Power consumption mode 2
(internal operating frequency of 8 MHz or less)
0 0 Power consumption mode 3
(internal operating frequency of 10 MHz or less)
> Reservedl Reserved bit

Set this bit to "0".

RDY

Y

Write/delete status bit

0

Write/delete operation in progress

. Read/write enabled
. Read only

. Write only

: Initial value

1 Write/delete operation completed (write/delete operation enabled)

> WE Write/delete operation enable bit
Write/delete operation disabled

1 Write/delete operation enabled
»RDYINT Write/delete operation completion flag bit

0 Write/delete operation in progress

1 Write/delete operation completed (interrupt request generated)
»| INTE Interrupt request enable bit

0 Interrupt disabled when writing or deletion is completed

1 Interrupt enabled when writing or deletion is completed




23.3 Flash Memory Control Status Register (FMCS)

Table 23.3-1 Functions of the Flash Memory Control Status Register (FMCS) Bits

Bit name Function
< This bit enables the output of an interrupt request to the CPU when a
INTE: flash memory write or delete operation is completed.
. : < Aninterrupt request is output if this bit is set to "1" and the RDYINT bit is
bit7 Interrupt .request setto "1"
enable bit « No interrupt request is output if this bit is set to "0" and the RDYINT bit is
setto "1".

* When a flash memory write or delete operation is completed, this bit is
set to "1", enabling a flash memory write or delete operation.

« If this bit is set to "0", this bit is cleared to "0", disabling flash memory

RDYINT: write or delete operations.
bit6 | Write/delete operation | ¢ Setting this bit to "1" does not affect operation.
completion flag bit « This bit is also set to "1" when the automatic algorithm (see Section 23.4
"Starting the Automatic Algorithm of the Flash Memory") of the flash
memory has been completed.

* Read-modify-write (RMW) instructions always return "1" for this bit.

« |If this bit is set to "1", writing to or deletion from the flash memory is
enabled after the write/delete command sequence to the FF bank is
completed (see Section 23.4 "Startting the Automatic Algorithm of the

WE: Flash Memory").
bit5 | Write/delete operation | « If this bit is set to "0", the execution of the write/delete command
enable bit sequence to the FF bank does not generate a write or a delete signal.

Note:

e Set this bit to "0" if neither a write nor a delete operation will be used.

« When this bit is "0", writing to or deletion from the flash memory is

RDY: disabled_. N _
. L . « When this bit is "0", read, reset and suspend commands, such as during
bit4 | Write/delete operation .
enable bit tempora_ry stop of sector deletl_on, can be accepte_d.
e This bitis set to "1" when a write or delete operation has been
completed.
E:S Egzgxgg.bit * Be sure to set this bit to "0".
« These bits allow power consumption of the flash memory to be controlled
LPM1, LPMO: from the CPU.
bit2 Low power « The values that can be specified in these bits vary depending on the
bitO | consumption mode internal operating frequency.
setting bits « The lower the internal operating frequency, the lower the power
consumption of the flash memory.
Note:

The operation completion flag bit (RDYINT) and the write/delete status bit (RDY) do not
change at the same time. Create a program so that the completion of writing or deletion is
determined using the RDYINT or the RDY bit.
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Automatic algorithm |
completion timing

RDYINT bit l

RDY bit I |

—

One machine cycle
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23.4 Starting the Automatic Algorithm of the Flash Memory

Four types of commands are supported to start the automatic algorithm of the flash
memory: read/reset, write, chip deletion, and sector deletion. Temporary stop and
restart can be controlled for sector deletion.

m Command Sequence Table

Table 23.4-1 "Command Sequence Table" lists the commands used to write data to and delete
data from the flash memory. Although all the data items to be written to the command register
have a length of bytes, use word access to write data. The data in the upper bytes written
during word access will be ignored.

Table 23.4-1 Command Sequence Table

Com- Bus 1st bus write cycle | 2nd bus write cycle | 3rd bus write cycle | 4th bus write cycle | 5th bus write cycle | 6th bus write cycle
mand write
se- access | Address Data Address Data Address Data Address Data Address Data Address Data
quence
Read/
reset (1) 1 FXXXXXy | XXFOy
Read/
reset (1) 4 FXAAAAL | XXAAy | Fx5554, | XX55y | FXAAAAL [ XXFOy RA RD
Wwrite 4 FXAAAAL | XXAA Fx5554 XX55 FXAAAAL | XXAO PA(even) PD
program H H H H H H (word)
dcgllepti on 6 FXAAAAL | XXAAY | Fx5554 | XX55y | FXAAAAY [ XX80y | FXAAAAL | XXAAY | Fx5554y | XX554 | FXAAAAL | XX10y
dsgl(;tt?c;n 6 FXAAAAL | XXAAY | Fx5554 | XX55y | FXAAAAY [ XX80y | FXAAAAL | XXAAy | Fx5554y | XX554 | SA(even) | XX30y

Sector deletion temporary stop | Enter the data (XXBOy) at address FXXXXXy to temporarily stop sector deletion.

Sector deletion restart

Enter the data (XX30y) at address FXXXXXy to resume sector deletion after temporarily stop.

*1: These two types of read/reset commands can reset the flash memory to read mode.

Notes:

Address Fx in the table means FF and FE. Use the address for the bank to be accessed
during address-related operations.

The address in the table is a value in the CPU memory map. "X" stands for an arbitrary
value.

RA: Read address
PA: Write address. An even-numbered address can be specified.

SA: Sector address. See Section 23.2 "Registers and Sector Configuration of the Flash
Memory". An even-numbered address can be specified.

RD: Read data
PD: Write data. Word data can be specified.
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23.5 Detailed Description of Flash Memory Writing and Deletion

This section describes the procedures for issuing commands that start the automatic
algorithm to perform read/reset, write, chip deletion, sector deletion, temporary stop of
sector deletion, or restart of sector deletion for the flash memory.

m Detailed Description of Flash Memory Writing and Deletion

434

The automatic algorithm can start read/reset, write, chip deletion, sector deletion, sector
deletion temporary stop, or sector deletion restart operations by writing a command sequence
(see Section 23.4 "Starting the Automatic Algorithm of the Flash Memory") from the CPU to the
flash memory. Writing from the CPU to the flash memory must be performed continuously.
When writing ends normally, the status returns to the read or reset status.

The subsequent sections describe the details of the deletion restart operation in the following
order:

» Placing the flash memory in read/reset status
e Writing data

» Deleting all data items (all chip deletion)

» Deleting a data item (sector deletion)

e Temporarily stopping sector deletion

» Restarting sector deletion



23.5 Detailed Description of Flash Memory Writing and Deletion

23.5.1 Placing the Flash Memory in Read/Reset Status

This section describes the procedure for executing the read/reset command to place
the flash memory in read/reset status.

m Placing Flash Memory in Read/Reset Status

To place the flash memory in read/reset status, continuously send the read/reset command
listed in the command sequence table (Table 23.4-1 "Command Sequence Table") from the
CPU to the flash memory.

There are two command sequences for the read/reset command, the results of which are the
same.

Read/reset status is the initial status of the flash memory. The flash memory is always in read/
reset status immediately after power is turned on or a command ends normally. In read/reset
status, the system waits for input of a new command.

In read/reset status, perform read access to the flash memory to read flash memory data. Like
the mask ROM, flash memory does support program access from the CPU. No read/reset
command is required to perform read access to the flash memory.

If a command does not end normally, use the read/reset command to initialize the automatic
algorithm.
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23.5.2 Writing Data to the Flash Memory

This section describes the procedure for executing the write command to write data to
the flash memory. Figure 23.5-1 "Example of the Procedure for Flash Memory Writing"
shows an example of the procedure for flash memory writing.

m Writing Data to the Flash Memory

m Addressing

To start the automatic algorithm for writing data to the flash memory, continuously send the
write command listed in the command sequence table (Table 23.4-1 "Command Sequence
Table"), from the CPU to the flash memory. When data writing to the target address ends after
the fourth cycle, the automatic algorithm is started to start automatic writing.

Only an even-numbered address can be specified as the write address in the write data cycle.
If an odd-numbered address is specified, data cannot be written correctly. Use word access to
write to an even-numbered address in word units.

Writing is enabled in any order of addresses and across sector boundaries. However, only one
word of data is written each time the write command is executed.

m Notes on Writing Data

436

The data of a bit cannot be changed from "0" to "1" by write operations. When there is an
attempt to overwrite "0" by "1", the data polling algorithm or the toggle operation does not end,
the flash memory component will be assumed to be faulty. IN this case, it will only appear as if
"1" had been written, but "0" will be returned when the data is read in read/reset status. To
change a bit from "0" to "1", perform a delete operation.

All other commands are ignored while automatic writing is in progress. Data at a write address
cannot be assured if a hardware reset occurs during writing.



23.5 Detailed Description of Flash Memory Writing and Deletion

Figure 23.5-1 Example of the Procedure for Flash Memory Writing

( Start of writing )

FMCS: WE (bit5)
Flash memory writing enabled

Write command sequence
D FXAAAAH ¢ XXAAH
@ FX5554H < XX55H
@ FXAAAAH < XXAOH
@ Write address < Write data

Next address

0 /
RDYINT

"0" output is long.

C

Last address

Write error >

YES

Write/delete operation

completion flag bit

NO

FMCS: WE (bit5)
Flash memory writing disabled

( Start of writing )

437



CHAPTER 23 1M-BIT FLASH MEMORY

23.5.3 Deleting All Data Items from the Flash Memory (Chip
Deletion)

This section describes the procedure for executing the chip deletion command to
delete all data items from the flash memory.

m Deleting All Data Items from the Flash Memory (Chip Deletion)

To delete all data items from the flash memory, continuously send the chip deletion command
listed in the command sequence table (Table 23.4-1 "Command Sequence Table") from the
CPU to the flash memory.

The chip deletion command starts the chip deletion operation when writing completes after the
sixth cycle. Writing to the flash memory before chip deletion is not required. During the
processing for the automatic deletion function, the flash memory performs verification by writing
"0" before deleting all bits of the data.
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23.5.4 Deleting a Data Item from the Flash Memory (Sector
Deletion)

This section describes the procedure for executing the sector deletion command to
delete a data item from the flash memory (sector deletion). Data in any sector can be
deleted. More than one sector can be specified for deletion. Figure 23.5-2 "Example of
the Sector Deletion Procedure for the Flash Memory" shows an example of the
procedure for flash memory sector deletion.

m Deleting a Data Item from the Flash Memory (Sector Deletion)

To delete data in any sector of the flash memory, continuously send the sector deletion
command listed in the command sequence table (Table 23.4-1 "Command Sequence Table")
from the CPU to the flash memory.

m Specifying a Sector
The sector deletion command starts a sector deletion wait of 50 us by writing in the sixth cycle
the sector deletion code (304) to any even-numbered address in the target sector that can be
accessed. To delete more than one sector, write the deletion code (304) to the addresses of
additional sectors to be deleted.

m Notes on Specifying More Than One Sector

Deletion starts upon completion of the 50 us sector deletion wait period since the last sector
deletion code was written. To delete more than one sector at the same time, input the deletion
sector address and the deletion code (in the sixth cycle of the command sequence) within 50
us. The address and the code are accepted only if they are input within 50 pus.
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C Start of deletion >

FMCS: WE (bit5)
Flash memory deletion enabled

Delete command sequence
D FXAAAAH — XXAAH
@ FX5554+ < XX55H
@ FXAAAAH < XX80H
@ FXAAAAH < XXAAH
B) FX5554H « XX55H

® Deletion sector code input (30)

NO

Figure 23.5-2 Example of the Sector Deletion Procedure for the Flash Memory

0 /
RDYINT

"0" output takes
too long.

C

Deletion error )

440

Last address

YES

Write/delete operation
completion flag bit

Next sector

NO

FMCS: WE (bit5)
Flash memory deletion disabled

C End of deletion >
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23.5.5 Temporarily Stopping Deletion of Sectors from the Flash
Memory

This section describes the procedure for executing the sector deletion temporary stop
command to temporarily stop the deletion of sectors from the flash memory. Data can
be read from sectors that are not being deleted.

m Temporarily Stopping Sector Deletion

To temporarily stop the deletion of sectors from the flash memory, continuously send the sector
deletion temporary stop command listed in the command sequence table (Table 23.4-1
"Command Sequence Table") from the CPU to the flash memory.

The sector deletion temporary stop command temporarily stops the deletion of sectors and the
reading of data from sectors that are not being deleted. In sector deletion temporary stop
status, reading is enabled and writing is disabled. The sector deletion temporary stop command
is valid only during sector deletion (including the deletion wait time) and is ignored during chip
deletion or writing.

To execute the sector deletion temporary stop command, write the deletion temporary stop code
(BOy). Specify any address in the flash memory. During deletion temporary stop, the deletion

temporary stop command is ignored if it is executed.

If the sector deletion temporary stop command is input during the sector deletion wait period,
the sector deletion wait ends and deletion is suspended, causing the system to enter deletion
stop status. If the deletion temporary stop command is input during sector deletion after the
sector deletion wait period, the system enters deletion temporary stop status after waiting for a
maximum of 15 pus.
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23.5.6 Resuming Flash Memory Sector Deletion

This section describes the procedure for issuing the sector deletion restart command
to resume a flash memory sector deletion that has been temporarily stopped.

m Resuming the Flash Memory Sector Deletion

442

To resume a sector deletion that has been temporarily stopped, continuously send the sector
deletion restart command listed in the command sequence table (Table 23.4-1 "Command
Sequence Table") from the CPU to the flash memory.

The sector deletion restart command is used to restart sector deletion that has been temporarily
stopped by execution of the sector deletion temporary stop command. To execute the sector
deletion restart command, write the sector deletion restart code (30y). Specify any address in

the flash memory.

During sector deletion, the sector deletion restart command is ignored if it is executed.



CHAPTER 24 EXAMPLE OF MB90MF408/MF408A
SERIAL PROGRAMMING CONNECTION

This chapter provides examples of connection for serial programming using the AF220
flash microcomputer programmer manufactured by YDC Corporation.

24.1 "Standard Configuration for Serial Programming Connection to
MB90OMF408/MF408A"

24.2 "Example of Connection for Serial Programming (Power Supplied by
Usern)"

24.3 "Example of Connection for Serial Programming (Power Supplied from
Programmer)"

24.4 "Example of Minimum Connection to Flash Microcomputer Programmer
(Power Supplied by User)"

24.5 "Example of Minimum Connection to Flash Microcomputer Programmer
(Power Supplied from Programmer)"
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CHAPTER 24 EXAMPLE OF MB90MF408/MF408A SERIAL PROGRAMMING CONNECTION

24.1 Standard Configuration for Serial Programming Connection
to MB9OMF408/MF408A

MB90MF408/MF408A supports serial on-board writing (Fujitsu standard) to flash ROM.
This describes the specifications for serial on-board writing.

m Standard Configuration for Serial Programming Connection to MB9OMF408/MF408A

The AF220 flash microcomputer programmer, manufactured by YDC, is used for Fujitsu
standard serial on-board writing.

Host interface cable (AZ201)

General-purpose common cable (AZ210)

Clock l/

| ——
[ \

Y 3

Note:

AF220 ‘
synchronous
RS232C ?:}zrocomputer sérial MBOOMF408
programmer user system
+
memory card
\Z —— _

Operable in stand-alone mode

Contact YDC for information about the functions and operations of the AF220 flash
microcomputer programmer and information about the general-purpose common connection
cable (AZ210) and connectors.

Table 24.1-1 Pins Used for Fujitsu Standard Serial on-board Programming
Pin Function Description

MD2,MD1, Mode pin Switches to programming mode from the flash microcomputer programmer.

MDO

X0, X1 Oscillator pin Since the internal operating clock of the CPU is set to the same clock cycle as
the PLL clock, the oscillation clock frequency is used as the internal operation
clock. An oscillation clock from 1 MHz to 16 MHz is therefore used for serial
on-board programming.

P80, P81 Programming start pin -

RST Reset pin -

SI1 Serial data input pin The UART is used in clock synchronous mode.

SO1 Serial data output pin

SCO Serial clock input pin

C C terminal Capacitor terminal for stabilizing the power supply. Connect an external

ceramic capacitor of about 0.1 pF.
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24.1 Standard Configuration for Serial Programming Connection to MB9OMF408/MF408A

Table 24.1-1 Pins Used for Fujitsu Standard Serial on-board Programming (Continued)

Pin Function Description
Vce Power supply pin The flash microcomputer programmer does not need to be connected to supply
the programming voltage (5V £ 10%) from the user system. When you
connect this pin, make sure that no short-circuit occurs between it and the user-
side power supply.
Vssg Ground pin Also use this pin as the ground pin for the flash microcomputer programmer.

When the P80, SI0, SO0, and SCO pins are also used by the user system, the control circuit
shown in Figure 24.1-1 “"Control Circuit" is required. (The TCIS signal of the flash
microcomputer programmer can separate the user circuit during serial writing. See the
connection example shown later.)

Figure 24.1-1 Control Circuit

AF220 write control pin p—»  MBOIOMF408/MF408A
write control pin
10 KQ )
AF220
TICS pin

User Circuit

Refer to the following four serial writing examples in Sections 24.2 to 24.5.
« Example of serial programming connection
* When power supplied by user
« Example of serial programming connection
* When power is supplied from the programmer
« Example of minimum connection to flash microcomputer programmer
* When power supplied from user
« Example of minimum connection to flash microcomputer programmer

* When power is supplied from the programmer

Table 24.1-2 System Configuration of AF220 Flash Microcomputer Programmer
(Manufactured by YDC)

Model Function

AF220 Advanced flash microcomputer programmer

AF200 ACP AC adapter (center +) (optional)

AZ201 Host interface cable (RS232C cable for PCAT)

AZ210 Standard target probe (Type A) Length: 1 m

FFO01 Fujitsu F2MC-16LX flash microcomputer control module
FFO01 P2 2 MB PC card (optional)

FFOO01 P4 4 MB PC card (optional)

For additional information, contact: YDC Corporation
Telephone number: (81)-42-333-6224
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CHAPTER 24 EXAMPLE OF MB90MF408/MF408A SERIAL PROGRAMMING CONNECTION

24.2 Example of Connection for Serial Programming (Power
Supplied by User)

Figure 24.2-1 "Example of Connection for Serial Programming by MB90MF408/MF408A
(Power Supplied by User)" shows an example of connection when microcomputer
power is supplied by the user. The mode pins are set to single-chip mode (MDO0=1,
MD1=1, and MD2=0).

m Example of Connection for Serial Programming (When Power Supplied by User)

Figure 24.2-1 Example of Connection for Serial Programming by MBO9OMF408/MF408A
(Power Supplied by User)

AF220 ] User system
flash microcomputer c "
onnector
programmer MB90OMF408/MF408A
DX10-28S
TAUX3 (19) MD2
10 KQ
10 KQ
MD1
10 KQ
TMODE (12) v MDO
* X0
l [ 1 MHz 1016 MHz
4 x

TAUX (23) > P80
10 KQ % \/T/

TICS (10)

lO KQ
TRES ®) RST
10 KO
User circuit é P81

C
/;l; 0.1 uF
TTXD (13) SI0
TRXD 27) SO0
TCK (6) sco
TVcce (2) vee
1,7, I User power
8, 14, supply
GND 15, 21, Vss
22, 28)
Pin 14 Pin 1
N ¥
Pins 3, 4, 9, 11, 16, 17, 18, 20, DX10-28S
24, 25, and 26 are open.
Pin 28 Pin 15

DX10-28, right-angle type
Connector (Hirose Electronics) pin layout
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24.2 Example of Connection for Serial Programming (Power Supplied by User)

* When the user system also uses the P80, SI0, SO0, and SCO pins, the following control
circuit is necessary. During serial programming, disconnect the user circuit using the TCIS
signal of the flash microcomputer programmer.

AF220 write control pin —|>_<._, MB90MF408/MF408A
% T write control pin
10 KQ S
AF220 |
TICS pin
User circuit

- Before connecting to AF220, turn off the user power.
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CHAPTER 24 EXAMPLE OF MB90MF408/MF408A SERIAL PROGRAMMING CONNECTION

24.3 Example of Connection for Serial Programming (When
Power Supplied from Programmer)

Figure 24.3-1 "Example of Connection for Serial Programming by MB90MF408/MF408A
(Power Supplied by Programmer)" shows an example of connection when
microcomputer power is supplied by the programmer. The mode pins are set to
single-chip mode (MDO=1, MD1=1, and MD2=0).

m Example of Connection for Serial Programming (When Power Supplied from Programmer)

Figure 24.3-1 Example of Connection for Serial Programming by MBO9OMF408/MF408A
(Power Supplied by Programmer)

AF220 _User system
flash microcomputer c .
onnector
programmer X10.285 MB9OMF408/MF408A
TAUX3 (19) MD2
%10 KQ
MD1
10 KQ
TMODE (12) - MDO
* X0
l [J1 MHz to 16 MHz
— x1

7 177
[~
10KQ§

TAUX (23) P80

3

TICS (10)

User
circuit

10 KQ
TRES (5) RST
; %1OKQ
User circuit P81

C
/;; 0.1uF
TTXD (13) SI0
TRXD (27) SO0
TCK (6) sco
TVce 2 ]
Vee (3) _
TVPP1 (16) Vee
a7, User power
8, 14, supply
GND 15 21 Vss
22, 28)
"""""" Pin 14 Pin 1
N _V
Pins 4, 9, 11, 17, 18, 20, DX10-28S
24, 25, and 26 are open.
Pin 28 Pin 15

DX10-28, right-angle type
Connector (made by Hirose Electronics) pin layout
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24.3 Example of Connection for Serial Programming (When Power Supplied from Programmer)

* When the user system also uses the P80, SI0, SO0, and SCO pins, the following control
circuit is necessary. During serial programming, disconnect the user circuit using the TCIS
signal of the flash microcomputer programmer.

AF220 write control pin —{>—0—> MBOO0MF408/MF408A
write control pin
10 KQ % I )
AF220 —_—
TICS pin
User circuit

- Before connecting the AF220, turn off the power supplied by the user.

« When supplying power from the AF220, do not create a short circuit to the power supplied by
the user.
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CHAPTER 24 EXAMPLE OF MB90MF408/MF408A SERIAL PROGRAMMING CONNECTION

24.4 Example of Minimum Connection with Flash Microcomputer
Programmer (When Power Supplied from User)

Figure 24.4-1 "Example of Minimum Connection with Flash Microcomputer
Programmer (When Power Supplied by User)" shows an example of minimum
connection with the flash microcomputer programmer.

m Example of Minimum Connection with Flash Microcomputer Programmer (When Power Supplied by
User)

If the pins are set as shown in Figure 24.4-1 "Example of Minimum Connection with Flash
Microcomputer Programmer (When Power Supplied by User)" for writing data to the flash
memory, then MD2, MD1, MDO, and P80 do not need to be connected to the flash
microcomputer programmer.
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24.4 Example of Minimum Connection with Flash Microcomputer Programmer (When Power Supplied from User)

Figure 24.4-1 Example of Minimum Connection with Flash Microcomputer Programmer (When Power
Supplied by User)

AF220 User system
flash microcomputer {7
programmer Set MD2 to "1" during MB90OMF408/MF408A
serial rewriting 10 KQ
MD2
MD1

10 KQ

Set MD1 to "1" during
serial rewriting 10 KQ
%10 KQ %
MDO
Set MDO to "0" during
serial rewriting 10 KQ

* X0
71 MHz to 16 MHz

e

10 KQ P80

Set P80 to "0" }f
during serial
re rit?ng User circuit / 10 KQ
Set P81 to "1" during P81

serial rewriting

X1

User CII’CUIt
1 ¢
0.1uF
Connector /;;
DX10-28S
10 KQ
TRES (5) * RST
TTXD (13) SIo
TRXD 27) SO0
TCK (6) sSco
TVce (16) * Vee
a7, User power supply
8, 14,
GND 15, 21, Vss
22, 28)
Pin 14 Pin 1
Pins 3, 4, 9, 10, 11, 12, 16, 17, 18, 19, N _V
20, 23, 24, 25, and 26 are open. DX10-28S
DX10-28S: right-angle type Pin 28 Pin 15

Connector (made by Hirose Electronics) pin layout

« Turn off the user circuit power before connecting to the AF220.
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CHAPTER 24 EXAMPLE OF MB90MF408/MF408A SERIAL PROGRAMMING CONNECTION

24.5 Example of Minimum Connection with Flash Microcomputer
Programmer (When Power Supplied from Programmer)

Figure 24.5-1 "Example of Minimum Connection with Flash Microcomputer
Programmer (When Power Supplied from programmer)" shows an example of
minimum connection with the flash microcomputer programmer.

m Example of Minimum Connection with Flash Microcomputer Programmer (When Power Supplied from
programmer)

If data is written to the flash memory with the pin settings as shown in Figure 24.5-1 "Example of
Minimum Connection with Flash Microcomputer Programmer (When Power Supplied from
programmer)", MD2, MD1, MDO, and P80 do not need to be connected to the flash
microcomputer programmer.
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24.5 Example of Minimum Connection with Flash Microcomputer Programmer (When Power Supplied from Programmer)

Figure 24.5-1 Example of Minimum Connection with Flash Microcomputer Programmer (When Power
Supplied from programmer)

AF220
flash microcomputer | User system
programmer
Set MD2 to "1 during MBYOMF408/MF408A
serial rewriting 10 KQ
MD2
Set MD1 to "1" during
serial rewriting 10 KQ 10 KQ
MD1
%10 KQ % 10 KQ
MDO
Set MDO to "0" during
serial rewriting 10 KQ
* X0
[ J1 MHz to 16 MHz
g X1
10 KQ P80
Set PBO to "Oi' during
serial frewritin
) User circuit /’ 10Ka
Set P81 to "1" during P81
serial rewriting T\
User circuit
o1 °¢
/;;0.1 nF
Connector
DX10-28S
10 KQ -
TRES ®) - RST
TTXD (13) SI0
TRXD 27 SO0
TCK (6) SCO
TTXD @
TRXD (©) _
TVce (16) Vee
1,7,
8,14
L User power supply
GND 15, 21, Vss
22, 28)
Pin 14 Pin
Pins 4,9, 10, 11, 12, 16, 17, 18, 19, N ¥
20, 23, 24, 25, and 26 are open. DX10-28S
DX10-28S, right-angle type Pin 28 Pin 15

Connector (made by Hirose Electronics) pin layout

- Before connecting the AF220, turn off the power supplied by the user.

« When power is supplied from the AF220, do not create a short circuit to the power supplied
by the user.
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APPENDIX

This appendix includes I/O maps, instruction lists, and other information.

APPENDIX A "1/O Map"

APPENDIX B "Instructions”
APPENDIX C "Index of Registers"
APPENDIX D "Index of Pin Functions"
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APPENDIX A /0 Map

APPENDIX A

I/O Map

Table A-1 lists the addresses assigned to the registers for peripheral functions in the
MB90M405 series.

m |/O Map
Table A-1 1/0O Map

Address | Abbreviation Register Read/write | Resource name | Initial value
000000y

to Prohibited area
000007y
0000084 PDR8 Port 8 data register R/W Port 8 XXXXXXXXg
000009y PDR9 Port 9 data register R/W Port 9 XXXXXXXXg
00000AL PDRA Port A data register R/W Port A XXXXXXXXg
00000By PDRB Port B data register R/W Port B XXXXXXXXg
00000CH

to Prohibited area
0000174
0000184 DDRS8 Port 8 direction register R/W Port 8 000000005
0000194 DDR9 Port 9 direction register R/W Port 9 XXXXXX00g
00001A4 DDRA Port A direction register R/W Port A 00000000
00001By DDRB Port B direction register R/W Port B 00000000
00001Cy

to Prohibited area
00001Dy
00001EH ADERO Analog input enable register 0 R/W Port A, A/ID 111111115
00001Fy ADER1 Analog input enable register 1 R/W Port B, A/ID 111111115
0000204 SMRO Mode register chO R/W 00000X00g
0000214 SCRO Control register chO R/W 00000100

SIDRO Input data register chO R UART chO
000022y XXXXXXXXp
SODRO Output data register chO W

0000234 SSRO Status register chO R/W 00001000
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APPENDIX A 1/0 Map

Table A-1 1/0 Map (Continued)
Address | Abbreviation Register Read/write | Resource name | Initial value
0000244 SMR1 Mode register chl R/W 00000X00g
0000254 SCR1 Control register chl R/W 00000100g
SIDR1 Input data register chl R UART chl
0000264 XXXXXXXXp
SODR1 Output data register chl w
0000274 SSR1 Status register chl R/W 00001000g
000028, CDCRO Commumcatlon prescaler control RIW Communication 0XXX0000g
register chO prescaler 0
000029, CDCR1 Communication prescaler control RIW Communication OXXX0000g
register chl prescaler 1
00002Ay IBSR 1°C status register R 00000000
00002By IBCR I2C control register R/W 00000000
00002CH ICCR 12C clock control register R/W XXOXXXXXg
1°C interface
00002Dy IADR I°C address register R/W XXXXXXXXp
00002E4 IDAR I°C data register R/W XXXXXXXXp
00002Fy ISEL I2C port selection register R/W XXXXXXX0g
0000304 ENIR DTP/interrupt enable register R/W XXXX0000g
000031, EIRR | DTP/interrupt cause register RIW DTirF:t/:r’;LeF:t”a' XXXXXXXXg
0000324 ELVR Request level setting register R/W 00000000
0000334 Prohibited area
000034, ADCSO A/D control status register 0 RIW 0OXXXXXXg
(lower)
A/D control status register 1
0000354 ADCS1 (uppen) R/W A/D converter 00000000
000036 ADCRO A/D data register 0 (lower) R/W XXXXXXXXp
0000374 ADCR1 A/D data register 1 (upper) R/W 00000XXXg
0000384 Prohibited area
000039, | ADMR  |A/D conversion channel select RIW A/D converter | 00000000
register
00003A4
to Prohibited area
00003Fy
000040, TCCS Tlm_er counter control status RIW 16-p|t fr_ee- 00000000
register running timer
000041 Prohibited area
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Table A-1 1/0O Map (Continued)
Address | Abbreviation Register Read/write | Resource name | Initial value
000042, 16-bit free- 000000005
TCDT Timer counter data register R/W running timer
0000434 00000000
000044 XXXXXXXXg
IPCO Input capture data register chO R
000045, XXXXXXXXg
0000464 | XXXXXXXXg
IPC1 Input capture data register chl R nput capture
0000474 XXXXXXXXg
000048, | Icso1l |MPutcapture control status RIW 00000000
register
0000494 Prohibited area
00004A4 XXXXXXXXg
OCCPO Output compare register R/W
00004By XXXXXXXXg
Output compare
00004C,, 0CS0 Out.put compare control status RIW XX00XXX0g
register
00004Dy Reserved area
00004Ey
to Prohibited area
00004F
0000504 000000005
TMCSRO Timer control status register chO R/W
000051 16-bit reload timer | XXXX0000g
ch0
000052y TMRO/ 16-bit timer register chO (R) TMRO: R XXXXXXKXXg
000053, TMRLRO 16-hbit reload register ch0 (W) TMRLRO: W XXXXXXXXg
000054 00000000
TMCSR1 |Timer control status register chl R/W
000055y 16-bit reload timer | XXXX0000g
chl
0000564 TMR1/ | 16-bit timer register chl (R) TMR1: R XXXXXKXXg
000057, TMRLR1 16-bit reload register chl (W) TMRLR1: W XXXXXXXXg
000058y 000000005
TMCSR2 | Timer control status register ch2 R/W
000059y 16-bit reload timer | XXXX0000g
ch2
00005A TMR2/ 16-bit timer register ch2 (R) TMR2: R XXXXXXXXg
00005C
to Prohibited area
00005Fy
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Table A-1 1/0O Map (Continued)
Address | Abbreviation Register Read/write | Resource name | Initial value
000060y ; ; XXXX0000g
SMCS?2 Sr(]azrlal mode control status register RIW
0000614 ¢ Serial I/0 ch2 00000010g
000062 SDR2 Serial shift data register ch2 R/W XXXXXXXXp
0000634 Prohibited area
0000644 ; ; XXXX0000g
SMCS3 Sr?;glal mode control status register RIW
000065y ¢ Serial /0 ch3 00000010
0000664 SDR3 Serial shift data register ch3 R/W XXXXXXXXg
0000674 Prohibited area
000068 FLC1 Display control register 1 w XXXXXX00g
0000694 FLC2 Display control register 2 w 00000000
FL control circuit
00006AH FLDG Digit setting register W 00000000
00006BH FLDC Digit count register w 00000000
00006CH Prohibited area
Status register/establishment R XX1IXXX00g
00006Dy FLST register FL control circuit
W O00XXXXXXg
00006EH Prohibited area
L . . ROM mirroring
00006F, | RoOMM | ROM mirroring function selection W function selection | XXXXXXX1g
register
module
0000704
to SEGDO to 7 | Segment dimmer setting register w XXXXXXXXp
000077y
000078y, FLPDO FIP36 to 43 w FL control circuit | 00000000g
000079y FLPD1 Port register FIP44 to 51 wW 000000005
00007Ay FLPD2 FIP52 to 59 W 000000005
00007By
to Prohibited area
00009D
00009}, PACSR Program qddress detection control RIW Addre_ss m_atcr_l 000000005
status register detection circuit
00009F, DIRR | Delayed interrupt cause RW | Delayed interrupt | XXXXXXX0g
generation/release register
0000A0; | LPMCR |0 Power Sonsumption mode RW  |Low power 00011000
control register consumption
0000A1 CKSCR | Clock selection register R/W control circuit 11111100g
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Table A-1 1/0O Map (Continued)
Address | Abbreviation Register Read/write | Resource name | Initial value
0000A2y
to Prohibited area

0000A7H

0000A84 WDTC Watchdog timer control register R/W Watchdog timer | XXXXX111g

0000A9, TBTC Timebase timer control register R/W Timebase timer | 1XX00100g

0000AAY

to Prohibited area

0000ADH

0000AE}, EMCS Fla§h memory control status RIW 1M-bit flash 000000005
register memory

0000AFH TMCS Watch clock output control register R/W WZESES2Ck XXXXX000g
Interru_p_t control register 00 W, RIW 000001115
(for writing)

0000B0Oy ICROO :
Interrupt.control register 00 R, RIW XX000111g
(for reading)
Interru.p.t control register 01 W, RIW 000001115
(for writing)

0000B14 ICRO1 :
Interrupt_control register 01 R, RIW XX000111g
(for reading)
Interru.p.t control register 02 W, RIW 000001115
(for writing)

0000B2y ICR02 :
Interrupt.control register 02 R, RIW XX000111g
(for reading)
Interru_p_t control register 03 W, RIW 000001115
(for writing)

0000B34 ICRO3 : Interrupt
Interrupt.control register 03 R, RIW XX000111g
(for reading)
Interru.p.t control register 04 W, RIW 000001115
(for writing)

0000B4 ICRO4 :
Interrupt_control register 04 R, RIW XX000111g
(for reading)
Interru.p.t control register 05 W, RIW 000001115
(for writing)

0000B5y ICRO5 :
Interrupt.control register 05 R, RIW XX000111g
(for reading)
Interru_p_t control register 06 W, RIW 000001115
(for writing)

0000B6 ICRO6 :
Interrupt control register 06 R, RIW XX000111g

(for reading)
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Table A-1 1/0O Map (Continued)

Address | Abbreviation Register Read/write | Resource name | Initial value
Interru_p_t control register 07 W, RIW 000001115
(for writing)

0000B7y ICRO7 .
Interrupt.control register 07 R, RIW XX000111g
(for reading)
Interru_p.t control register 08 W, RIW 000001115
(for writing)

0000B8y ICRO8 .
Interrupt_control register 08 R, RIW XX000111g
(for reading)
Interru_p.t control register 09 W, RIW 000001115
(for writing)

0000B9y ICR0O9 .
Interrupt.control register 09 R, RIW XX000111g
(for reading)
Interru_p_t control register 10 W, RIW 000001115
(for writing)

0000BAH{ ICR10 .
Interrupt.control register 10 R, RIW XX000111g
(for reading)
Interru_p.t control register 11 W, RIW 000001115
(for writing)

0000BBH{ ICR11 . Interrupt
Interrupt_control register 11 R, RIW XX000111g
(for reading)
Interru_p.t control register 12 W, RIW 000001115
(for writing)

0000BCyH ICR12 .
Interrupt.control register 12 R, RIW XX000111g
(for reading)
Interru_p_t control register 13 W, RIW 000001115
(for writing)

0000BDy ICR13 .
Interrupt.control register 13 R, RIW XX000111g
(for reading)
Interru_p.t control register 14 W, RIW 000001115
(for writing)

0000BEH{ ICR14 .
Interrupt_control register 14 R, RIW XX000111g
(for reading)
Interru_p.t control register 15 W, RIW 000001115
(for writing)

0000BFy ICR15 .
Interrupt.control register 15 R, RIW XX000111g
(for reading)

0000COy

to Unused area
0000FF4
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Table A-1 1/0O Map (Continued)
Address | Abbreviation Register Read/write | Resource name | Initial value
0001004
to RAM area
#h
0011004
to FLOOO to 255 |Display data RAM R/W FL control circuit | XXXXXXXXg
0011FF4
0012004
to Reserved area
001FEFy
001FFOy Pro_gram address detection RIW XXXXXXXXg
register (lower)
001FF1, | PADRo |Frogram address detection RIW XXXXXXXXg
register (middle)
001FF2,, Pro.gram address detection RIW XXXXXXXXg
register (upper) Address match
: detection function
001FF3y Pro_gram address detection RIW XXXXXXXXg
register (lower)
001FF4, | PADR1 |Frogram address detection RIW XXXXXXXXg
register (middle)
001FF5,, Pro.gram address detection RIW XXXXXXXXg
register (upper)
001FF6H
to Unused area
001FFFy

462

0 Meaning of abbreviations used for reading and writing
R/W: Read/write enabled

R: Read only
W: Write only

0 Explanation of initial values

0: The initial value is 0.

1: The initial value is 1.

X: The initial value is undefined.




APPENDIX B Instructions

APPENDIX B Instructions

Appendix B describes the instructions used by the FAMC-16LX.

B.1 "Instruction Types"

B.2 "Addressing"

B.3 "Direct Addressing"

B.4 "Indirect Addressing"
B.5 "Execution Cycle Count"
B.6 "Effective Address Field"

B.7 "How to Read the Instruction List"

B.8 "F2MC-16LX Instruction List"

B.9 "Instruction Map"
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B.1 Instruction Types

The F2MC-16LX supports 351 types of instructions. Addressing is enabled by using an
effective address field of each instruction or using the instruction code itself.

m Instruction Types

The F2MC-16LX supports the following 351 types of instructions:

e 41 transfer instructions (byte)

» 38 transfer instructions (word or long word)

e 42 addition/subtraction instructions (byte, word, or long word)

e 12 increment/decrement instructions (byte, word, or long word)
e 11 comparison instructions (byte, word, or long word)

e 11 unsigned multiplication/division instructions (word or long word)
» 11 signed multiplication/division instructions (word or long word)
e 39 logic instructions (byte or word)

» 6 logic instructions (long word)

e 6 sign inversion instructions (byte or word)

» 1 normalization instruction (long word)

» 18 shift instructions (byte, word, or long word)

» 50 branch instructions

e 6 accumulator operation instructions (byte or word)

» 28 other control instructions (byte, word, or long word)

» 21 bit operation instructions

e 10 string instructions
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B.2 Addressing

With the FAMC-16LX, the address format is determined by the instruction effective
address field or the instruction code itself (implied). When the address format is
determined by the instruction code itself, specify an address in accordance with the
instruction code used. Some instructions permit the user to select several types of

addressing.

m Addressing

The F2MC-16LX supports the following 23 types of addressing:

Immediate (#imm)

Register direct

Direct branch address (addr16)

Physical direct branch address (addr24)

I/O direct (io)

Abbreviated direct address (dir)

Direct address (addrl16)

I/O direct bit address (io:bp)

Abbreviated direct bit address (dir:bp)

Direct bit address (addr16:bp)

Vector address (#vct)

Register indirect (@RWj j=0to 3)

Register indirect with post increment (@RWij+ j =0 to 3)
Register indirect with displacement (@RWi + disp8 i=0to 7, @RW]+ displ6 j=0to 3)
Long register indirect with displacement (@RLi + disp8 i = 0 to 3)
Program counter indirect with displacement (@PC + disp16)
Register indirect with base index (@RWO0 + RW7, @RW1 + RW7)
Program counter relative branch address (rel)

Register list (rIst)

Accumulator indirect (@A)

Accumulator indirect branch address (@A)

Indirectly-specified branch address (@ear)

Indirectly-specified branch address (@eam)
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m Effective Address Field

Table B.2-1 "Effective Address Field" lists the address formats specified
address field.

Table B.2-1 Effective Address Field

by the effective

Code Representation Address format Default
bank

00 RO RWO RLO
01 R1 RwW1 (RLO)
02 R2 RW2 RL1 Register direct: Individual parts
03 R3 RW3 (RL1)

correspond to the byte, word, and None
04 R4 RW4 RL2 long word types in order from the left
05 |R5 RW5 | (RL2) 9 yp :
06 R6 RW6 RL3
07 R7 RW7 (RL3)
08 @RWO DTB
09 @RW1 . - DTB
0A @RW2 Register indirect ADB
0B @RWS3 SPB
oC @RWO+ DTB
oD @RW1+ . - . : DTB
OE @RW2+ Register indirect with post increment ADB
OF @RW3+ SPB
10 @RWO+disp8 DTB
11 @RW1+disp8 Register indirect with 8-bit DTB
12 @RW2+disp8 displacement ADB
13 @RW3+disp8 SPB
14 @RW4+disp8 DTB
15 @RWH5+disp8 Register indirect with 8-bit DTB
16 @RW6+disp8 displacement ADB
17 @RW7+disp8 SPB
18 @RWO+disp16 DTB
19 @RW1+displ6 Register indirect with 16-bit DTB
1A @RW?2+displ6 displacement ADB
1B @RW3+disp16 SPB
1C @RWO+RW7 Register indirect with index DTB
1D @RW1+RW7 Register indirect with index DTB
1E @PC+disp16 PC indirect with 16-bit displacement PCB
1F addrl6 Direct address DTB
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B.3 Direct Addressing

An operand value, register, or address is specified explicitly in direct addressing
mode.

m Direct Addressing

O Immediate addressing (#imm)

Specify an operand value explicitly (#imm4/ #imm8/ #imm16/ #imm32).

Figure B.3-1 Example of immediate addressing (#imm)

MOVW A, #01212H (This instruction stores the operand value in A.)

Before execution A [2233i4455]

After execution A |[4455:1212]| (Some instructions transfer AL to AH.)

O Register direct addressing

Specify a register explicitly as an operand. Table B.3-1 "Direct Addressing Registers" lists the
registers that can be specified. Figure B.3-2 "Example of Register Direct Addressing" shows an
example of register direct addressing.

Table B.3-1 Direct Addressing Registers

General-purpose Byte RO, R1, R2, R3, R4, R5, R6, R7
register

Word RWO, RW1, RW2, RW3, RW4, R5W,

RW6, RW7

Long word RLO, RL1, RL2, RL3
Special-purpose Accumulator A, AL
register X 1

Pointer SP

Bank PCB, DTB, USB, SSB, ADB

Page DPR

Control PS, CCR, RP, ILM

*1: One of the user stack pointer (USP) and system stack pointer (SSP) is selected and used
depending on the value of the S flag bit in the condition code register (CCR). For branch
instructions, the program counter (PC) is not specified in an instruction operand but is
specified implicitly.
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Figure B.3-2 Example of Register Direct Addressing

MOV RO, A (This instruction transfers the eight low-order bits of A to the general-purpose

register RO.)

Before execution A [0716:i2534]

After execution A |0716i2564|

RO

RO

Memory space

??

Memory space

34

0 Direct branch addressing (addr16)

Specify an offset explicitly for the branch destination address. The size of the offset is 16 bits,
which indicates the branch destination in the logical address space. Direct branch addressing is
used for an unconditional branch, subroutine call, or software interrupt instruction. Bits 23 to 16

of the address are specified by the program bank register (PCB).

Figure B.3-3 Example of Direct Branch Addressing (addr16)

in a bank.)

Before execution PC|3C20 PCB

JMP 3B20H (This instruction causes an unconditional branch by direct branch addressing

Memory space

4F3C22H 3B

4F3C21H 20

4F3C20H 62 JMP 3B20H
After execution PC|3B20 PCB i :

AF3B20H | Next instruction

O Physical direct branch addressing (addr24)

Specify an offset explicitly for the branch destination address. The size of the offset is 24 bits.
Physical direct branch addressing is used for unconditional branch, subroutine call, or software

interrupt instruction.

Figure B.3-4 Example of Direct Branch Addressing (addr24)

addressing.)

Before execution PC|3C20 PCB

IMPP 333B20H (This instruction causes an unconditional branch by direct branch 24-bit

Memory space

4F3C23H 33

4F3C22H 3B

4F3C21H 20

4F3C20H 63 JMPP 333B20H
After execution PC PCB

333B20H [Next instruction
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O I/O direct addressing (io)

Specify an 8-bit offset explicitly for the memory address in an operand. The I/O address space
in the physical address space from 000000H to O000FFH is accessed regardless of the data
bank register (DTB) and direct page register (DPR). A bank select prefix for bank addressing is
invalid if specified before an instruction using 1/O direct addressing.

Figure B.3-5 Example of I/O Direct Addressing (io)

MOVW A, i:0COH (This instruction reads data by 1/O direct addressing and stores it in A.)

Before execution A |[0716:2534]

Memory space

0000C1H

FF
0000COH EE

After execution A [2534 iFFEE|

O Abbreviated direct addressing (dir)

Specify the eight low-order bits of a memory address explicitly in an operand. Address bits 8 to
15 are specified by the direct page register (DPR). Address bits 16 to 23 are specified by the
data bank register (DTB).

Figure B.3-6 Example of Abbreviated Direct Addressing (dir)

MOVW S;20H, A (This instruction writes the contents of the eight low-order bits of A in abbreviated
direct addressing mode.)

Before execution A 445511212 Memory space
DTB 776620H | 2?2
After execution A 4455:1212 Memory space

DTB E7 7 776620H | 12

O Direct addressing (addr16)

Specify the 16 low-order bits of a memory address explicitly in an operand. Address bits 16 to
23 are specified by the data bank register (DTB). A prefix instruction for access space
addressing is invalid for this mode of addressing.

Figure B.3-7 Example of Direct Addressing (addr16)

BRA 3B20H (This instruction causes an unconditional relative branch.)

Before execution PC [3C20] PcB Memory space

4F3C22H FF
4F3C21H FE
4F3C20H 60 BRA 3B20H

After execution ~ PC pcB[4F]

4F3B20H
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O I/O direct bit addressing (io:bp)

Specify bits in physical addresses 000000H to 0000FFH explicitly. Bit positions are indicated by
":bp", where the larger number indicates the most significant bit (MSB) and the lower number
indicates the least significant bit (LSB).

Figure B.3-8 Example of 1/O Direct Bit Addressing (io:bp)

SETB I:0C1H: (This instruction sets bits by I/O direct bit addressing.)
Memory space
Before execution 0000C1H| 00
After execution 0000C1IH| 01

0 Abbreviated direct bit addressing (dir:bp)

Specify the eight low-order bits of a memory address explicitly in an operand. Address bits 8 to
15 are specified by the direct page register (DPR). Address bits 16 to 23 are specified by the
data bank register (DTB). Bit positions are indicated by ":bp", where the larger number

indicates the most significant bit (MSB) and the lower humber indicates the least significant bit
(LSB).

Figure B.3-9 Example of Abbreviated Direct Bit Addressing (dir:bp)

SETB S:10H:0 (This instruction sets bits by abbreviated direct bit addressing.)

Memory space

Before execution DTB DPR 556610H | 00

Memory space

After execution  prg DPR 556610H | 01

0 Direct bit addressing (addr16:bp)

Specify arbitrary bits in 64 kilobytes explicitly. Address bits 16 to 23 are specified by the data
bank register (DTB). Bit positions are indicated by ":bp", where the larger number indicates the
most significant bit (MSB) and the lower number indicates the least significant bit (LSB).

Figure B.3-10 Example of Direct Bit addressing (addr16:bp)

SETB 2222H:0 (This instruction sets bits by direct bit addressing.)

Memory space
Before execution DTB 552222H [ 00

Memory space

After execution DTB [55] 552222H | 01
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O Vector Addressing (#vct)

APPENDIX B Instructions

Specify vector data in an operand to indicate the branch destination address. There are two
sizes for vector numbers: 4 bits and 8 bits. Vector addressing is used for a subroutine call or

software interrupt instruction.

Figure B.3-11 Example of Vector Addressing (#vct)

Before execution

After execution

PC
PCB

PC
PCB

CALLV #15 (This instruction causes a branch to the address indicated by the interrupt vector
specified in an operand.)

Memory space

FFFFELH

FFFFEOH

FFCOO0H

DO

00

EF

CALLV #15

Table B.3-2 CALLV Vector List

Instruction Vector address L Vector address H
CALLV #0 XXFFFEH XXFFFFy
CALLV #1 XXFFFCy XXFFFDy
CALLV #2 XXFFFAY XXFFFBy
CALLV #3 XXFFF8y XXFFF9y
CALLV #4 XXFFF64 XXFFFTy
CALLV #5 XXFFF4y XXFFFS5y
CALLYV #6 XXFFF2y XXFFF3y
CALLV #7 XXFFFOy XXFFF1y
CALLV #8 XXFFEEYQ XXFFEFy
CALLV #9 XXFFECH XXFFEDY
CALLV #10 XXFFEAH XXFFEBY{
CALLV #11 XXFFE8Y XXFFE9
CALLV #12 XXFFEGY XXFFET7y
CALLV #13 XXFFE4y XXFFES5H
CALLV #14 XXFFE2y XXFFE3y
CALLV #15 XXFFEOy XXFFE1y

Note: A PCB register value is set in XX.

Note:

When the program bank register (PCB) is FFy, the vector area overlaps the vector area of
INT #vct8 (#0 to #7). Use vector addressing carefully (see Table B.3-2 "CALLYV Vector List").
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B.4

Indirect Addressing

In indirect addressing mode, an address is specified indirectly by the address data of
an operand.

m Indirect Addressing

472

O Register indirect addressing (@RWj j=0to 3)

Memory is accessed using the contents of general-purpose register RWj as an address.
Address bits 16 to 23 are indicated by the data bank register (DTB) when RWO0 or RW1 is used,
system stack bank register (SSB) or user stack bank register (USB) when RW3 is used, or
additional data bank register (ADB) when RW?2 is used.

Figure B.4-1 Example of Register Indirect Addressing (@RWj j =0to 3)

MOVW A, @RW1 (This instruction reads data by register indirect addressing and stores it in A.)

Before execution A [0716:2534 Memory space

RW1|[D30F|DTB 78D310H| FF
78D30TFH EE

After execution A
Rw1 DTB

O Register indirect addressing with post increment (@RWj+ j=0to0 3)

Memory is accessed using the contents of general-purpose register RWj as an address. After
operand operation, RWj is incremented by the operand size (1 for a byte, 2 for a word, or 4 for a
long word). Address bits 16 to 23 are indicated by the data bank register (DTB) when RWO or
RW1 is used, system stack bank register (SSB) or user stack bank register (USB) when RW3 is
used, or additional data bank register (ADB) when RW?2 is used.

If the post increment results in the address of the register that specifies the increment, the
incremented value is referenced after that. In this case, if the next instruction is a write
instruction, priority is given to writing by an instruction and, therefore, the register that would be
incremented becomes write data.
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Figure B.4-2 Example of Register Indirect Addressing with Post Increment
(@RWj + j=0to 3)

MOVW A, @RW1+ (This instruction reads data by register indirect addressing with post
increment and stores it in A.)

Before execution A [0716:2534 Memory space

RW1|D30F|DTB|78 78D310H FF
78D30TFH EE

After execution A
i [B37T] ore

O Register indirect addressing with offset (@RWi + disp8 i =0to 7, @RW] + disp16
j=0to0 3)

Memory is accessed using the address obtained by adding an offset to the contents of general-
purpose register RWj. Two types of offset, byte and word offsets, are used. They are added as
signed numeric values. Address bits 16 to 23 are indicated by the data bank register (DTB)
when RWO, RW1, RW4, or RW5 is used, system stack bank register (SSB) or user stack bank

register (USB) when RW3 or RW?7 is used, or additional data bank register (ADB) when RW2 or
RWS6 is used.

Figure B.4-3 Example of Register Indirect Addressing with Offset (@RWi + disp8
i=0to 7, @RW] +displ6 j=0to 3)

MOVW A, @RW1+10H (This instruction reads data by register indirect addressing with an
offset and stores it in A.)

BefOI’e eXeCu“On A 0716 P2 534 Memory space

RW1|D30F|DTB|78 78D320H FF
78D31FH EE

(+10H)
After execution A |2534:FFEE
RW1|[D30F]|DTB

Long register indirect addressing with offset (@RLi + disp8 i =0 to 3)

Memory is accessed using the address that is the 24 low-order bits obtained by adding an offset

to the contents of general-purpose register RLi. The offset is 8-bits long and is added as a
signed numeric value.

Figure B.4-4 Example of Long Register Indirect Addressing with Offset
(@RLi + disp8 i =0to 3)

MOVW A, @RL2+25H (This instruction reads data by long register indirect addressing with an
offset and stores it in A.)

Before execution A |0716:2534 Memory space
RL2 [F382:4B02 824B28H | FF

824B27H | EE
(+25H) 4

After execution A |[2534:FFEE
RL2 [F382:4B02
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O Program counter indirect addressing with offset (@PC + disp16)

Memory is accessed using the address indicated by (instruction address + 4 + disp16). The
offset is one word long. Address bits 16 to 23 are specified by the program bank register (PCB).
Note that the operand address of each of the following instructions is not deemed to be (next

instruction address + disp16):

DBNZ eam, rel

DWBNZ eam, rel

CBNE eam, #imm8, rel
CWBNE eam, #imm16, rel
MOV eam, #imm8

MOVW eam, #imm16

Figure B.4-5 Example of Program Counter Indirect Addressing with Offset
(@PC + disp16)

offset and stores it in A.)

Before execution A
PcB [C5]PC

After execution A |2534:FFEE
PCB [C5]PC[455A

+20H
+4

L

Memory space

C5457BH
C5457AH

C5455AH

C54559H
C54558H
C54557H
C54556H

FF

EE

00

20

9E

73

MOVW A, @PC+20H (This instruction reads data by program counter indirect addressing with a

MOVW
A, @PC+20H

O Register indirect addressing with base index (@RWO0 + RW7, @RW1 + RW?7)

Memory is accessed using the address determined by adding RWO0 or RW1 to the contents of
general-purpose register RW7. Address bits 16 to 23 are indicated by the data bank register

(DTB).

@RW1 + RW7)

Figure B.4-6 Example of Register Indirect Addressing with Base Index (@RWO + RW7,

base index and stores it in A.)

Before execution A |0716:2534

After execution A
RW1 DTB
awr

Memory space

MOVW A, @RW1+RW?7 (This instruction reads data by register indirect addressing with a

FF

EE

RW1|D30FRKRDTB|78 78D411H
+ 78D410H
RW7]10101 i‘
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O Program counter relative branch addressing (rel)

The address of the branch destination is a value determined by adding an 8-bit offset to the
program counter (PC) value. If the result of addition exceeds 16 bits, bank register
incrementing or decrementing is not performed and the excess part is ignored, and therefore the
address is contained within a 64-kilobyte bank. This addressing is used for both conditional and
unconditional branch instructions. Address bits 16 to 23 are indicated by the program bank
register (PCB).

Figure B.4-7 Example of Program Counter Relative Branch Addressing (rel)

BRA 3B20H (This instruction causes an unconditional relative branch.)

Before execution PC [3C20] PCB Memory space

4F3C22H| FF
4F3C21H| FE
4F3C20H| 60 |BRA 3B20H

After execution ~ PC PCB[4F]

4F3B20H |Next instrucfon

O Register list (rlst)

Specify a register to be pushed onto or popped from a stack.

Figure B.4-8 Configuration of the Register List

MSB LSB
|RW7 |RW6 |RW5 | RW4|RW3 |RW2 |RW1 |RWO |

A register is selected when the corresponding bit is 1 and deselected when the bit is 0.
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Figure B.4-9 Example of Register List (rlst)

POPW RWO0, RW4 (This instruction transfers memory data indicated by the SP to multiple
word registers indicated by the register list.)
RWO |x x:ix x RWO |02:01
RW1 xxixx RwW1 xxixx
RW2 |x xix x RW2 [x xix x
RW3 |x xix x RW3 [ x xi x x
RW4 | x xix x RW4 [04:03
RW5 | x x:x x RW5 | x xix x
RW6 | x xi x x RW6 | x x: x x
RW7 | x xix x RW7 | x xix x
Memory space Memory space
34FEH SP— 34FEH
04 | 34FDH 04 | 34FDH
03 |34FCH 03 |[34FCH
02 |34FBH 02 |34FBH
SP—| 01 |[34FAH 01 |34FAH
Before execution After execution

O Accumulator indirect addressing (@A)

Memory is accessed using the address indicated by the contents of the low-order bytes (16 bits)
of the accumulator (AL). Address bits 16 to 23 are specified by a mnemonic in the data bank
register (DTB).

Figure B.4-10 Example of Accumulator Indirect Addressing (@A)

MOVW A, @A (This instruction reads data by accumulator indirect addressing and stores it in A.)

Before execution A |0716:2534 Memory space

DTB (BB BB2535H FF
BB2534H| EE

After execution A |0716 :FFEE

476



APPENDIX B Instructions

O Accumulator indirect branch addressing (@A)

The address of the branch destination is the content (16 bits) of the low-order bytes (AL) of the
accumulator. It indicates the branch destination in the bank address space. Address bits 16 to
23 are specified by the program bank register (PCB). For the Jump Context (JCTX) instruction,
however, address bits 16 to 23 are specified by the data bank register (DTB). This addressing
is used for unconditional branch instructions.

Figure B.4-11 Example of Accumulator Indirect Branch Addressing (@A)

JMP @A (This instruction causes an unconditional branch by accumulator indirect branch
addressing.)

Before execution pc [{3C20| PCB Memory space
A 6677:3B20 4F3C20H 61 JMP @A

4F3B20H | Next instrugtion

After execution  PC [3B20] PCB[4F]
A [6677:3B20

O Indirect specification branch addressing (@ear)

The address of the branch destination is the word data at the address indicated by ear.

Figure B.4-12 Example of Indirect Specification Branch Addressing (@ear)

JMP @@RWO (This instruction causes an unconditional branch by register indirect addressing.)

Before execution PC [3C20] PCB Memory space

4F3C21H 08
4F3C20H 73 IJMP - @@RWO

4F3B20H tion

217F49H 3B
217F48H 20

PWO

After execution PC PCB[4F]
PWO DB

O Indirect specification branch addressing (@eam)

The address of the branch destination is the word data at the address indicated by eam.

Figure B.4-13 Example of Indirect Specification Branch Addressing (@eam)

JMP @RWO (This instruction causes an unconditional branch by register indirect addressing.)

Before execution PC PCB Memory space
PWO 4F3C21H| 00

4F3C20H 73 JMP @RWO

After execution pc [3B20| PCB 4F3B20H |Nextinstrudtion
PWO|3B20
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B.5 Execution Cycle Count

The number of cycles required for instruction execution (execution cycle count) is
obtained by adding the number of cycles required for each instruction, "correction
value" determined by the condition, and the number of cycles for instruction fetch.

m Execution Cycle Count

478

The number of cycles required for instruction execution (execution cycle count) is obtained by
adding the number of cycles required for each instruction, "correction value" determined by the
condition, and the number of cycles for instruction fetch. In the mode of fetching an instruction
from memory such as internal ROM connected to a 16-bit bus, the program fetches the
instruction being executed in word increments. Therefore, intervening in data access increases
the execution cycle count.

Similarly, in the mode of fetching an instruction from memory connected to an 8-bit external bus,
the program fetches every byte of an instruction being executed. Therefore, intervening in data
access increases the execution cycle count. In CPU intermittent operation mode, access to a
general-purpose register, internal ROM, internal RAM, internal 1/O, or external data bus causes
the clock to the CPU to halt for the cycle count specified by the CGO and CG1 bits of the low
power consumption mode control register. Therefore, for the cycle count required for instruction
execution in CPU intermittent operation mode, add the "access count x cycle count for the halt"
as a correction value to the normal execution count.
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m Calculating the Execution Cycle Count

Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" lists execution cycle counts
and Table B.5-2 "Cycle Count Correction Values for Counting Execution Cycles" and Table B.5-
3 "Cycle Count Correction Values for Counting Instruction Fetch Cycles" summarize correction
value data.

Table B.5-1 Execution Cycle Counts in Each Addressing Mode

(@)
Code Operand Register access count in
P Execution cycle count in each addressing mode
each addressing mode
00 Ri
[ Rwi See the instruction list. See the instruction list.
07 RLi
08
| @RWj 2 1
0B
oC
[ @RWj+ 4 2
OF
10
[ @RWi+disp8 2 1
17
18
| @RWi+disp16 2 1
1B
1C @RWO+RW7 4 2
1D @RW1+RW7 4 2
1E @PC+disp16 2 0
1F addrl16 1 0

*1: (a) is used for ~ (cycle count) and B (correction value) in B.8 "F2MC-16LX Instruction
List".
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Table B.5-2 Cycle Count Correction Values for Counting Execution Cycles

(b) byte (D) (c) word (D (d) long (D
Operand Cycle Access Cycle Access Cycle Access
count count count count count count
Internal register +0 1 +0 1 +0 2
Internal memory +0 1 +0 1 +0 5
Even address
Internal memory
Odd address +0 1 *2 2 4 4
External data bus
16-bit even address +1 1 +1 1 *2 2
External data bus
16-bit odd address 1 1 4 2 +8 4
Ext_ernal data bus +1 1 4 5 .8 4
8-bits

*1: (b), (c), and (d) are used for ~ (cycle count) and B (correction value) in B.8 "F2MC-16LX
Instruction List".

Note:

When an external data bus is used, the cycle counts during which an instruction is made to
wait by ready input or automatic ready must also be added.

Table B.5-3 Cycle Count Correction Values for Counting Instruction Fetch Cycles

Instruction Byte boundary bonYr(w)(rjiry
Internal memory - +2
External data bus 16-bits - +3
External data bus 8-bits +3 -

Note:

* When an external data bus is used, the cycle counts during which an instruction is made to
wait by ready input or automatic ready must also be added.

» Actually, instruction execution is not delayed by every instruction fetch. Therefore, use the
correction values to calculate the worst case.
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APPENDIX B Instructions

Table B.6-1 "Effective Address Field" shows the effective address field.

m Effective Address Field

Table B.6-1 Effective Address Field

Byte count of
. extended
Code Representation Address format address part
(*1)
00 RO RWO | RLO
01 R1 RW1 | (RLO)
02 R2 RwW2 RL1 Register direct: Individual parts
03 R3 RwW3 (RL1) correspond to the byte, word, and
04 R4 Rw4 RL2 long word types in order from the i
05 R5 RW5 | (RL2) left.
06 R6 RW6 RL3
07 R7 RW7 | (RL3)
08 @RWO
82 gsw; Register indirect 0
0B @RWS3
ocC @RWO+
82 gsw;: Register indirect with post increment 0
OF @RW3+
10 @RWO+disp8
11 @RW1+disp8
12 @RW2+disp8
13 @RW3+disp8 Register indirect with 8-bit 1
14 @RWA4+disp8 displacement
15 @RW5+disp8
16 @RW6+disp8
17 @RW7+disp8
18 @RWO0+disp16
19 @RW1+displ6 Register indirect with 16-bit 5
1A @RW2+displ6 displacement
1B @RW3+disp16
1C @RWO+RW?7 Register indirect with index 0
1D @RW1+RW7 Register indirect with index 0
1E @PC+displ6 PC indirect with 16-bit displacement 2
1F addr16 Direct address 2

*1: Each byte count of the extended address part applies to + in the # (byte count) column in

B.8 "F2MC-16LX Instruction List".
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B.7 How to Read the Instruction List

Table B.7-1 "Description of Items in the Instruction List" describes the items used in
the F2MC-16LX Instruction List, and Table B.7-2 "Explanation on Symbols in the
Instruction List" describes the symbols used in the same list.

m Description of instruction presentation items and symbols

Table B.7-1 Description of Items in the Instruction List

Item

Description

Mnemonic

Uppercase, symbol: Represented as is in the assembler.
Lowercase: Rewritten in the assembler.
Number of following lowercase: Indicates bit length in the instruction.

Indicates the number of bytes.

Indicates the number of cycles.
See Table B.2-1 "Effective Address Field" for the alphabetical letters in
items.

RG

Indicates the number of times a register access is performed during
instruction execution.

The number is used to calculate the correction value for CPU intermittent
operation.

Indicates the correction value used to calculate the actual number of
cycles during instruction execution.

The actual number of cycles during instruction execution can be
determined by adding the value in the ~ column to this value.

Operation

Indicates the instruction operation.

LH

Indicates the special operation for bits 15 to 08 of the accumulator.
Z: Transfers 0.

X: Transfers after sign extension.

-: No transfer

AH

Indicates the special operation for the 16 high-order bits of the
accumulator.

*. Transfers from AL to AH.

-: No transfer

Z: Transfers 00 to AH.

X: Transfers 00H or FFH to AH after AL sign extension.
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Table B.7-1 Description of Items in the Instruction List (Continued)

Item

Description

O|l<|IN|Z|4d| W

Each indicates the state of each flag: | (interrupt enable), S (stack), T
(sticky bit), N (negative), Z (zero), V (overflow), C (carry).

*. Changes upon instruction execution.

- No change

Z: Set upon instruction execution.

X: Reset upon instruction execution.

RMW

Indicates whether the instruction is a Read Modify Write instruction
(reading data from memory by the | instruction and writing the result to
memory).

*. Read Modify Write instruction

- Not Read Modify Write instruction

Note: Cannot be used for an address that has different meanings
between read and write operations.

Table B.7-2 Explanation on Symbols in the Instruction List

Symbol Explanation
The bit length used varies depending on the 32-bit accumulator
instruction.

A Byte: Low-order 8 bits of byte AL
Word: 16 bits of word AL
Long word: 32 bits of AL and AH
AH 16 high-order bits of A
AL 16 low-order bits of A
SP Stack pointer (USP or SSP)
PC Program counter
PCB Program bank register
DTB Data bank register
ADB Additional data bank register
SSB System stack bank register
USB User stack bank register
SPB Current stack bank register (SSB or USB)
DPR Direct page register
brgl DTB, ADB, SSB, USB, DPR, PCB, SPB
brg2 DTB, ADB, SSB, USB, DPR, SPB
Ri RO, R1, R2, R3, R4, R5, R6, R7
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Table B.7-2 Explanation on Symbols in the Instruction List (Continued)

Symbol Explanation
RWi RWO, RW1, RW2, RW3, RW4, RW5, RW6, RW7
RWj RWO, RW1, RW2, RW3
RLi RLO, RL1, RL2, RL3

dir Abbreviated direct addressing
addr16 Direct addressing

addr24 Physical direct addressing

ad24 0-15 Bits 0 to 15 of addr24
ad24 16-23 Bits 16 to 23 of addr24
io I/O area (OO0O000H to 0O00FFH)

#imm4 4-bit immediate data

#mm8 8-bit immediate data

#imm16 16-bit immediate data

#imm32 32-bit immediate data

ext (imma3) 16-bit data obtained by sign extension of 8-bit immediate data
disp8 8-bit displacement

displ6 16-hit displacement

bp Bit offset
vctd Vector number (0 to 15)
vct8 Vector number (0 to 255)
()b Bit address
rel PC relative branch
ear Effective addressing (code 00 to 07)
eam Effective addressing (code 08 to 1F)

rlst

Register list




B.8 F2MC-16LX Instruction List

APPENDIX B Instructions

Table B.8-1 "41 Transfer Instructions (byte)" to Table B.9-19 "MOVW ea, Rwi Instruction

(first byte = 7DH)" list the instructions used by the F2MC-16LX.

m F2MC-16LX Instruction List

Table B.8-1 41 Transfer Instructions (byte)

Mnemonic # ~ RG B Operation L A T N| Z R
H H M
w
MoV A,dir 2 3 0 (b) byte (A) <-- (dir) z * * *
MOV A,addr16 3 4 0 (b) byte (A) <-- (addr16) z * * *
MoV ARI 1 2 1 0 byte (A) <-- (Ri) z * * *
MOV Aear 2 2 1 0 byte (A) <-- (ear) z * * *
MOV A,eam 2+ 3+(a) 0 (b) byte (A) <-- (eam) z * * *
MoV Ajio 2 3 0 (b) byte (A) <-- (io0) z * * *
MOV A#imm8 2 2 0 0 byte (A) <-- imm8 z * * *
MoV A @A 2 3 0 (b) byte (A) <-- ((A)) z - * *
MoV A @RLi+disp8 3 10 2 (b) byte (A) <-- ((RLi)+disp8) 4 * * *
MOVN A#imm4 1 1 0 0 byte (A) <-- imm4 4 * R *
MOVX A dir 2 3 0 (b) byte (A) <-- (dir) X * i
MOVX A,addr16 3 4 0 (b) byte (A) <-- (addr16) X * i
MOVX ARI 2 2 1 0 byte (A) <-- (Ri) X * i
MOVX Aear 2 2 1 0 byte (A) <-- (ear) X * N
MOVX A,eam 2+ 3+(a) 0 (b) byte (A) <-- (eam) X * *oox
MOVX Ajio 2 3 0 (b) byte (A) <-- (io) X * i
MOVX A#imm8 2 2 0 0 byte (A) <-- imm8 X * N
MOVX A @A 2 3 0 (b) byte (A) <-- ((A)) X - i
MOVX A, @RWi+disp8 2 5 1 (b) byte (A) <-- ((RWi)+disp8) X * i
MOVX A ,@RLi+disp8 3 10 2 (b) byte (A) <-- ((RLi)+disp8 X * i
MoV dir,A 2 3 0 (b) byte (dir) <-- (A) N
MOV addr1l6,A 3 4 0 (b) byte (addr16) <-- (A) i
MoV Ri,A 1 2 1 0 byte (Ri) <-- (A) L
MOV ear,A 2 2 1 0 byte (ear) <-- (A) oo
MOV eam,A 2+ 3+(a) 0 (b) byte (eam) <-- (A) oo
MoV io,A 2 3 0 (b) byte (io) <-- (A) L
MoV @RLi+disp8,A 3 10 2 (b) byte ((RLi)+disp8) <-- (A) N
MOV Ri,ear 2 3 2 0 byte (Ri) <-- (ear) *ox
MOV Ri,eam 2+ 4+(a) 1 (b) byte (Ri) <-- (eam) *oox
MOV ear,Ri 2 4 2 0 byte (ear) <-- (Ri) oo
MOV eam,Ri 2+ 5+(a) 1 (b) byte (eam) <-- (Ri) *ox
MOV Ri,#imm8 2 2 1 0 byte (Ri) <-- imm8 o
MOV io,#imm8 3 5 0 (b) byte (io) <-- imm8 - -
MOV dir,#imm8 3 5 0 (b) byte (dir) <-- imm8 - -
MOV ear,#imm8 3 2 1 0 byte (ear) <-- imm8 *oox
MOV eam,#imm8 3+ 4+(a) 0 (b) byte (eam) <-- imm8 - -
MoV @AL,AH/ MOV 2 3 0 (b) byte ((A)) <-- (AH) o
@AT
XCH A ear 2 4 2 0 byte (A) <--> (ear) z
XCH A,eam 2+ 5+(a) 0 2x(b) byte (A) <--> (eam) z
XCH Ri,ear 2 4 0 byte (Ri) <--> (ear) -
XCH Ri,eam 2+ 9+(a) 2 2x(b) byte (Ri) <--> (eam)
Note:

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2 "Cycle
Count Correction Values for Counting Execution Cycles" for information on (a) to (d) in the

table.

485
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Table B.8-2 38 Transfer Instructions (byte)

486

Mnemonic # ~ RG B Operation A N| Z R

H M

w
MOVW A.dir 2 3 0 (c) word (A) <-- (dir) * . -
MOVW A,addr16 3 4 0 (c) word (A) <-- (addr16) * . -
MOovwW ASP 1 1 0 0 word (A) <-- (SP) * i -
MOVW A,RWi 1 2 1 0 word (A) <-- (RWi) * x| o -
MOVW A,ear 2 2 1 0 word (A) <-- (ear) * . -
MOVW A,eam 2+ 3+(a) 0 (c) word (A) <-- (eam) * N -
MOVW Ao 2 3 0 (c) word (A) <-- (i0) * *ox -
MOVW A@A 2 3 0 (c) word (A) <-- ((A)) - x| -
MOVW A#imm16 3 2 0 0 word (A) <-- imm16 * N -
MOVW A,@RWi+disp8 2 5 1 (c) word (A) <-- (RWi)+disp8) * *ox -
MOVW A,@RLi+disp8 3 10 2 (c) word (A) <-- ((RLi)+disp8) * . -
MOVW dir,A 2 3 0 (c) word (dir) <-- (A) - *ox -
MOVW addrl6,A 3 4 0 (c) word (addr16) <-- (A) - N -
MOvVwW SP,A 1 1 0 0 word (SP) <-- (A) - i -
MOVW RWi,A 1 2 1 0 word (RWi) <-- (A) - x| -
MOVW ear,A 2 2 1 0 word (ear) <-- (A) - N -
MOVW eam,A 2+ 3+(a) 0 (c) word (eam) <-- (A) - N -
MOVW i0,A 2 3 0 (c) word (io) <-- (A) - *ox -
MOVW @RWi+disp8,A 2 5 1 (c) word ((RWi)+disp8) <-- (A) - N -
MOVW @RLi+disp8,A 3 10 2 (c) word ((RLi)+disp8) <-- (A) - i -
MOVW RWi,ear 2 3 2 0 word (RWi) <-- (ear) - oo -
MOVW RWi,eam 2+ 4+(a) 1 (c) word (RWi) <-- (eam) - N -
MOVW ear,Rwi 2 2 0 word (ear) <-- (RWi) - N -
MOVW eam,Rwi 2+ 5+(a) 1 (c) word (eam) <-- (RWi) - o -
MOVW RWi,#imm16 3 2 1 0 word (RWi) <-- imm16 - N -
MOVW io,#imm16 4 5 0 (c) word (io) <-- imm16 - - - -
MOVW ear,#imm16 4 2 1 0 word (ear) <-- imm16 - oo -
MOVW eam,#imm16 4+ 4+(a) 0 (c) word (eam) <-- imm16 - - - -
MOovwW @AL,AH/MOVW 2 3 0 (©) word ((A)) <-- (AH) - i -

@AT
XCHW A,ear 2 4 2 0 word (A) <--> (ear) - - - -
XCHW A,eam 2+ 5+(a) 0 2x(c) word (A) <-- >(eam) - - - -
XCHW RWi, ear 2 7 4 0 word (RWi) <--> (ear) - - - -
XCHW RWi, eam 2+ 9+(a) 2 2x(c) word (RWi) <--> (eam) - - - -
MOVL Aear 2 4 2 0 long (A) <-- (ear) - N -
MOVL A,eam 2+ 5+(a) 0 (d) long (A) <-- (eam) - *oox -
MOVL A#imm32 5 3 0 0 long (A) <-- imm32 - N -
MOVL ear,A 2 4 2 0 long (earl) <-- (A) - oo -
MOVL eam,A 2+ 5+(a) 0 (d) long(eaml) <-- (A) - oo -
Note:

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2 "Cycle
Count Correction Values for Counting Execution Cycles" for information on (a) to (d) in the

table.




Table B.8-3 42 Addition/subtraction Instructions (byte, word, long word)

APPENDIX B

Instructions

Mnemonic # ~ RG B Operation LIA|1]|S|T|N|[Z|V|C|R

H| H M

w
ADD A#imm38 2 2 0 0 byte (A) <-- (A) + imm8 Z|l - - -1 -1*|*|*]*]-
ADD A.dir 2 5 0 (b) byte (A) <-- (A) + (dir) 4% [ R N I (R IR I I I
ADD A,ear 2 3 1 0 byte (A) <-- (A) + (ear) Z| - --1-1*[*|*]*]-
ADD A,eam 2+ 4+(a) 0 (b) byte (A) <-- (A) + (eam) 4% [ N N I (R IR I I I
ADD ear,A 2 3 2 0 byte (ear) <-- (ear) + (A) I I I 2 L I I
ADD eam,A 2+ 5+(a) 0 2x(b) byte (eam) <-- (eam) + (A) 4% IS A B I I N I
ADDC A 1 2 0 0 byte (A) <-- (AH) + (AL) + (C) Z| - - -1-1*[*[*]*]-
ADDC Aear 2 3 1 0 byte (A) <-- (A) + (ear)+ (C) Z| - - - - fo I I (A I
ADDC A,eam 2+ 4+(a) 0 (b) byte (A) <-- (A) + (eam)+ (C) 2% [ N N I (R IR R I I
ADDDC A 1 0 0 byte (A) <-- (AH) + (AL) + (C) Zl - - -1 -1*1*]|*|=*]-

(decimal)
SuB A#imm8 2 2 0 0 byte (A) <-- (A) - imm8 Zl - - -1 -*]*]|*|*]-
SuUB A,dir 2 5 0 (b) byte (A) <-- (A) - (dir) Z|l - - -1-1*|**]*]-
SuUB Aear 2 3 1 0 byte (A) <-- (A) - (ear) Zl - - -1-1*1*|**]-
SUB A,eam 2+ 4+(a) 0 (b) byte (A) <-- (A) - (eam) 4% [ N N I (R IR R I I
SUB ear,A 2 3 2 0 byte (ear) <-- (ear) - (A) I I I e 2 L I I
SUB eam,A 2+ 5+(a) 0 2x(b) byte (eam) <-- (eam) - (A) I T A I I B
SUBC A 1 2 0 0 byte (A) <-- (AH) - (AL) - (C) Zl - - -1-1*1*1**]-
SUBC A, ear 2 3 1 0 byte (A) <-- (A) - (ear) - (C) Zl - -1-1-1*[*|*|*]-
SUBC A,eam 2+ 4+(a) 0 (b) byte (A) <-- (A) - (eam) - (C) 2% [ R N I (R IR I I I
SuBDC A 1 3 0 0 byte (A) <-- (AH) - (AL) - (C) Zl - --1-1*1*1**]-
(decimal)
ADDW A 1 2 0 0 word (A) <-- (AH) + (AL) B T I e T T I A
ADDW A,ear 2 3 1 0 word (A) <-- (A) + (ear) - - - - - fo I I (R B
ADDW A,eam 2+ 4+(a) 0 (c) word (A) <-- (A) + (eam) - - - - - L2 I I R
ADDW A#mm16 3 2 0 0 word (A) <-- (A) + imm16 e
ADDW ear,A 2 3 2 0 word (ear) <-- (ear) + (A) N N N T T I I L
ADDW eam,A 2+ 5+(a) 0 2x(c) word (eam) <-- (eam) + (A) - - - - - L2 I I I
ADDCW A,ear 2 3 1 0 word (A) <-- (A) + (ear) + (C) T
ADDCW A,eam 2+ 4+(a) 0 (c) word (A) <-- (A) + (eam) + (C) I R I I N
SUBW A 1 2 0 0 word (A) <-- (AH) - (AL) B T I e T L A
SUBW A, ear 2 3 1 0 word (A) <-- (A) - (ear) e I
SUBW A,eam 2+ 4+(a) 0 (c) word (A) <-- (A) - (eam) - - - - - L2 I I N
SUBW A#mm16 3 2 0 0 word (A) <-- (A) - imm16 e
SUBW ear,A 2 3 2 0 word (ear) <-- (ear) - (A) N I N R T I I I
SUBW eam,A 2+ 5+(a) 0 2x(c) word (eam) <-- (eam) - (A) I I e 2 T I B
SUBCW A, ear 2 3 1 0 word (A) <-- (A) - (ear) - (C) T
SUBCW A,eam 2+ 4+(a) 0 (c) word (A) <-- (A) - (eam) - (C) I
ADDL A,ear 2 6 2 0 long (A) <-- (A) + (ear) T I e
ADDL A,eam 2+ 7+(a) 0 (d) long (A) <-- (A) + (eam) - - - - - L2 I I R
ADDL A#imm32 5 4 0 0 long (A) <-- (A) + imm32 I I I I I I
SUBL A,ear 2 6 2 0 long (A) <-- (A) - (ear) T T R I I
SUBL A,eam 2+ 7+(a) 0 (d) long (A) <-- (A) - (eam) I R R I I
SUBL A #imm32 5 4 0 0 long (A) <-- (A) - imm32 - - - - - S I I (A I
Note:

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2 "Cycle
Count Correction Values for Counting Execution Cycles" for information on (a) to (d) in the

table.
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Table B.8-4 12 Increment/decrement Instructions (byte, word, long word)

Mnemonic # ~ RG B Operation L A]|I S| T|N|Z|V|C|R

H| H M

w
INC ear 2 3 2 0 byte (ear) <-- (ear) +1 - - O I I T T I IR
INC eam 2+ 5+(a) 0 2x(b) byte (eam) <-- (eam) + 1 - - - - - * * * _ *

0
DEC ear 2 3 2 2x(b) byte (ear) <-- (ear) - 1 - - I I I T T I IR
DEC eam 2+ 5+(a) 0 byte (eam) <-- (eam) - 1 - - - - - * * * _ *
INCW ear 2 3 2 0 word (ear) <-- (ear) + 1 - - O I R T T I IR
INCW eam 2+ 5+(a) 0 2x(c) word (eam) <-- (eam) + 1 RN T e e N O R
DECW ear 2 3 2 0 word (ear) <-- (ear) - 1 - - I I I T T I IR
DECW eam 2+ 5+(a) 0 2x(c) word (eam) <-- (eam) - 1 RN T e e N R A R
INCL ear 2 7 4 0 long (ear) <-- (ear) +1 B N N T T I I L I I
INCL eam 2+ 9+(a) 0 2x(d) long (eam) <-- (eam) + 1 PR e e N O T
DECL ear 2 7 4 0 long (ear) <-- (ear) - 1 B N T IR I I L I B
DECL eam 2+ 9+(a) 0 2x(d) long (eam) <-- (eam) - 1 PR e e N N B T
Note:

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2 "Cycle
Count Correction Values for Counting Execution Cycles" for information on (a) to (d) in the
table.

Table B.8-5 11 Compare Instructions (byte, word, long word)

Mnemonic # ~ RG B Operation LI|A|I|S|T|N|Z|V|C|R

H| H M

w
CMP A 1 1 0 0 byte (AH) - (AL) N N B
CMP A ear 2 2 1 0 byte (A) - (ear) - - - - - * * * * _
CMP Aeam 2+ 3+(a) 0 (b) byte (A) - (eam) - - - - - * * * * _
CMP A#imm8 2 0 0 byte (A) - imm8 R O T I
CMPW A 1 1 0 0 word (AH) - (AL) I I O O
CMPW Aear 2 2 1 0 word (A) - (ear) R O T R I
CMPW A,eam 2+ 3+(a) 0 (©) word (A) - (eam) J U I (R IR IR I R e
CMPW A#imm16 3 0 0 word (A) -imm16 R T R R I
CMPL A, ear 2 6 2 0 long (A) - (ear) [ R I (R B R I S 2
CMPL Aeam 2+ 7+(a) 0 (d) long (A) - (eam) - - - - - | x| x| x| -
CMPL A #imm32 5 3 0 0 long (A) -imm32 - - P N T R

Note:

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2 "Cycle
Count Correction Values for Counting Execution Cycles" for information on (a) to (d) in the
table.
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Table B.8-6 11 unsigned multiplication/division instructions (word, long word)

APPENDIX B Instructions

Mnemonic # ~ RG B Operation L | S| T|N|Z|V|C|R
H M
w
DIVU A 1 *1 0 0 word (AH) / byte (AL) * | o
quotient --> byte (AL) remainder --> byte (AH)
DIVU A,ear 2 *2 1 0 word (A) / byte (ear) N
quotient --> byte (A) remainder --> byte (ear)
DIVU A,eam 2+ *3 0 *6 word (A) / byte (eam) *ox
quotient --> byte (A) remainder --> byte (eam)
DIVUW A ear 2 *4 1 0 long (A) / word (ear) oo
quotient --> word(A) remainder --> word(ear)
DIVUW A,eam 2+ *5 0 *7 long (A) / word (eam) N
quotient --> word(A) remainder --> word(eam)
MULU A 1 *8 0 0 byte (AH) * byte (AL) --> word (A)
MULU Aear 2 *9 1 0 byte (A) * byte (ear) --> word (A)
MULU A,eam 2+ *10 0 (b) byte (A) * byte (eam) --> word (A)
MuULUW A 1 *11 0 0 word (AH) * word (AL) --> Long (A)
MULUW Aear 2 *12 1 0 word (A) * word (ear) --> Long (A)
MULUW A,eam 2+ *13 0 (c) word (A) * word (eam) --> Long (A)

*1: 3: Division by 0 7: Overflow 15: Normal

*2: 4: Division by 0 8: Overflow 16: Normal

*3: 6+(a): Division by 0 9+(a): Overflow 19+(a): Normal
*4: 4: Division by 0 7: Overflow 22: Normal

*5: 6+(a): Division by 0 8+(a): Overflow 26+(a): Normal
*6: (b): Division by 0 or overflow 2 x (b): Normal

*7: (c): Division by 0 or overflow 2 x (c): Normal

*8: 3: Byte (AH) is 0. 7: Byte (AH) is not 0.

*9: 4: Byte (ear) is 0. 8: Byte (ear) is not 0.

*10: 5+(a): Byte (eam) is 0, 9+(a): Byte (eam) is not 0.
*11: 3: Word(AH) is 0. 11: Word (AH) is not 0.

*12: 4: Word(ear) is 0. 12: Word (ear) is not 0.

*13: 5+(a): Word (eam) is 0. 13+(a): Word (eam) is not 0.

Note:

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2
"Cycle Count Correction Values for Counting Execution Cycles" for information on (a) to (d)

in the table.
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Table B.8-7 11 Signed Multiplication/Division Instructions (word, long word)

Mnemonic # ~ RG B Operation Ll Al S| T|N|Z|V|C|R
H{ H M
w
DIVU A 2 *1 0 0 word (AH) / byte (AL) zl - - - - - -]
quotient --> byte (AL) remainder --> byte (AH)
DIVU Aear 2 *2 1 0 word (A) / byte (ear) A e e N N N
quotient --> byte (A) remainder --> byte (ear)
DIVU A,eam 2+ *3 0 *6 word (A) / byte (eam) Zl - - - -1-1-1*"*
quotient --> byte (A) remainder --> byte (eam)
DIVUW Aear 2 *4 1 0 long (A) / word (ear) Eo N I I N A T A
quotient --> word(A) remainder --> word(ear)
DIVUW A,eam 2+ *5 0 *7 long (A) / word (eam) E e e R R B
quotient --> word(A) remainder --> word(eam)
MUL A 2 *8 0 0 byte (AH) * byte (AL) --> word (A)
MUL Aear 2 *9 1 0 byte (A) * byte (ear) --> word (A)
MUL A,eam 2+ *10 0 (b) byte (A) * byte (eam) --> word (A)
MULW A 2 *11 0 0 word (AH) * word (AL) --> Long (A)
MULW Aear 2 *12 1 0 word (A) * word (ear) --> Long (A)
MULW A,eam 2+ *13 0 (c) word (A) * word (eam) --> Long (A)

*1: 3: Division by 0, 8 or 18: Overflow, 18: Normal

*2: 4: Division by 0, 11 or 22: Overflow, 23: Normal

*3: 5+(a): Division by 0, 12+(a) or 23+(a): Overflow, 24+(a): Normal

*4: When dividend is positive; 4: Division by 0, 12 or 30: Overflow, 31: Normal
When dividend is negative; 4: Division by 0, 12 or 31: Overflow, 32: Normal

*5: When dividend is positive; 5+(a): Division by 0, 12+(a) or 31+(a): Overflow, 32+(a): Normal
When dividend is negative; 5+(a): Division by 0, 12+(a) or 32+(a): Overflow, 33+(a): Normal

*6: (b): Division by 0 or overflow, 2 x (b): Normal

*7: (c): Division by 0 or overflow, 2 x (c): Normal

*8: 3: Byte (AH) is 0, 12: result is positive, 13: result is negative

*9: 4: Byte (ear) is 0, 13: result is positive, 14: result is negative

*10: 5+(a): Byte (eam) is 0, 14+(a): result is positive, 15+(a): result is negative

*11: 3: Word(AH) is 0, 16: result is positive, 19: result is negative

*12: 4: Word(ear) is 0, 17: result is positive, 20: result is negative

*13: 5+(a): Word(eam) is 0, 18+(a): result is positive, 21+(a): result is negative
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Note:

The execution cycle count found when an overflow occurs in a DIV or DIVW instruction may
be a pre-operation count or a post-operation count depending on the detection timing.

When an overflow occurs with DIV or DIVW instruction, the contents of the AL are destroyed.

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2
"Cycle Count Correction Values for Counting Execution Cycles" for information on (a) to (d)
in the table.



Table B.8-8 39 Logic 1 Instructions (byte, word)

APPENDIX B

Instructions

Mnemonic # ~ RG B Operation L S| T| N|Z| V C| R

H M

w
AND A#imm8 2 2 0 0 byte (A) <-- (A) and imm8 - -l -] *]*|R - -
AND Aear 2 3 1 0 byte (A) <-- (A) and (ear) - -l -] *]*|R - -
AND A,eam 2+ 4+(a) 0 (b) byte (A) <-- (A) and (eam) - Sl -] | R -
AND ear,A 2 3 2 0 byte (ear) <-- (ear)and (A) - -l -1 *|R - -
AND eam,A 2+ 5+(a) 0 2x(b) byte (eam) <-- (eam)and (A) - - - * | x| R - *
OR A#imm8 2 2 0 0 byte (A) <-- (A) or imm8 - -l -] *]*|R - -
OR Aear 2 3 1 0 byte (A) <-- (A) or (ear) - -l -1 *|R - -
OR A,eam 2+ 4+(a) 0 (b) byte (A) <-- (A) or (eam) - - x| R I
OR ear,A 2 3 2 0 byte (ear) <-- (ear)or (A) - -l -1 *|R - -
OR eam,A 2+ 5+(a) 0 2x(b) byte (eam) <-- (eam)or (A) - -] xR S| o
XOR A#imm8 2 2 0 0 byte (A) <-- (A) xor imm8 - -l -] *]*|R - -
XOR Aear 2 3 1 0 byte (A) <-- (A) xor (ear) - -l -1 *|R - -
XOR A,eam 2+ 4+(a) 0 (b) byte (A) <-- (A) xor (eam) - -l R - -
XOR ear,A 2 3 2 0 byte (ear) <-- (ear) xor (A) - -l -1 *|R - -
XOR eam,A 2+ 5+(a) 0 2x(b) byte (eam) <-- (eam) xor (A) - - - * [ % | R - *
NOT A 1 2 0 0 byte (A) <-- not (A) - -l -l R -
NOT ear 2 3 2 0 byte (ear) <-- not (ear) - -l -] *]*|R - -
NOT eam 2+ 5+(a) 0 2x(b) byte (eam) <-- not (eam) - - - * [+ | R - *
ANDW A 1 2 0 0 word (A) <-- (AH) and (A) - -l xlf R -
ANDW A#imm16 3 2 0 0 word (A) <-- (A) and imm16 - -l -1 *]*|R - -
ANDW A, ear 2 3 1 0 word (A) <-- (A) and (ear) - -l -1 *]*|R - -
ANDW A,eam 2+ 4+(a) 0 (c) word (A) <-- (A) and (eam) - -] x| R I
ANDW ear,A 2 3 2 0 word (ear) <-- (ear) and (A) - -l -] *| R -
ANDW eam,A 2+ 5+(a) 0 2x(c) word (eam) <-- (eam) and (A) - -l -1 *]*|R -
ORW A 1 2 0 0 word (A) <-- (AH) or (A) - -l -l *]*|R - -
ORW A#imm16 3 2 0 0 word (A) <-- (A) or imm16 - -l -1 *]*|R -
ORW A, ear 2 3 1 0 word (A) <-- (A) or (ear) - -l -] *| R - -
ORW A,eam 2+ 4+(a) 0 (c) word (A) <-- (A) or (eam) - - R I
ORW ear,A 2 3 2 0 word (ear) <-- (ear) or (A) - -l -] *| R - -
ORW eam,A 2+ 5+(a) 0 2x(c) word (eam) <-- (eam) or (A) - B B A S|

R
XORW A 1 2 0 0 word (A) <-- (AH) xor (A) - -l -l **| R -] -
XORW A#immi6 | 3 2 0 0 word (A) <-- (A) xor imm16 - N L - T e
XORW A.ear 2 3 1 0 word (A) <-- (A) xor (ear) - -l -1 *]*|R - -
XORW A,eam 2+ 4+(a) 0 (c) word (A) <-- (A) xor (eam) - - x| R I
XORW ear,A 2 3 2 0 word (ear) <-- (ear) xor (A) - -l -] *| R -] o*
XORW eam,A 2+ 5+(a) 0 2x(c) word (eam) <-- (eam) xor (A) - -l -1 *]*|R - -
NOTW A 1 2 0 0 word (A) <-- not (A) - -l -1 *| R - -
NOTW ear 2 3 2 0 word (ear) <-- not (ear) - -l -1 *|R S|
NOTW eam 2+ 5+(a) 0 2x(c) word (eam) <-- not (eam)

Note:

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2 "Cycle
Count Correction Values for Counting Execution Cycles" for information on (a) to (d) in the

table.
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Table B.8-9 Six Logic 2 Instructions (long word)

Mnemonic # ~ RG B Operation L{|A|1|S|T|N|Z| V C| R

H| H M

w
ANDL A, ear 2 6 2 0 long (A) <-- (A) and (ear) -l - -l -1 -1 *I R
ANDL A,eam 2+ 7+(a) 0 (d) long (A) <-- (A) and (eam) -l - -l -1 -1 *IR
ORL A, ear 2 6 2 0 long (A) <-- (A) or (ear) -l - -l -1 -1 *I R
ORL A,eam 2+ 7+(a) 0 (d) long (A) <-- (A) or (eam) -l - -l -1 -1 *I R
XORL A, ear 2 6 2 0 long (A) <-- (A) xor (ear) -l - -l -1 -1 *I R
XORL A,eam 2+ 7+(a) 0 (d) long (A) <-- (A) xor (eam) -l - -l -1 -1 *I R

Note:

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2 "Cycle
Count Correction Values for Counting Execution Cycles" for information on (a) to (d) in the
table.

Table B.8-10 Six Sign Inversion Instructions (byte, word)

Mnemonic # ~ RG B Operation L|A[I|S|T|N|Z|V|C|R
H|{ H M
w
NEG A 1 2 0 0 byte (A) <-- 0 - (A) X| - -1-]-1*|*|*]*
NEG ear 2 3 2 0 byte (ear) <-- 0 - (ear) S T IR I R N I I o B
NEG eam 2+ 5+(a) 0 2x(b) byte (eam) <-- 0 - (eam) SO IR IR IR R I I I o B
NEGW A 1 2 0 0 word (A) <-- 0 - (A) B e e A
NEGW ear 2 3 2 0 word (ear) <-- 0 - (ear) Co I N R I I R
NEGW eam 2+ 5+(a) 0 2x(c) word (eam) <-- 0 - (eam) EE IR I IR A R I I R B
Note:

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2 "Cycle
Count Correction Values for Counting Execution Cycles" for information on (a) to (d) in the
table.

Table B.8-11 One Normalization Instruction (long word)

Mnemonic # ~ RG B Operation Ll A|I S| T|N|Z|V|C|R
H|{ H M
w
NRML A,RO 2 *1 1 0 long (A) <-- Shifts to the position where *
'1'is set for the first time.
byte (RD) <-- Shift count at that time

*1: 4 when all accumulators have a value of 0; otherwise, 6+(R0)
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Table B.8-12 18 Shift Instructions (byte, word, long word)

APPENDIX B

Instructions

Mnemonic # ~ R B Operation Al l S| T| N z C| R

G H M

w
RORC A 2 2 0 0 byte (A) <-- With right rotation carry C I I * -
ROLC A 2 2 0 0 byte (A) <-- With left rotation carry C I I * -
RORC ear 2 3 2 0 byte (ear) <-- With right rotation carry C I I * -
RORC eam 2+ 5+(a) 0 2x(b) byte (eam) <-- With right rotation carry C I I * oo
ROLC ear 2 3 2 0 byte (ear) <-- With left rotation carry E N R * -
ROLC eam 2+ 5+(a) 0 2x(b) byte (eam) <-- With left rotation carry C I I * oo
ASR A,RO 2 *1 1 0 byte (A) <-- Arithmetic right shift (A, 1 bit) E R A * -
LSR A,RO 2 *1 1 0 byte (A) <-- Logical right barrel shift (A, RO) C I I * -
LSL A,RO 2 *1 1 0 byte (A) <-- Logical left barrel shift (A, RO) C I I * -
ASRW A 1 2 0 0 word (A) <-- Arithmetic right shift (A, 1 bit) CO I I * -
LSRW AISHRW A 1 2 0 0 word (A) <-- Logical right shift (A, 1 bit) -l -1 *|R * -
LSLW AISHLW A 1 2 0 0 word (A) <-- Logical left shift (A, 1 bit) E N N * -
ASRW A,RO 2 *1 1 0 word (A) <-- Arithmetic right barrel shift (A, RO) E N I * |-
LSRW A,RO 2 *1 1 0 word (A) <-- Logical right barrel shift (A, RO) E R A * |-
LSLW A,RO 2 *1 1 0 word (A) <-- Logical left barrel shift (A, R0O) C I I * -
ASRL A,RO 2 *2 1 0 long (A) <-- Arithmetic right barrel shift (A, RO) C I I * -
LSRL A,RO 2 *2 1 0 long (A) <-- Logical right barrel shift (A, RO) C T I * -
LSLL A,RO 2 *2 1 0 long (A) <-- Logical left barrel shift (A, RO) E N B * |-

*1: 6 when RO is 0; otherwise, 5 + (R0)
*2: 6 when RO is 0; otherwise, 6 + (R0)

Note:

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2 "Cycle
Count Correction Values for Counting Execution Cycles" for information on (a) to (d) in the

table.
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Table B.8-13 31 Branch 1 Instructions

Mnemonic # ~ RG B Operation LIA|I]|S|T|N|Z|V|C|R
H{ H M
W
BZ/BEQ rel 2 *1 0 0 Branchon (Z) =1 N S P B
BNZ/BNE rel 2 *1 0 0 Branch on (Z) =0 O T I i A
BC/BLO rel 2 *1 0 0 Branchon (C) =1 N e e -] - -
BNC/BHS rel 2 *1 0 0 Branch on (C) =0 R e I I e T I R I
BN rel 2 *1 0 0 Branch on (N) =1 O T I i A
BP rel 2 *1 0 0 Branch on (N) =0 N e e -] - -
BV rel 2 *1 0 0 Branch on (V) =1 T
BNV rel 2 *1 0 0 Branch on (V) =0 e I T T I I (R (R
BT rel 2 *1 0 0 Branchon (T) =1 B N T e e e e e
BNT rel 2 *1 0 0 Branch on (T) =0 O T I I A
BLT rel 2 *1 0 0 Branch on (V) nor (N) = 1 O T I i A
BGE rel 2 *1 0 0 Branch on (V) nor (N) =0 B e N T e e e e N
BLE rel 2 *1 0 0 Branch on ((V) xor (N)) or (Z) =1 N I I I e I N A I
BGT rel 2 *1 0 0 Branch on ((V) xor (N)) or (Z) =0 N I I I e I N A I
BLS rel 2 *1 0 0 Branch on (C) or (Z) =1 B e N T e e e e N
BHI rel 2 *1 0 0 Branch on (C) or (Z) =0 O T I I A
BRA rel 2 *1 0 0 Unconditional branch O T I I A
IJMP @A 1 2 0 0 word (PC) <-- (A) S S R
JMP addrl6 3 3 0 0 word (PC) <-- addr16 B T I I N
JMP @ear 2 3 1 0 word (PC) <-- (ear) B N N T e N N N
JMP @eam 2+ 4+(a) 0 (c) word (PC) <-- (eam) P I R P T T
JMPP @ear *3 2 5 2 0 word (PC) <-- (ear), (PCB) <-- (ear+2) R I I I I I R B
JMPP @eam *3 2+ 6+(a) 0 (d) word (PC) <-- (eam), (PCB) < (eam+2) | - | - | - | - | - | -|-|-| -] -
JMPP addr24 4 4 0 0 word(PC) <-- ad24 0-15,(PCB) <-- ad24 -l - - - - - - -] - -
16-23
CALL @ear *4 2 6 1 () word (PC) <-- (ear) N T e e I
CALL @eam *4 2+ 7+(a) 0 2x(c) word (PC) <-- (eam) B T I I N
CALL addrl6 *5 3 6 0 (c) word (PC) <-- addr16 EE I R I IR IR I I I
CALLV #vct4 *5 1 7 0 2x(c) Vector call instruction B N N T N N I N I
CALLP @ear *6 2 10 2 2%(c) word(PC) <-- (ear)0-15,(PCB) <-- T e e
(ear)16-23
CALLP @eam *6 2+ 11+@@) | 0 *2 word(PC) <-- (eam)0-15,(PCB) <-- R I I (i (R (R B
(eam)16-23
CALLP addr24 *7 4 10 0 2x(c) word(PC) <-- addr0-15, (PCB) <-- N N N I N B N I
addr16-23

*1: 4 when a branch is made; otherwise, 3

*2:3x(c) + (b)

*3: Read (word) of branch destination address

*4: W: Save to stack (word) R: Read (word) of branch destination address

*5: Save to stack (word)

*6: W: Save to stack (long word), R: Read (long word) of branch destination address
*7: Save to stack (long word)

w

Note:

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2 "Cycle
Count Correction Values for Counting Execution Cycles" for information on (a) to (d) in the
table.
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Table B.8-14 19 Branch 2 Instructions

Mnemonic # ~ | R B Operation LA | S T| N|Z|V|C|R
G H| H M
w
CBNE A#imma8,rel 3 *1 0| 0 Branch on byte (A) not equal to imm8 - -] - - [ I I (R (e
CWBNE A#imm16,rel 4 *1 0| 0 Branch on word (A) not equal to imm16 -l -] - - [ I I (R (e
CBNE ear,#imm8,rel 4 *2 1|10 Branch on byte (ear) not equal to imm8 -l -] - - N I I (R (e
CBNE eam,#imm8,rel *9 4+ | *3 0| (b) Branch on byte (eam) not equal to imm8 - -] - - S L N R
CWBNE  ear#imml6,rel 5 *4 1|0 Branch on word (ear) not equal to imm16 -l - - - N L B
CWBNE eam,#imm16,rel*9 5+ *3 0| (c) Branch on word (eam) not equal to - -] - - N I I (R (e
imm16
DBNZ ear,rel 3 *5 210 Branch on byte (ear) = (ear) - 1, (ear)not - - - - EE L - -
equal to 0 *
DBNZ eam,rel 3+ | *6 2| 2x(b) Branch on byte (eam) = (eam) - 1, (eam) -l -] - - RO I L I R
not equal to 0
DWBNZ ear,rel 3 *5 2|10 Branch on word (ear) = (ear) - 1, (ear) not -l -] - - N 2 A A -
equal to 0
DWBNZ eam,rel 3+ | *6 2 | 2x(c) Branch on word (eam) = (eam) - 1, (eam) - - - - O L I IR R
not equal to 0
INT #vct8 2 20 0| 8x(c) Software interrupt -l - | R S R e I N
INT addrl6 3 16 0| 6x%(c) Software interrupt - - | R S R e I N
INTP addr24 4 17 0 | 6x%(c) Software interrupt -l - | R S e N I I
INT9 1 20 0 | 8x(c) Software interrupt - - R S I
RETI 1 *8 0| *7 Return from interrupt E N * o T I A I
LINK #imm8 2 6 0| (c) Saves the old frame pointer in the stack -l -] - - N e -
upon entering the function, then sets the
new frame pointer and reserves the local
pointer area.
UNLINK 1 5 0| (c) Recovers the old frame pointer from the -l -] - - N e -
stack upon exiting the function.
RET *10 1 4 0| (c) Return from subroutine - -] - - N e -
RETP *11 1 6 0| (d) Return from subroutine - -] - - O I O i

*1: 5 when a branch is made; otherwise, 4

*2: 13 when a branch is made; otherwise, 12

*3: 7+(a) when a branch is made; otherwise, 6+(a)

*4: 8 when a branch is made; otherwise, 7

*5: 7 when a branch is made; otherwise, 6

*6: 8+(a) when a branch is made; otherwise, 7+(a)

*7: 3 x (b) + 2 x (c) when jumping to the next interruption request; 6 x (c) when returning from the current
interruption

*8: 15 when jumping to the next interruption request; 17 when returning from the current interruption

*9: Do not use RWj+ addressing mode with a CBNE or CWBNE instruction.

*10: Return from stack (word)

*11: Return from stack (long word)

Note:

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2 "Cycle
Count Correction Values for Counting Execution Cycles" for information on (a) to (d) in the
table.
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Table B.8-15 28 Other Control Instructions (byte, word, long word)

Mnemonic # ~ RG B Operation LI A|I S| T|N|Z|V|C|R
H|{ H M
w
PUSHW A 1 4 0 (© word (SP) <-- (SP) - 2, ((SP)) <-- (A)
PUSHW AH 1 4 0 (©) word (SP) <-- (SP) - 2, ((SP)) <-- (AH)
PUSHW PS 1 4 0 (©] word (SP) <-- (SP) - 2, ((SP)) <-- (PS)
PUSHW rist 2 *3 *5 *4 (SP) <-- (SP) - 2n , ((SP)) <-- (rlst)
POPW A 1 3 0 (c) word (A) <-- ((SP)) , (SP) <-- (SP) + 2 -
POPW AH 1 3 0 (©) word (AH) <-- ((SP)) , (SP) <-- (SP) + 2 .
POPW PS 1 4 0 (c) word (PS) <-- ((SP)) , (SP) <-- (SP) + 2 EO I I I I I R I I
POPW rist 2 *2 *5 *4 (rlst) <-- ((SP)) , (SP) <-- (SP) EE R N N N T B A
JCTX @A 1 14 0 6%(c) Context switch instruction CO I I A I I O L I
AND CCR,#imm8 2 3 0 0 byte (CCR) <-- (CCR) and imm8 EE I I I I I R I B
OR CCR,#imm8 2 3 0 0 byte(CCR) <-- (CCR) or imm8 EE I I I I I R I I
MOV RP #imm8 2 2 0 0 byte (RP) <-- imm8
MOV ILM,#imm8 2 2 0 0 byte (ILM) <-- imm8
MOVEA RWi,ear 2 3 1 0 word (RWi) <-- ear
MOVEA RWi,eam 2+ 2+(a) 1 0 word (RWi) <-- eam -
MOVEA A,ear 2 1 0 0 word (A) <-- ear -
MOVEA A,eam 2+ 1+(a) 0 0 word (A) <-- eam -
ADDSP #mm8 2 3 0 0 word (SP) <-- ext(imm8)
ADDSP #imm16 3 3 0 0 word (SP) <-- imm16
MoV A,brgl 2 *1 0 0 byte (A) <-- (brgl) Z| x| -f-]-]1*|*
MoV brg2,A 2 1 0 0 byte (brg2) <-- (A) N I I
NOP 1 1 0 0 No operation
ADB 1 1 0 0 Prefix code for AD space access
DTB 1 1 0 0 Prefix code for DT space access
PCB 1 1 0 0 Prefix code for PC space access
SPB 1 1 0 0 Prefix code for SP space access
NCC 1 1 0 0 Prefix code for flag no-change
CMR 1 1 0 0 Prefix code for common register bank

*1: PCB, ADB, SSB, USB, SPB: 1, DTB, DPR: 2

*2: 7 + 3x(POP count) + 2x(POP last register number), 7 when RLST = 0 (no transfer register)

*3: 29 + 3x(PUSH count) - 3x(PUSH last register number), 8 when RLST = 0 (no transfer register)
*4: (POP count)x(c) or (PUSH count)x(c)

*5: (POP count) or (PUSH count)

Note:

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2 "Cycle
Count Correction Values for Counting Execution Cycles" for information on (a) to (d) in the
table.
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Table B.8-16 21 Bit Operand Instructions

APPENDIX B

Instructions

Mnemonic # ~ RG B Operation L|A| 1| S|T|N| Z R

H| H M

w
MOVB A,dir:bp 3 5 0 (b) byte (A) <-- (dir:bp )b AN I N R I -
MOVB A,addr16:bp 4 5 0 (b) byte (A) <-- (addr16:bp )b Z| - -] -] " -
MOVB Ajio:bp 3 4 0 (b) byte (A) <-- (io:bp )b Zl* -] -]-*]* -
MOVB dir:bp,A 3 7 0 2x(b) bit (dir:bp )b <-- (A) EE N I R R I *
MOVB addrl6:bp,A 4 7 0 2x(b) bit (addr16:bp )b <-- (A) CE N I I R I *
MOVB io:bp,A 3 6 0 2x(b) bit (io:bp )b <-- (A) EO R I I R I B *
SETB dir:bp 3 7 0 2x(b) bit ( dir:bp )b <-- 1 SO T T I e *
SETB addrl6:bp 4 7 0 2x(b) bit (addrl6:bp )b <-- 1 EO IR I R BT I *
SETB io:bp 3 7 0 2x(b) bit (io:bp )b <-- 1 EE N I I R R *
CLRB dir:bp 3 7 0 2x(b) bit (dir:bp )b <-- 0 EE N I I R I *
CLRB addr16:bp 4 7 0 2x(b) bit (addrl6:bp )b <-- 0 EE N I I R I *
CLRB io:bp 3 7 0 2x(b) bit (io:bp )b <--0 EO IR I R BT I *
BBC dir:bp,rel 4 *1 0 (b) Branch on (dir:bp) b =0 EO I I I BT T -
BBC addr16:bp,rel 5 *1 0 (b) Branch on (addr16:bp) b =0 EO I I I BT T -
BBC io:bp,rel 4 *2 0 (b) Branch on (io:bp) b =0 EE N I I R I -
BBS dir:bp,rel 4 *1 0 (b) Branch on (dir:bp) b =1 EO B I I R I -
BBS addr16:bp,rel 5 *1 0 (b) Branch on (addr16:bp) b =1 CO N I I R R -
BBS io:bp,rel 4 *1 0 (b) Branch on (io:bp) b =1 EI I I I IR I -
SBBS addrl6:bp,rel 5 *3 0 2x(b) Branch on (addr16:bp) b =1, bit=1 EO I I I BT I *
WBTS io:bp 3 *4 0 *5 Waits until (io:bp) b =1 EE B I I A I -
WBTC io:bp 3 *4 0 *5 Waits until (io:bp) b =0 EE B I I A I -

*1: 8 when a branch is made; otherwise, 7
*2: 7 when a branch is made; otherwise, 6
*3: 10 when the condition is met; otherwise 9

*4: Undefined count

*5: Until the condition is met( dir:bp )b

Note:

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2 "Cycle
Count Correction Values for Counting Execution Cycles" for information on (a) to (d) in the
table.

Table B.8-17 Six Accumulator Operation Instructions (byte, word)

Mnemonic # ~ RG B Operation L A | S| T| N z R

H H M

w
SWAP 1 3 0 0 byte (A)0-7 <--> (A)8-15 - - - -] - - -
SWAPW/XCHW AT 1 2 0 0 word (AH) <--> (AL) - * - - - - -
EXT 1 1 0 0 Byte sign extension X - E N N * -
EXTW 1 2 0 0 Word sign extension - X EO I R * -
ZEXT 1 1 0 0 Byte zero extension z - -l -1-|R * -
ZEXTW 1 1 0 0 Word zero extensionbyte - z -l -1-1R * -
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Table B.8-18 Ten String Instructions

Mnemonic # ~ RG B Operation L|A|I S| T|N|Z|V|C|R
H| H M
w
MOVS / MOVSI 2 *2 *5 *3 byte transfer @AH+ <-- @AL+, counter = RW0
MOVSD 2 *2 *5 *3 byte transfer @AH- <-- @AL-, counter = RW0
SCEQ / SCEQI 2 *1 *5 *4 byte search @AH+ <-- AL, counter RWO CO IR I I N T B I
SCEQD 2 *1 *5 *4 byte search @AH- <-- AL, counter RWO - - - - - S I B
FILS / FILSI 2 6m+6 *5 *3 byte fill @AH+ <-- AL, counter RWO EE T I R I I
MOVSW / MOVSWI 2 *2 *8 *6 word transfer @AH+ <-- @AL+, counter = RWO0
MOVSWD 2 *2 *8 *6 word transfer @AH- <-- @AL-, counter = RW0
SCWEQ / SCWEQI 2 *1 *8 *7 word search @AH+ - AL, counter = RWO0 EI I R T R I
SCWEQD 2 *1 *8 *7 word search @AH- - AL, counter = RW0 - - - - - S I B
FILSW / FILSWI 2 6m+6 *8 *6 word fill @AH+ <-- AL, counter = RW0 EO T I N I I

*1: 5 when RWO0 is 0, 4 + 7 x (RWO) when the counter expires, or 7n + 5 when a match occurs

*2: 5 when RWO is 0; otherwise, 4 + 8 x (RWO0)

*3: (b) x (RWO0) + (b) x (RWQ) When the source and destination access different areas, calculate the (b)
item individually.

*4: (b) x n

*5:2 x (R x W0)
*6: (c) x (RWO) + (c) x (RWO) When the source and destination access different areas, calculate the (c) item

individually.

*7:(c)xn

*8: 2 x O(RWO)

498

Note:
m: RWO value (counter value), n: Loop count

See Table B.5-1 "Execution Cycle Counts in Each Addressing Mode" and Table B.5-2 "Cycle
Count Correction Values for Counting Execution Cycles" for information on (a) to (d) in the
table.



B.9 Instruction Map

APPENDIX B Instructions

Each F2MC-16LX instruction code consists of 1 or 2 bytes. Therefore, the instruction
map consists of multiple pages. Table B.9-2 "Basic Page Map" to Table B.9-21 "XCHW

RWi, ea Instruction (first byte = 7Fy)" summarize the F2MC-16LX instruction map.

m  Structure of Instruction Map

Figure B.9-1 Structure of Instruction Map

Bit operation
instructions

Character string
operation instructions

2-byte instructions

ea instructions x 9

:Byte 1

: Byte 2

An instruction such as the NOP instruction that ends in one byte is completed within the basic
page. An instruction such as the MOVS instruction that requires two bytes recognizes the
existence of byte 2 when it references byte 1, and can check the following one byte by
referencing the map for byte 2. Figure B.9-2 "Correspondence between Actual Instruction Code
and Instruction Map" shows the correspondence between an actual instruction code and

instruction map.
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Figure B.9-2 Correspondence between Actual Instruction Code and Instruction Map

Some instructions do
not contain byte 2.

Length varies depending
| | [ on the instruction.

Instruction code Byte 1 Byte 2 Operand Operand |

[Basic page map]

XY

N

..""[Extended page map] (*1)

uv

+W

*1 The extended page map is a generic name of maps for bit operation instructions, character string operation instructions, 2-byte
instructions, and ea instructions. Actually, there are multiple extended page maps for each type of instructions.

An example of an instruction code is shown in Table B.9-1 "Example of an Instruction Code".

Table B.9-1 Example of an Instruction Code

Bvte 1 Byte 2
Instruction y (from extended page
(from basic page map)
map)
NOP 00 +0=00 -
AND A, #8 30 +4=34 -
MOV A, ADB 60 +F=6F 00 +0=00
@RW2+d8, #8rel 70 +0=70 FO +2=F2
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Table B.9-2 Basic Page Map
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T (TECSCE NICITS [RISPEE IVEIO ERTSPY IE (FRISCE SSCERN TYRTORY RSCERS RCMISS| MSCES] MURSY BOOOR — — i
I ¢ uon |2HPP oLippeY  [8#'V v v v v 2t
o1g/09 -onnsul es dnre AOW AOW o8ns oaav oaans oaaay
o] 2uon | V@ Vol VP 8#'Y Py Lt
3INg/zZNg -onaisul ea diNr AOW AOW ans ans 00N 6.LNI
o1 v vy gorimde | HY [ g# vig ] wy Tuon | or'y Py 8#'Y Py ot
o3g/za| ATV NAOW | ‘v XAOW XAOW AOW AOW AOW | -onnisuiea vdg AOW AOW aav aav HNO dON
o4 03 oa 00 og ov 06 08 oL 09 0s oy o oz ol 00
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Table B.9-3 Bit Operation Instruction Map (first byte

dg:gLippe
sags

9lpe sgg

[214dq:p

saq

[EIRC[oR
9lpe 0gd

lea‘dquip
oj=ic]

dq:gLipp e
a13s

dquip
g13s

da:gLipp
e gd10

dquip
a410

v'dg:gLippe
aAOW

da:gLipp
e'Y gAOW

4+

3+

a+

o+

a+

v+

6+

8+

L+

9+

S+

v+

€+

¢+

0+

04

0a

og

06

0L

0s

0og

(o]

502



Instructions

APPENDIX B

6Ep)

Table B.9-4 Character String Operation Instruction Map (first byte

IMSTI4

ao3MOs

I03MOS

QMSAOW  IMSAOW i OSAOW

8dS'ads

4+

I+

a+

o+

a+

v+

6+

8+

L+

9+

S+

v+

€+

¢+

ISAON

0+

04

03

0a

0og

ov

0L

09

0S

or

0og

V4

(13

00

503
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Table B.9-5 2-byte Instruction Map (first byte

0d'Y

04’y

4+
.............. HST w1 must
vene| ouv oH'Y oH'Y It
14O MAON wsv|  wsv|  musy
oH'Y WY VO |vo'V at
--------------------------- l—§mz §>os_ §>O§
8Pz ven+z| od'y oH'Y od'Y ot
Y. MAOW 142 MAOW 151 Tis1 MIST
a+
SR R SR S -
8P+ Vap+l vt
nAIg Y. MAOW [14@ MAOW
A
6+
\/>|_D_\/_ ---------------------------
v 8p+0THD V8040 ot
W 'V MAOW [1H® MAOW
v v L+
---------------------------------------- Omom Ol_om
IO v+ |gptcie | vov  |godv ot
v hon|swo non| v xon| xaon| o
v ive |vev ot
AOW AOW
1D Vign VHdd  |ddav o
v hon|zwe ron ron| __now
vasn  |asnv o
AOW AOW
ASEHTS v+ |ep+i e [vass  |assv o
'V AOW|1TH® AOW| ¥ XAOW AOW AOW
vaav  |aavy
L+
AOW AOW
01D v+ |epioiio | vala  |alav o
'V AOW|0TH® AOW| ¥ XAOW AOW AOW
04 03 0a 00 09 ov 06 08 oL 09 05 ov og 0z ot 00

504
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+EMHD'Y
Jaav

+EMHD'Y 9Hippe
aans

HEMHO'Y | 18Nk
1dINO | ‘9Hippe

+EMHO'Y | 9kippe
ANy

+EMHO'Y : panqiyold | 9Lippe

+EMHO'Y 9lippe

50X

le'gy : panqiyold |  ghippe
‘9Lippe

9Hippe

+MdO'vY +CMHO'Y | [ergh# +CMHO'Y

‘9IP+0d®

+IMHO'Y
JANY

+HIMHO'Y
aans

+IMHO'Y
TdWNO

prot# i panqyoud
LME+IMHD

LMYt IMEO :

+IMHO'Y
THOX

LMYt IMHO :

TOMHO'Y | LMYtOMY +OMHO'Y

9IP+ZMHD :
‘Y TdOX:

6+

8+

L+

70p)

Table B.9-6 ea Instruction 1 (first byte

YPHMHO

loi'g#
‘GPHIMHO

lex'g
‘BPHSMHD :

o1'g
‘BPHIMHD

[or'g#
‘BPHEMH® © ‘ed

[or'g# [or'g#

‘GHIMHD ‘2d
s
‘PHMED 1Y

[er'oL#
oMy

[eroL#
‘8PHOMH O

[oI'g# [or'g#

‘8PHOMH® : ‘0

04 03 0a 00 od ov 06 08 0L 09 0s oy 0og 0c ol 00




Instructions

APPENDIX B

71,)

Table B.9-7 ea Instruction 2 (first byte

9kippe

v V3AON:

+EMHO'Y

+OMHO'Y

V3AON

8#9LIPP:

8#+EMHO

V+EMH®

V+OMH®

TAOW

94ippe

+EMHO'Y

+OMHO'Y
TAON
EMHO'Y

9Hippe

+EMHO

9Hippe

9HiPPED

+EMHD @

+0MHD @
dT1v0

ET)

MHoO

dTv0

imgoo

4TV

9IPYOMED : OMHE®
® JTWOi  dTvo
‘erMHDO; sTHD
dTIv0! dTv0
‘WOMEee CHO
dTV0: dTIv0

8P+SMHD O :

dT0:

9LipPED

9IPHOMH® :
0 ddr:

MDD |
ddir

PHOMEOD |
ddir

8P+GMHD @ :

| HEMHOO

4+
ddir

oo | 4,
ddir

“msoo |
ddir

m omseo | o,
ddir

emsoo [ o
ddir

oo | .
ddir

oo [
ddir

oMgoo ot
ddir

eHe i
ddir

eHo ot
ddir

5+

v+

£+

z+

L+

0+

04

oy

0og 0c

506
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+EMHO'Y | 9Lippe I HEMHO 9lippe 9lippe 9lippe

9lippe i HEMHO'Y 9lippe I HEMHO'Y V'OHPPE:  V4+EMH® | 9Lippe

507

....... NOW 93d RE) I
+IMED'Y 9IP+OdD
....... AOW
Mgy IMEHIMED | IMEHMED | HMED | LMEHMED
....... on. ouoH | :
HOME@'Y IMEHOMED
AOW NI
‘smeov | olbemio ¢ cmde | IBHEMUD |
AOW NI
9UPHIMKO ey | obemde | awee | IPIMUD |
‘ : XAOW AOW
............. Moy mwoy IPHMED | H
XAOW AOW NI
JIPHOMED | OMHBY ‘omdey | olbromde : omde | 9Ip-OMED 9Lp+OMHD 9IprOMHD
: XAOW N o704

AOW

‘¥ XAOW

PHMED PHMED HMED
Y XAOW AOW

Teprombo ¢ oY | veprom: ved | spromde : oev PN B PN :
Y XAOW :

Table B.9-8 ea Instruction 3 (first byte

8PHSMHO
AOW
AOW
AOW
AOW
AOW

shvons ol et e e T

: Y XAOW : XAOW : AOW : : .
o4 03 oa 00 og ov 06 08 0L 09 0s oy (0 0z ol 00
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Table B.9-9 ea Instruction 4 (first byte

9lippe LteMd'Y 9L#'9Lp 9LH+EMY V'9LPPE D VHEMHO 9Lippe HEMHD'Y 9lippe L) 91ippe t4EMHO oLPPED 1 +EMHB® 9LPPED i +EMHD® a4
: MHOX @ MAOW : MAOW | ¥ MAOW MAOW Mo3a: Mo3a MONI MONI TIv0 dine
+ZMHO'Y 9L# oMy VMU +IMHO'Y 9IP+OdD | +MH® 9IP+OdD 1 +ZMHO 9IPt0dD0 | *IMHO® 9IPHOd@B : +IMHBO .-
® MAOW MAOW : :
9L +IMY V+HLMEO a+
® MAOW MAOW
HOMHD'Y 9L#+OMY V+OMH® LMEHOMHD  +OMHO LMEHOMHD | +OMHO® | LMHHOMHD i +OMHD® o4
MHOX ® MAOW MAOW : MONI| @  TWO: %) dir
9LHEMHD VEMH® IIPHEMHD | EMHO IIPHEMHD | EMHDO a+
MAOW MAOW
9LFIIPH ! OLHTMHD VOIPRIM VIMHD v
ZMH@MAON MAOW| H® MAOW: MAOW
9L IMEO VOIPHM: VIME® IMH@'Y 64
MAON : MAON MAOW
8 +
L+
9+
S+
v+
€+
z+
L+
...... 98P+ 9rFOMY 8PHOMHD ©  OMHY 8PHOMHD : BPHOMHD : 8HOMHD B - gOMHOO : OMHD 0t
Y MHOX MHOX | MH® MAOW : MAOW | H® MAON: MAOW| Y MAOW: MAOW M3 MmoIa MONI ; MONI VO v di dir
o4 03 oa 00 og ov 06 08 oL 09 0s oy o (0 oL 00

508
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Table B.9-10 ea Instruction 5 (first byte

509

FQLIPPE: I+EMH® | OMPPE 1 +EMH®'Y | OMPPE 1 YEMH®'Y | 9MPPE 1 +EMH®'Y | OMPPR 1 +EMHO®'Y | OMPPE  © +EMH®'Y | OMPPE I +EMH@'Y | OMPPE  © +EMH®'Y
: v oaav oaav| ‘v ans: ans| v aav: aav
91p+0d® 9IPHOdD ; +IMHB'Y 9IPHOdD : HZMHB'Y

..y oaav . 8ns) v aav: aav
IMEHME® IMEHLMED | +IMEOY | IMBHIMED © HIMHO'Y
v oaav : ans| v : aay
IO YOMHOY | LMHFOMHD : +OMHO'Y
ans| v : aav

“oipremuo DemdeY | olpeMuD i emdoY
‘v oaav : ans| v aav
TOIDMED | ZMHDY | 9IPYMED : ZMHOY | olbtemHD | ZMHOY
oaav| v ans ans| ‘v aav aav

IMHD'Y 9IPHIME®D ¢ IMHO'Y 9IPHIMED ¢ IMHD'Y

oMH®'Y 9IPtOMH® : OMHO'Y
oaavy

OMHO
ZNad

: 9IP+OMH® :

mu+m>>m©..wm,< ..................... ...............

1'8p+emy 8P+EMH @

8PHIMED ;  HY 8PHMHD :  IHY
v ooans: ans| ‘v aav: aav
Tgbioman oy esomae T oav T
Y ooans ans| v aav: aav
04 03 0a 00 og ov 06 08 oL 09 0s or 0e 0z ot 00




Instructions

APPENDIX B

= 75)

Table B.9-11 ea Instruction 6 (first byte

9lppe

V'9Lippe V+EMHO

V'9Lippe V+EMHO

V+EMHO

LME+HIMH®
93N
LMYHOMH @
93N
9IP+EMHD

9Hippe 1 HEMEO'Y

LMEHLMED | +IMHD'Y
‘v oans'

EMHD'Y
aogans
cMdo'Y

IMHD'Y
oans

V'OLPPE | V+EME®

V'9Hippe V+EMH®

4+

i+

a+

o+

a9+

v+

6+

8+

L+

9+

S+

v+

€+

¢+

0+

03

ov

09

0s or

0¢

00

510
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Table B.9-12 ea Instruction 7 (first byte

J+EMHD

JEMHD

9lippe

ZNama

+EMHO'Y

9Hippe

+EMHD'Y

9Hippe

LMHE+OMH®

Y MONY |
9IPHEMHD
‘v MaNY
- 9IPHIMHO |
‘Y MANV
T 9IPHIMYD ;

BPHEMHD
'V MaNY

8PHOMED :
'Y MaNY

+EMHO'Y

+OMHO'Y
MANY

EMHO'Y

MANY

9lppe

IIPHEMHD
v MWD
9IPHIMKD |
vV MdWO':
T 9IPHIMED ;

SPHEMHD !
Y MdIWNO !

B8PHOMED :
Y MdWO:

+EMHD'Y

9Hippe

9IPHEMHED
v moaay
9IPHIMKD |
v moaay
9IPHIMY® |

LMD
‘v moaay
8P+IMHD
v MOaay :
8P+SMHD
¥ MOaay
BPHMUD :
v MOAaY
BPHEMUD
‘v moaay

8PHOME®
¥ MOaay

+EMHD'Y

EMHO'Y

9Hippe

9IPHEMHD |
moaav | ‘v mans:
h .w;&zﬁ@m
v omans:
| .eEEm@m

BPHEMHD
vV mans:

8PHOME® :
Y omans:

+EMHO'Y

EMHD'Y
mans| v maav:

9Hippe

LMEHIME®
Y maav':

LMY+OMHO :
‘Y maav:
9IP+HEMHD :

9LP+ZMHD
v maay:
9LP+HLMHD

8PHMHO |
v Maay
8PHIMHD :
v Maay:

8PHOME® :
'Y Maav

+EMHO'Y

4+

3+

+IMHO'Y a+
maav

+OMHO'Y o+
maavy

EMHD'Y a+
maavy

cMHD'Y v+
maav

6+

8+

L+
maav

IMH'Y 94

S+

v+

€+

¢+

L+

0+

04

0a

06

0L

09 0s

0og

ok

511
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Table B.9-13 ea Instruction 8 (first byte

9kippe

v'9Lippe ;

HO MHOX i

V'OIP+aM |
HO MHOX :
VOIPHIM
HO MHOX |

VP |
HO MHOX :

VEPiEM
HO MHOX |

V+EMH®

V+ZMHO

V+iMdO

MHOX

v'9Lippe ;

.............. P

V'OLPHOM: VOMH®

40 >>mon

V+EMH®

V'+ZMHO

MHO

V+IMdO

VOIPTEM ! VEMH®

Y IMH®

MHO

V'8P+EM 1 V'EMH

v'9Lippe |

VOIPHIM §
4O MaNY
V'OLP+OM |

V'8P }
HO MaNY
V'EPHEM ;

V'8PHIM ;

4O MaNY

.............. i

V+EMH®

V+eMHO
MANY

9Hippe +EMHO 9Hippe

'V moans

8P+GMHD

MoaN'

9IP+0do :

IME+IMED
' MoaNs |
LMH+OMHD
‘v mogns |

9IPHLMUD
v MOENS

P+LMED
‘v Mogns
PHMEO
‘v MOENS :

v moans ;
HMUD |

MOIN:  moIN| ‘v mosns:
BPIEMED | EMH BPEMED |
MOIN | v momns

8DHOMH®
¥ MOENS ;

+EMHD'Y

v'9Lippe ;

V'OIPHEM

VOLPHIM :
4o Mans

V'8P
HO Mans

V'8PHEM

V'8P+ZM

i

V+EMH®

¥'+2MH®
mans

V'9LIppe ;

4O Maav ;

V+EMHO

V'+ZMHO
maav

4+

I+

a+

o+

a9+

v+

6+

8+

L+

9+

S+

v+

€+

¢+

0+

0a

06

0L 09 0S

0og

o3

512
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Table B.9-14 ea Instruction 9 (first byte

9Lippe +eMd@'y | 9Hppe +EMH®'Y | 9HPPE +EMd®'Y | 9Lippe +EMH®'Y | 9Lippe +eMH®'Y | 9rippe +eMy@'y | 9Lppe i tEMHO'Y | okppe +EMY®'Y a4
v mnol  mnal v na No| v MONG:  mal v nwei oval v o] ] v oon] e vomeowi v

9IP+0d® | +eMHD'Y 9IP+0d® [ +2MHD'Y 9IP+0d®@ | +zMHD'Y 91p+0d® | *emHe v m_.?roa@m +ZMHO'Y I+
v mnal  mwol v g Na| v MOwGi  mawG| Y NG | ouol v omion | wion] v e wn v memon: mmon
IMHHIME® | +IMHO'Y | ZMH+HIMED [ +IMHD'Y IMEHFIMED | +imHO'Y | zmu+imbe | +imbe'Y N>>m+§>m@m +HMED'Y a+
Y MAQ Mag | Y NG NG| Y MNP MONG| Y PAGE NG| vV mInw M| v 1w NA| Y MIINNG MW
IMHHOME® | +OMHO'Y | LMEYOMH® | +OMH®'Y LMEHOMH® | +oMH®'Y | zmutomue | tombe'y +HOMH®'Y o+
Y MAQ mag | v AG NG| Y MOAIDE  MONG| Y pAGE NG| Y MW minal v nw NN M

ILPHEMHD | EMHO'Y IIPHEMHD | EMHB'Y EMHO'Y EMHO'Y [ 9IPtEMH® | emu@'v | giptemue | emde'y EMHO'Y EMHO'Y a+
Y MAQ Mag | v AG el MNAIQ naa| Yo mMINW M| v oIw NI MNINIW NI
ILPHZIMHD | ZMHD'Y 9LPHZIMHO | ZMHB'Y Maoy IMHB'Y | 9IPTIMHO | zmHeY | gipremue | Mu®'Y MEOY | olptmue : emdoY v
Y MAQ MAG [ Y AQ NG| 'V MONG:  MOAG| Y oANd: NG| Y MIIW minw] v 1w NN

9IpHiME® | IMHB'Y 9IPHIMED | IMHD'Y 9IPHIME® | IMHOD ¥ 9Lp+HIME® | IMHB'Y 6+
Y MAQ Mag [ v AG Na naal Yo MInw minw] v 1w NN

9LPHOMHO | OMHO'Y IPOMUD | OMHBY | OIPHOMHO: OMHOY | OIPHOMHD : OMHOY 9LP+OMH® | omue'y | gipromue | omue'v 9IPHOMED o4
Y MAId MAIQ Y Ad AId nAId] Y MINN MIN| v 1w NN Y MO

8PHMH® | LMY WHUMHO | 4V | SPtIMdO: IMHY | sprmde: v 8PHMED | LMH'Y gp+IMHD | H'Y "eptmde : s+
Y MAQ Mag | v AG AQ naa| v mInw M| v 1w | v mninw:

8P+OMHO | IMH'Y 8OMEO | 96V | SPtomMde . OMHY | epromde odv 8PHOMHD | om'Y 8PtOMH® | 9dV epione : 9+
Y MAQ MAg [ Y AQ NQ naa| v mInw minw] v 1w | v monw

8PHSME® | SMH'Y GISMHD | SHV | 8PYGMH® : SMHY | SPraMde: sdY 8PHSMHO | smuv sptsMEe | SHY epamEe | SMEY 8PGMHED © SHY .t
Y MAQ Mag | v AG Na naal Yo MInw minal v nw NN

8PHME® | YME'Y 8PHIMHD | PH'Y 8PHIME® | pmH v eptyME® | PH'V bt
Y MA@ Mag | v AG NQ naal Yo MINW M| v 1w NN

8PHEMH® | EMY'Y 8DYEMHD | €HV | GPEMHO . EMHY | 8PtEMH®  edv 8PHEME® | emu v SP+EMHD | eH'Y o4
Y MAQ MAg [ Y Ad A NG| Y MINW MINN] Y TN N

8P+IMH® | 2MY'Y 8DFZMHD | 2dV | GPeMH®: eMHY | 8PeMHD euvY 8PHIMHD | Zmu v 8PtIMH® | eH'V -
Y MAQ MAag [ Y AQ Na naal v MIni minw] v 1w NN

8P+HIMH® | MY 8OHIMHD | WY | ePIMH® : IMHY | 8P IMbe T WY 8PHIME® | LMY gp+iMHD | 'Y L+
Y MAQ Mag [ v AG NQ naal Yo MINW min| v 1w 1N

8P+OMH® | OMY'Y 8DFOMH® | OHV |  8P-OMH®: OMHY | eprOMH®: odY 8PHOME® | omu'y SP+OMH® | OV “ “ o
Y MAIQ MAIQ Y Ad Aa nAId] Y MINN MINN| v W NN Y MOTNN: MNINN YoM NN

o4 03 oa 00 og ov 06 08 oL 09 0S5 or o 0z oL 00

513
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Instructions

QUPPY 1 4EMHOLM | PP | +GMHO'OM | 9kppe +eMu@'sm | oLpper +eMu@'vm | oLpper +EMe@'eM | 9Lppe +EMH@'ZM | 9ppe EMHO'M | SRR © +eMdOM
IMSYINON: W VINON| OMHYIAON: W VINOW| GMUYIAOW: ¥ VINOW| MHYIAON: H V3AOW H VIAON H_VINOW | H_v3non LY vaon
9IP*OdD’ | HIMHD'IM | 9IP*Ode’ 1 +zmu@'om | eip+ode’ +2MHB'SM | 91P+0d 0" +ZMH T +ZMHR'EM +ZMHB M +ZMHR' M +ZMHB'OM
i «.m_.%._z_ H_YIAOW ..Q.E.,.\.m.\vos_ H VINOW| SMHYIAON: H V3AOW) vMHYIAON: H V3AOW H VIAON H_VAAOW H_V3noN H YIAOR
IMEHMED' . HIMEO'IM | ZMEHME' | +IME®'IM FLMHR'SM | ZMEHIMED LMD 'TM +IMH'EM +LMHR M +IMHR' M +LMHR'OM
IMHYIAON: H VIAOW | omuvarON | W vanow Y V3AOW 4 VIAOW 4 YIAOW Y V3AOW 4 YIAOW 4 YIAOW
MEYOMEO': OMHOIM | LMEYOMUD | +OMHO'IM ‘MO 'M | Zmeromde : +omHe M | +OMH®'EM +OMH®'ZM HOMEO M MO M
IMHYIAON: H VIAOW | OMHVIAON H VIAOW Y V3AOW 4 VIAOW 4 YIAOW Y V3AOW 4 YIAOW 4 YIAOW
Siprende’ | owpremue’ T emdo'omu | sivremue’ | emdo'smy | " ©omuo'omy | aipremde’ | MMy CoMue MY | 9IPEMED’ © eMHEOMY
LM VINOW : 9MH VIAOW : YIAOW| SMH ¥3AO : : IMHVIAON:  V3AOW | omd v3roW': VIO
oiprmee OIPRMHD  ZMHD'OMH | SIPMED’ | aMHE'IM : : oIpIMED’ D aMHO'IMY | OlPrIMHD’  aMHE'OMY
LMH YIAON : IMH VIAON VIAOW | SMH Y3AO : : LMH VIAON VIAOW | OMH YIAOW : VIAOW
R UPHIMEE'  IMHO'OMH | SIPHIMHD’ | LMH® MY : : oiptimdo’ | IMHO MY | 9P’ | IMHO MY
IMEVINON MHVIAON  vIAOW| SmHvaAO " . IMHVIAON:  vanow | omsvanowi  vanow
‘9Lp+OMED" ‘IPHOMED | OMHO'OMY | 9iptomEe’ ¢ oMbe 'smy : : GiproMHD’ ¢ OMHO'IMH | 9IPHMHD © OMHOOME
IME YIAON OMHYIAON :  v3AOW| smyvaro : : IMEVIAOW:  VIAOW | OMHVIAOW:  V3AOW
D HMHO © IMHOMH | SPHMHO'  IMHSME | SPHMEO' : IMHTMH | SPEIMH® : IMUEMY | SPYMH®’ : IMUTME | BUMHD  IMHIME | SPHMHD' © ZMHOMY
LMH YIAON | 9MH YIAOW VINOW | SMH Y3A0 VINOW VINOW
spromHe’ PHMHO ¢ OMHOMH | SPHOMHO' : OMH'SMH | SPYOMHO’ © OMHTMH | SPPOMH®' | OMU'EMU | SPYOMH®' : OMUTMY | SProMHO’ ¢ ¢ mg'img ome'oms
LMH YINON | 9MH YIAOW VINOW | SMH Y3A0 VINOW VINOW
GIMED | SMHIMY | SPRGMHD | SMHOMH | SPHMHO’ SME'SME SME MY D SMUEME | BpSMED” | SMEZM SMe e SmaOMy
IMHYIAON:  VIAOW | OMHVAAON:  V3AOW VINOW VINOW| EMHVIAON:  V3AOW VINOW VINOW VINOW
BHMED | sp+omun a PMETME | SPHMHD’ | pMEEMY Me e pMEOMY
IMHYIAON:  V3AOW | omuvarow VINOW | eMd VIAOW VINOW IMVIAON S YIAOW VINOW
SO’ T EMHIMY | SPHMHD T EMHOMH | 8PHEMHD' EMOTME | BpieMbe’  eMuemd | spremde” “epicmbe’ D eMaME emeoms
IMHYIAON:  YIAOW | omy vaAOW : VIAOW| EMHVIAON:  VIAOW| ZMHVIAOW:  VIAOW| HMHVIAOW:  VIAOW VINOW
SIMEe’ ¢ MM | epRMEe’ l aMdom | eprambe’ aa'ome | soremde’ aMuEMy | s’ ¢ cMbTmd | spemue’ : amdime ZmeomE
IMEYIAOW:  VIAOW | oM VINONW VIAON | EMY YIAOW | VINON | ZMVIAOW:  V3AOW| IMHVIAON:  VIAOW YIAOW
LT R T Vo AT P YR I VT ST IS R I TV R VYT VAT T VAT S TV Y TMEOME
IMHYINON:  YIAOW | 9M VAAOW VINOW| eMdVIAON:  V3IAOW| cMHVIAOW:  VIAOW| IMYVIAOW:  VAAOW VINOW
BPHOMHD ¢ OMHZMY | 8DHOMH®'  OMHOMY | 8PHOMH®'  OMH'GME | 8PrOMH®" i OMHTME | 8POMH® ¢ OMHEMY | SPYOMH®' i OMHZMY | 8PFOMH®’ : OMHIME | 8POMH®’ : OMEOMH
IMMYIAON:  YIAON| OMHVIAOW:  VIAOW| SMHVIAON:  VIAOW| PMVAAON:  VIAOW| SMMV3AON  VIAOW| aMMV3AOW:  V3AOW| IMHVEAOW:  v3AOW | omevanomw:  vanow
04 03 oa 00 0g ov 06 08 oz 09 0s ov oe 0z ot 00

Table B.9-15 MOVEA RWi, ea Instruction (first byte

APPENDIX B
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Table B.9-16 MOV RIi, ea Instruction (first byte

9Hippe

IIPHEMED :
‘94 AOW
9IPHIMHD |

8PHHMHO |
‘94 AOW :

PHOMHD
‘94 AOW:

+EMHO

9Hippe

IIPHEMHD
‘Sd AOW:
9IPHIMED :

IPHMED
'S4 AOW:

8PHGMHD
‘SH AOW:
BPHYMED |

‘SH AOW:

+EMHO

9lHippe

IIPHEMHD
‘i AOW:
9IPHIMED :

8PHGMHD
4 AOW:
BPHYMED |

‘Y AOW

BPHOMHO ;
‘i AOW:

+EMHO

9lippe

LMH+OMHO |
't AOW!
9IPHEMHD
e AOW!
9IPHIMED

9IPHIMED
‘4 AOW:

BP+SMHD
‘S AOW:
8PHMHO

tEMHO 9lippe

9ILPHEMHD
24 AOW:
9IPHEME

8PHMHO *
‘2H AOW:

BPHOMHOD
2H AOW:

+EMHO 9lippe

9IPHEMHD
‘4 AOW:
9IPHEME

8PHMHD *
‘4 AOW:

EPHMEO ;
4 AOW:

+EMHO

9Hippe

9IPHEMHD
‘04 AOW
9IPHEMHD |

+EMHO

4+

3+

a+

o+

a9+

v+

6+

8+

L+

9+

S+

v+

€+

¢+

0+

oa

06

09 0s

oy og
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Table B.9-17 MOVW RWi, ea Instruction (first byte

OUPPE'L 1 +EMHO'LM | 9UPPE'9 [ +EMHO'OM| OHPPES 1 +eMHO'GM| OLUPPEY 1 EMHO'YM | OLPPEE  © YEMHO'GM | OLPPEZ | *EMH®'IM | 9LPPEL  © +eMH®'MM | 9MEPED D teMu@OM| |
MH MAOW: H MAON| Md MAOW: H MAON| Md MAOW: W MAOW| Md MAOW: d MAON| Md MAOW: ¥ MAOW| Md MAOW: H MAOW| M4 MAON: H MAON
91p+0d0’ +ZMHO LM [91P+0d D" +2MHD'9M |9+P+0d 0" +ZMH®SM |91P+0d B +oMBO'TM [ 9iptode’ 91P+0dD’ +IMHO'IM [ 91P+OdD’ T +IMHD 1M 24
: MY MAOW: W MAOW| SMH MAOW: W MAOW| yMH MAOW: H  MAOW| EMH MAOW: H MAOW | SMH MAOW: H MAOW | IMH MAON: H MAON
IMEYIMED | +LMHOOM | ZMEFIMEO | FIMHO'SM | LMEHIMED  YHMHO VM | LMEIMED | +IMHD'EM | ZMHFIMED | +IMHOZM | ZMH+LMHD & +LMHED Hi a+
‘OMHMAOW | H  MAOW| ‘SMHMAOW: 4 MAOW | ‘YMH MAON: H MAOW | ‘EMHMAON: H MAOW | ZMH MAON: Y MAOW | ‘lMH MAON: H MAOW
LMGrOME® LMGHOME® | +OMUO'9M | LMEHOMHD | +OMUB'SM | LMH-OMH® | +OMHO'PM | LIHHOMH® | +OMUD'EM | LMH-OMUD : +OMHOTM | LMH+OMU® | +OMHO' LI o4
HOY MAOW: HOY MAOW ‘SMHMAOW: H  MAOW | ‘PMH MAOIN: H  MAOW | ‘EMH MAON TMHMAON: H  MAOW .;>m>>>ozm.:m.:@.>.o.s._.
| EMHO MY a+
v+
6+
euszm@m OIPHOMED 9IPHOMHD IIPHOMHD 9IPHOMED 9IPHOMED 9IpHoMED g+
‘LMH MAOW } ‘AMH MAOW SME MAOW | MAOI | ‘PME MAOW MAOW | ‘EMH MAOW:  MAOW | ZMH MAON:  MAON | ‘LMY MAO
BHMHD' | IMHIME 8 IMED’ : Lt
IMH MAOW EMY MAON : LMH MAON
8DHOMED 8P+IMHD' D oMyEMH |eprome’  omuTm sprome©" : ot
IMY MAOW EMH MAON : LMH MAOW :
%ﬁ?m@.“:“ BIGIHD | M T 8P+SMHD' : sp+smE @ : ot
LMY MAOW YME MAOW MAOW | EMH MAO | LMH MAOW |
HMED WHME D M Pt S IMHETME | 8prmME e T "t
LMH MAOW 9ME MAOW MAOW | SMH MAON ; MAOW MAOW
LEMUZME  |ePreMED’ T emuomy .%.&;m.@.,...m..m?_..w;.m:. EMHTME ot
: MAOW | 9MH MAOW MAOW | SMH MAOW ; MAOW MAOW
SPYIMED D MHIME  [PremeD’ | cme o CaMmaeme TMETME ot
IMH MAOW:  MAOI | 9ME MAON : MAOW MAOW MAOI
%ﬁim_@“......;ra%m.. 8O IMHD’ : MaomMy IMESME ...F;.m@.;m: I EME M ZME I N
IMH MAOW:  MAOI | 9MH MAON MAOW MAOW | 7MY MAOW § MAOW | €MH MAON:  MAOW | 2MH MAOW:  MAOW | LMH MAOWN:  MAOW
%&?@":M:@;mgm: ‘GPHOMHD’ _ ‘Omu'amy " |8BFOMES" ”..@;@w;m:m?o\sm@ ..”..o;.m.@.;m: .wv&\sm_.@“.:m:%m_%m: 8O+0MED .”...%m_,.m.;m_.:m?o;m@ ..”..Q?_;;m.: G 0t
IMH MAOW:  MAOW | 9MH MAOW MAOW | SMH MAON : MAOW | MY MAON MAOW | EMH MAOW:  MAOW | 2MH MAON:  MAOW | LMH MAOW:  MAOW | OMH MAOW:  MAOW
04 03 oa 00 og ov 06 08 oL 09 05 or oe 0z ok 00
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Table B.9-18 MOV ea, Ri Instruction (first byte

LH'91pP ;

LH+EMH®

9H'9HPP

9H+EMHOD

GH'9LIPP ;

SH+EMH®

YH'OLIPP : YH+EMHO

€H'9HPP

€H+EMH D

2H'9LpP

FH'OHPP : IH+EMHD

OH'9HIPP ; OH+EMH®

e AOW: NOW i
g T R GO R | VI RS | GG T SEGE | AR T S | TS i —
EEsm:m LHYIME® 20 LMY LM 04 IMED a4
MH® AOW: AOW MH® AOW MH® AOW ' AOW
: [HHOMED ...m._..._s.s.muom ...N.w._mz.,mhom ...E.,m;.m.pom 04 HOME D ot
MH® AOW: AOW MH® AOW MH® AOW : MH® AOW AOW
TUHoIpe !t HEMED eH9IpHE 2H9Ip+E | LgpHe § od'9LpHE :
ME® NOW' AOW ME® AW ME® NOW : MH® NOW: MH® AOW: ron| &F
...Nm_.@r.u&.m;w.m_w;m ® RRIER S ....N.m.@.r.?mm. L'orp+z om.w%&m. 0H'ZME® v
MH® AOW: MH® AOW : MH® AOW
> | ediorp+i mm@%.,:m Eo:.,rm ot
MH® AOW MH® AOW MH® AOW '
" eoipe0: eorpio BT ot
MH® AOW AOW | MH® AOW
2UeIM | L4
ouapoM ; ELap oM aepom | E.%&E. ot
HO® AOW: 4O AOW:
| ed'sprem ot
HO AOW
L8P 9H'8P+HM ed'gpHEM : ZH'8PHIM HEBPHOM | "
H® AOW: HO AOW:
04'8P*EM ot
HO AOW: AOW
Tod'sriem s
Lt
Ry oM BT ot
HO AOW: NOW| HO AOW: HO AOW!
04 03 od 00 o8 ov 06 08 oL 09 05 0e 0z ot 00
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Table B.9-19 MOVW ea, Rwi Instruction (first byte

et ey | owor G owemu| amwer G omvemd| swor omuemd| emyor EMgteM | M9l amemd | el D wodd | owdor o omeems|
.ope MAOW: @ MAOW| Jppe MAOW: Jope _MAON: . ope MAOW: @ MAOW .. Q_MAOW] Ppe MAOW:  ® MAOW/ IPpe MAON: Jope._ MAOW :
meop Mo ; mgow e o | e omgsame [ 5
..Foda MAOK ..1odo M0 TOdOMAON:  ® MAOW| *OdOMAON: @ MAOW] *OdOMAOW: 9 MAon
JTTTLT My My PG LME* e owgrime|
1O MAOW; IME® MAOW IMH® MAOW HAHO MAOM : ® MAOW
MM+ MG MG ot
. W . 0 Onj 0 OMHD MA 0|, o 0 0 AON
ol o Sy olpe o oips ool g+
EMdO MAON: MAON | EMHD MAOW EIYO MAOK: MAOW| EMJOMAON: ~  MAON| EMHOMAON: ~  ~ MAOW| | EMHOMAOW S MAOW] EMO MON: MAOK | EMG® MAON: MAON
9P D IMeTMD | owuoipt SML9Ip+ SMETMED | DME9IPE o v
MHO MAON: MAON | 2iNH® MAOW oMHO MAOW: MAQI | SMH® MAON : . TIHO MAOW :
: SO SMIMHD | nMIlp : aMe9Ip+ 6t
IMH® MAOW IMH® MAOI
g SMH9IP+ CELI oot omgoIp ot
OMH® MAON MAOW | 0MH® MAOW OMH® MAON: Ao | oM MAON: OMH® MAON : MAOW | OMH® MAOW OMH® MAON
.............................. e, : SMH'Ep+. SMH'ZMY g#_%; Comgee o ...:.,\m_.%.ﬁ::. it
MH® MAOW : WAOM|  MH® MAOW: MY® MAON MH® MAOW ME® MAOW:
e “omgepy ETE S LA Comgepy : e DIMOME | OO oM omy o4
ME® MAOW: MAOW | my@ maow MH® MAOW: MAON | ME® MAON MH® MAOW Mmon | mee mion: MAON| Md@ MAONW: MAOW
“Ingeprs ........?_?m ..... amgeps : EELA R ..;.>.¢.?w.:.. ............... T ...:.,\E...m.uym.:". ............. o4
MH® MAON: MAOW | MH® MAOW | MAOW|  MH® MAOW: MAOW| MO MAOW: MH® MAOW MH® MAOW'
L e | omgepts oMy WS | o Camdenty “ gty | oMty o N
MHO MAON; MAOW | MH® MAOW : MAON| MO MAOW; MAON | M¥® MAON MHO MAOW ; MAON |  MH® MAOW MAON| MHO MAON; MAOW
“Imgspee ....m...?mﬂm.;m ..... amgspse VL T R ..N.?.?w.:m. e | i g ey ..%.m.?m.::m%.m.@%:: ot
MH® MAOW: MAOW | MH® MAOW MHD MAON: MAOW | MH® MAON MH® MAON MAOW | MH® mAOW: MAON | Md® MAON MAOW
Tgspr T mdeme | omderrs : SMu'ep+z SMdZMY ..;\,.m._.w?.,w:.w..?m_.mi.: MR e ey Mg L amgemd ...:.?._,.?.N::.. ............. s
MAOW | MH® MAOW : MAOW|  MH® MAOW: MAOW|  MH® MAOW: MAon | mue maow: MAOW MH® MAOW
e | omdsr ;S mu'ep+l T L e | emept : . imgept : N
MAOW | MH® MAOW MAOW|  MH® MAOW: MAOW | MH® MAOW ! mon| mue mol MAOW MH® MAOW
: T : ameomd | sme'epso : PP+ ;MO " emspro : emaome | : IMEBPH : : ot
MH® MAOW: MAOW | MH® MAOW | MAOW|  MH® MAOW: MAOW | MH® MAOW maon | mye maow’ mAoW | mue maow ; MAOW | MH® MAOW: MAOW | MH® MAOW MAO
04 03 oa 00 og ov 06 08 oz 09 0s or og 0z ot 00
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9lippe

V'OLPHEM
‘94 HOX:

9PHOMHD
‘94 HOX

+EMH® 'H

X

+ZMHO'H

8PHOME® ; 0H'9H

‘94 HOX !

HOX

+EMH® ‘G

+ZMHO 'S

9Hippe

91p+0d®

9Ip+tOMd @
‘Y4 HO

glppe i

9ip+2do

V'OLPHEM
‘ed HOX:

+EMH® ‘e

+ZMH D't

8P+OMHO : Od'ed

‘B HOX:

HOX

9lippe | +emuo T

91p+0d®

V'OLPHIM
‘24 HOX:

+eMH®

9kippe

V'OIPHEM

‘14

+EMHO' 1

+ZMHO' 1Y

8PHOME® : 0Y'bY

‘4

HOX

9Hippe i +EMHD‘0d

9IP+0d® ! +ZMH®'0H

V'OIPHEM !
‘04 HOX:

4+

I+

a+

o+

a9+

v+

6+

8 +

L+

9+

S+

v+

€+

¢+

0a

00

ov

0L

09

0€

0c

ol 00

Table B.9-20 XCH Ri, ea Instruction (first byte
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TFH)

OUPPE  © +EMJOLM| OLPPE  : +EMJO'OM| OLPPE +EMHO'SGM| OLPPE  : +CMUOTM| OLPPE +OMUO'EM| 9LPPE +GMHOTM| OUPPE +CMHO'LM| 9UPPE  : +EMHO'OM
: ‘OMHMHOX: H  MHOX| ‘SMH MHOX: “PME MHOX: : : : ‘OMY MHOX: ¥  MHOX

9IP+0dD:  +ZMHD'IM 91P+0d®:

‘OMH MHOX: H  MHOX| ‘SMH MHOX: ‘P MHO:
CIMGFINMED D FIMHD M| IMEYIMED:  +IMdo M| LMEHMED : : : LMEHIMED : +IMHD'OM
‘OMH MHOX: H  MHOX| ‘SMH MHOX: TMH MH MHOX | ‘OMH MHOX: H  MHOX

HOMHO'ZM| ZMHYOMH®: +OMHO'OM| LMHHOMHD: LMH+OMY +OMHDEM

LMEHOMH® :  +OMHD OM

H o MHOX| ‘OMH MHOX: H  MHOX| ‘SMd MHOX: W MHOX ‘O MHOX:
.. = " s i o
‘OMH MHOX ‘SMH MHOX: ‘OMH MHOX MHOX

9IPHIMED: 9IPHIMEO: 9IP+EMED : 9IPHIMED:  MHO MY
‘IMH MHOX ‘SME MHOX: ‘IMH MHOX ‘OME MHOX MHOX
oY INED ! RLUTTH IME®‘EMY INMHD 2| T OIP IMAD I INE | 9IpHMED  Tinde O
‘omy ;onm ‘smy ;IOXM MHOX MHOX| *HE MHOX: MHOX | ‘oM ;onm MHOX

9IPHOMH® 9IP+OMH® :

9IPHOMED |

‘9 MHOX: ‘S MHOX: OMH MHOX' MHOX
TR MED TTepriMbD: IWASWE | BpHMEDY MY | 8T ME D mEEME

‘OMH MHOX ‘SMH MHOX:
g S| SRS | e, SR | s S| e S| s s

‘9MY MHOX: ‘SMH MHOX:

8PTSMH®D + 8PSt :
‘OMH MHOX : ‘SMH MHOX:
GG VR IR SO | ST TR | ST TSN S VAR T ISR SR

‘OMH MHOX: ‘SMH MHOX:

e

EARG" VN

agenaaian

{EME 2R

..................... - i

8PTEMHD: EMY'SMY EMH YMY

...... -

EMH'EMY

‘SMH MHOX: MHOX : MHOX| MHOX

‘SMH MHOX:

MHOX

Instructions

H BOFIAED
‘OMH MHOX' MHOX| ‘SMH MHOX:
:..w?c.\s.m.@.m,.q;m,@§m.:....w.u&im_@m.dimﬁ%m ..............
‘9MY MHOX: MHOX| ‘SMH MHOX: MHOX ‘EMH MHOX: MHOX | ‘ZMH MHOX : MHOX| ‘IMH MHOX: MHOX | ‘OMH MHOX: MHOX
04 03 0a 00 og ov 06 08 oL 09 05 o oe 02 oL 00

Table B.9-21 XCHW RWi, ea Instruction (first byte

APPENDIX B
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APPENDIX C Index of Registers

APPENDIX C Index of Registers

This section provides an index for finding the page containing the description of an
MB90M405 series register from the register address, peripheral resource name,
abbreviation, or register name.

m Index of Registers

Table C-1 Index of Registers

Address Abbreviation Register Przrsiggfgsl nsrigbeer
0000084 PDR8 Port 8 data register Port 8 158
000009 PDR9 Port 9 data register Port 9 163
00000AL PDRA Port A data register Port A 168
00000By PDRB Port B data register Port B 174
0000184 DDRS8 Port 8 direction register Port 8 158
0000194 DDR9 Port 9 direction register Port 9 163
00001A4 DDRA Port A direction register Port A 168
00001By DDRB Port B direction register Port B 174
00001EH ADERO Analog input enable register 0 Port A, A/D 168
00001Fy ADER1 Analog input enable register 1 Port B, A/D 174
0000204 SMR(0) Mode register chO 275
0000214 SCR(0) Control register chO 272
000022, g(I)DR(O)/ Input data register chO/Output data register UART chO 280, 280
DR(0) chO
0000234 SSR(0) Status register chO 277
0000244 SMR(1) Mode register chl 275
0000254 SCR(1) Control register chl 272
000026, g(I)DR(l)/ Input data register chO/Output data register UART chl 280, 280
DR(1) chl
0000274 SSR(1) Status register chl 277
0000284 CDCR(0) g:r?g]munication prescaler control register Copr?emsgglig?tci)on 282
000029, CDCR(1) g:r?i”nmunication prescaler control register Copr?emsgglig?tlion 282
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Table C-1 Index of Registers (Continued)

Address Abbreviation Register Peripheral Page
resource number
00002Ay IBSR 1°C status register 336
00002By IBCR I°C control register 338
00002C ICCR 12C clock control register 341
I°C interface
00002Dy IADR 1°C address register 344
00002Ey IDAR 1°C data register 345
00002FH ISEL 1°C port selection register 346
0000304 ENIR DTP/Interrupt enable register 319
0000314 EIRR DTP/interrupt cause register DTP/externaI 316
interrupt
000032, ELVR Request level setting register 321
000034y ADCSO0 365
A/D control status register
0000354 ADCS1 363
000036 ADCRO A/D converter
A/D data register 367
0000374 ADCR1
0000394 ADMR A/D conversion channel setting register 369
0000404 TCCS Timer counter control status register 250
000042, 16-bit f;.ee'
TCDT Timer counter data register running timer 249
0000434
000044
IPC(0) Input capture data register chO 255
000045,
000046y Input capture
IPC(1) Input capture data register chl 255
0000474
0000484 ICSO1 Input capture control status register 256
00004A4
OCCPO Output compare register chO 252
00004B Output compare
00004C OCSO0 Output compare control status register chO 253
0000504
TMCSR(0) Timer control status register chO 229 to 231
000051y 16-bit reload
timer chO
000052y TMR(0)/ 16-bit timer register/16-bit reload register 233 o0 234
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Table C-1 Index of Registers (Continued)

APPENDIX C Index of Registers

Address Abbreviation Register Peripheral Page
resource number
0000544
TMCSR(1) Timer control status register chl 229 to 231
000055y 16-bit reload
timer chl
000056 TMR(1)/ 16-bit timer register/16-bit reload register
TMRLR(1) | chl 23310234
0000574
0000584
TMCSR(2) Timer control status register ch2 22910 231
000059 16-bit reload
timer ch2
00005Ay TMR(2)/ 16-bit timer register/16-bit reload register
TMRLR(2) | ch2 23310234
00005By
0000604
SMCR(2) Serial mode control status register ch2 184
0000614 Serial 1/0 ch2
0000624 SDR(2) Serial shift data register ch2 188
000064
SMCR(3) Serial mode control status register ch3 184
0000654 Serial 1/0 ch3
0000664 SDR(3) Serial shift data register ch3 188
000068 FLC1 Display control register 1 385
000069 FLC2 Display control register 2 387
00006A4 FLDG Digit setting register FLciCrgSittr ol 389
00006By FLDC Digit count register 391
00006Dy FLST Status/settlement register 394
ROM mirroring
o . : . function
00006Fy ROMM ROM mirroring function selection register . 425
selection
module
0000704
to SSES(I;DS;O Segment dimmer setting register 397
0000704
FL control
000078y FLPDO FIP36 to 43 circuit
000079y FLPD1 Port register FIP44 to 51 393
00007A4 FLPD2 FIP52 to 59
00009E PACSR Pro_gram address detection control status Addre_ss m_atch 217
register detection circuit
00009F,, DIRR Del_ayed interrupt cause generation/release !:)elayed 209
register interrupt
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Table C-1 Index of Registers (Continued)

Address Abbreviation Register Peripheral Page
resource number
0000A0, LPMCR Lovy ?ower consumption mode control Low power 86
register consumption
0000A1 CKSCR Clock selection register control circuit 75
0000A8H WDTC Watchdog timer control register Watchdog timer 215
0000A9 TBTC Timebase timer control register Timebase timer 204
0000AEH FMCS Flash memory control status register IM-bit flash 430
memory
0000AF TMCS Watch clock output control register WztiSihsiglng 406
0000BOy
to I(I:ggggo Interrupt control register chO to ch15 (lgilet::)lflztr 108
0000BF
0001004
to RAM area RAM memory RAM
0010FF4
0011004
to F:;EggStO Display data RAM FLciCrgSittr ol 396
0011FF4
001FFO4 Program address detection register (lower)
001FF1, PADRO Prqgram address detection register
(middle)
001FF2, Program address detection register (upper) | Address match
detection 416
001FF34 Program address detection register (lower) function
001FF4y, PADR1 Prqgram address detection register
(middle)
001FF54 Program address detection register (upper)
FEOO0O0OH
(FEigOOH) ROMarea | ROM ROM
FFFFFFy
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APPENDIX D Index of Pin Functions

APPENDIX D Index of Pin Functions

This section provides an index for finding the page containing a block diagram and
description from the MB90M405 series package pin number, pin name, circuit type, or

peripheral resource name.

m Index of Pin Functions

Table D-1 Index of Index of Pin Functions

Pin : Circuit Peripheral resource name and Functional Block
number Pin name type function name description diagram
82, 83 X0, X1 A Oscillation pin 10 14
77 RST B Reset input 10 14
ss10100 | FIPIS
! tgggéo C FL control circuit 383 383
2019 | AP 383 383
22 :8 ‘2& E:ﬁgg to D FL control circuit 384 384
43 to 47
P80 General-purpose 1/0O port 8 bit 0 158 159
52 ICO Input capture chO 158 159
INTO External interrupt input chO 314 314
P81 General-purpose 1/0O port 8 bit 1 158 159
53 IC1 Input capture chO 158 159
INT1 External interrupt input chl 314 314
P82 General-purpose 1/0O port 8 bit 2 158 159
> SI0 : UART data input chO 269 270
P83 General-purpose /0O port 8 bit 3 158 159
> SCO UART clock I/0 chO 269 270
P84 General-purpose /O port 8 bit 4 158 159
> SO0 UART data output chO 269 270
P85 General-purpose 1/0O port 8 bit 5 158 159
> SI1 UART data input chl 269 270
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APPENDIX D Index of Pin Functions

Table D-1 Index of Index of Pin Functions (Continued)

Pin . Circuit Peripheral resource name and Functional Block

number Pin name type function name description diagram

P86 General-purpose 1/O port 8 bit 6 158 159

> SC1 UART clock I/0 ch1 269 270

P87 : General-purpose /O port 8 bit 7 158 159

> SO1 UART data output chl 269 270

P90 General-purpose 1/0O port 9 bit 0 163 164

60 SDA 1’C 333 333

SO3 Serial 1/0 data output ch3 163 164

P91 © General-purpose /O port 9 bit 1 163 164

61 SCL 1’C 333 333

SC3 Serial 1/0 clock I/O ch3 163 164

PAO General-purpose /O port A bit 0 168 169

64 ANO A/D converter analog input chO 360 361

TMCK Watch clock output pin - 169

PA1l to PA7 General-purpose 1/0O port A bit 1 to bit 7 168 169

st AN1 to AN7 A/D converter analog input chl to ch7 360 361

PBO to PB2 General-purpose 1/O port B bit 0 to bit 2 172 172

rators AN8 to AN10 A/D converter analog input ch8 to ch10 358 359

PB3 General-purpose /0O port B bit 3 174 175

75 AN11 F A/D converter analog input ch11 360 361

SI2 Serial I/0 data input ch2 174 175

PB4 General-purpose /O port B bit 4 174 175

AN12 A/D converter analog input ch12 360 361

e SC2 Serial 1/O clock 1/0 ch2 174 175

TINO Reload timer event input chO 227 227

PB5 General-purpose /O port B bit 5 174 175

78 AN13 A/D converter analog input ch13 360 361

S0O2 Serial 1/0 data output ch2 174 175

PB6 to PB7 General-purpose 1/O port B bit 6 to bit 7 174 175

79, 80 ﬁmig 0 F A/D converter analog input ch14 to ch15 360 361

INT2 to INT3 External interrupt input ch2 to ch3 314 314
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APPENDIX D Index of Pin Functions

Table D-1 Index of Index of Pin Functions (Continued)

Pin . Circuit Peripheral resource name and Functional Block
number Pin name type function name description diagram
62 AVce Analog V¢ power input pin 10 15
63 AVgg i Analog Vgg power input pin 10 15
48 Vi ) ;i)g\;:e\;vgir;]stand voltage output pull-down 10 )
49 MDO - Power mode specification input pin 0 10 -
50 MD1 - Power mode specification input pin 1 10 -
51 MD2 - Operating mode specification input pin 2 10 -

11, 42 Vgs-10 - I/O power (GND) input pin 10 -
23 Vpp-FIP - FIP power (3V) input pin 10 -
81 Vgg-CPU - Control circuit power (GND) input pin 10 -
84 Vce-CPU - Control circuit power (3V) input pin 10 -
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INDEX

The index follows on the next page.
This is listed in alphabetic order.
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16-bit output compare operation .........cccceeveeeernne 260
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16-bit reload timer, usage Note ON ............ccceennee 244
16-bit timer register (TMR) ........ccoccviivievieeeeeeinens 233
1M-bit flash memory, feature of..........cccccceeeeeinnns 428
24-bit operand specification, linear

addressing DY ... 29
8/10-bit A/D converter interrupt..........ccoccvveeeennnee 371
8/10-bit A/D converter interrupt and

EI20S ..., 357,371
8/10-bit A/D converter pin .......cccccceeveeveivivveeeeeeenn. 360
8/10-bit A/D converter pin, block diagram of ........ 361
8/10-bit A/D converter register ...........ccccvvvveeneennnn. 362
8/10-bit A/D converter, block diagram of.............. 358
8/10-bit A/D converter, EI20S function of ............ 371
8/10-bit A/D converter, function of..............c......... 356
8/10-bit A/D converter, usage note on ................. 378
A
A/D control status register 0 (ADCSO0).................. 365
A/D control status register 1 (ADCS1).................. 363
A/D conversion channel select register (ADMR).. 369
A/D conversion data protection function .............. 376
A/D converter power supply analog input,

power-on sequence for .........cccccvviieee e 17
A/D data register (ADCRO/ADCR1)..........cccuuuneee 367
access to low power consumption mode control

=70 1] ] SR 87
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ACCUMUIALOT (A).eeeeeee i 37
acknowledgement...........ccccciiiiiiieei e 348
address field, effective .........ccciiiiiciiiennn. 466, 481
address match detection function, block

diagram of ..., 414
address match detection function, list of

registers Of ..., 415
address match detection function, operation of ... 418
AAAreSSING .vvvveeveeee e 347, 436, 465
addressing, direCt.........cccccvvieiiieeie e 467
addressing, iNAIrect.........cccuuveeeeeiieiniiiniiieeee, 472
ArbItratioN .....cooeiiiiiii e 348
asynchronous mode, operation in........................ 298

automatic fluorescent tube display digits and
segments and automatic LED display pin,

assignMment of ... 398
automatic fluorescent tube display function......... 380
automatic fluorescent tube display, start and

stop timings Of......evvvvvveeeeee e, 401
automatic LED display function..............cccccuveeee.. 381
automatic LED display pin ......ccccccvveeevneiiicininnne. 398
automatic LED display, start and stop

tiMING Of weveeeeeeeee 402
B
bank addressing............ccveeeiiniiiiiiiiiee s 28
bank addressing and default space....................... 31
bank register (PCB, DTB, USB, SSB, ADB)........... 49
bank register and access Space .........cccceeeeeeeeeennns 30
bank select prefixe (PCB, DTB, ADB, SPB) .......... 53
bidirectional communication function................... 302
block diagram..........cceuveeeiiiiiiii s 7
block diagram of low power consumption

CONLIOl CIFCUIL. ..o 84
buffer address pointer (BAP) ........ccocccvvveeveeeeeenn. 133
DUS ©ITOF ... 348
BUS MOE ...oevvieeeeee e 148
bus mode setting bit.........cccooeeiiiii 150
C
calculating execution cycle count.............ccc..cee.... 479
(o3 [0 1] G PR 72
clock generation block, block diagram of ............... 73
ClOCK MOAE...cciiiiiiiiiie e 83
clock mode transition ........ccccccvveeeie i 77



clock selection register (CKSCR),

configuration of ... 75
clock supply function..........c.cccccveveevenniinns 200, 208
clock sSUPPIY MapP ..ocoveeeeiiiic e 19
command sequence table..........ccccccooiiiiiiinnnn.. 433
common register bank prefix (CMR)...........cccveee.... 55
communication prescaler control register

(CDCRO/CDCRIL)..cceiiiiiiiiieeiiieeeaene 189, 282
competition among SCC, MSS and INT bit,

NOTE ON ..o 340
condition code register (CCR) configuration.......... 43
configuration of extended intelligent I/O service

(EI20S) descriptor (ISD).......cccccvvvvveeeeeeenn. 129
configuration of interrupt control register (ICR).... 110
consecutive prefix code .......ccocvevieeieeiii i 58
continuous conversion mode, operation in .......... 373
control register (SCRO/SCR1).....cccceeeeiiiiiiiirinnnnn. 272
conversion using EI20S .......cccccoeeiiiiiiiciiiineeenn. 375
correspondence between reset cause flag bit ....... 67
counter operating Status ..........ccccceeeeeeiiieiiiiieeneenn. 237
counter OPEration ..........coooveevvrrieeeeeeeeesesee s 223
CPU e 22
CPU intermittent operation mode..................... 83, 89
CPU operating mode and current consumption..... 82
crystal oscillation Circuit .........cccccceveeveevie i, 17
cycle count, @XeCution.............cceeeeeereiniiiniiiienneenn. 478
D
data counter (DCT) ..ccoovvvviiiiiieeeee e 131
dedicated baud rate generator, baud rate

determined USING ......cceveviiiienieiiiiieee e, 291
dedicated register and general-purpose register ... 34
dedicated register, configuration of........................ 35

delayed interrupt cause/cancel register (DIRR) ... 409
delayed interrupt generator module,

operation Of ... 410
delayed interrupt generator module, block

diagram of ..o, 408
delayed interrupt generator module, precautions

to follow when using .......cccocvveveveeeeniiiiinns 411
digit count register (FLDC).........ccveeeieeiiiiiniiiiinnen. 391
digit setting register (FLDG).......ccccceevvvvevvvvvrennnn. 389
direct addresSing..........coovcvvviierereeee e 467
direct page register (DPR) .........cccciveiiiiiiiiiiiieeeen. 48
display control register 1 (FLC1).........cccccvvvvveenn.. 385
display control register 2 (FLC2).........cccccvvvvvenenn.. 387
display RAM .......ooiiiiiiiiiie e 396
DTP function, operation of .............ccoecviiieennnnnnn. 327
DTP/external interrupt circuit and EI20S,

iNterrupt of......oeviii 311

DTP/external interrupt circuit pin ...........cccccceeeeeen. 314
DTP/external interrupt circuit pin, block

diagram of ... 314
DTP/external interrupt circuit register................... 315
DTP/external interrupt circuit, block diagram of....312
DTP/external interrupt circuit, usage note on ....... 328
DTP/external interrupt function...........ccccceeveeeennne 310
DTP/interrupt cause register (EIRR).............cc...... 316
DTP/interrupt enable register (ENIR) ................... 319
E
E2PROM Memory Map .......cooveeevveeveeeeeeeeeenenenennnns 419
effective address field............ccccooviiiniinnnen. 466, 481
event CouNt MOUE .........eevviiiiiiee i 242
event count mode (external clock mode).............. 223
EeXCEePLioN ProCESSING ... ..uuuveeeeeeiaaeeeeiieiiieiieeeaaeanns 139
execution cycle count ........ccccccveeeeeviinvciiniieeeeeeenn, 478
execution cycle count, calculating ...........ccceeeee.... 479
extended intelligent I/O service (EI20S) .............. 127
extended intelligent I/O service (EI20S) status

register (ISCS).....uvvivviiiieeeiieeee e 132

extended intelligent I/O service (EI20S),
processing specification of sample

Program for......ccccveeeee s 144
external clock, baud rate determined using.......... 295
external clock, NOtE ON........ccvveveiiiiiiie e, 17
external interrupt function ..............cccoevecivvieeneennn, 326
external reset pin, block diagram of....................... 63
external shift clock mode ...........ccocoviieiiiiiinennee 192
F
F2MC-16LX instruction liSt .........cccccevvivieienninnnn. 485
FL control CIrCUit Pin ..........ccccoveriiiiiiiiiiiiieeeeeeenn, 383
FL control circuit pin, block diagram of ................. 383
FL control circuit, reading from/writing to

registers or display RAM in ......cccccceeeeviinne 399
FL control CIFCUIt .........oeevieiiaiiiiiiiiiiieee e 382
FL control circuit, block diagram of ....................... 382
flag change suppression prefix (NCC).........ccccee..... 56
flash memory (chip deletion), deleting all data

item from ... 438
flash memory (sector deletion), deleting a data

Item from ... 439
flash memory control status register (FMCS)....... 430
flash memory sector deletion, resuming............... 442
flash memory writing and deletion, detailed

description Of .......cvveiiii 434
flash memory, register of ........cccccoevieiiiiiiincnns 429
flash memory, writing data to.........c..ccccoviiiiinnneen. 436
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flash memory, writing data to or deleting
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supplied by user), example of minimum
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flash microcomputer programmer (when power
supplied from programmer), example of

minimum connection With................ccc.oee. 452
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G
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hardware interrupt structure ...........ccccccvveeeeeennnns 114
high dielectric output pin ..........cccooovvcviiiieenneennn, 380
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[/O CIFCUIt YPE e 14
/O M@P i 456
I/0O port also used for resource when DDR is
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12C control register (IBCR) ......cccccvvvveeeeeviiiiiienne, 338
12C data register (IDAR).......cccovvveeeeeeeeeeeeeeeiieen 345
I2C interface mode transition, flow of ................... 351
12C interface register.......cccccovvvcciiiiieeeeee s 335
12C interface, block diagram of ..............cccevne. 333
12C interface, configuration of ............cccccceeiinns 334
12C interface, feature of..........ccccceeviiieeiiieee 332
12C interface, operation flow of ..............ccenene 352
12C interface, transfer flow of .............ccccoiiinnnnn 349
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