TOSHIBA TMP93CS20

Low Voltage/Low Power
CMOS 16-Bit Microcontroller
TMP93CS20F

1. Outline and Device Characteristics

The TMP93CS20 is high-speed, advanced 16-bit microcontroller. It enables low-voltage and
low-power-consumption operation.

The TMP93CS20 is housed in 144-pin flat packages.

The device characteristics are as follows:

(1) Original 16-bit CPU (900/L CPU)
e TLCS-90 instruction mnemonic upward compatible
e  16-Mbyte linear address space
e  General-purpose registers, register bank system
e  16-bit multiplication, 16-bit division, bit transfer and bit manipulation instructions
¢  Micro DMA: 4 channels (1.6 us per 2 bytes at 20 MHz)
(2) Minimum instruction execution time: 200 ns at 20 MHz
(3) Internal RAM: 2 Kbytes
Internal ROM: 64 Kbytes
(4) LCD driver
e  Boosting circuit (Reference voltage external input)
o Maximum 40 segments x 4 commons
e 1/4, 1/3, 1/2 duty, static driving selection
(5) Timer for realtime clock: 1 channel
(6) 8-bit timer: 4 channels
(7) 16-bit timer: 4 channels

030619EBP1

* The information contained herein is subject to change without notice.

« The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by
TOSHIBA for any infringements of patents or other rights of the third parties which may result from its use. No license is granted by
implication or otherwise under any patent or patent rights of TOSHIBA or others.

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor devices in general
can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer,
when utilizing TOSHIBA products, to comply with the standards of safety in making a safe design for the entire system, and to avoid
situations in which a malfunction or failure of such TOSHIBA products could cause loss of human life, bodily injury or damage to
property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set forth in the most
recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set forth in the “Handling Guide for
Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

e The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer, personal
equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These TOSHIBA products are
neither intended nor warranted for usage in equipment that requires extraordinarily high quality and/or reliability or a malfunctionor
failure of which may cause loss of human life or bodily injury (“Unintended Usage”). Unintended Usage include atomic energy control
instruments, airplane or spaceship instruments, transportation instruments, traffic signal instruments, combustion control instruments,
medical instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made
at the customer’s own risk.

* The products described in this document are subject to the foreign exchange and foreign trade laws.

e TOSHIBA products should not be embedded to the downstream products which are prohibited to be produced and sold, under any law
and regulations.

o For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter entitled Quality
and Reliability Assurance/Handling Precautions.

L o5 Purchase of TOSHIBA I2C components conveys a license under the Philips I2C Patent Rights to use
these components in an I2C system, provided that the system conforms to the I2C Standard
Specification as defined by Philips.
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TOSHIBA TMP93CS20

(8) Serial interface: 2 channels
e UART/synchronous mode: 1 channel
e UART: 1 channel

(9) Serial bus interface: 1 channel
e I2C bus mode/clock-synchronous 8-bit SIO mode

(10) 10-bit AD converter: 8 channels

(11) Large current drive port: 8 ports (Port A)

(12) Watchdog timer

(13) Key-on wakeup (Key input interrupt)

(14) Interrupt functions
e 9 CPU interrupts (SWI instruction, and illegal instruction)
e 24 internal interrupts

. :I T-level priority can be set.
e 12 external interrupts

(15) I/O ports: 88 pins (including XT1, XT2)

o Large current output: 8 pins, LED can be directly driven.
(16) Standby function: 4 HALT modes (RUN, IDLE2, IDLE1, STOP)
(17) Clock gear function
o  Clock gear: High-frequency clock can be changed from fc to fc/16.
e  Dual clock operation
(18) Operating voltage
e Vec=2.7t055V

(19) Package
e P-LQFP144-1616-0.40
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TOSHIBA TMP93CS20
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8-bit timer
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Real time
counter

»SEG24 to SEG39 (P90 to PA7)

The item in parentheses ( ) are the initial setting after reset.

Figure 1.1 TMP93CS20 Block Diagram

—>»COMO to COM3
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2. Pin Assignment and Functions

The assignment of input and output pins for the TMP93CS20, their names and functions are

described below.

2.1 Pin Assignment
Figure 2.1.1 shows pin assignment of the TMP93CS20F.

(SEG34) PA2
(SEG35) PA3
(SEG36) PA4
(SEG37) PA5
(SEG38) PA6
(SEG39) PA7
(rD) P30
___Vss
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Figure 2.1.1 Pin Assignment (144-pin LQFP)
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(SCLKO/CTS0) P65

P47 (KEY7)
P46 (KEY6)
P45 (KEY5)
P44 (KEY4)
P43 (TO6/KEY3)
P42 (TIB/KEY2)
P41 (TO4/KEY1)
P40 (TI4/KEYO)
P85

P84 (WAIT)
P83 (TO3)

P82 (TI2)

P81 (RXD1)
P80 (TXD1)
P77 (NMI)

P76 (TOA)

P75 (TIB/INTB)
VSS

P74 (TIA/INTA)
P73 (SCOUT)
P72 (TO8)

P71 (TI9/INTO)
P70 (TI8/INT8)
P67 (TO1)

P66 (TIO/INT?)
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2.2 Pin Names and Functions

The names of the input/output pins and their functions are described below. Table 2.2.1 shows

pin names and functions.

Table 2.2.1 Pin Names and Function (1/3)

Pin Names Num_ber of 1/0 Functions
Pins

P00 to PO7 8 110 Port 0: 1/0O port that allows I/O to be selected at the bit level.

ADO to AD7 110 Address and data (Lower): Bits 0 to 7 for address and data bus.

P10 to P17 8 110 Port 1: 1/O port that allows I/O to be selected at the bit level.

ADS8 to AD15 110 Address and data (Upper): Bits 8 to 15 for address and data bus.

A8 to Al5 Output Address: Bits 8 to 15 for address bus.

P20 to P27 8 110 Port 2: 1/0 port that allows 1/0 to be selected at the bit level.
(with pull-up resistor.)

AO to A7 Output Address: Bits 0 to 7 for address bus.

A16 to A23 Output Address: Bits 16 to 23 for address bus.

P30 1 Output Port 30: Output port.

RD Output Read: Strobe signal for reading external memory.
(Read when reading internal memory at P3<P30> = 0, P3FC<P30F> =1.)

P31 1 Output Port 31: Output port.

WR Output Write: Strobe signal for writing data on pins ADO to AD7.

P32 1 110 Port 32: I/O port (with pull-up resistor).

HWR Output High write: Strobe signal for writing data on pins AD8 to AD15.

P33 1 110 Port 33: I/0 port (with pull-up resistor).

INTO Input Interrupt request pin 0: Interrupt request pin with programmable
levellrising/falling edge.

P34 1 110 Port 34: 1/0 port (with pull-up resistor).

INT1 Input Interrupt request pin 1: Interrupt request pin with programmable rising/falling
edge.

P35 1 110 Port 35: I/0 port (with pull-up resistor).

INT2 Input Interrupt request pin 2: Interrupt request pin with programmable rising/falling
edge.

P36 1 110 Port 36: 1/O port (with pull-up resistor).

INT3 Input Interrupt request pin 3: Interrupt request pin with programmable rising/falling
edge.

P37 1 110 Port 37: I/O port (with pull-up resistor).

INT4 Input Interrupt request pin 4: Interrupt request pin with programmable rising/falling
edge.

ADTRG Input AD converter external start trigger input.

P40 1 110 Port 40: 1/O port (with pull-up resistor).

Ti4 Input Timer input 4: 16-bit timer 4 input.

KEYO Input Key input 0: Key-on wakeup pin 0.

P41 1 110 Port 41: /O port (with pull-up resistor).

TO4 Output Timer output 4: 16-bit timer 4 output.

KEY1 Input Key input 1: Key-on wakeup pin 1.

P42 1 110 Port 42: /0 port (with pull-up resistor).

TI6 Input Timer input 6: 16-bit timer 6 input.

KEY2 Input Key input 2: Key-on wakeup pin 2.

P43 1 110 Port 43: 1/O port (with pull-up resistor).

TO6 Output Timer output 6: 16-bit timer 6 output.

KEY3 Input Key input 3: Key-on wakeup pin 3.

P44 to P47 4 110 Port 44 to 47: 1/O port (with pull-up resistor).

KEY4 to KEY7 Input Key input 4 to 7: Key-on wakeup pin 4 to 7.
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Table 2.2.1 Pin Names and Function (2/3)

Pin Name Num_ber of 1/0 Functions
Pins

P50 to P57 8 Input Port 50 to 57: Pin used to input port.

ANO to AN7 Input Analog input 0 to 7.

P60 1 110 Port 60: 1/0 port.

SCK 110 Clock 1/0 pin in SIO mode of the serial bus interface.

P61 1 110 Port 61: 1/O port (with programmable open drain).

SO Output Data send channel in SIO mode of the serial bus interface.

SDA 110 Data /O pin in I?C bus mode of the serial bus interface.

P62 1 110 Port 62: 1/0O port (with programmable open drain).

Sl Input Data receive channel in SIO mode of the serial bus interface.

SCL 110 Clock I/0 pin in I°C bus mode of the serial bus interface.

P63 1 110 Port 63: I/O port (with programmable open drain).

TXDO Output Serial send data 0.

P64 1 110 Port 64: 1/0 port.

RXDO Input Serial receive data 0.

P65 1 110 Port 65: 1/O port.

SCLKO 1/0 Serial clock 1/0 0.

CTS0 Input Serial data send enable 0 (Clear to send).

P66 1 110 Port 66: 1/0 port.

TIO Input Timer input O: 8-bit timer 0 input.

INT7 Input Interrupt request pin 7: Interrupt request pin with programmable rising/falling
edge.

P67 1 110 Port 67: 1/0 port.

TO1 Output Timer outputl: 8-bit timer O or timer 1 output.

P70 1 110 Port 70: I/O port (with pull-up resistor).

TI8 Input Timer input 8: 16-bit timer 8 input.

INT8 Input Interrupt request pin 8: Interrupt request pin with programmable rising/falling
edge.

P71 1 110 Port 71: I/O port (with pull-up resistor).

TI9 Input Timer input 9: 16-bit timer 8 input.

INT9 Input Interrupt request pin 9: Interrupt request pin with rising edge.

P72 1 110 Port 72: 1/O port (with pull-up resistor).

TO8 Output Timer output 8: 16-bit timer 8 output.

P73 1 110 Port 73: I/O port (with pull-up resistor).

SCOUT Output System clock output: System clock or double system clock output to be
synchronized with the external circuit.

P74 1 110 Port 74: 1/0 port (with pull-up resistor).

TIA Input Timer input A: 16-bit timer A input.

INTA Input Interrupt request pin A: Interrupt request pin with programmable rising/falling
edge.

P75 1 110 Port 75: 1/0 port (with pull-up resistor).

TIB Input Timer input B: 16-bit timer B input.

INTB Input Interrupt request pin B: Interrupt request pin with rising edge.

P76 1 110 Port 76: I/O port (with pull-up resistor).

TOA Output Timer output A: 16-bit timer A output.

P77 1 110 Port 77: 1/O port (with pull-up resistor).

NMI Input Non-maskable Interrupt request pin: Interrupt request pin with programmable
falling edge or both edges.
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Table 2.2.1 Pin Names and Function (3/3)

Pin Name Num_ber of I/O Functions
Pins
P80 1 110 Port 80: I/O port (with programmable open drain).
TXD1 Output Serial send data 1.
P81 1 110 Port 81: I/O port (with programmable open drain).
RXD1 Input Serial receive data 1.
P82 1 110 Port 82: 1/0 port (with programmable open drain).
TI2 Input Timer input 2: 8-bit timer 2 input pin.
P83 1 110 Port 83: 1/0 port (with programmable open drain).
TO3 Output Timer output 3: 8-bit timer 2, 3 output pin.
P84 1 110 Port 84: I/O port (with programmable open drain).
WAIT Input Wait: Pin used to request CPU bus wait.
P85 1 110 Port 85: I/O port (with programmable open drain).
P86 1 110 Port 86: 1/0O port (Open drain).
XT1 Input Low-frequency oscillator connecting pin.
P87 1 110 Port 87: 1/0 port (Open drain).
XT2 Output Low-frequency oscillator connecting pin.
P90 to P97 8 Output Port 90 to 97: Output port (Open drain).
SEG24 to SEG31 Output Segment data output pin.
PAO to PA7 8 Output Port AO to A7: Output port, large current port (Open drain).
SEG32 to SEG39 Output LCD segment output pin.
SEGO to SEG23 24 Output LCD segment output.
COMO to COM3 4 Output LCD common output.
AVCC 1 Power supply | Power supply pin for AD converter.
AVSS 1 Power supply | GND pin for AD converter (0 V).
VREFH 1 Input Pin for reference voltage input to AD converter (H).
VREFL 1 Input Pin for reference voltage input to AD converter (L).
X1 1 Input Oscillator connecting pin.
X2 1 Output Oscillator connecting pin.
RESET 1 Input Reset: Initializes LS.
ALE 1 Output Address latch enable.
Can be disabled for reducing noise.
CLK 1 Output Clock output: Outputs “external input clock X1 + 4” clock.
Pulled-up during reset.
Can be disabled for reducing noise.
EA 1 Input The VCC pin should be connected.
VCC 3 Power supply | Power supply pin (All Vcc pins should be connected with the power supply pin).
VSS 8 Power supply | GND pin (0 V) (All Vss pins should be connected with GND (0 V)).
TEST1 2 Output TEST1 should be connected with TEST2 pin.
TEST2 Input Do not connect to any other pins.
Co, C1,V1toV3 5 LCD pin LCD drive boosting pin. A condenser should be connected between C0 and C1,

V1, V2, V3 and GND.

Note:

software.

All pins that have built-in pull-up resistors can be disconnected from the built-in pull-up resistor by
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3. Operation

This section describes in blocks the functions and basic operations of TMP93CS20 device. Please
also refer to section 7., “Points to Note and Restrictions”, which describes some points requiring
careful attention.

3.1 CPU

TMP93CS20 devices have a built-in high-performance 16-bit CPU (900/L CPU). (For basics of
the CPU operation, see the information on the TLCS-900/L CPU in the previous chapter).

This section describes some CPU functions unique to the TMP93CS20, that are not described
in the previous chapter, entitled TLCS-900/L CPU.

3.1.1 Reset

When resetting the TMP93CS20 microcontroller, ensure that the power supply voltage is
within the operating voltage range, and that the internal high-frequency oscillator has
stabilized. Then set the RESET input to low level at least for 10 system clocks (16 ps at 20
MHz). Thus, when turn on the switch, be set to the power supply voltage is within the
operating voltage range, and that the internal high-frequency oscillator has stabilized.
Then hold the RESET input to low level at least for 10 system clocks.

Clock gear is initialized 1/16 mode by reset operation. It means that the system clock
mode fSYS is set to fc/32 (= fc/16 x 1/2).
When a reset signal is accepted, the CPU sets itself as follows:

e The program counter (PC) is set according to the reset vector that is stored from
FFFFOOH to FFFF02H.

PC<7:0> <« Datain location FFFFOOH
PC<15:8> <« Datain location FFFF01H
PC<23:16> «~ Data in location FFFF02H

e The stack pointer (XSP) for system mode is set to 100H.

e The <IFF2:0> bits of the status register SR are set to 111. (Sets mask register to
interrupt level 7.)

e The <MAX> bit of SR is set to 1. (Sets to maximum mode. See previous chapter.)

¢  The <RFP2:0> bits of SR are set to 000. (Clears register banks to 0.)

When the reset is released, instruction execution starts from PC (the reset vector). The
reset makes no changes in any CPU internal registers other than those specifically
mentioned above.

When a reset is received, signal and data processing for built-in I/Os, ports, and other
pins is affected as follows:

e Initializes built-in I/O registers as per specifications.

e Sets port pins (including pins also used as built-in I/Os) to general-purpose
input/output port mode.

e  Pulls up the CLK pin to 1.
e Sets the ALE pin to high impedance (High-7Z).
Note 1: Resetting makes no change in any register in the CPU except the program counter (PC),

status register (SR), and stack pointer (XSP), nor in the data in the internal RAM.

Note 2: The CLK pin is pulled up to “H” level during reset. When the voltage is put down
externally, there is possible to cause malfunctions.

Figure 3.1.1 shows the reset timing chart of TMP93CS20.

93CS20-8 2004-02-10



TMP93CS20

TOSHIBA

|||||| aouepadwi ybiH

——————— dn ||nd jeuwayu| :sjoquAs

ndjno uiesp-uadQ :epows Indin 4vd 91 0vd
.............................. pmmmm oo SO MERRIO RONINNO) X 26 01 06d
‘/8d ‘98d
(epow jnduy) G8d 01 08d
.............................. R e ‘L1d 0} 0d ‘/Gd 0} 0Gd
‘Ld 0} Obd ‘2€d O} £8d
(8pow jnduy) X £9d 01 09d E
....................................... D e '2ed ‘12d 01 0zd 5
- (epow ndur zed) / \ HMH 2
........................................ m m..I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.Iww..l.l.l.l. m
[=
SHIM 45 55 \|/| o D
)
----- ~sseuppy Xndino ejeq X sseippy - - LAV 0} 0QV 14
- — X
B I ( ay O
N ) ™
peay [}
oo fy-nmmmmmmmmm oo T CTD SEEEEE Gemovy -~ savooy &
T
.............................. R et (e A \__/ 3w -
(spow ndut /zd 03 0zd) / X X ezvoigly %
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII mmI.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.lwwl.l.I.I.I. rUl
£¢ ()]
» / " \ 13s3y [
Y Buidwes _A Buidweg A
.............................. .s.---------------./ T\ [
oo 8 =meme= -
IX

gﬁiiﬁiiiiﬁi

POIIWO S3[0AD LX Gy

2004-02-10

93CS20-9



TOSHIBA

TMP93CS20

3.2 Memory Map

Figure 3.2.1 is a memory map of the TMP93CS20.

000000H x x
Internal I/O (128 bytes) T
0000AOH Direct area (n)
000100H f=====————mmmmmm e —— —l—
Internal RAM
(2 Kbytes)
0008AOH
64-Kbyte area
(nn)
External area
010000H f-----=——————mmmmm e Y
16-Mbyte area
(r32)
(-r32)
FFO000H (r32+)
(r32 + d8/16)
(r32 + r8/16)
Internal ROM (nnn
(64 Kbytes)
FFFFOOH fommmmmmm e e =
Vector table area (256 bytes)
FFFFFFH

([ = Internal area)

Figure 3.2.1 Memory Map
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3.3 Dual Clock, Standby Function

Dual clock, standby control circuits are comprised of a system clock controller, prescaler clock
controller, internal clock pin output function and standby controller.

The oscillator operating modes are classified as either (a) single clock mode (Using only the
X1 and X2 pins), or (b) dual clock mode (Using the X1, X2, XT1, and XT2 pins).

Figure 3.3.1 shows state diagrams for the two clock modes. Figure 3.3.2 shows the
corresponding block diagram, Figure 3.3.3 displays functions of the I/O registers and Table
3.3.1 lists correspondences between alternative states of the system clock and those of the CPU,
oscillator and internal I/O components.

Reset
RUN mode nstruction Release reset
(Stops only CPU) Interrup v
W) Instruction
IDLE2 mode NORMAL mode STOP mode
(Stops CPU and AD) | 'nterrupt (felgear value/2) | Interrupt (Stops all circuits)

| >
W
IDLE1 mode
(Operates only oscillator) Tnterrupt

(a) Single clock mode state diagram

Reset
RUN mode nstruction
Release reset
(Stops only CPU) :M ]
m
IDLE2 mode F NORMAL mode
(Stops CPUand AD) | ™e™PY 5 (fc/gear value/2) Instruction
IDLE1 mode y{/ X
(Operates only oscillator) Tt t
nierup . Interrupt STOP mode
Instruction (Stops all circuits)
RUN mode nstruction
(Stops only CPU) Interrupt
m\) Instruction
IDLE2 mode DT SLOW mode
(Stops CPU and AD) | Interrupt | (fs/2)
IDLE1 mode '"y{/
(Operates only oscillator) Interrupt

(b) Dual clock mode state diagram

Figure 3.3.1 State Diagrams

The clock frequency input from the X1 and X2 pins is called fc, and the clock frequency input
from the XT1 and XT2 pins is called fs. The clock frequency selected by SYSCR1<SYSCK> is
called the system clock fFPH. The divided clock of fFPH is defined as the system clock fSys, and
one cycle of fSys is defined as one state.
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Table 3.3.1 Relations between System Clock States and other Internal Operations

Oscillator
. System clock
Operating Mode High Low CPU Internal I/0 ;
SYS
Frequency (fc) | Frequency (fs)
Reset Reset Reset fc/32
é NORMAL Operate Operate
O | RUN Oscillation ot P ;rc/)gr?r74m:t;|€f
o op c/2, fc/4, fc/8,
g’ IDLE2 Stop Stop only AD fc/16, fc/32)
(7] IDLE1 *
STOP Stop Stop Stop
Reset Oscillati Stop Reset Reset fc/32
scillation
. NORMAL Programmable Operate (fcl2, fEL?,gf?}Q", Tca}:) flse fc/32)
8 SLOW Programmable Oscillation Operate fs/2
% RUN Oscillator being used as system Programmable
a IDLE2 Clock: Oscillation Sto Stop only AD (fc/2, fcl4, fc/8,
IDLE1 Other oscillator: Programmable P * fc/16, fc/32, fs/2)
STOP Stop Stop Stop

* Only timer for realtime clock is operating.
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Figure 3.3.2 Block Diagram of Dual Clock and Standby Circuits
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7 6 5 4 3 2 1 0
SYSCRO | Bit symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
(006EH) | Read/Write R/W
After reset 1 0 1 0 0 0 o | o
Function High- Low- High- Low- Select clock | Warm-up Select prescaler clock
frequency frequency frequency frequency after STOP timer 00: frpH
oscillator (fc) | oscillator (fs) | oscillator (fc) [ oscillator (fs) | mode is (Write) 01: fs
0: Stop 0: Stop after after released 0: Don'tcare |10: fc/16
1: Oscillation |1: Oscillation | released released 0: fc 1: Start timer [ 11: (Reserved)
Stop mode Stop mode 1: fs (Read)
0: Stop 0: Stop 0: Warm-up
1: Oscillation | 1: Oscillation complete
1: Continue
warm up
SYSCR1 | Bit symbol SYSCK GEAR2 GEAR1 | GEARO
(006FH) | Read/Write R/W
After reset 0 1 0 | 0
Function Select Select gear value of high frequency (fc)
system 1 000: fc
;'_Ofc" 001: fc/2
" f° 010: fc/4
18 011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
CKOCR | Bit symbol SCOSEL | SCOEN | ALEEN | CLKEN
(006DH) | Read/Write R/W
After reset 0 0 0 0
Function SCOuUT SCOuUT ALE pin CLK pin
select output output output
0: fepH control con.trol con.trol
1: fays 0:1/0 port | 0: High-Z 0: High-Z
1: SCOUT output output
output 1:ALE 1:CLK
output output
WDMOD | Bit symbol WDTE WDTP1 WDTPO WARM HALTM1 HALTMO RESCR DRVE
(005CH) | Read/Write R/W
After reset 1 0 0 0 0 0 0 0
Function WDT WDT detection time Warm-up | HALT mode 0:Don’t care| Control pin
control 00: 2"%fgys timer 00: RUN mode 1:Connects | in STOP
0:Disable | 01: 2"/tqyg 0:2" 01: STOP mode WDT mode
1:Enable 19 frequency . outputto |0:1/0 off
10: 221/fSYS input 10: IDLE1 mode RESET 1: Maintain
11: 2°ffsys 1: 21 11: IDLE2 mode pin the state
frequency internally. |  pefore
input HALT
mode

Note 1: SYSCR1<Bit7:4> are always 1.

Note 2: The CLK pin is internally pulled up during reset, regardless of the product types.

Note 3: Programming 0 to SYSCR1<SYSCK> enables the high-frequency oscillator regardless of
the value of SYSCRO<XEN>.
Additionally, programming 1 to SYSCR1<SYSCK> enables the low-frequency oscillator
regardless of the value of SYSCRO<XTEN>.

Figure 3.3.3 1/O Register about Dual Clock, Standby
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3.3.1

()

System Clock Controller

The system clock controller generates the system clock signal (fsyg) for the CPU core and
internal I/O. It contains two oscillation circuits and a clock gear circuit for high frequency
(fc). The register SYSCR1<SYSCK> changes the system clock to either fc or fs,
SYSCRO<XEN> and SYSCRO<XTEN> control enabling and disabling each oscillator, and
SYSCR1<GEARZ2:0> changes the high frequency clock gear to either 1, 2, 4, 8, or 16 (fc, fc/2,
fe/4, fc/8, or fc/16). These functions can reduce the power consumption of the equipment in
which the device is installed.

The system clock (fsyg) is set to fc/32 (fc/16 x 1/2) by the setting of <XEN> = 1, <XTEN> =
0, <SYSCK> = 0, and <GEAR2:0> = 100 upon resetting.

For example, fsys is set to 0.625 MHz by resetting in the case where the 20 MHz
oscillator is connected to the X1 and X2 pins.

The high-frequency (fc) and low-frequency (fs) clock signals can be easily obtained by
connecting a resonator to the X1 and X2, XT1 and XT2 pins, respectively. Clock input from
an external oscillator is also possible.

The XT1 and XT2 pins can also function as ports 86 and 87. Therefore in the case of
single clock mode, the XT1 and XT2 pins can be used as I/O port pins.

—————————— High-frequency clock -=----------==;--------------- Low-frequency clock ---=---------
X1 X2 X1 X2 ' E XT1 XT2 XT1 XT2 |
1 1
1
¥ [] ]
1
§ (open) !
1 ! 1
1 74HCUO4 1! 1 |
n J :
1! |
See application 1 i H
l l circuit in chapter 5. ! l l !
1
§ ” |
1
Crystal/ceramic (b) External oscillator i ' (c) Crystal resonator (b) External oscillator i
resonator " !
1

Figure 3.3.4 Examples of Resonator Connection

Note 1: Note on using the low frequency oscillation circuit.
In connecting the low frequency resonator to ports 86 and 87, it is necessary to make the following
settings to reduce the power consumption.
(Connecting with resonators) P8CR<P86C, P87C> = 11, P8<P86:87> = 00
(Connecting with oscillators) P8CR<P86C, P87C> = 11, P8<P86:87> =10

Note 2: Accurate adjustment of the oscillation frequency.
The CLK pin output at 1/2 the system clock frequency (fsys/2) is used to monitor the oscillation
clock. With a system requiring adjustment of the oscillation frequency, an adjusting program must
be written.
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(1) Switching between normal and slow mode

When the resonator is connected to the X1 and X2, or to the XT1 and XT2 pins, the
warm-up timer is used to change the operation frequency after stable oscillation is
attained.

The warm-up time can be selected by WDMOD<WARM>.

This starting and stopping of the warm-up timer are performed by programming as
in the following examples 1 and 2.

Note 1: The warm-up timer is also used as a watchdog timer, so when it is to be used as a
warm-up timer, the watchdog timer function must be disabled.

Note 2: In the case of using an oscillator (not resonator) with stable oscillation, a warm-up
timer is not needed.

Note 3: The warm-up timer is operated by an oscillation clock. Therefore there is an error in,
warm-up time.

Table 3.3.2 Warm-up Time

Warm-up Time

WDMOD<WARM> Change to Normal Change to Slow
0 (2"/frequency) 0.8192 ms 500 ms
1 (2"%/frequency) 3.2768 ms 2000 ms

at fc = 20 MHz, fs = 32.768 kHz
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Clock setting example 1:
Changing from high frequency (fc) to low frequency (fs).

SYSCRO  EQU  006EH
SYSCR1 EQU  006FH
WDCR EQU  005DH
WDMOD  EQU  005CH
RES 7, (WDMOD)
LD (WDCR), B1H
SET 4, (WDMOD
SET 6, (SYSCRO
SET 2, (SYSCRO

' }Disables watchdog timer.

Sets warm-up time to 2'%/fs.
Enables low-frequency oscillation.
Clears and starts warm-up timer.

—_——_——=

WUP: BIT 2, (SYSCRo ; }Detects stopping of the warm-up timer.
JR Nz, WUP ;
SET 3, (SYSCR1) ; Changes fgys from fc to fs.
RES 7, (SYSCRO) ; Disables high-frequency oscillation.
SET 7, (WDMOD) ; Enables watchdog timer.

/ L

<XEN> W

<XTEN> \\ :
XT1 and XT2 pins H/ \VAVAVAVAVAVAVA \l}/ \VAVAVAVAVAVAVAVAVAV/

Warm-up timer Counts up by stS\ / Counts up by fs //
T

Stopping of i | / E
warm-up timer | i ! i
<SYSCK> i : fc “ L/ fs !
! i \ L i
systemdock fsys ANNAANANAANANANANNNNT N 2N 7 N 2 N
Enable: CI:ars and starts i Ctanges fsys Disabltas
low frequency warm-up timer i fromfctofs high frequency

Stopping of warm-up timer
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Clock setting example 2:
Changing from low frequency (fs) to high frequency (fc).

SYSCRO EQU
SYSCR1 EQU
WDCR EQU
WDMOD EQU
RES
LD
RES
SET
SET
WUP: BIT
JR
RES
RES
SET

<XEN> /

X1 and X2 pins

006EH

006FH

005DH

005CH

7, (WDMOD) ; }Disables watchdog timer.

(WDCR), B1H ;

4, (WDMOD) Sets warm-up time to 2"/fc.

7, (SYSCRO) Enables high-frequency oscillation (fc).
2, (SYSCRO) Clears and starts warm-up timer.

2, (SYSCRO) ; }Detects stopping of the warm-up timer.
Nz, WUP ;

3, (SYSCR1) ; Changes fgys from fs to fc.

6, (SYSCRO) ; Disables low-frequency oscillation.

7, (WDMOD) ; Enables watchdog timer.

<XTEN>

t \ \I
SIECT S VAVAYAVAVAVAVAVAVAVA \HV \/\/\/}

1
Warm-up timer Counts up by fgys \ /Counts up by fc //

Stopping of
warm-up timer

<SYSCK>

| i

Systemclockfsys .~ N\ 7 N\~ X~ N\~ \\

Enables

|
A\

\ E v 1
Clears and starts IChanges fsys |
high frequency ~ warm-up timer ifmm fstofc i

Stopping of Disables
warm-up timer  low frequency
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(2) Clock gear controller

When the high-frequency clock fc is selected at SYSCR1<SYSCK> = 0, the clock gear
select register SYSCR1<GEAR2:0> sets frpH to either fec, fc/2, fc/4, fc/8, or fc/l16.

Switching fFpPH with the clock gear reduces the power consumption.
Clock setting example 3:
Changing gear value of the high-frequency clock

SYSCR1 EQU 006FH
LD (SYSCRT1), XXXX0000B ; Changes fgys to fc/2.
LD (SYSCRT1), XXXX0100B ; Changes fgys to fc/32.
X: Don’t care

(High-frequency clock gear changing)

To change the frequency of the clock gear, write the value to the SYSCR1<GEARZ2:0>
register. It is necessary to continue the warm-up time until changing fFpH after writing
the register value.

There 1is a possibility that the instruction immediately following the
clock-gear-changing instruction will be executed by the clock gear before executing its
gear change. To ensure that the instruction immediately following the
clock-gear-changing instruction will only be executed by the clock gear after changing
its gear ratio, input a dummy instruction (an instruction to execute a write cycle) as
follows.

(Example)

Instruction to be executed by the clock gear after changing its gear ratio.

SYSCR1 EQU 00E6H
LD (SYSCRT1), XXXX0001B ; Changes fgys to fc/4.
LD (DUMMY), 00H ; Dummy instruction.

X: Don’t care
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3.3.2 Prescaler Clock Controller

The 9-bit prescaler provides a clock signal to the 8-bit timers 0 to 3, 16-bit timer 4, timer
6, timer 8, and timer A, and serial interface 0 and serial interface 1.

The clock input to this prescaler is a clock signal which is selected as either fFpH, fc/16, or
fs according to the value in the SYSCRO<PRCK1:0> register.

The <PRCK1:0> register is initialized to 00 by resetting.

When the IDLE1 mode (Operating only the oscillator) is being used, set TRUN<PRRUN>
to 0 to reduce the power consumption before a HALT instruction is executed.

3.3.3 Internal Clock Pin Output Function

(1) P73/SCOUT pin
The P73/SCOUT pin outputs the internal clock signals fFPH or fSYS.

One bit in the port 7 control register P7TCR<P73C>, and two bits in the clock output
control register CKOCR<SCOEN and SCOSEL> specify the clock and the pins. The
P73/SCOUT pin is assigned as the input port in resetting.

Table 3.3.3 shows states of the SCOUT pin in the alternative operation modes which
it can assume on condition that the P73/SCOUT pin is specified as SCOUT output.

Table 3.3.3 SCOUT Pin States in Alternative Operation Modes

eration mode| HALT Mode
NORMAL, SLOW
Output clock RUN, IDLE2, IDLE1 STOP
fEPH Outputs frpy clock. Fixed to “0" or “1”
fsys Outputs fgys clock. '
(2) CLK pin

The CLK pin outputs the internal clock signal fsys divided by 2.

The type of output is determined by one bit in the clock output control register,
CKOCR<CLKEN>. Writing 1 sets the clock output, and writing 0 sets the CLK pin to
high impedance. CKOCR<CLKEN> is set to 0 upon resetting.

During resetting, the CLK pin is internally pulled up regardless of the value of the
<CLKEN> register. (See “TMP93CS20 Reset Timing Chart” in Figure 3.1.1.)

Table 3.3.4 States of the <CLKEN> Register, and CLK Pin Operation after Reset

Type No. CKOCR<CLKEN> CLK pin operation
TMP93CS20 0 High impedance

Note: To set <CLKEN> = 0 and set CLK pin to high impedance, pull up externally to
prevent through current which follows to the input buffer of CLK pin.
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3.3.4  Standby Controller

(1) HALT mode

When the HALT instruction is executed, the operating mode changes to RUN, IDLE2,
IDLE1, or STOP mode depending on the contents of the HALT mode setting register
WDMOD<HALTM1:0>. Figure 3.3.5 shows the alternative states of the watchdog
timer mode registers.

Watchdog Timer Mode Register

7 6 5 4 3 2 1 0
WDMOD | Bit symbol WDTE WDTP1 WDTPO WARM HALTM1 HALTMO RESCR DRVE
(005CH) | Read/Write R/W
After reset 1 o | o 0 o | o 0 0
Function Watchdog | Watchdog timer detect Warm-up HALT mode selection Runaway STOP
timer time selection timer detection mode pin
control 00: 2'%/fgys 0:2"/clock 00: RUN mode internal control
0:Disable 01: 2"ffsys frequency 01: STOP mode reset control | 1: Drive
1:Enable 10: 2% selection 1: Executes pins in
: 21 SYs 1:2"%/clock | 10: IDLE1 mode internal STOP
1: 2% /fsvs frequency| 11: IDLE2 mode reset by mode
selection runaway
detection
R

L Pin state control in STOP mode

0 1/0 off
1 Retains the state before halt

L—> HALT mode setting

00 RUN mode (only CPU stops)

01 STOP mode (All circuits stop)

10 IDLE1 mode (only clock timer operating)
11 IDLE2 mode (Partial I/O operation)

Warm-up time selection at returning from the
L———> STOP mode (See Table 3.3.7)

0 | 2/" select clock frequency

1 2/"® select clock frequency

Figure 3.3.5 Watchdog Timer Mode Register

The features of the RUN, IDLEZ2, IDLE1, and STOP modes are as follows.
1. RUN: Only the CPU halts; power consumption remains unchanged.
2. IDLEZ2: The built-in oscillator and the specified I/O operates.

The power consumption is reduced to 1/2 than that during NORMAL
operation.

3. IDLE1: Only the built-in oscillator and the clock timer operate, while all other
built-in circuits stop. Consumption is reduced to 1/5 or less than that
during NORMAL operation.

4. STOP: All internal circuits including the built-in oscillator stop. This greatly
reduces power consumption.

The operations in the halt state are described in Table 3.3.5.
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Table 3.3.5 1/0 Operation during HALT Mode
HALT mode RUN IDLE2 IDLEA1 STOP
WDMOD<HALTM1:0> 00 1 10 01
CPU Halt
1/0 Port Maintain the state when the HALT instruction was See Table 3.3.8
executed.
8-bit timer
16-bit timer

Block

Timer for realtime clock

Serial channel

Serial bus interface controller

Operate Stop

AD converter

I

Watchdog timer

Interrupt controller

(2) How to release the HALT mode

These halt states can be released by resetting or by requesting an interrupt. The halt

release sources are determined by the combinations between the states of the interrupt
mask register <IFF2:0> and the HALT modes. The details for releasing the halt status
are shown in Table 3.3.6.

Release by requesting an interrupt

This method of releasing operation from the HALT mode depends on the
interrupt-enabled status being in force. When the interrupt request level set before
executing the HALT instruction exceeds the value of the interrupt mask register,
the interrupt due to that source is processed after releasing the HALT mode, and
then the CPU starts executing the next instruction that follows the HALT
instruction. When the interrupt request level set before executing the HALT
instruction is less than the value of the interrupt mask register, release of the
HALT mode is not executed. (In non-maskable interrupts, interrupt processing is
preformed after releasing the HALT mode regardless of the value of the mask
register.)

INTO interrupts are a special case in which release of the HALT mode is
executed even if the interrupt request level set before executing the HALT
instruction is less than the value of the interrupt mask register. In this case
interrupt processing is not performed, and the CPU starts executing the next
instruction that follows the HALT instruction, but the interrupt request flag is
held at 1.

Note: Usually, interrupts can release all halt status. However, the interrupts (NMI,

INTO to INT4, INTKEY, INTRTC) which can release the HALT mode may not be
able to do so if they are input during the period CPU is shifting to the HALT
mode (for about 3 clocks of frpy) with IDLE1 or STOP mode (RUN and IDLE2
are not applicable to this case). In this case, an interrupt request is kept on hold
internally.
If another interrupt is generated after it has shifted to HALT mode completely,
halt status can be released without difficulty. The priority of this interrupt is
compared with that of the interrupt kept on hold internally, and the interrupt with
higher priority is handled first followed by the other interrupt.

Release by resetting

Resetting releases all halt status settings.

When the STOP mode is released by reset, it is necessary to allow enough
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resetting time (3ms or more) for the operation of the oscillator to stabilize.

When the HALT mode is released by resetting, the internal RAM data maintains
the state it was in before the HALT instruction was executed.

However the other setting contents are initialized. (Release of the HALT mode
due to interrupts maintains all setting contents in their states before the HALT
instruction was executed.)

Table 3.3.6 Halt Release Sources and Halt Release Operations

Interrunt Receiving Status Interrupt Enabled Interrupt Disabled
P 9 (Interrupt level) > (Interrupt mask) (Interrupt level) < (Interrupt mask)
HALT mode RUN IDLE2 | IDLE1 | STOP RUN IDLE2 | IDLE1 | STOP
NMI . . . o - - - -
INTWDT * x X x — _ _ _
INTO to 4, INTKEY . . . o o o o o
° INTRTC . . . X o o ¢} X
S| _ | INT7toB . ¢ x x x x x x
3 3 INTTO to 3 . . X X X X X X
[} =
8 £ | NTTR4toB . B x x x x x x
© INTTO4, 6, 8, A . * x x x x X X
§ INTRXO0, TXO . . x x x x x x
INTRX1, TX1 . * X X x x X X
INTS2 3 . X X x x X x
INTAD . X X X x x x x
RESET . . 3 . . . . .
. After release of the HALT mode, the CPU starts interrupt processing. (RESET initializes LSI.)
o: After release of the HALT mode, the CPU starts executing the next instruction that follows the HALT
instruction.
X: Cannot be used to release the HALT mode.
- This combination type does not exist because the priority level (Interrupt request level) of
non-maskable interrupts is fixed to the highest priority level 7.
*1: Release the HALT mode is executed after the warm-up cycle is completed.
Note: When release of the HALT mode is executed by an INTO interrupt of the level mode in the interrupt

enabled status, maintain level “H” until the start of interrupt processing. If level “L” is set before the
start of interrupt processing, interrupt processing is correctly started.

Example of releasing the RUN mode:

An INTO interrupt releases the halt state when the RUN mode is on.

Address !

8203H LD (IIMC), 00H ; Selects interrupt rising edge for INTO.
8206H LD (INTEOAD), 06H ; Sets interrupt level to 6 for INTO.
8209H El 5 ; Sets interrupt level to 5 for CPU.
820BH LD (WDMOD), 00H ;. Sets HALT mode to run.

820EH HALT ; Halts CPU.

1
INTO / \ > INTO inlterrupt

1
e Rem
820FH LD XX, XX
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(3) Operation
1. RUN mode

In the RUN mode, the system clock in the MCU continues to operate even after
a HALT instruction is executed. Only the CPU stops executing further
instructions.

In the halt state, an interrupt request is accepted on the falling edge of the CLK
signal.

Release of the RUN mode is executed by the external or internal interrupts.
(See Table 3.3.6 “Halt Release Sources and Halt Release Operations”.)

Figure 3.3.6 shows the timing for releasing the halt state by interrupts in the
RUN or IDLE2 modes.

S AW AW AW AW RW/
CLK X X X

AOtoA23 |

A AV AW AW AW R\

ALE

___________.____Ei%___
S,
>

ADO to AD15 = =~ - {dcress)- o - ("Data }- - - — (a0

& /

WR

NMI

INTO (Level)

INT1 to INT4, INT7 to INTB
(Rising edge)

INT4, INT6, INT8, INTA, INTKEY
(Falling edge)

Internal INT

g
8
T
i

RUN or IDLE2
= modes

Figure 3.3.6 Timing Chart for Releasing the Halt State by Interrupt in RUN/IDLE2 Modes

2. IDLE2 mode

In the IDLE2 mode, the system clock signal is supplied only to specific internal
I/0O devices, and the CPU stops executing the current instruction. In the IDLE2
mode, the halt state is released by an interrupt with the same timing as in the
RUN mode. The IDLE2 mode is released by external or internal interrupts, except
for INTWDT and INTAD interrupts. (See Table 3.3.6 “Halt Release Sources and
Halt Release Operations”.)

In the IDLE2 mode, the watchdog timer should be disabled before entering the
halt status, to prevent the watchdog timer interrupt from occurring just after
release of the HALT mode.
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3. IDLE1 mode

In the IDLE1 mode, the internal oscillator and the timer for realtime clock
operates. The system clock in the MCU stops, and the CLK pin is fixed at the level
“H” in the output enabled state. (CKOCR<CLKEN> = 1)

In the halt state, an interrupt request is sampled unsyncronously with the
system clock, however the halt release (Restart of operation) is performed
synchronously with it.

IDLE1 mode is released by external interrupts (NMI, INTO to INT4, INTKEY)
and internal interrupts (INTRTC). (See Table 3.3.6 “Halt Release Sources and
Halt Release Operations”.)

When the IDLE mode is used, set (TRUN<PRRUN> to 0) to stop the 9-bit
prescaler before a HALT instruction is executed, to reduce the power
consumption.

Figure 3.3.7 illustrates the timing for releasing the halt state by interrupts in
the IDLE1 mode.

I
i<~ |IDLE1 mode —>»}
I

S AW AW AW AWAW AW AW WA AW AW AW AW AW
CLK X X X i ::;’ ;\ / \
AotoA2s E :’? E
e 1
ADO to AD15 - —(~ = (Address)- 4 - ( Data }- - ______é_ ———SS————Ji-———————(Addms)—— - { pata }- |- -
RS \ / i R E \ /T
" T
INTO (Level) | « v
i oo T

Figure 3.3.7 Timing Chart of Halt State Release by Interrupts in IDLE1 Mode
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4. STOP mode

The STOP mode is selected to stop all internal circuits including the internal
oscillator.

The pin status in the STOP mode depends on the setting of a bit in the watchdog
timer mode register WDMOD<DRVE>. (See Figure 3.3.5 for setting of
WDMOD<DRVE>.) Table 3.3.8 summarizes the state of these pins in the STOP
mode.

The STOP mode is released by external interrupts (NMI, INTO to INT4). When
the STOP mode is released, the system clock output starts after the warm-up time
required to attain stable oscillation.

The warm-up time can be set using WDMOD<WARM>. See the example of
warm-up time setting (Table 3.3.7).

In a system which supplies a stable clock signal generated by an external
oscillator, the warm-up time can be reduced by using the setting of T1I6CR<QCU>.

Figure 3.3.8 illustrates the timing for releasing the halt state by interrupts
during the STOP mode.

Warm-up time
I [} |
A )
X1 i 1 1
WAV VAV AV AW ) BN, WaW AW AW AW AW AW
ek X X R4 | 1/ \
[} [} ‘
— | | L
AotoA23 K )__55__1::,3_ ______ S\
I I
PR—— [} [} PR
ALE ! !
— s 3
ADO to AD15 = —|- ~(pdsess)- o - (Data J- — | = = |- 4 = =§§ ~ ~lg§ - - = - - - £ | ~(pacress)- |- (Data - ~|- - - 1 -
[} [}
) ! I
RD / - A ¥ /
| ] «
m E\_ _Ss_ - : ) R
: : (¢
N_| ] ) 1 R
Iy
: I
INTO (Level) Lo T
)
INTO i 55 \
(Rising edge) ) !
[ Y P R e ] I N R L
| sTOP |
' mode '
Figure 3.3.8 Timing Chart of Halt State Release by Interrupts in STOP mode
Table 3.3.7 Example of Warm-up Time after Releasing the STOP Mode
Clock Operation Frequency| Warm-up Time [ms] Clock
after the STOP Mode is
I WDMOD<WARM> =0 | WDMOD<WARM> = 1 Frequency
fc 0.8192 3.2768
fc/2 1.6384 6.5536
fcl4 3.2768 13.1072 fc =20 MHz
fc/8 6.5536 26.2144
fc/16 13.1072 52.4288
fs 500 2000 fs = 32.768 kHz
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How to calculate the warm-up time
WDMOD<WARM>=0: Clock operation frequency after the 214/STOP mode.
WDMOD<WARM> = 1: Clock operation frequency after the 216/STOP mode.
The selection of normal versus SLOW modes is possible after the STOP mode is
released.

This selection is mode according to the contents of the SYSCRO<RSYSCK> register.
Therefore, setting <RSYSCK>, <RXEN>, and <RXTEN> is necessary before the HALT

instruction is executed.

Setting example:

In this illustrative case, the STOP mode is entered while the clock is operating at low
frequency (fs). After the Stop mode is released by a NMI interrupt, the clock resumes
operation at high frequency.

Address
SYSCRO EQU 006EH
SYSCR1 EQU 006FH
WDMOD EQU 005CH
8FFDH LD (SYSCRT1), 08H fgys = fs/2.
9000H RES 4, (WDMOD) Sets warm-up time to 2"/fc.
9002H LD (SYSCRO0), -11000 - -B Operates at high frequency after STOP mode
is released.
9005H HALT
NI _X\E_ Clears and starts
” warm-up timer
(High frequency)
Eid
NMI interrtjpt routine
'
9006H LD, XX, XX RETI
'
—: No change

Note: When different operation modes are used before and after the STOP mode, and
halt release interrupt request is accepted during execution of the HALT instruction
(8 states), it is possible to release the HALT mode without changing the operation
mode. In a system which accepts interrupts during execution of the HALT
instruction, set the same operation mode before and after the STOP mode.
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Table 3.3.8 Pin States in STOP Mode
Pin Name I/O <DRVE>=0 | <DRVE>=1
P00 to P07 Input/Output mode A A
Output mode High-Z Output
AD8 to AD15 High-Z High-Z
P10 to P17 Input/Output mode A A
Output mode High-Z Output
ADO to AD7 High-Z High-Z
P20 to P27 Input mode A A
Output mode, A0 to A7/A16 to A23 A Output
P30 (RD ), P31 (WR) Output High-Z Output
P32 Input mode PU* Input
Output mode PU* Output
P33 Input mode PU Input
Output mode PU Output
Input mode (INTO) Input Input
P34 to P37 Input mode PU* Input
Output mode PU* Output
P4 Input mode PU Input
Output mode PU Output
Input mode (KEYO to KEY7) Input Input
P5 Input mode A A
P6 Input mode Invalid Input
Output mode High-Z Output
P70 to P72 Input mode PU* Input
Output mode PU* Output
P73 Input mode PU* Input
Output mode/SCOUT PU* Output
P74 to P76 Input mode PU* Input
Output mode PU* Output
P77 Input mode PU Input
Output mode PU Output
NMI Input Input
P80 to P85 Input mode Invalid Input
Output mode High-Z Output
P86 Input mode Invalid Input
Output mode High-Z Output*
XT1 Invalid Invalid
P87 Input mode Invalid Input
Output mode High-Z Output*
XT2 Invalid Invalid
P9 Output mode High-Z Output
SEG24 to SEG31 “r “PL”
PA Output mode High-Z Output
SEG32 to SEG39 “r “PL”
ALE Output (<ALEEN> = 1) “r “PL”
CLK Output (<CLKEN> = 1) High-Z “H”
RESET Input Input Input
EA Input Input Input
X1 Input Invalid Invalid
X2 Output “H” “H”
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(Align)
Input:
Output:

Input gate in operation. Fix input voltage to low or high so that the input state pin stays constant.

Output state

Output*: Open-drain output state. Input gate in operation. Set output to low or attach pull up on pin that the

Invalid:
High-Z:
PU:

PU*:

Note:

input gate stays constant.
Input gate in operation.
Output is at high impedance.

Programmable pull-up pin. When a pull-up resistor is not set, fix the pin to avoid through current
because the input gate always operates.

Programmable pull-up pin in input gate disable state. No through current flows even if the pin is set
to high impedance.

When a HALT instruction is executed and CPU stops at the address of the port register, an input
gate operates. Fix the pin to avoid through current, and change the program. In all other cases,
input is not accepted.

Port registers are used for controlling programmable pull up/pull down. If a pin can be used for an
output function (e.g., TO3) and the output function is specified, whether pull up or pull down is
selected depends on the output function data. If a pin can be used for an input function, whether pull
up is selected depends on the port register setting value only.
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3.4

Interrupts

Interrupts are controlled by the CPU interrupt mask register SR<IFF2:0> and the built-in
interrupt controller.
Altogether the TMP93CS20 has the following 45 interrupt sources:

e Interrupts from the CPU, 9 sources
(Software interrupts, and illegal (Undefined) instruction execution)

e Interrupts from external pins (NMI, INTO to INT4, INT7 to INTB, and key-on
wakeup), 12 sources

e Interrupts from built-in I/Os, 24 sources

A fixed individual interrupt vector number is assigned to each interrupt source; any one of 6
levels of priority can also be assigned to each maskable interrupt. Non-maskable interrupts
have a fixed priority of 7.

When an interrupt is generated, the interrupt controller sends the value of the priority of the
interrupt source to the CPU. When more than one interrupt is generated simultaneously, the
interrupt controller sends the value of the highest priority (7 for non-maskable interrupts is the
highest) to the CPU.

The CPU compares the value of the priority sent, with the value in the CPU interrupt mask
register (IFF2 to IFF0). If the value sent is greater than in that the CPU interrupt mask
register, the interrupt is accepted. However, software interrupts and illegal instruction
execution interrupts are not compared with the <IFF2:0> register. They are given top priority.
The value in the CPU interrupt mask register (IFF2 to IFF0) can be changed using the EI
instruction. Executing EI n changes the contents of <IFF2:0> to n. For example, programming
EI 3 enables acceptance of maskable interrupts with a priority of 3 or greater, and
non-maskable interrupts which are set in the interrupt controller. When EI or EI 0 is
programmed, maskable interrupts with a priority of 1 or greater, and non-maskable interrupts
are enabled in the interrupt instructions. (In the same way as the EI 1)

The DI instruction operates in the same way as the EI 7 instruction, setting <IFF2:0> = 7.
Since the priority values for maskable interrupts are 0 to 6, the DI instruction is used to disable
acceptance of maskable interrupts. The EI instruction becomes effective immediately after
execution. (with the TLCS-90, the EI instruction becomes effective after execution of the next
following instruction.)

In addition to the general-purpose interrupt processing mode described above, there is also a
micro DMA processing mode. Micro DMA is a mode used by the CPU to automatically transfer
byte or word data. It enables the CPU to process interrupts such as data saves to built-in I/Os at
high speed.

Figure 3.4.1 is a flowchart showing overall interrupt processing.
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Interrupt processing
v
Read interrupt vector V.
clear interrupt request flag.
Vector V = Yes
Micro DMA
start vector? l
Internal No _ n
operation < Data transfer by micro DMA

A 4
General- ggg: gg ‘L
purpose COUNT « COUNT -1 _
interrupt SR<IFF2:0> « Accepted Micro DMA
processing interrupt level + 1 processing

INTNEST « INTNEST + 1

|

PC « (FFFFOOH + V)

Yes

COUNT=0

No

User program

7

Interrupt processing program

|

RETI instruction

POP SR
POP PC
INTNEST « INTNEST - 1

End

Figure 3.4.1 Interrupt Processing Flowchart
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34.1

General-purpose Interrupt Processing

When accepting an interrupt, the CPU operates as follows. In the cases of software
interrupts or interrupts generated by the CPU because of attempts to execute illegal
instructions, the following steps (1) and (3) are not executed.

(1) The CPU reads the interrupt vector from the interrupt controller. When more than one
interrupt with the same priority level is generated simultaneously, the interrupt
controller generates interrupt vectors in accordance with the default priority, then
clears the interrupt request. The default priority is fixed as follows: the smaller the
vector value, the higher the priority.

(2) The CPU pushes the program counter and the status register to the system stack area
(Area indicated by the system mode stack pointer (XSP)).

(3) The CPU sets a value in the CPU interrupt mask register <IFF2:0> that is higher by 1
than the priority level value of the accepted interrupt. However, if the accepted
interrupt’s priority value is 7, 7 is set without an increment.

(4) The CPU increments the interrupt nesting counter (INTNEST).

(5) The CPU jumps to an address stored in the FFFFOOH + interrupt vector, then starts
the interrupt processing routine.

The following table shows the number of processing states corresponding to steps 1 to 5

above.
Bus Width of Bus Width of Interrupt Number of Interrupt
Stack Area Vector Area Processing States

8 bits 8 bits 35
16 bits 31
) 8 bits 29

16 bits -
16 bits 25

The RETI instruction is usually used to complete the interrupt processing. Executing
this instruction restores the contents of the program counter and the status registers, and
decrements the interrupt nesting counter INTNEST).

Though acceptance of non-maskable interrupts cannot be disabled by programming,
acceptance of maskable interrupts can. A priority can be set for each source of maskable
interrupts. The CPU accepts any interrupt request with a priority higher than the current
value in the CPU mask register <IFF2:0>. The CPU mask register <IFF2:0> is then set to a
value higher by 1 than the priority of the accepted interrupt. Thus, if another interrupt is
generated with a priority level higher than the interrupt currently being processed, the
CPU accepts the interrupt with the higher level, causing interrupt processing to nest.

If an interrupt request with a priority higher than the currently-processed interrupt is
generated during the time that CPU is processing the above steps (1) to (5), and is accepted
before the first instruction in the interrupt processing routine is executed, this will cause
interrupt processing to nest. (The nesting process is the same as in the case of overlapping
each non-maskable interrupt (Level 7).) The CPU does not accept an interrupt request of
the same priority level as that of the interrupt currently being processed.

Resetting initializes the CPU mask registers <IFF2:0> to the value 7, therefore,
acceptance of all maskable interrupts is disabled.

The following (1) to (5) show a flowchart of interrupt processing.
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(1) Maskable interrupt

(Main) (INTTO interrupt routine)

Ell
—[l]_ IFF « 2

INTTO
(Level 1) [3]
| ~ v
5] (4] RETI
l IFF 1

During execution of the main program, the CPU accepts an
interrupt request. The CPU then increments IFF so that no
new interrupts of priority level 1 will be accepted during

processing of the interrupt routine.

(3) Interrupt nesting

(Main)

(INTTO interrupt routine) (INTT1 interrupt routine)

El3
—[l]_ IFF<—4 [3] IFF<—5

INTTl

(Level 4)J_|_

[

INTTO
(Level 3)

[9] (8]

RETI

IFF « 4

During processing an interrupt of priority level 3, the IFF is set to
4. When an interrupt with a level higher than 4 is generated, the
CPU accepts the interrupt with the higher priority level, causing

interrupt processing to nest.

(5) Timing of interrupt acceptance

(INTTO interrupt routine) (INTT1 interrupt routine)

(Main)

—13]
El 3
T INTTL
[1] (Level 4)
2] XXX
INTTO d _é_ [5]
(Level 3)

4

|
[j] RETI RETI

If an interrupt with a priority level higher than the interrupt
currently being processed is generated, the CPU accepts the
interrupt with the higher level. The program counter which
returns at [5] is the state address of the INTTO interrupt routine.

(2) Non-maskable interrupt

(Main) (NMI routine)

DI
—[l]_ IFF « 7

[2]

NMi
(Level 7) [3]
| AN v
5] [4] RETI
l IFF 7

The Dl instruction is executed in the main program, so
that only interrupts of priority level 7 are accepted. In
this state the CPU does not increment the IFF even if
the CPU accepts an interrupt request of level 7.

(4) Software interrupt

(SWI3 routine)

(Main)
DI
T
(1] 2l
SWI3 —l—|_
(3]
N v

T [4]

The CPU accepts a software interrupt request during
DI status (IFF = 7) because the request has a priority
of level 7. The IFF is not changed by the software
interrupt.

Note: __ (underline): Instruction
[, 121,......: : Execution flow
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The addresses FFFFOOH to FFFFFFH (256 bytes) of the TMP93CS20 are assigned as

interrupt vector areas.

Table 3.4.1 TMP93CS20 Interrupt Table

Default Tvoe Interrunt Source Vector Value R,Afddrgsst Micro DMA
Priority yp P “\” NG 10 | giart Vector
Vector

1 Reset, or SWIO0 instruction 0000H FFFFOOH -

2 SWI 1 instruction 0004H FFFFO4H -

3 lllegal instruction, or SWI2 0008H FFFFO8H -

4 SWI 3 instruction 000CH FFFFOCH -

5 Non- SWI 4 instruction 0010H FFFF10H -

6 maskable | SWI 5 instruction 0014H FFFF14H -

7 SWI 6 instruction 0018H FFFF18H -

8 SWI 7 instruction 001CH FFFF1CH -

9 NMI: NMi pin input 0020H FFFF20H 08H
10 INTWD: Watchdog timer 0024H FFFF24H 09H
11 INTO: INTO pin input 0028H FFFF28H O0AH
12 INT1: INT1 pin input 002CH FFFF2CH 0BH
13 INT2: INT2 pin input 0030H FFFF30H OCH
14 INT3: INT3 pin input 0034H FFFF34H ODH
15 INT4: INT4 pin input 0038H FFFF38H OEH
16 INT7: INT7 pin input 003CH FFFF3CH OFH
17 INT8: INT8 pin input 0040H FFFF40H 10H
18 INT9: INT9 pin input 0044H FFFF44H 11H
19 INTA: INTA pin input 0048H FFFF48H 12H
20 INTB: INTB pin input 004CH FFFFACH 13H
21 INTKEY: Key wakeup 0050H FFFF50H 14H
22 INTTO: 8-bit timer 0 (TREGO) 0054H FFFF54H 15H
23 INTT1: 8-bit timer 1 (TREG1) 0058H FFFF58H 16H
24 INTT2: 8-bit timer 2 (TREG2) 005CH FFFF5CH 17H
25 INTT3: 8-bit timer 3 (TREG3) 0060H FFFF60H 18H
26 INTTRA4: 16-bit timer 4 (TREG4) 0064H FFFF64H 19H
27 INTTRS: 16-bit timer 4 (TREG5) 0068H FFFF68H 1AH
28 INTTR6: 16-bit timer 6 (TREG6) 006CH FFFF6CH 1BH
29 Maskable | INTTR7: 16-bit timer 6 (TREG7) 0070H FFFF70H 1CH
30 INTTRS8: 16-bit timer 8 (TREG8) 0074H FFFF74H 1DH
31 INTTRO: 16-bit timer 8 (TREG9) 0078H FFFF78H 1EH
32 INTTRA: 16-bit timer A (TREGA) 007CH FFFF7CH 1FH
33 INTTRB: 16-bit timer A (TREGB) 0080H FFFF80H 20H
34 INTTO4: 16-bit timer 4 (Overflow) 0084H FFFF84H 21H
35 INTTOG6: 16-bit timer 6 (Overflow) 0088H FFFF88H 22H
36 INTTOS8: 16-bit timer 8 (Overflow) 008CH FFFF8CH 23H
37 INTTOA: 16-bit timer A (Overflow) 0090H FFFFO0H 24H
38 INTRXO: Serial receive (channel 0) 0094H FFFF94H 25H
39 INTTXO: Serial send (channel 0) 0098H FFFF98H 26H
40 INTRX1: Serial receive (channel 1) 009CH FFFFOCH 27H
41 INTTX1: Serial send (channel 1) 00AOH FFFFAOH 28H
42 INTS2: Serial send/receive/send and receive, I°C bus 00A4H FFFFA4H 29H
43 INTAD: AD conversion completion 00A8H FFFFA8H 2AH
44 INTRTC: Timer for realtime clock 00ACH FFFFACH 2BH
- (Reserved) 00BOH FFFFBOH -

to to to to to

- (Reserved) 00FCH FFFFFCH -
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Setting to reset and interrupt vectors
1. Reset vector

FFFFOOH PC<7:0>
FFFFO1H PC<15:8>
FFFFO2H PC<23:16>
FFFFO3H XX

The vector base addresses are dependent on the products.

Vector Base| PC Setting Sequence
Type No. Notes
Address after Reset
TMP93CS44 P27 to P20 and A23 to A16 pins are defined
TMP93CS45 PC<7:0> « as input ports and are pulled down in
TMP93PS44 Data in location FFFFOOH | resetting. The logic data item is FFH. When
PC<15:8> « Port 2 is used for the A23 to A16 output to
TMPO3CS32 FFFFOOH Data in location FFFFO1H | access the program ROM, set PC<23:16> to
TMP93PW32 PC<23:16> « FFH and set the reset vector to lie within the
TMP93CS20 Data in location FFEFO2H area FFOOOOH to FFFFFFH. (ThiS is
TMP93PW20A applicable mainly to products without ROM.)

2. Interrupt vector (except reset vector)

Address refers to vector  +0 PC<7:0>
+1 PC<15:8>
+2 PC<23:16>
+3 XX

XX: Don't care
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Setting example:
Set the reset vector to FFOO00H, NMI vector to FFOABCH and INTAD vector to

123456H.
ORG FFFFOOH
DL FFO0000H ;  Reset = FFOO00H
ORG FFFF20H
DL FF9ABCH ;. NMI=FF9ABCH
ORG FFFFA8H
DL 123456H i INTAD = 123456H
ORG FFOO00H
LD A, B
' Note:
' ORG and DL are assembler directives.
ORG FF9ABCH ORG: Control location counter.
LD B, C DL: Defines long word (32 bits) data.
]
I
:
ORG 123456H
LD C,A
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3.4.2

Micro DMA

In addition to the conventional interrupt processing, the TMP93CS20 also has a micro
DMA function. When an interrupt is accepted, in addition to an interrupt vector, the CPU
receives data indicating whether it is to be processed in micro DMA mode or in
general-purpose interrupt mode. The CPU performs micro DMA processing only if that
mode is requested.

The micro DMA of the TMP93CS20 can process at very high speed compared with the
TLCS-90 micro DMA because it has transfer parameters in dedicated registers in the CPU.
Since those dedicated registers are assigned as CPU control registers, they can only be
accessed by the LDC instruction.

(1) Micro DMA operation

Micro DMA operation starts when the accepted interrupt vector value matches the
micro DMA start vector value set in the interrupt controller. The micro DMA has four
channels, so that it can be set for up to four types of interrupt sources at the same time.

When a micro DMA interrupt is accepted, data are automatically transferred from
the transfer source address to the transfer destination address set in the control
register, and the transfer counter is decremented. If the value in the counter after
decrementing is other than 0, micro DMA processing is completed; if the value in the
counter after decrementing is 0, general-purpose interrupt processing is performed.

32-bit control registers are used for setting transfer source and destination
addresses. However, the TMP93CS20 has only 24 address pins for output. A 16-Mbyte
space is available for the micro DMA.

There are two data transfer modes: 1-byte mode and 1-word mode. Incrementing,
decrementing, and fixing the transfer source and destination addresses after transfer
can be done in both modes. Therefore data can easily be transferred between I/O and
memory and between different I/Os. For details of transfer modes, see the description
of transfer mode registers.

The transfer counter has 16 bits, so up to 65536 transfers (the maximum when the
initial value of the transfer counter is 0000H) can be performed for one interrupt
source by micro DMA processing.

When the transfer counter is decremented to O after data are transferred by the
micro DMA, general-purpose interrupt processing is performed. After processing the
general-purpose interrupt, restarting the interrupts of the same channel restarts the
transfer counter from 65536. It is necessary to reset the transfer counter in the
general-purpose interrupt processing routine.

Interrupt sources handled by micro DMA processing are 36 in total, and the micro
DMA start vectors are listed in Table 3.4.1.

The following timing chart is a micro DMA cycle of the transfer address increment
(INC) mode.

(Conditions: 16-bit bus width for 16 Mbytes, 0 waits.)
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(2) Register configuration (CPU control registers)

Channel 0
DMASO
DMADO
DMACO
DMAMO
Channel 1
DMAS1
DMAD1
DMAC1
DMAM1
Channel 2
DMAS2
DMAD2
DMAC2
DMAM2
Channel 3
DMAS3
DMAD3
| DMAC3
DMAM3
~ 8hbits
[ 16 bits
) 32 bits i

Transfer source address register 0
Transfer destination address register 0
Transfer counter register 0

Transfer mode register 0

Transfer source address register 1
Transfer destination address register 1
Transfer counter register 1

Transfer mode register 1

Transfer source address register 2
Transfer destination address register 2
Transfer counter register 2

Transfer mode register 2

Transfer source address register 3
Transfer destination address register 3
Transfer counter register 3

Transfer mode register 3

] (Use lower 24 bits.)

(1 to 65536)

These control registers can only be set with the “LLDC cr, r” instruction.

Example:
LD XWA, 100H
LDC DMASO, XWA
LD XWA, 50H
LDC DMADO, XWA
LD WA, 40H
LDC DMACO, WA
LD A, 05H
LDC DMAMO, A
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(3) Transfer mode register details

| 0 | 0 ‘ 0 | 0 | Mode |Note: When setting values for this register, set the upper 4 bits to 0.
1 1 1

l r Z: 0 = Byte transfer, 1 = Word transfer

Execution time

0 0 O Z|Transfer destination address INC mode.............ccccene. for I/O to memory 16 states
(DMADnN+) < (DMASN)
DMACnh «<- DMACn -1 (1.6 ps)
if DMACn = 0 then INT.

0 0 1 Z|Transferdestination address DEC mode...................... for 1/O to memory 16 states
(DMADN-) < (DMASN)
DMACh « DMACnh — 1 (1.6 ps)
if DMACn = 0 then INT.

0 1 0 2Z|Transfer source address INC mode ...........ccccovveeeennnns for memory to 1/O 16 states
(DMADN) «— (DMASN+)
DMACh «<- DMACn -1 (1.6 ps)
if DMACn = 0 then INT.

0 1 1 2Z|Transfer source address DEC mode...........cccccvvveeennnnns for memory to I/O 16 states
(DMADN) « (DMASN-)
DMACh <~ DMACn -1 (1.6 ps)
if DMACn = 0 then INT.

1 0 0 Z/|Fixed addreSS MOE ......cccceiiiiiiiiiiiiiiiiiiiie e /0 to 1/0 16 states
(DMADN) «— (DMASN)
DMACnh <~ DMACn -1 (1.6 ps)
if DMACn = 0 then INT.

1 0 1 1][Counter MOGE...cccccueiiieeiiiiiiieeiiiiiie e e e esieee e e eeiireee e for interrupt counter 11 states
DMASN «- DMASNn + 1
DMACh <~ DMACn -1 (1.1 ps)
if DMACn = 0 then INT.

Note 1: n: Corresponds to micro DMA channels O to 3.

Note 2:
Note 3:

DMADN+/DMASN+: Post-increment (Increments register value after transfer).

DMADN-/DMASN-: Post-decrement (Decrements register value after transfer).

Execution time: When setting source address/destination address area to 16-bit bus, 0 waits.

Do not use any codes for transfer mode registers other than those indicated above.
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3.4.3

Interrupt Controller

Figure 3.4.4 is a block diagram of the interrupt circuits. The left half of the diagram
shows the interrupt controller; the right half includes the CPU interrupt request signal
circuit and the halt release signal circuit.

Each interrupt channel (Total of 36 channels) in the interrupt controller has an interrupt
request flag, interrupt priority setting register, and a register for storing the micro DMA
start vector.

The flag is cleared to 0 when any of the following conditions are met.

e upon resetting
e when the CPU reads the interrupt vector after acceptance of an interrupt

e when the CPU executes an instruction that clears the interrupt from that channel
(Writes 0 in <IxxC> of the interrupt priority setting register)

For example, to clear the INTO interrupt request, after the DI instruction set the register
INTEOAD as follows.

LD (INTEOAD), ———-0-——B

The status of the interrupt request flag is detected by reading the corresponding clear bit.
This also allows the interrupt to be identified by the software.

The interrupt priority can be set by writing the priority in the interrupt priority setting
register (e.g., INTEOAD or INTE43) provided for each interrupt source. Interrupt priority
levels to be set range from or 1 to 6. Except for NMIs (Non-maskable interrupts), writing 0
or 7 as the interrupt priority disables the corresponding interrupt request. The priority of
non-maskable interrupt sources (NMI pin, watchdog timer, etc.) is fixed to 7. If interrupt
requests with the same interrupt level are generated simultaneously, interrupts are
accepted in accordance with the default ranking of priorities.

The interrupt controller selects the interrupt request with the highest priority among the
simultaneous interrupts, and sends it and its vector address to the CPU. The CPU
compares the priority value <IFF2:0> set in the status register, with the priority value sent
by the interrupt request signal; if the latter is higher, the interrupt is accepted. Then the
CPU sets in CPU SR<IFF2:0> a value equal to one plus the priority value of the interrupt
request just received. Interrupt requests whose priority values equal or are higher than the
value set in the register are accepted concurrently with execution of the previous interrupt
routine. When interrupt processing is completed (after execution of the RETI instruction),
the CPU restores to CPU SR<IFF2:0> the priority value saved in the stack before the
interrupt was generated.

The interrupt controller also has four registers used to store the micro DMA start vector.
Unlike other micro DMA registers (DMAS, DMAD, DMAM, and DMAC), these are I/O
registers. Writing the start vector of the interrupt source for micro DMA processing (See
Table 3.4.1), enables the corresponding interrupt to be processed by micro DMA. Please
note that appropriate values must be set in the micro DMA parameter registers (e.g.,
DMAS and DMAD) prior to the beginning of micro DMA processing.
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Figure 3.4.4 Block Diagram of Interrupt Controller
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(1) Interrupt priority setting register

Symbol |Address| 7 | 6 | 5 | 4 3 | 2 ] 1 | o
INTAD INTO «—Interrupt source
INTEOAD | 0070H IADC IADM2 [ IADM1 [ IADMO 10C IoM2 | 10M1 [ 10MO _k-Bitsymbol
R/W W R/W W k—Read/Write
0 0 | 0 [ 0 0 0 [ 0 | 0 <—After reset
INT2 INT1
INTE21 | 0071H 12C 2M2 | 12M1 | 12M0 11C M2 [ 1iM1 [ 1Mo
RIW w R/W w
0 o | o J o 0 o | o J o
INT4 INT3
INTE43 | oco7zH 14C 14M2 | 14M1 | 14MO 13C 13M2 [ 13M1 [ I13M0
RIW w R/W w
0 o | o [ o 0 o | o [ o
INT9 INTS
iNTEss | oco7sH 19C I9M2 | 19M1 | 19MO 1I8C IBM2 [ 18M1 [ I18MO
RIW w RIW w
0 o | o [ o 0 o | o [ o
INTB INTA
INTEBA | 0074H IBC IBM2 [ 1BM1 [ IBMO IAC IAM2 [ 1AM1 [ 1AMO
RIW w RIW w
0 o | o J o 0 o | o J o
INTT1 (TREG1) INTTO (TREGO)
INTET10 | 0075M IT1C ITIM2 [ ITIM1 [ ITIMO ITOC IToM2 [ I1ToM1 [ 1TOMO
RIW w RIW w
0 o | o [ o 0 o | o [ o
INTT3 (TREG3) INTT2 (TREG2)
INTET32 | 0o76m IT3C IT3M2 | 1T3M1 | IT3MO IT2C IT2M2 | IT2M1 | IT2MO
RIW w R/W w
0 o | o [ o 0 o | o [ o
INTTXO INTRX0
NTESO | 0077H ITX0C [ 1ITXOM2 [ ITXOM1 [ ITXOMO [ IRX0C [ IRXOM2 | IRXOM1 | IRXOMO
RIW w R/W w
0 o | o T o 0 o [ o T o
INTTX1 INTRX1
NTESL | oo78H ITXIC [ ITXIM2 [ ITXIM1 [ ITXIMO [ IRX1C [ IRXIM2 [ IRXIM1 | IRX1MO
RIW w RIW w
0 o | o [ o 0 o | o [ o
INT7 INTS2
INTETS2 | 0079H 17C I7M2 | 7M1 [ 17MO IS2C Is2m2 | 1s2m1 [ I1s2mo
RIW w RIW w
0 o | o J o 0 o | o J o
. |
I" IXXxM2 IXxxM1 IxxMO Function (Write)
0 0 0 Prohibits interrupt request.
0 0 1 Sets interrupt request level to 1.
0 1 0 Sets interrupt request level to 2.
0 1 1 Sets interrupt request level to 3.
1 0 0 Sets interrupt request level to 4.
1 0 1 Sets interrupt request level to 5.
1 1 0 Sets interrupt request level to 6.
1 1 1 Prohibits interrupt request.
IxxC Function (Read) Function (Write)
0 Indicates no interrupt request. Clears interrupt request flag.
1 Indicates interrupt request. Don't care
Note 1: Read-modify-write is prohibited.

Note 2: This note is about clearing interrupt request flags. The interrupt request flags of INTRX0 and INTRX1 are
not cleared by writing 0 to IxxC because they are level-sense interrupts.
These interrupt request flags are cleared by clearing, resetting, or reading of the converted result or the

receive buffer.

Figure 3.4.5 Interrupt Priority Setting Register (1)
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Symbol | Address| 7 6 | 5 | 4 3 2 | 1 | o
INTTR5 (TREG5) INTTR4 (TREGA4) k—Interrupt source
INTETS2 | 007AH IT5C IT5M2 [ IT5M1 [ IT5MO ITAC ITAM2 [ 1T4M1 [ 1T4MO_ f-Bit symbol
R/W W R/W W k—Read/Write
0 0 | 0 | 0 0 0 | 0 | 0 <—After reset
INTTR7 (TREG7) INTTR6 (TREG6)
INTET76 | 0044n IT7C IT7M2 | 1IT7M1 | IT7MO IT6C IT6M2 | IT6M1 | IT6MO
R/W w R/W w
0 o | o T o 0 o [ o T o
INTTR (TREGY) INTTR8 (TREG8)
INTETos | 0045H IT9C IToM2 [ IToM1 [ 1T9MO IT8C ITsM2 [ 1T8M1 [ 1T8MO
R/W w R/W w
0 o | o J o 0 o | o J o
INTTRB (TREGB) INTTRA (TREGA)
INTETBA | 0046H ITBC ITBM2 [ ITBM1 [ ITBMO ITAC ITAM2 [ ITAM1 [ ITAMO
RIW w R/W w
0 o | o [ o 0 o | o [ o
INTTO6 INTTO4
inTEosa | 0oa7n ITO6C [ ITO6M2 [ ITO6ML [ ITO6MO [ ITO4C [ ITOAM2 [ ITOAML [ ITO4MO
RIW w R/W w
0 o | o [ o 0 o | o [ o
INTTOA INTTO8
iINTEOAB | 00sAH ITOAC [ ITOAM2 | ITOAM1 [ ITOAMO | 1TO8C [ ITO8M2 [ ITO8M1 [ ITO8MO
RIW w R/W w
0 o | o J o 0 o [ o J o
INTKEY INTRTC
INTEKR | 005BH IKEYC [ IKEYM2 [ IKEYM1 [ IKEYMO | IRTCC [ IRTCM2 [ IRTCM1 [ IRTCMO
RIW w R/W w
0 o | o [ o 0 o | o [ o
1 |
|—> IXxM2 [ IxxM1 | IxxMO Function (Write)
0 0 0 Prohibits interrupt request.
0 0 1 Sets interrupt request level to 1.
0 1 0 Sets interrupt request level to 2.
0 1 1 Sets interrupt request level to 3.
1 0 0 Sets interrupt request level to 4.
1 0 1 Sets interrupt request level to 5.
1 1 0 Sets interrupt request level to 6.
1 1 1 Prohibits interrupt request.
> IxxC Function (Read) Function (Write)
0 Indicates no interrupt request. Clears interrupt request flag.
1 Indicates interrupt request. Don't care
Note:  Read-modify-write is prohibited.

Figure 3.4.6 Interrupt Priority Setting Register (2)
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(2) External interrupt control
Interrupt Input Mode Control Register
7 6 5 4 3 2 1 0
1IMC Bit symbol I7TFE 14FE I3FE 12FE 11FE IOFE I0LE NMIREE
(007BH) | Read/write w
After reset 0 0 0 0 0 0 0 0
Read- Function 0: INT7 0:INT4 0: INT3 0: INT2 0: INT1 0: INTO 1 INTO 1: Can be
Vn\;'rfi’gfé' rising rising rising rising rising rising edge- accept
prohibited edge edge edge edge edge edge sense edin
1: INT7 1:INT4 1: INT3 1: INT2 1:INT1 1: INTO mode NMI
falling falling falling falling falling falling 1: INTO rising
edge edge edge edge edge edge level- edge.
sense
mode

|—> NMI rising edge enable

0 Interrupt request generation at falling
edge

1 Interrupt request generation at rising
and falling edge

L5 INTO level enable (Note 1)

0 Rising edge detect interrupt

1 High level interrupt

Note 1: This is a case of changing from level-sence to edge-sence for INTO pin mode. (Changing from 1 to O for

<IOIE>.)
Execution example:
LD (INTEOAD), XXXX0000B ; INTO disable, clear the request flag.
LD (IIMC), XXXXX10XB ; Change from level to edge.
LD (INTEOAD), XXXX0nnnB ; Set interrupt level “n” for INTO, clear the request flag.

Note 2: See electrical characteristics in section 4 for external interrupt input pulse.

Figure 3.4.7 Interrupt Input Mode Control Register
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Table 3.4.2 Setting of External Interrupt Pin Function

Interrupt Pin Name Mode Setting Method
NMI P77 TN Falling edge IIMC<NMIREE> = 0, PTFC<NMIC> =1
TN_A | Falling and rising edges | IMC<NMIREE> = 1, PTFC<NMIC> = 1

INTO P33 A Rising edge IIMC<IOLE> =0, <IOFE> =0, P3FC<IOIE>=1

TN Falling edge IIMC<IOLE> = 0, <IOFE> = 1, P3FC<IOIE> = 1
_7_ |Level IIMC<IOLE> = 1, P3FC<IOIE> =1

INT1 P34 A Rising edge IIMC<I1FE> =0, P3FC<I1lIE> =1
TN Falling edge IIMC<I1FE> = 1, P3FC<I1IE> = 1

INT2 P35 A Rising edge IIMC<I2FE> =0, P3FC<I2IE> =1
TN Falling edge IIMC<I2FE> =1, P3FC<I2IE> =1

INT3 P36 A Rising edge IIMC<I3FE> =0, P3FC<I3IE>=1
TN Falling edge IIMC<I3FE> =1, P3FC<I3IE> =1

INT4 P37 A Rising edge IIMC<I4FE> = 0, P3FC<I4IE> =1
TN Falling edge IIMC<I4FE> = 1, P3FC<I4IE> =1

INT7 P66/TI0 A Rising edge IIMC<I7FE> =0, P6FC<I7IE> =1
TN Falling edge IIMC<I7FE> =1, P6FC<I7IE> =1

INT8 P70 A Rising edge T8MOD<CAP89M1:0>=0,00r0,10r1,1
TN Falling edge T8MOD<CAP89M1:0> =1, 0

INT9 P71 A Rising edge -

INTA P74 A Rising edge TAMOD<CAPABM1:0>=0,00r0,10r1,1
TN Falling edge TAMOD<CAPABM1:0>=1, 0

INTB P75 . Rising edge -
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(3) Micro DMA start vector

When the CPU reads the interrupt vector after accepting an interrupt, it

simultaneously compares the interrupt vector with each channel’s micro DMA start
vector (Bits 2 to 6 of the interrupt vector). When the two match, the interrupt from the

channel whose value matched is processed in micro DMA mode.

If the interrupt vector matches more than one channel, the channel with the lower

channel number has a higher priority.

Micro DMA 0 State Vector

7 6 5 4 3 2 1 0
DMAOV Bit symbol DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
(007CH) | Read/write w
After reset o | o | o | o | o 0
Function Micro DMA channel 0 processed by matching bits 2 to 6 of the interrupt vector.
Micro DMA 1 State Vector
7 6 5 4 3 2 1 0
DMA1V Bit symbol DMA1V5 | DMA1V4 | DMA1V3 | DMA1V2 | DMA1V1l | DMA1VO
(007DH) | Read/write w
After reset o | o | o | o | o 0
Function Micro DMA channel 1 processed by matching bits 2 to 6 of the interrupt vector.
Micro DMA 2 State Vector
7 6 5 4 3 2 1 0
DMA2V Bit symbol DMA2V5 | DMA2V4 | DMA2V3 | DMA2V2 | DMA2V1 | DMA2VO
(007EH) Read/Write w
After reset o | o | o | o | o 0
Function Micro DMA channel 2 processed by matching bits 2 to 6 of the interrupt vector.
Micro DMA 3 State Vector
7 6 5 4 3 2 1 0
DMA3V Bit symbol DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3V1 | DMA3V0
(007FH) Read/Write w
After reset o | o | o | o | o 0
Function Micro DMA channel 3 processed by matching bits 2 to 6 of the interrupt vector.
Note: Read-modify-write is not possible for DMAQV to DMA3V.
Figure 3.4.8 Micro DMA State Vector Register
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(4) Notes

The instruction execution unit and the bus interface unit of this CPU operate
independently of each other. Therefore, if the instruction used to clear the interrupt
request flag of an interrupt is fetched before the interrupt is generated, it is possible
that the CPU might accept the interrupt and execute the fetched instruction to clear
the interrupt request flag while reading the interrupt vector. If so, the CPU would start
the interrupt processing from the address “FFFF28H”.

To avoid this, make sure that the instruction used to clear the interrupt request flag
comes after the DI instruction. In the case of setting an interrupt enable again by EI
instruction after the execution of clearing instruction, execute EI instruction after
clearing instruction and following more than one instruction are executed. When EI
instruction is placed immediately after clearing instruction, an interrupt becomes
enable before interrupt request flags are cleared.

In the case of changing the value of the interrupt mask register<IFF2:0> by execution
of POP SR instruction, disable an interrupt by DI instruction before execution of POP
SR instruction.
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3.5 Functions of Ports

The TMP93CS20 has 88 bits for I/O ports.

These port pins have I/O functions for the built-in CPU and internal I/Os as well as

general-purpose I/O port functions. Table 3.5.1 lists the function of each port pin. Table 3.5.2

lists I/0O registers and their specifications.

Table 3.5.1 Functions of Ports

Port No. Pin No. Num_ber of Direction R Direction_Setting Pin Name fqr Built-in
Pins Unit Function

Port 0 P00 to PO7 8 110 - Bit ADO to AD7
Port 1 P10 to P17 8 110 - Bit ADS to AD15/A8 to A15
Port 2 P20 to P27 8 110 PU Bit AO to A7/A16 to A23
Port 3 P30 1 Output - (Fixed) RD

P31 1 Output - (Fixed) WR

P32 1 110 PU Bit HWR

P33 to P36 4 110 PU Bit INTO to INT3

P37 1 110 PU Bit INT4/ ADTRG
Port 4 P40 1 110 PU Bit TI4/KEYO

P41 1 110 PU Bit TO4/KEY1

P42 1 110 PU Bit TI6/KEY2

P43 1 110 PU Bit TO6/KEY3

P44 1 110 PU Bit KEY4

P45 1 110 PU Bit KEY5

P46 1 110 PU Bit KEY6

P47 1 110 PU Bit KEY7
Port 5 P50 to P57 8 Input - (Fixed) ANO to AN7
Port 6 P60 1 110 - Bit SCK

P61 1 110 - Bit SO/SDA

P62 1 110 - Bit SI/SCL

P63 1 110 - Bit TXDO

P64 1 110 - Bit RXDO

P65 1 110 - Bit SCLKO/ CTS0

P66 1 110 - Bit TIO/INT7

P67 1 110 - Bit TO1
Port 7 P70 1 110 PU Bit TI8/INTS

P71 1 110 PU Bit TI9/INT9

P72 1 110 PU Bit TO8

P73 1 110 PU Bit SCOUT

P74 1 110 PU Bit TIA/INTA

P75 1 110 PU Bit TIB/INTB

P76 1 110 PU Bit TOA

P77 1 110 PU Bit NMI
Port 8 P80 1 110 - Bit TXD1

P81 1 110 - Bit RXD1

P82 1 110 - Bit TI2

P83 1 110 - Bit TO3

P84 1 110 - Bit WAIT

P85 1 110 - Bit

P86 1 110 - Bit XT1

P87 1 110 - Bit XT2
Port 9 P90 to P97 8 Output - Bit SEG24 to SEG31
Port A PAO to PA7 8 Output - Bit SEG32 to SEG39

PU = With programmable pull-up resistor
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Table 3.5.2 1/0 Registers and Specifications (1/2)

Port No.

Pin No.

Function

1/0 Register

Pn

PnCR

PnFC

Port 0

P00 to PO7

Input port

Output port

0
1

ADO to AD7 bus

None

Port 1

P10 to P17

Input port

Output port

ADS8 to AD15 bus

X

A8 to A15 output

Port 2

P20 to P27

Input port (without PU)

Input port (with PU)

R |O| X

Output port

A0 to A7 output

A16 to A23 output

o|o|Xx

Rl|O|Rr|O|O|FR|O|FR,|O]|X

Port 3

P30

Output port

X

Outputs RD only when accessing external
space

OoO|Rr|P|[O|O|O|FR,|,|O|O

None

Always outputs RD

=

P31

Output port

Outputs WR only when accessing external
space

None

=

P32 to P37

Input port (without PU)

Input port (with PU)

Output port

P32

HWR output

P33 to P36

INTO to INT3 input

P37

INT4 input

X

Rl |P|O|O|O

ADTRG input

Port 4

P40 to P47

Input port (without PU)

Input port (with PU)

R |lO| X

Output port

o|lo|O|X

P40

TI4 input port (without PU)

TI4 input port (with PU)

O] X

KEYO input (Note 1)

None

P42

TI6 input port (without PU)

TI6 input port (with PU)

= |O| X

KEY2 input (Note 1)

X

None

P41

TO4 output

KEY1 input (Note 1)

P43

TOG6 output

KEY3 input (Note 1)

P44 to P47

KEY4 to KEY7 input (Note 1)

o|lo|r|O|Rr|O|O|O|O|O|O|FR|[O|O|OC|O|O|FR|FR]|O|O

None

X: Don't care, n: Corresponding port number
When P40 to P47 are used as KEY input, KEY input is enabled by the KEYCR register.

Note 1:
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Table 3.5.2 1/0 Registers and Specifications (2/2)

) ) 1/0 Register
Port No. Pin No. Function
Pn PnCR | PnFC
Port 5 P50 to P57 Input port X None
ANO to AN7 input (Note 2) x
Port 6 P60 to P67 Input port x 0 0
Output port X 1 0
P60 SCK input x 0 x
SCK output X 1 1
P61 SO output/SDA input/output x 1 1
P62 Slinput X 0 X
SCL input/output x 1 1
P63 TXDO output X 1 1
P64 RXDO input X 0 None
P65 SCLKO/CTSO0 input x 0 1
SCLKO output X 1 1
P66 TIO input x 0 x
INT7 input x 0 1
P67 TO1 output x 1 1
Port 7 P70 to P77 Input port x 0 0
Output port X 1 0
P70 TI8/INT8 input X 0
P71 TI9/INT9 input X 0 None
P72 TOS8 output x 1 1
P73 SCOUT output (Note 3) X 1
P74 TIA/INTA input x 0 None
P75 TIB/INTB input x 0
P76 TOA output X 1 1
P77 NMI input x x 1
Port8 P80 to P87 Input port X 0 0
Output port X 1 0
P80 TXD1 output X 1 1
P81 RXD1 input x 0
None
P82 TI2 input x 0
P83 TOS3 output x 1 1
P84 WAIT input x 0
P86, P87 Input port X 0
None
Output port (Note 4) x 1
XT1, XT2 (Note 5) x 0
Port9 P90 to P97 Output port X None 0
SEG24 to SEG31 output X 1
PortA PAO to PA7 Output port X None 0
SEG32 to SEG39 output X 1

X: Don't care, n: Corresponding port number
Note 2: The channnel for AD input is selected by ADMOD1<ADCH2:0> for P50 to P57 pins.
Note 3: When using P73 as SCOUT, the CKOCR must be set to enable it.
Note 4: When using P86 to P87 as output ports, output goes through the open-drain buffer.
Note 5: When using P86 to P87 as XT1 to XT2, the SYSCRO must be set to enable oscillating.

Resetting makes the port pins listed below function as general-purpose I/0 ports.

I/0 pins programmable for input or output are then set to function as input ports, except for
P86/XT1 and P87/XT2.

A program is needed to set port pins for built-in functions.

93CS20-52 2004-02-10



TOSHIBA TMP93CS20

3.5.1  Port 0 (P00 to PO7)

Port 0 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis using the control
register POCR. Resetting resets all bits of POCR to 0 and sets port 0 to input mode.

In addition to functioning as a general-purpose I/O port, port 0 also functions as an
address data bus (ADO to AD7). To access external memory, port O functions as an address
data bus (ADO to AD7), and all bits of the control register POCR are cleared to 0.

N\

Reset
Direction control
(on bit basis)
POCR write

[%2]
>
Qo
£ Port 0
o Output latch » p——{ P00 to PO7
s (ADO to AD7)
b Output buffter
=

PO write S

N A
S
B >
< <] Selector A—>—| ;
F A < ”
PO read B—>
L/
Selector

Figure 3.5.1 Port0
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3.5.2 Port1 (P10 to P17)

Port 1 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis using control
register P1CR and function register P1FC. Resetting resets all bits of output latch P1,
control register P1CR, and function register P1FC to 0, and sets port 1 to input mode.

In addition to functioning as a general-purpose I/O port, port 1 also functions as an
address data bus (AD8 to AD15) or an address bus (A8 to A15).

Reset

——

Direction control
(on bit basis)

N\

P1CR write

. l

Function control
(on bit basis)

P1FC write

Port 1

Output latch 4 p——1[1 P10to P17
(AD8 to AD15/A8 to A15)

Internal data bus

Output buffter

Y
P1 write S
B

< < Selector

/-\_/ A
P1read

A

Figure 3.5.2 Port1
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Port 0 Register
7 6 5 4 3 2 1 0
PO Bit symbol PO7 P06 P05 P04 P03 P02 PO1 P00
(000OH) Read/Write R/W
After reset Input mode (Output latch register becomes undefined.)
Port 0 Control Register
7 6 5 4 3 2 1 0
POCR Bit symbol PO7C P06C PO5C P04C P0O3C P02C PO1C POOC
(0002H) Read/Write R/W
After reset o | o | o [ o [ o | o | o | o
Function 0:Input 1:Output (when externally accessed, port 0 becomes AD7 to ADO and POCR is cleared to 0.)
—————> Port 0 I/O setting
0 Input
1 Output
Port 1 Register
7 6 5 4 3 2 1 0
P1 Bit symbol P17 P16 P15 P14 P13 P12 P11 P10
(0001H) Read/Write R/W
After reset Input mode (Output latch register is cleared to 0.)
Port 1 Control Register
7 6 5 4 3 2 1 0
P1CR Bit symbol P17C P16C P15C P14C P13C P12C P11C P10C
(0004H) Read/Write R/W
After reset o | o [ o [ o [ o | o J o ] o
Function <<See table below>>
Port 1 Function Register
7 6 5 4 3 2 1 0
P1FC Bit symbol P17F P16F P15F P14F P13F P12F P11F P10F
(0005H) Read/Write R/W
After reset o | o | o [ o [ o | o | o | o
Function <<See table below>>
L) Port 1 function setting
P1FC<P1XF>
0 1
P1CR<P1XC>
0 Inout port Address data bus
putp (AD15 to AD8)
Address bus
1 Output port (A15 to AB)
Note: <P1XF>is bit X in register P1FC; <P1XC> is bit X in register P1CR.
Note: Read-modify-write is prohibited for registers POCR, P1CR, and P1FC.

Figure 3.5.3 Registers for Ports 0 and 1
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3.5.3  Port 2 (P20 to P27)

Port 2 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis using the control
register P2CR and function register P2FC. Resetting resets all bits of output latch P2 to P1,
control register P2CR and function register P2FC to 0. It also sets port 2 to input mode and
connects a pull-up resistor.

In addition to functioning as a general-purpose I/O port, port 2 also functions as an
address bus (A0 to A7) or (A16 to A23). To use port 2 as an address bus, write 0 to the
output latches to turn off the programmable pull-up resistors.

B
Al6t0 A23 —>| 5
°©
A Q
ADto A7 —>| & |Y
a2 Reset
ﬂ S
Direction control
(on bit basis)
P2CR write
‘ l
2]
3 Function control
% (on bit basis)
o° P Programmable
° 3 -ch Il
S . pull up
9:, P2FC write ;B) —
£ <]
v g |y Port 2
A g p—{1 P20to P27
> A0 to A7/
Output latch Output buffter (A16 0 A23)
Y
P2 write S
B |«
< <] Selector
/-\_/ F‘ A <
P2 read

Figure 3.5.4 Port 2
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Port 2 Register
7 6 5 4 3 2 1 0
POZO06H Bit symbol P27 P26 P25 P24 P23 P22 P21 P20
( ) Read/Write R/W
After reset Input mode (Output latch register is set to 1.)
Port 2 Control Register
7 6 5 4 3 2 1 0
P2CR Bit symbol p27C P26C P25C P24C pP23C P22C p21C pP20C
(0008H) | Read/Write w
Aterreset | o [ o | o | o | o [ o [ o [ o
Function <<See table below>>
Port 2 Function Register
7 6 5 4 3 2 1 0
P2FC Bit symbol P27F P26F P25F P24F P23F P22F P21F P20F
(0009H) | Read/Write w
After reset 0 0 o | o | o | o | o [ o
Function <<See table below>>
—> Port 2 function setting
P2FC<P2XF>
0 1
P2CR<P2XC>
0 Inout port Address data bus
putp (A7 to AD)
Address bus
1 Output port (A23 to A16)
Note: <P2XF> is bit X in register P2FC; <P2XC> is bit X in
register P2CR. To set as an address bus A23 to A16, set
P2FC after setting P2CR.
Note 1: Read-modify-write is prohibited for registers P2CR and P2FC.

Note 2: When port P2 is used in the input mode, P2 register controls the built-in pull-up resistor. Read-modify-write

Figure 3.5.5 Registers for Port 2

is prohibited in the input mode or the I/O mode, as it may affect the states of the pull-up resistor.

93CS20-57

2004-02-10



TOSHIBA

TMP93CS20

3.54

Port 3 (P30 to P37)

Port 3 is an 8-bit general-purpose I/O port.

I/0 can be set on a bit basis, but note that P30 and P31 are used for output only. I/O is set
using control register P3CR and function register P3FC. Resetting sets all bits of output
latch P3 to 1, and control register P3CR (Bits 0 and 1 are unused) and function register
P3FC to 0. Resetting also outputs 1 from P30 and P31, sets P32 to P37 to input mode, and
connects a pull-up resistor.

In addition to functioning as a general-purpose I/O port, port 3 also functions as an I/O
for the CPU’s control/status signal, an input for INTO to INT4 and an analog conversion
external trigger input ADTRG .

When the P30 pin is defined as RD signal output mode (<P30F> = 1), in the external
ROM is used, clearing the output latch register <P30> to 0 outputs the RD strobe (Used for
the pseudo-static RAM) from the P30 pin even when the internal address area is accessed.

If the output latch register <P30> remains 1, the RD strobe signal is output only when

the external address area is accessed.

(1) P30 (RD), P31 (WR)

(N Reset

—

Function control
(on bit basis)

P3FC write

l S

S
Output latch >

N 0 P30 (RD)
L~ P31 (WR)
|—> Output buffter

Internal data bus

Selector

P3 write

< d

I~ P3 read

Figure 3.5.6 Port 3 (P30 and P31)
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(2) P32 (HWR)

N\

Reset

Direction control

(on bit basis)

)

P3CR write

Function control

Internal data bus

(on bit basis)

P3FC write

P

S

<&
<

S

[\

Output latch

P3 write

!

Selector

<

P3 read

(3) P33 (INTO)

N\

Reset

—

Direction control

Output buffter

Selector

Doq p.ch [Programmable
pull-up resistor

p—1P32 (HWR )

A

(on bit basis)

P3CR write

P

S

—

Internal data bus

Output latch

A

P3 write

d

\4
S

B [«—

\I\I

P3read

Selector

\/

A€

Level/rising/
falling edge detect

INTO <—<:|_‘7

P3FC<IOIE>

)

IIMC<IOLE>
IIMC<IOFE>

Figure 3.5.7 Port 3 (P32 and P33)

P-ch Programmable
ull-up resistor

—11P33 (INTO)
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(4) P34 (INT1), P35 INT2), P36 (INT3), P37 (INT4/ ADTRG )

N\

Reset

—4

Direction control

Internal data bus

(on bit basis)

P3CR write

[’

Output latch

Rising/falling
INT1 to INT4 <—<:|_‘7 edge detect

P3FC<I1IE> IIMC<I1FE>
<I2IE> <I2FE>
<I3IE> <I3FE>
<l41E> <|4FE>

Falling

ADTRG <€«—

P3 write
Y
S
B [«— P
< <] Selector :7
S .
P3 read

edge detect
Only P37 has this function.

Figure 3.5.8 Port3 (P34 to P37)

pech [Erogrammable]

ull-up resistor

—{1P34 (INT1)

P35 (INT2)
P36 (INT3)
P37 (INT4/ ADTRG )

93CS20-60

2004-02-10



TOSHIBA TMP93CS20
Port 3 Register
7 6 5 4 3 2 1 0
P3 Bit symbol P37 P36 P35 P34 P33 P32 P31 P30
(0007H) | Read/Write RIW
After reset 1 1 | 1 | r [ 1 ] 1 1 | 1
Input mode (pulled up) Output mode
Port 3 Control Register
7 6 5 4 3 2 1 0
P3CR Bit symbol P37C P36C P35C P34C P33C P32C
(000AH) | Read/Write W
After reset 0 o | o | o | o | o
Function 0: Input  1: Output
» 1/O setting
0 Input
1 Output
Port 3 Function Register
7 6 5 4 3 2 1 0
P3FC Bit symbol 141IE IBIE 12IE 11IE I0IE P32F P31F P30F
(000BH) | Read/Write w
After reset 0 0 0 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: INT4 1: INT3 1: INT2 1:INT1 1: INTO 1: HWR |1 WR 1: RD
| | — 1 |
L I—) P30 (RD ) function setting
INTO Input disable (Only P33) <P30>
INTO Input enable <P30F> 0 1
INT1 Input disable 0 0 output _ 1 output
INTL Input enable Always RD RD output
1 output only for
> INT2 Input disable (for pseudo external
INT2 Input enable — SRAM) access
> P31 (WR ) function setting
> INT3 Input disable <P31>
INT3 Input enable <P31F> 0 !
> INT4 Input disable 0 Oﬂjtpm Il ?utput I
INT4 Input enable 1 ;/zSesosmpUt only for externa
L——> HwR setting
P3FC<P32F> 1
P3CR<P32C> 1

Note 1: Read-modify-write is prohibited for registers P3CR and P3FC.

Note 2: When port P3 is used in the input mode, the P3 register controls the built-in pull-up resistor.
Read-modify-write is prohibited in the input mode or the I/O mode, as it may affect the states of the pull-up
resistor.

Note 3: The INTO to INT4 pins can be also used to release the standby state. When these pins are not used for

releasing the standby, port P3 maintains the port function by setting the P3 register to 0 during standby.

Figure 3.5.9 Registers for Port 3
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3.5.5  Port4 (P40 to PA7)

Port 4 is an 8-bit general-purpose I/0O port. I/O can be set on a bit basis. Resetting sets
port 4 as an input port and connects a pull-up resistor. It also sets all bits of the output
latch register P4 to 1. In addition to functioning as a general-purpose I/O port, port 4 also
functions a 16-bit timer input clock pin, a 16-bit timer output pin, and a key-on wakeup
input signal. Writing 1 in the appropriate bit of the function register P4AFC enables a timer
output signal. Resetting resets PACR and P4FC to 0, and all bits to input ports.

(1) Port 40, 42 (TT4/KEY0, TI6/KEY2)
In addition to functioning as a general-purpose I/O port, port 40 also functions as an
event count input TI4 of the timer 4 and a key-on wakeup input KEYO. Port 42
functions as a general-purpose I/O port, an event count input TI6 of the timer 6, and a
key-on wakeup input KEY2.

When using key input KEY0, KEY2:

When a general-purpose I/O port or a timer event count input is used during using
the key input KEYO and KEY2, an interrupt request occurs at the falling edge of these
I/0 signals.

When using timer event count input T14, T16:

When a general-purpose I/O port or the key-on input KEYO and KEY2 are used
during event count operating due to TI4 and TI6, timer event counting is executed by
these 1/0 signals.

A~ Reset

—

Direction control
(on bit basis)

T > Programmable
PACR write P-ch [pull—up resistor]

P

2]
>
E N
g Output latch | >——¢4—T1P40 (TI4/KEY0)
o P42 (TIB/KEY?2)
g
[J] .
£ P4 write v
S
B [«
< <] Selector
¥ e
P4 read
KEYO0, KEY2 «—Key input detect <—<}—1

I~ TI4,TI6 <

Figure 3.5.10 Port 4 (P40 and P42)
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(2) Port 41, 43 (TO4/KEY1, TO6/KEY3)
Port 41 is a general-purpose I/O port, and is also used as an output TO4 and KEY1 of

a 16-bit timer 4. Port 43 is a general-purpose I/O port, and is also used as an output
TO6 and KEY3 of a 16-bit timer 6.

N\

Reset

Direction control

(on bit basis)

P4CR write

ibﬁ

Function control
(on bit basis)

T

P4FC write

P

Internal data bus

> Output latch

P4 write

Timer output ———— (B

TOA4: Timer 4
TOG6: Timer 6

b

\ 2
S
A

Selector

—

S

BI€

b

P4 read

KEY1, KEY3 €«—

Selector

A

A

Key input detect

<]
N

Figure 3.5.11 Port 4 (P41 and P43)

R

Programmable
pull-up resistor

>
> e—{1P41 (TO4/KEY1)
P43 (TO6/KEY3)
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(3) Port 44 to 47 (KEY4 to KEY7)
Port 44 to 47 are general-purpose I/0 ports, and are also used as KEY4 to KEY7.

N Reset
Direction control
(on bit basis) J
T >o : Programmable
P4CR write P-ch [pull-up resistorJ
E ¥
S
<
g N M
o Output latch >——e—]P44 (KEY4)
= P45 (KEY5)
s P46 (KEY6)
£ P4 write PAT (KEYT)
\4
S
B [«—
<] Selector
¥ Al
P4 read
KEY4 to KEY7 «——Key input detect <II
N

Figure 3.5.12 Port 4 (P44 to P47)
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Port 4 Register
7 6 5 4 3 2 1 0
P4 Bit symbol P47 P46 P45 P44 P43 P42 P41 P40
(000CH) | Read/Write RIW
After reset 1 1 1 [ 1 ] 1 1 | o1 | 1
Input mode (Pull up)
Port 4 Control Register
7 6 5 4 3 2 1 0
P4CR Bit symbol pP47C P46C P45C P44C P43C pP42C P41C P40C
(000EH) | Read/Write w
After reset 0 0 o | o | o o | o [ o
Function 0: Input  1: Output
Port 4 Function Register
7 6 5 4 3 2 1 0
P4FC Bit symbol P43F P41F
(0010H) | Read/Write w w
After reset 0 0
Function 0: Port 0: Port
1: TO6 1: TO4
l: Setting P41 as timer out 4 output
P4AFC<P41F> 1
P4CR<P41C> 1
L Setting P43 as timer out 6 output
PAFC<P43F> 1
P4CR<P43C> 1

Note 1: Read-modify-write is prohibited for registers PACR and P4FC.

Note 2: When port P4 is used in the input mode, the P4 register controls the built-in pull-up resistor.
Read-modify-write is prohibited in the input mode or the I/O mode, as it may affect the states of the pull-up
resistor.

Note 3: P40/TI4 and P42/T16 pins do not pave a register changing it from port to function. For example, when they

are used as input ports, the incoming signal is input to 16-bit timer 4 and 6 as timer input 4 and 6.

Figure 3.5.13 Registers for Port 4
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3.5.6 Port 5 (P50 to P57)
Port 5 is an 8-bit input port, also used as an analog input pin for the internal AD
converter.
N\
< <7 ] Port5
\[\I P50 to P57
" Port 5 read (ANO to AN7)
a
8
©
©
E
8
£
Conversion
» A result AD Channel
\[\I register converter selector
I~ AD read
Figure 3.5.14 Port 5
Port 5 Register
7 6 5 4 3 2 1 0
P5 Bit symbol P57 P56 P55 P54 P53 P52 P51 P50
(OOODH) | Read/Write R
After reset Input mode

Note:  The input channel selection of the AD converter is set by AD converter mode register ADMOD1.

Figure 3.5.15 Registers for Port 5
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3.5.7

Port 6 (P60 to P67)

Port 60 to 65 are 8-bit general-purpose I/0 ports. I/O can be set on a bit basis.

In addition to functioning as general-purpose I/O ports, port 60 to 65 also function as
serial bus interface I/0 signals, 8-bit timer I/O signals. and external interrupt INT7 input
signals. Setting 1 in the appropriate bit of the port 6 function register P6FC enables each
functions.

To use P61 and P62 as serial bus interface I/0 pins (I2C bus mode), set these ports to
open-drain output mode. (P6FC<P61F, P62F> = 11)

Resetting sets all bits of the output latch P6 to 1, initializes all bits of P6CR and P6FC to
0, and sets all bits of the port 6 as an input port.

(1) Port 60, 65 (SCK, CTS0/SCLKO0)

In addition to functioning as an I/O port, port 60 also functions as a SCK I/0 pins
when the serial bus interface is in the SIO mode. Port 65 is used as a CTS input pin of

the serial channel 0, or a SCLK I/0 pin.

2 Y Reset
Direction control
(on bit basis)
P6CR write
‘ l
2]
3 Function control
% (on bit basis)
©
g
§ P6FC write
ol
S 3
S ™
P60 (SCK)
A -
Output latch 1> Tpes (SCLKO/CTS0 )
Selector
T ’—) B
P6 write
SCK, SCLKO S;
B |«
N <] Selector
~ Ale
P6 read
CTSO0 < L 4
SCLKO <—<}—T
SCK < <II

Figure 3.5.16 Port 6 (P60 and P65)
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(2) Port 61, 62, and 63 (SO/SDA, SI/SCL, TXDO0)

In addition to functioning as a general-purpose I/0 port, port 61 also functions as a
SO output pin when the serial bus interface is in the SIO mode, and a SDA I/0 pin in
the I2C mode. Port 62 is used as a SI input pin when the serial bus interface is in the
SIO mode, and SCL I/O pin in the I2C mode. Port 63 is used as a TXD output pin of the

serial channel 0.
N Reset

—4

Direction control

(on bit basis)

T

P6CR write
‘ l

Function control

2]
2 (on bit basis)
<
©
©
E P6FC write
S
Output latch A I[\/
Selector Open-drain set
7 B P60ODE<ODE63:61>
P6 write
SO/SDA
SCL
TXDO S
B«
pd Selector
N aly
P6 read
SDA, SI/SCL <I]

Figure 3.5.17 Port 6 (P61 to P63)

(3) Port 64 (RXDO)

P61 (SO/SDA)

0 P62 (SIISCL)

P63 (TXDO)

In addition to functioning as a general-purpose I/0 port, port 64 also functions as a

RXD input pin of the serial channel 0.

N Reset

—

| Direction control

(on bit basis)

P6CR write

P

S

Output latch

Internal data bus

Y
P6 write S

B
ﬂ Selector
A

P6 read

RXDO<

Figure 3.5.18 Port 64

—11P64 (RXDO)
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(4) Port 66, 67 (TIO/INT7, TO1)
In addition to functioning as a general-purpose I/O port, port 66 also functions as an

event count input TIO of the timer 0 and an external interrupt request input INT7.
Port 67 is an general-purpose I/O port, and is also used as an output TO1 of the timer 0

and 1.

When using INT7 interrupt:

When INT7 interrupt function is used, and a general-purpose I/0O port or a timer
event count input is used, an interrupt request occurs at the rising and the falling edge
of these I/0 signals.

N\

Reset

—4

Direction control

(on bit basis)

P6CR write

[

S

Internal data bus

Output latch

A

P6 write

d

S
B

W

P6 read

Selector
A

A

TIO <

INT7 <—G_T

P6FC<I7IE>

Reset

Rising/falling
edge detect

Direction control

(on bit basis)

IIMC<I7FE>

P6CR write

Function control

Internal data bus

(on bit basis)

P6FC write

[’

S

Output latch

Y

A

)

P6 write

Timer output
TO1: Timer 0, 1

b

B

Selector

S

p— 11 P66 (TIO/INT?)

P6 read

Figure 3.5.19 Port 6 (P66 and P67)

Selector
A

B

A

S

[

[0 P67 (TO1)
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Port 6 Register
7 6 5 4 3 2 1 0
PG Bit symbol P67 P66 P65 P64 P63 P62 P61 P60
(0012H) | Read/Write R/W
After reset 1 | 1 1 [ 1 ] 1 | x|
Input mode
Port 6 Control Register
7 6 5 4 3 2 1 0
P6CR Bit symbol P67C P66C P65C P64C P63C P62C P61C P60C
(0014H) | Read/Write W
After reset o | o o | o | o | o | o [ o
Function 0: Input  1: Output
Port 6 Function Register
7 6 5 4 3 2 1 0
P6FC Bit symbol P67F I71IE P65F P63F P62F P61F P60F
(0016H) | Read/Write W w
After reset 0 0 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: TO1 1. INT7 1: SCLKO 1: TXDO 1: SCL/SI |1: SDA/SO|1: SCK
I—> Setting P63 as TXDO output |: Setting P60 as SCK output
INT7 input disable P6FC<P63F> 1 P6FC<P60F> 1
INT7 input enable P6CR<P63C> 1 P6CR<P60C> 1
Setting P61 as SDA I/O or

—> Setting P67 as TO1 output

P6FC<P67F> 1
P6CR<P67C> 1
Note 1:

Note 2:

Setting P65 as SCLK output

SO output (Note 2)

P6FC<P65F> 1 P6FC<P61F> 1
P6CR<P65C> 1 P6CR<P61C> 1
> P62 function setting (Note 2)
<P62C>
0 1
<P62F>
0 Port input Port output
1 Sl Input SCL /O

Read-modify-write is prohibited for register P6CR and P6FC.
To use P61 and P62 as serial bus interface 1/O pins (I°C bus mode), set PEBODE<ODE62:61> to 11 and

these ports to open-drain output mode.

Note 3:

P64/RXDO pin does not have a register changing if from port to function. For example, when it is used as an

input port, this pin is set to the serial channel 0 as a serial receive data.

Figure 3.5.20 Registers for Port 6

93CS20-70

2004-02-10



TOSHIBA

TMP93CS20

3.5.8

Port 7 (P70 to P77)

Port 7 is a 8-bit general-purpose I/0 port. I/O can be set on a bit basis. Resetting sets port
7 as an input port and connects a pull-up resistor. In addition to functioning as a
general-purpose I/0 port, port 7 also functions as an input for 16-bit timer 8 and A clocks,
an output for 16-bit timer F/F 8 and A output, internal clock output, and a non-maskable
interrupt input. Resetting resets the function register P7CR, P7FC value to 0, and sets all

bits to input ports.

(1) P70 (TI8/INTS), P71 (TI9/INT9), P72 (TO8), P74 (TIA/INTA), P75 (TIB/INTB), P76

(TOA)

N Reset

—4

Direction control

(on bit basis)

)

P7CR write

P

S

o

Output latch

Y

P7 write
‘ e
N

S
B [«—
Selector

Ale

>

:;—ch [Programmable]

pull-up resistor

P70 (TIS/INTS)
b P71 (TI9/NT9)

P74 (TIA/INTA)
P75 (TIB/INTB)

P7 read

TI8, TI9, TIA, TIB<

INTS, INTA(—I

Reset

Rising/falling edge detect

|_<

INT9, INTB(—I

Rising edge detect

|_

Direction control

(on bit basis)

Internal data bus

P7CR write
‘ l

Function control

(on bit basis)

P7FC write

P

S

A

» Output latch >

A

B

S

Selector

P7 write
Timer output
TO8: Timer 8

TOA: Timer A
e

B
Selector
A

A

i

P-ch Programmable
ull-up resistor

P72 (TOS8)

|[>_"_D P76 (TOA)

S

P7 read

r

Figure 3.5.21 Port 7 (P70, P71, P72, P74, P75, and P76)
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When using INTS8 to INTB interrupts:

When a general-purpose I/O port or a timer event count input is used during using
INTS8 to INTB interrupt functions, an interrupt request occurs at the rising and the
falling edges of these I/O signals.

When using Timer event count input TI8 to TIB:

When a general-purpose I/0 port or INT8 to INTB interrupts are used during event
count operating due to TI8 and TIB, timer event counting is executed by these I/O
signals.

In addition to functioning as a general-purpose I/0 port, port 73 also functions as an
internal clock output. The output clock is fFPH or fSys, which is selected by the clock

output control register CKOCR<SCOSEL>. Writing 1 in P7CR<P73C> and
CKOCR<SCOEN> enables the internal clock output function.

(2) P73 (SCOUT)

Internal data bus

Reset_q>—¢

R
B
uss > Direction control

(on bit basis)

P7CR write
‘ l
R

> Function control

BUS2

(on bit basis)

CKOCR write

R’

S 2
BUS3 S

o

B p-ch |Programmable
ull-up resistor

Output latch A
Selector ]

P73 (SCOUT)

—>| B

P7 write

¥

S

BUS3 Bl

Y Selector

Ale

\I\I

P7 read

fepH clock —> A

Y
B Selector
S

fsys clock —>

CKOCR<SCOSEL>

Figure 3.5.22 Port 73
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(3) P77 (NMI)

P77 is a general-purpose I/O port, and is also used as a non-maskable interrupt
(NMI) input pin. The NMI pin is set by the function register PTFC<NMIC>. Writing
NMIC to 1 sets NMI input pin. This bit is prior to the value set in the I/O control
register (P7CR). The NMI in is set one time only. Changing from the NMI pin to the
general-purpose port is disabled. Resetting resets NMIC to 0, and sets to the
general-purpose port mode.

N Reset

—

Direction control

A 4

T [Erogrammable]

P7CR write ull-up resistor

P-ch
"—4' Output buffer

> Output latch . P77 (NMI)
3 )
© P7 write
3 A4
= S
c B le—
) e
g < Selector

Y

A Py
P7 read
Function control
P7FC write
< ﬂ
P7FC read
NMI interrupt Falling/both

edge detect

Figure 3.5.23 Port 77
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Port 7 Register
7 6 5 4 3 2 1 0
P7 Bit symbol P77 P76 P75 P74 P73 P72 P71 P70
(0013H) | Read/Write RIW
After reset 1 1 1 1 [ 1 1 | o1 | 1
Input mode (Pull up)
Port 7 Control Register
7 6 5 4 3 2 1 0
P7CR Bit symbol pP77C P76C P75C P74C P73C P72C P71C P70C
(0015H) | Read/Write w
After reset 0 0 0 o | o o | o [ o
Function 0: Input  1: Output
Port 7 Function Register
7 6 5 4 3 2 1 0
P7FC Bit symbol NMIC P76F P72F
(0017H) | Read/Write RIW w w
After reset 0 0 0
Function 0: Port 0: Port 0: Port
1: NMI 1: TOA 1: TO8
—> Setting P72 as timer out 8 output
P7FC<P72F> 1
P7CR<P72C> 1
-————> Setting P76 as timer out A output
P7FC<P76F> 1
P7CR<P76C> 1
L Setting P77 as NMI input
P7FC
<NMIC>
0 1
P7CR
<p77C>
0 Input NMI
1 Output NMI
Note 1: Read-modify-write is prohibited for registers P7CR and P7FC.

Note 2: When port P7 is used in the input mode, the P7 register controls the built-in pull-up resistor.

resistors.

Read-modify-write is prohibited in the input mode or the I/O mode, as it may affect the states of the pull-up

Note 3: The P7x/TIx pin does not have a register changing it from port to function. For example, when it is used as

an input port, the incoming signal is input to 16-bit timer as a timer input.

Figure 3.5.24 Registers for Port 7
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3.5.9 Port 8 (P80 to P87)

(1

Port 80 to 85
Port 80 to 85 are 6-bit general-purpose I/O ports. I/O can be set on a bit basis.
Resetting sets port 80 to 85 as input ports. All bits of the output latch register are set
to 1. In addition to functioning as I/O ports, port 80 to 85 also function as I/Os for the
serial channel 2 and I/Os for an 8-bit timer. Writing 1 in the corresponding bit of the
port 8 function register PS8FC enables those functions. Resetting resets P8CR and
P8FC to 0 and sets all bits to input ports.

Port 86 to 87

Port 86 to 87 are 2-bit I/O ports. I/O can be set on a bit basis. When using as output
ports, port 86 to 87 are set to open-drain outputs.

Resetting sets the output latch register and the control register value to 1, and sets
the high impedance output.

In addition to functioning as I/O ports, port 86 to 87 also function as low-frequency
oscillator serial pins (XT1 and XT2). These ports are also used as a dual clock mode by
setting of the system clock control register SYSCRO and SYSCR1.

Port 80, 83 (TXD1, TO3)

In addition to functioning as I/O ports, port 80 and 83 also function as TXD1 output
pin of the serial channel 1 and output TO3 pin of an 8-bit timer.

These ports are also used as the programmable open-drain mode.

A~ Reset

—4

| Direction control
(on bit basis)

P8CR write

‘ l

Function control
(on bit basis)

P8FC write

—g |
S

Output latch A I[\/ - Egg gég)l)

Selector Open-drain set

i B PSODE<ODES0, 83>
P8 write
TXD1, TO3 l

S
pd Bl<

D Selector

N A€
P8 read

Internal data bus

Figure 3.5.25 Port 8 (P80 and P83)
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(2) Port 81, 82 (RXD1, TI2)
In addition to functioning as I/O ports, port 81 and 82 also function as RXD1 input
pin of the serial channel 1 and input TI2 pin of an 8-bit timer.

These ports are also used as the programmable open-drain mode.

N\

Reset

Direction control

(on bit basis)

P8CR write

[’

S

Internal data bus

Output latch

P8 write

b

2
S

B

W

P8 read

Selector

Open-drain set
P8ODE<ODE81:82>

Ale

RXD1, TI2 <

Figure 3.5.26 Port 8 (P81 and P82)

(3) Port 84, 85

Port 84 and 85 are general-purpose I/O ports. These ports are used as the
programmable open-drain mode. Port 84 also functions as a bus wait request pin.

N\

Reset

Direction control

(on bit basis)

P8CR write

3

S

Internal data bus

Output latch

P8 write

b

(923

B

<

P8 read

Selector

L~

Open-drain set
P8ODE<ODES84:85>

Ale

Figure 3.5.27 Port 8 (P84 and P85)

P81 (RXD1)
1 pg5 (1i2)

P84 (WAIT)
. P85
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(4) Port 86 (XT1), 87 (XT2)

In addition to functioning as I/O ports, port 86 and 87 also function as low-frequency

oscillator serial pins.

I

Reset —4

BUS6

BUS6

S
Direction control
(on bit basis)

Low-frequency oscillation enable

P8CR write

BUS6

A

S
Output latch

A

y

P8 write

A

Internal data bus

BUS7

S

B
Selector
Y

A

L~

Output buffer

(Open-drain
output)

BUS7

Direction control
(on bit basis)

(1 ON)

P8CR write

[’

BUS7

S
Output latch

MA
WA

[1 P86 (XT1)

P8 write

Y

b

W

S

B
Selector
Y

A

L~

Output buffer

(Open-drain
output)

P8 read

A

Figure 3.5.28 Port 8 (P86 and P87)

|

[1 P87 (XT2)

Low-frequency clock
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Port 8 Register

7 6 5 4 3 2 1 0
P8 Bit symbol P87 P86 P85 P84 P83 P82 P81 P80
(0018H) | Read/Write RIW
After reset 1 | 1 1 [ 1 ] 1 | x|
Output mode Input mode

Port 8 Control Register

7 6 5 4 3 2 1 0
PSCR Bit symbol P87C P86C P85C P84C P83C P82C P81C P80C
(001AH) | Read/Write w
After reset 1 | 1 ] o | o | o | o | o [ o
Function 0: Input  1: Output

—> Port 8 1/0 setting

0 Input
1 Output
Port 8 Function Register
7 6 5 4 3 2 1 0
P8FC Bit symbol P83F P8OF
(001CH) | Read/Write w w
After reset 0 0
Function 0: Port 0: Port
1: TO3 1: TXD1

|—> Setting P80 as TXD1 output
P8FC <P82F> 1
P8CR <P82C> 1

—— > Setting P83 as timer out 3 output
P8FC <P83F> 1
P8CR <P83C> 1

Note 1: Read-modify-write is prohibited for registers PBCR and P8FC.
Note 2: The P81/RXD1, and P82/T12 pins do not have a register changing them from port to function. For example,
when they are used as an input port, the incoming signal is input to the 8-bit timer as timer input.
Note 3: To set the P80 to P85 to open drain, write 1 in bit0 to 5 of the PBODE register.
Note 4: Notes on using low-frequency oscillation circuit. To connect a low-frequency resonator to port 86, 87, it is
necessary to set the following procedures to reduce the consumption power supply.
(Connecting to a resonator)
Set PBCR<P86C, P87C> = 11, P8<P86:87> = 00
(Connecting to a oscillator)
Set PBCR<P86C, P87C> =11, P8<P86:87> = 10
Note 5: If you can enter STOP mode on either of the following conditions, fix port 8 to VCC or GND.
e When setting the pin control to “I/O off” at STOP mode.
e When setting the pin control to “keep the condition prior to halt” at STOP mode and also when port 8 is

input mode.

Figure 3.5.29 Registers for Port 8
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3.5.10

Port 9 (P90 to P97), Port A (PAO to PA7)

Port 9 and port A are 8-bit open-drain output ports. In addition to functioning as output
ports, port 9 and port A also function as segment outputs of the LCD driver. Writing 1 in
the corresponding bit of the port 9 function register POFC and port A function register
PAFC enable s this function.

Resetting resets all bits of the output latch P9 to 0, initializes all bits of the PA to 1 and
all bits of P9FC and PAFC to 0, and sets all bits of P9 and PA ports to output ports.

N\

Internal data bus

Reset

—

Direction control

(on bit basis)

T

PIFC write

P

R

n

N

Y

Y

Output latch |

Output buffer

vy
Selector

P9 write

b

Segment data

Internal data bus

\‘FI

P9 read

Reset

—

Direction control

(on bit basis)

)

PAFC write

P

S

™~
L~
Output buffer

Output latch

w >
Selector
%)

PA write

b

Segment data

3

PA read

Figure 3.5.30 Port 9 and A

{1P90 to P97 (SEG24 to SEG31)

{1PAO to PA7 (SEG32 to SEG39)
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Port 9
7 6 5 4 3 2 1 0
P9 Bit symbol P97 P96 P95 P94 P93 P92 Po1 P90
(0019H) | Read/Write RIW
After reset o | o [ o | o | o 0 0 0
Output mode
Port A Register
7 6 5 4 3 2 1 0
PA Bit symbol PA7 PAG6 PAS5 PA4 PA3 PA2 PAl PAO
(001EH) | Read/Write RIW
After reset 1 1 1 1 [ 1 1 1 1
Output mode
Port 9 Function Register
7 6 5 4 3 2 1 0
POFC Bit symbol P97F P96F P95F P94F P93F P92F PI1F P9OF
(001DH) | Read/Write w
After reset 0 0 0 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: SEG31 |1: SEG30 |1:SEG29 |1:SEG28 |1:SEG27 |1: SEG26 |1:SEG25 |1: SEG24
Port A Function Register
7 6 5 4 3 2 1 0
PAFC Bit symbol PATF PAGF PASF PA4F PA3F PA2F PAL1F PAOF
(001FH) | Read/Write w
After reset 0 0 0 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: SEG39 [1:SEG38 [1:SEG37 |1:SEG36 [1:SEG35 [1:SEG34 |[1:SEG33 |1:SEG32
Note 1: Read-modify-writes is prohibited for registers P9FC and PAFC.
Note 2: Port 9 and port A are open-drain output pins.
Figure 3.5.31 Registers for Ports 9 and A
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3.6 Bus Width/Wait Controller

The TMP93CS20 has a built-in bus width/wait controller used to control chip select, wait
(WAIT pin), and data bus size (8 or 16 bits) for any of the three block address areas.

3.6.1 Address/Data Bus Pins

Port 0/ADO to AD7, port 1/AD8 to AD15, and port 2/AD16 to AD23/A0 to A7 function as

an address and data bus for connecting the microcontroller to the external memories and
I/0 peripherals.

1 2 3 4
Number of address
bus pins Max 24 (to 16 Mbytes) Max 24 (to 16 Mbytes) Max 16 (to 64 Kbytes) Max 8 (to 256 bytes)
Number of data bus 8 16 8 16
pins
Number of multiplexed 8 16 0 0
pins
Mode —
pins EA VIH
Port 0 ADO to AD7 ADO to AD7 ADO to AD7 ADO to AD7
Port
function Port 1 A8 to A15 ADS8 to AD15 A8 to A15 ADS8 to AD15
Port 2 Al16 to A23 A16 to A23 A0 to A7 A0 to A7
(Note 1) (Note 1)
AD7 to ADO AD15 to ADO AD7 to ADO AD15 to ADO
Timing chart
ALE / \ ALE _/_\_ ALE _/—\_ ALE _/_\_
RD \ / |rD \_/ |rD \_/ |RrD \_/

Note 1: In the cases of 3. and 4., the data bus signals output the addresses because the signals are also

used as the address bus. By writing 0 to bit CKOCR<ALEEN>, the ALE signal can be prevented
from outputting.

Note 2: After a reset operation, port 0, port 1, and port 2 of the TMP93CS20 function as input ports.
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3.6.2

Bus Width/Wait Control Registers

Table 3.6.1 shows control registers.
One block of the address areas is controlled by each of the 1-byte bus width/wait control
registers WAITCO, WAITC1, and WAITC2.

(1

(2

3

Data bus size select

Bit4 (BOBUS, B1BUS, and B2BUS) of the control register is used to specify data bus
size. Setting this bit to 0 accesses the memory in 16-bit data bus mode; setting it to 1
accesses the memory in 8-bit data bus mode.

Changing data bus size depending on the access address is called dynamic bus sizing.
Table 3.6.1 shows the details of the bus operation.

Wait control

Control register bits 3 and 2 <BOW1:0, BIW1:0, and B2W1:0> are used to specify the
number of waits. Setting these bits to 00 inserts a 2-state wait regardless of the WAIT
pin status. Setting them to 01 inserts a 1-state wait regardless of the WAIT status.
Setting them to 10 inserts a 1-state wait and samples the WAIT pin status. If the pin
is low, inserting the wait maintains the bus cycle until the pin goes high. Setting them
to 11 completes the bus cycle without a wait, regardless of the WAIT pin status.

Resetting sets these bits to 00 (2-state wait mode).

Address area specification

Control register bits 1 and 0 <B0C1:0, B1C1:0, and B2C1:0> are used to specify the
target address area. Setting these bits to 00 enables settings as follows:

*  The WAITCO setting is enabled when the address space 7FOOH to 7FFFH is

accessed.

*  The WAITC1 setting is enabled when the address space 8AOH to 7FFFH is
accessed.

*  The WAITC2 setting is enabled when the address space 8000H to SFFFFFH is
accessed,

Setting these bits to 01 enables settings for all WAITC’s blocks when the address
space 400000H to 7FFFFFH is accessed. Setting these bits to 10 enables when the
address space 800000H to BFFFFFH to be accessed. Setting these bits to 11 enables
when the address space CO0000H to FFFFFFH to be accessed.
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Table 3.6.1 Bus Width Control Register

7 6 5 4 3 2 1 0
WAITCO | Bit symbol BOBUS BOW1 BOWO BOC1 BOCO
(0068H) Read/Write w
After reset 0 0 | 0 0 I 0
Function 0:16-bit bus [ 00: 2 waits 00: 7FOOH to 7FFFH
1:8-bit bus | 01: 1 wait 01: 400000H to
10: (1 +N) waits 10: 800000H to
11: 0 waits 11: COO000H to
WAITC1 | Bit symbol BiBUS | Biwl | BIwO BIC1 | B1CO
(0069H) Read/Write w
After reset 0 0 | 0 0 I 0
Function 0:16-bit bus | 00: 2 waits 00: 8A0OH to 7FFFH
1:8-bitbus [ 01: 1 wait 01: 400000H to
10: (1 + N) waits 10: 800000H to
11: 0 waits 11: COO000H to
wAITC2 | Bit symbol B2BUS | Baw1i | B2woO B2C1 | B2CO
(006AH) | Read/Write w
After reset 0 0 | 0 1 | 1
Function 0:16-bit bus | 00: 2 waits 00: 8000H to
1:8-bitbus [ 01: 1 wait 01: 400000H to
10: (1 +N) waits 10: 800000H to
11: 0 waits 11: COO000H to

Note: Read-modify-write is prohibited for WAITCO, WAITC1, and WAITC2.

Table 3.6.2 Dynamic Bus Sizing

Operand Operand Start Memory CPU CPU Data

Data Size Address Data Size Address | p15to D8 D7 to DO
2n+0 8 bits 2n+0 XXXXX b7 to b0
8 bits (Even number) 16 bits 2n+0 XXXXX b7 to b0
2n+1 8 bits 2n+1 XXXXX b7 to b0
(Odd number) 16 bits 2n+1 b7 to b0 XXXXX
5 8 bits 2n+0 XXXXX b7 to b0
n+0 2n+1 XXXXX b15 to b8

(Even number) -
16 bits 2n+0 b15 to b8 b7 to b0
16 bits 8 bits 2n+1 XXXXX b7 to b0
n+1 2n+2 XXXXX b15 to b8
(Odd number) 16 bit 2n+1 b7 to b0 XXXXX
s 2n+2 XXXXX b15 to b8
2n+0 XXXXX b7 to b0
8 bits 2n+1 XXXXX b15 to b8
2n+0 2n+2 XXXXX b23 to b16
(Even number) 2n+3 XXXXX b31 to b24
16 bits 2n+0 b15 to b8 b7 to b0
2n+2 b31 to b24 b23 to b16
32 bits 2n+1 XXXXX b7 to b0
8 bits 2n+2 XXXXX b15 to b8
S 2n+3 XXXXX b23 to b16

+
2n+4 XXXXX b31 to b24
(Odd number)

2n+1 b7 to b0 XXXXX
16 bits 2n+2 b23 to b16 b15 to b8
2n+4 XXXXX b31 to b24

xxxxx: During a read, data input to the bus is ignored. While writing, the bus is at high impedance and the write

strobe signal remains in active.
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3.6.3

Bus Width/Wait Control

An image of the actual addresses which can be specified by chip select is shown below.
Out of the whole memory area, address areas that can be specified are divided into four
parts. Addresses from 000000H to SFFFFFH are further divided as follows: 7FOOH to
7TFFFH is specified for WAITCO; 8AOH to 7FFFH, for WAITC1; and 8000H to 3FFFFFH,
for WAITC2. The reason is that a device other than ROM (e.g., RAM or I/0) might be
connected externally.

7FO0H to 7FFFH (256 bytes) designated as WAITCO are mapped mainly for possible
expansions to external I/0.

S8AOH to 7FFFH (Approx. 30 Kbytes) designated as WAITC1 are mapped mainly for
possible extensions to external RAM.

8000H to SFFFFFH (Approx. 4 Mbytes) designated as WAITC2 are mapped mainly for
possible extensions to external ROM. After resetting, WAITC2 is enabled in a 16-bit bus
and 2-wait configuration. With the TMP93CS20, which does have a built-in ROM,
addresses from FFOOOOH to FFFFFFH are used as the internal ROM area; WAITC2 is
disabled in this area. After resetting, the CPU reads the program from the built-in ROM in
16-bit bus, 0 WAIT mode.

WAITCO WAITC1 WAITC2
000000H
7FOOH BAOH
o —<socT o> =00 <B1C1:0> =00
<B2C1:0> = “00"
400000H
<B0OC1:0> = “01" <B1C1:0> = 01" <B2C1:0> = “01"
800000H
<BOC1:0> = “10" <B1C1:0> = 10" <B2C1:0> = “10"
CO00000H
<BOC1:0> = “11” <B1C1:0>="11" <B2C1:0>="11"
FFFFFFH

(Mainly for 1/0) (Mainly for RAM) (Mainly for ROM)

Note 1: Access priority is highest for built-in 1/0, then built-in memory, and lowest for the chip select/wait
controller.

Note 2:

External areas other than WAITCO to WAITC2 are accessed in 0 WAIT mode.

When using the chip select/wait controller, do not specify the same address area more than once.
(However, when specifications overlap, only one of them will be utilized. For example, when
addresses 7F00H to 7FFFH for WAITCO are specified at the same time as 8AOH to 7FFFH for
WAITC1, only the WAITCO setting and pin will be active.)
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Example of Usage

Figure 3.6.1 is an example in which an external memory is connected to the
TMP93CS20. In this example, a 128-Kbyte ROM is connected using a 16-bit bus, and a
256 Kbyte RAM is connected using a 16-bit bus.

Decoder
ROMCS
RAMCS
TMP93CS20
Upper address
Al6to Al17
Latch x 16
ADS8 to AD15 [« ALG ROM (64 Kbytes x 16)
AT O ATS Al15 D8 to D15fF—>»
D Q > AO to Al4 DO to D7 >
ADO to AD7 |« >q oE
LE o
»d CS
ALE
AL6 10 A7 RAM (128 Kbytes x 8)
Alt0AI5 J]ALS10ALG
. A0 to Al4 1/01 to 1/08|€>
RD P >d OE
HWR P >d R/ W
»d CS Upper byte
WR A6 t0 AL7 _ RAM (128 Kbytes x 8)
ALt0ALS 2 Al5to A16
A0 to Al4 1/01 to 1/08[«—>]
> OE
I >d R/ W
— L 39
=X Cs Lower byte

Figure 3.6.1 Example of External Memory Connection (ROM and RAM = 16 bits)

The TMP93CS20 has built-in ROM and RAM. When ROM and RAM have

insufficient capacity, it is possible to connect an external memory following the usage

examples for this purpose. In this example, the memory configuration is as follows.

Memory Memory Size Address Data Bus
ROM Internal 64 Kbytes FFO000H to FFFFFFH 16 bits
External 128 Kbytes 400000H to 41FFFFH 16 bits
SRAM Internal 2 Kbytes 0000AOQOH to 00089FH 16 bits
External 256 Kbytes 800000H to 83FFFFH 16 bits
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3.7 8-Bit Timer

The TMP93CS20 contains four 8-bit timers (timers 0 to 3), each of which can be operated
independently. The cascade connection also allows these timers to be used together as two
16-bit timers. The following four operating modes are supported for the 8-bit timers:

Changeable combination

e  8-bit interval timer mode (4 timers)
(8 bits x 2 timers, 16 bits x 1 timer, etc.)

e  16-bit interval timer mode (2 timers)

e  8-bit programmable square wave pulse generation (PPG: Variable duty with variable cycle)
output mode (2 timers)

e  8-bit pulse width modulation (PWM: Variable duty with constant cycle) output mode (2
timers)

Figure 3.7.1 shows the block diagram of the 8-bit timers (timer 0 and timer 1).

Figure 3.7.2 shows that of the 8-bit timers (timer 2 and timer 3).

Each timer consists of an 8-bit up counter, 8-bit comparator and 8-bit timer register. Besides,
one timer flip-flop (TFF1) is provided for the pair consisting of timer 0 and timer 1, and TFF3 is
provided for the pair consisting of timer 2 and timer 3.

Among the input clock sources for the timers, the internal clocks of ¢T1, $T4, $T16, and $T256
are obtained from the 9-bit prescaler shown in Figure 3.7.3.

The operation modes and timer flip-flops of the 8-bit timers are controlled by the five control
registers T10MOD, T32MOD, TFFCR, TRUN, and TRDC.
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Figure 3.7.1 Block Diagram of 8-Bit Timers (Timers 0 and 1)
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Figure 3.7.2 Block Diagram of 8-Bit Timers (Timers 2 and 3)
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Prescaler

There are 9-bit prescaler and prescaler clock selection registers to generate input clock
signals for the 8-bit timers 0 to 3, the 16-bit timers 4, 6, 8, and A, and the serial interfaces 0
and 1.

Figure 3.7.3 shows the corresponding block diagram, and Table 3.7.1 shows prescaler
clock signal resolution into 8- and 16-bit timers.

System clock (fsys)
9-bit prescaler
frPH— 2 | 4 | 8 |16|32|64|128|256|512|
y Y Y Y Y Y Y \ 4
> > ¢T1
5 ¢
= > ¢T4 | to 8-bit timers
© > ¢T16 [O0t03
o’
L > ¢T256
SYSCRO > ¢T1
. <PRCK1:0> > ¢T4 -to 16-bit timers
f ] 4,6,8,and A
—s 5 > ¢T16
Q@ Run/stop
XT1 3 & clear
> o1
TRUN .
<PRRUN> > ¢T0 to serial
> T2 interfaces
5 SYSCR1<SYSCK> T8 Oand 1
(8]
[}
| @ L ¢T32
fc| fc/2|fc/a|fc/8|fc/16] ~| ¥

X1

2 2|-al= gl 16| SYSCR1<GEAR2:0>

Figure 3.7.3 Block Diagram of the Prescaler

Table 3.7.1 Prescaler Clock Resolution to 8- and 16-Bit Timers
at fc = 20 MHz, fs = 32.768 kHz

. tse|e(0:t| ) Se|eC:::3felfca|e" Gear Value Prescaler Clock Resolution
ystem ocC OC <GEAR2:0>
<SYSCK> <PRCKZ1:0> ' ¢T1 oT4 ¢T16 $T256
1 (fs) XXX fs/2® (244 ps) | fs/2° (977 us) |[fs/2” ( 3.9ms) |fs/2' (625  ms)
000 (fc) fc/2® ( 0.4ps) | fc/2°( 1.6us) |[fc/2” ( 6.4ps) |fc/2™ (1024  ps)
00 001 (fc/2) fc/2* ( 0.8ps) | fc/2°( 3.2us) |[fc/2® ( 12.8ps) |fc/2? (2048  ps)
0 (fc) (frPH) 010 (fc/4) fc/2° ( 1.6ps) | fc/2’ ( 6.4pus) |[fc/2® ( 25.6ps) |fc/2' (409.6  ps)
011 (fc/8) fc/2® ( 3.2ps) | fc/2® ( 12.8us) |[fc/2® ( 51.2ps) |fc/2* (8192  ps)
100 (fc/16) fc/2” ( 6.4ps) | fc/2® ( 25.6us) |fc/2™ (102.4ps) |fc/2® ( 1.6384 ms)
01
XXX (Low-frequency XXX fs/2® (244 ps) | fs/2° (977 us) |[fs/2” ( 3.9ms) |fs/2' (625  ms)
clock)
10 (Note) 7 9 11 15
XXX (fc/16 clock) XXX fc/2” ( 6.4ps) fc/2” ( 25.6ps) | fc/2™ (102.4ps) | fc/2® ( 1.6384 ms)
xxx: Don'’t care 16-bit timer ————>»|
8-bit timer

Note: The fc/16 clock cannot be used as a prescaler clock when the fs is used as a system clock.
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The timer clock selected among fFPH, fc/16, and fs is divided by 4 and input to this
prescaler. The selection is made by system clock control register SYSCRO<PRCK1:0>.

Resetting sets <PRCK1:0> to 00, which selects the fFPH clock input to be divided by 4.

The 8-bit timers 0 and 1 select among 4 clock inputs: ¢T1, $T4, ¢T16, and ¢T256 of the
prescaler output.

This prescaler can be run or stopped by the timer control register TRUN<PRRUN>.
Counting starts when <PRRUN> is set to 1. The prescaler is cleared to 0 and stops
operation when <PRRUN> is set to 0.

Resetting clears <PRRUN> to 0 and stops the prescaler.

When the Idlel mode (in which only the oscillator operates) is used, set TRUN<PRRUN>
to “0” to reduce the power consumption of the prescaler before the “HALT” instruction is
executed.

2. Up counter

This is an 8-bit binary counter which counts up by the input clock pulse specified by
T10MOD or T32MOD.

The input clocks of timer 0 and timer 2 are selected from among the external clock from
the TIO and TI2 pins, and the three internal clocks ¢T1, ¢T4, and ¢T16, according to the
value set in TIOMOD<TOCLK1:0> or T32MOD<T2CLK1:0>.

The input clocks used by timer 1 and timer 3 depend on the operation mode. When 16-bit
timer mode is set, the overflow outputs of timer 0 and timer 2 are used as the input clock.
When any mode other than 16-bit timer mode is set, the input clock is selected from among
the internal clocks ¢T1, ¢T16, and ¢T256 as well as the comparator outputs (Match
detection signal) of timer 0 and timer 2 according to the set value of the T10MOD and te
T32MOD registers.

Example: When T10MOD<T10M1:0> = 01, the overflow output of timer 0 becomes the input clock of timer 1
(16-bit timer mode).
When T10MOD<T10M1:0> = 00 and TLOMOD<T1CLK1:0> = 01, ¢$T1 becomes the input of timer 1
(8-bit timer mode).

Similarly, operation mode is also set by the TIOMOD and the T32MOD registers. When
reset, it is initialized to TIOMOD<T10M1:0> = 00 and T32MOD<T32M1:0> = 00 whereby
the up counter is placed in the 8-bit timer mode.

The counting and stop and clear of the up counter can be controlled for each interval
timer by the timer operation control register TRUN. When reset, all up counters will be
cleared to stop the timers.
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3. Timer registers

These are 8-bit registers for setting a time interval. When the values of the timer
registers match the values of the corresponding up counters, the comparator match detect
signal becomes active. If the set value is 00H, this signal becomes active when the up
counter overflows.

Timer registers TREGO and TREG2 have a double buffer. The following describes an
example of the TREG2.

The 8-bit timer double buffer control register TRDC<TR2DE> bit controls whether the
double buffer structure should be enabled or disabled. It is disabled when <TR2DE> = 0
and enabled when it is set to 1.

In the double buffer enable state, the data set in the register buffer are transferred to the
timer register when the 20— 1 overflow occurs in PWM mode, or at the PPG cycle in PPG
mode. Therefore, during timer mode, the double buffer cannot be used.

Upon resetting, TRDC<TR2DE> will be initialized to 0, disabling the double buffer. To

use the double buffer, write data in the timer register, set <TR2DE> to 1, and write the
following data in the register buffer.

Up counter

4

| Comparator (CP2) |
AN

| Timer register 2 (TREG2) |

N\
< ¢ G::: Matching detection of PPG cycle
Shift trigger 2" — 1 overflow of PWM
Selector
| Register buffer 2 | < <— TREG2 WR
2\ T
[ Write [
! Internal data bus ) TRDC<TR2DE>

Figure 3.7.4 Configuration of Timer Register 2

Note: The timer register and the register buffer are allocated at the same memory address.
When <TR2DE> = 0, the same value is written in the register buffer and in the timer
register, while when <TR2DE> = 1 the value is written only into the register buffer.

The memory address of each timer register is as follows.
TREGO: 000022H TREG2: 000026H
TREG1: 000023H TREGS3: 000027H

Both of these registers are write only and cannot be read.

93CS20-91 2004-02-10



TOSHIBA TMP93CS20

4. Comparator

A comparator compares the value in the up counter with the values to which the timer
register is set. When they match, the up counter is cleared to 0 and an interrupt signal
(INTTO, INTT1, INTT2, and INTT3) is generated. If the timer flip-flop inversion is enabled,
the timer flip-flop is inverted at the same time.

5. Timer flip-flop
The timer flip-flop (TFF1 and TFF3) is a flip-flop inverted by the match detect signal
(8-bit comparator output).
Inverting is enabled or disabled by the timer flip-flop control register TFFCR<TFF3IE>,
<TFF1I1E>.

After a reset operation, the value of TFF1 and TFF3 are undefined. Writing 01 or 10 to
TFFCR<TFF3C1:0> <TFF1C1:0> sets 0 or 1 to TFF1 and TFF3. Additionally, writing 00 to
this bit inverts the value of TFF1 and TFF3 (Software inversion).

The values in TFF1 and TFF3 can be output to the TO1 pin (also used as P67) and TO3
pin (also used as P83). When using the TFF1 and TFF3 contents as the timer output, the
timer flip-flop should be set by the port 6 and 8 function registers P6FC and PS8FC
beforehand.
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Timer Operation Control Register
7 6 5 4 3 2 1 0
TRUN Bit symbol PRRUN T6RUN T4RUN T3RUN T2RUN T1RUN TORUN
(0020H) | Read/write R/W R/W
Afterreset | 0 o | o | o | o | o | o
Function Prescaler and timer run/stop control
0: Stop and clear
1: Run (count up)
L » Count operation
0 |Stop and clear
1 |Count
PRRUN: Operation of prescaler
T6RUN: Operation of 16-bit timer (Timer 6)
T4RUN: Operation of 16-bit timer (Timer 4)
T3RUN: Operation of 8-bit timer (Timer 3)
T2RUN: Operation of 8-bit timer (Timer 2)
T1RUN: Operation of 8-bit timer (Timer 1)
TORUN: Operation of 8-bit timer (Timer 0)
Note: TRUN<BIt6> is read as 1.
System Clock Control Register
7 6 5 4 3 2 1 0
SYSCRO | Bit symbol XEN XTEN RXEN RXTEN [ RSYSCK WUEF PRCK1 PRCKO
(006EH) | Read/write R/W
After reset 1 0 1 0 0 0 o | o
Function High- Low- High- Low- Clock Warm-up Select prescaler clock
frequency frequency frequency frequency selection timer 00: fepH
oscillator oscillator oscillator oscillator after (Write) 01 fs
(fc) (fs) (fc) after (fs) after release of | 0: Don't )
10: fc/16
0: Stop 0: Stop release of release of the Stop care
1: Oscillation| 1: Oscillation|the STOP  [the STOP | mode 1: Start 11: (Reserved)
mode mode 0: fc timer
0: Stop 0: Stop 1:fs (Read)
1: Oscillation| 1: Oscillation 0: End
warm up
1: Continue
warm up

l

Select prescaler clock setting

00 |[fepH
01 |fs Clock
10 fc/16 divided by 4
11 | (Reserved)
Figure 3.7.5 Registers for 8-Bit Timers (1/5)
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Timer 1 and Timer 0 Mode Control Register
7 6 5 4 3 2 1 0
T10MOD | Bit symbol Ti0M1 T10MO PWMO1 PWMO00 T1CLK1 T1CLKO TOCLK1 TOCLKO
(0024H) Read/Write R/W
After reset 0 0 0 0 o | o o [ o
Function Operation mode PWM cycle Source clock of timer 1 | Source clock of timer 0
00: 8-bit timer 00: Don't care 00: TOOTRG 00: TIO pin input
01: 16-bit timer 01:2°-1 01: ¢T1 01: ¢T1
10: 8-bit PPG 10:2"-1 10: $T16 10: ¢T4
11: 8-bit PWM 11:2° -1 11: $T256 11: $T16
|—> Input clock signal of timer 0
00 [External Input (TIO pin input)
01 ([¢T1 (Prescaler)
10 |¢T4 (Prescaler)
11 | ¢T16 (Prescaler)
—>Input clock of timer 1
T10MOD<T10M1:0># 01 |T10MOD<T10M1:0> =01
00 | Comparator output of Overflow
timer “0” output of timer “0”
01 |Internal clock ¢T1 (16-bit timer mode)
10 |Internal clock ¢T16
11 | Internal clock $T256
L Select PWM cycle
00 |Don't care
01 |(2°-1) x Timer 0 input clock cycle
10 | (2" -1) x Timer 0 input clock cycle
11 | (2®- 1) x Timer 0 input clock cycle

\ 4

Set the operation modes of timers 0 and 1.

00 [ Two 8-bit timers
(Timer 0 and timer 1)
01 | 16-bit timer
10 | 8-bit PPG output
11 | 8-bit PWM output (Timer 0)

8-bit timer (Timer 1)

Figure 3.7.6 Registers for 8-Bit Timers (2/5)
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Timer 3 and Timer 2 Mode Control Register
7 6 5 4 3 2 1 0
T32MOD | Bit symbol T32M1 T32MO PWM21 PWM20 T3CLK1 T3CLKO T2CLK1 T2CLKO
(0028H) | Read/write R/W
After reset o | o o | o o | o o | o
Function Operation mode PWM cycle Source clock of timer 3 | Source clock of timer 2
00: 8-bit timer 00: Don't care 00: TO2TRG 00: TI2 pin input
01: 16-bit timer 01:2°-1 01: ¢T1 01: ¢T1
10: 8-hit PPG 10:2"-1 10: ¢T16 10: ¢T4
11: 8-hit PWM 11: 2°-1 11: $T256 11: ¢T16

|—> Input clock signal of timer 2

00 |External Input (TI2 pin input)
01 ([¢T1 (Prescaler)
10 |¢T4 (Prescaler)
11 | ¢T16 (Prescaler)

—>Input clock of timer 3

T32MOD<T32M1:0> = 01

00 | Comparator output of Overflow
timer 2 output of timer 2
01 |Internal clock ¢T1 (16-bit timer mode)
10 |Internal clock ¢T16
11 [Internal clock $T256
—> Select PWM cycle
00 |[Don't care
01 |(2°-1) x Timer 2 input clock cycle
10 | (2" - 1) x Timer 2 input clock cycle
11 | (2%-1) x Timer 2 input clock cycle

A\

Set the operation modes of timers 2 and 3.

00 | Two 8-bit timers

01 | 16-bit timer

10 | 8-bit PPG output

11 | 8-bit PWM output (Timer 2)

8-bit timer (Timer 3)

Figure 3.7.7 Registers for 8-Bit Timers (3/5)
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Timer Flip-flop Control Register
7 6 5 4 3 2 1 0
TFFCR Bit symbol TFF3C1 TFF3CO TFF3IE TFF3IS TFF1C1 TFF1CO TFF1IE TFF1IS
(0025H) | Read/write w RIW W RIW
After reset 1 | 1 0 0 1 | 1 0 0
Function 00: Invert TFF3 TFF3 TFF3 00: Invert TFF1 TFF1 TFF1
01: Set TFF3 Inversion | Inversion |[o1: Set TEF1 Inversion | Inversion
10: Clear TFF3 trigger source  110: Clear TFF1 trigger source
11: Don't care 0:Disable |0O:Timer 2 11: Don't care 0:Disable |0:Timer 0
1:Enable |1:Timer 3 1:Enable |[Z1:Timer 1

1

Select inverse signal of timer F/F3 (TFF3)
(“Don't care” except in 8-bit timer mode)

I

Select inverse signal of timer F/F1 (TFF1)
(“Don’t care” except in 8-bit timer mode)

- - 0 Inversion by timer O
0 | Inversion by timer 2 - -
- - 1 Inversion by timer 1
1 Inversion by timer 3
— Inversion of timer flip-flop 3 (TFF3) — Inversion of timer flip-flop 1 (TFF1)
0 |Disable inversion 0 | Disable inversion
1 | Enable inversion 1 |Enable inversion
Control of timer flip-flop 3 (TFF3) —> Control of timer flip-flop 1 (TFF1)
00 ([Invert the value of TFF3 00 |[Invert the value of TFF1
(Software inversion) (Software inversion)
01 ([SetTFF3to 1. 01 |[SetTFFlto 1.
10 |[Clear TFF3to 0. 10 ([Clear TFF1to O.
11 |[Don't care (Always read as 11) 11 [ Don't care (Always read as 11)

TFFCR<TFF3C1:0>, <TFF1C1:0> are read as 1.

Figure 3.7.8 Registers for 8-Bit Timers (4/5)
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Timer Register Double Buffer Control Register
6 5 4 3 2 1 0
TRDC Bit symbol TR2DE TRODE
(0029H) | Read/Write R/W
After reset 0 0
Function Double Double
buffer of buffer of
timer timer
register 2 | register 0

I

|—> Control of timer register double buffer

0

Disable

1

Enable

Figure 3.7.9 Registers for 8-Bit Timers (5/5)
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The operation of 8-bit timers will be described below:

(1) 8-bit timer mode
Four interval timers, designated O to 3, can be used independently as 8-bit interval
timers. When setting functions and count data, stop operation of timer 0 to 3.
1. Generating interrupts in a fixed cycle
The operation of timer 1 will be explained below.

To generate timer 1 interrupts at constant intervals using timer 1 (INTT1), first stop
timer 1. Set the operation mode and input clock speed by setting T10MOD, and the
cycle time by setting TREG1. Then, enable interrupt INTT1 and start the counting of
timer 1.

Example: To generate timer 1 interrupt every 1 second at fs = 32 kHz, set each register in the following manner.

* Clock condition System clock:  Low frequency (fs)
Prescaler clock: Low frequency (fs)

MSB LSB

[ TRUN

“— - - - 0 - Stop timer 1, and clear it to 0.
T10MOD «0 0 1 - - Set the 8-bit timer mode, and select ¢T16 (4 ms at fs = 32
kHz) as the input clock.
TREG1 «<1 1111010 Set the timer register 1, 1 s + $T16 = 250 = FAH (H signifies
hexadecimal)
INTET10 «~1 101 - - - - Enable INTT1, and set it to “level 5.
TRUN «~1 X - - - -1 - Start timer 1 counting.

X: Don't care, —: No change

Use Table 3.7.1 for selecting the input clock.

Note: The input clock choices available for timer O and timer 1 differ from each other as
follows.
Timer 0: TIO input, $T1, $T4, $T16
Timer 1: Match detect signal of timer 0, ¢T1, $T16, ¢T256
2. Generating a 50% duty, square wave pulse
Timer 1 and timer 3 have a timer flip-flop respectively.
The timer flip-flop (TFF1 and TFF3) is inverted at constant intervals, and its status
is output to timer output pin (TO1 and TO3).
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Example: To output a 2.4 s square wave pulse from the TO3 pin at fc = 20 MHz, set each register by the following
procedures. Either timer 2 or timer 3 may be used, but this example uses timer 3.

*

Clock condition System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: fepy

TRUN “«— - - -0 - - - Stop timer 3, and clear it to 0.
T32MOD <00 XX 01 - - Set the 8-bit timer mode, and select ¢T1 (0.4 pus at fc = 20
MHz) as the input clock cycle time.
TREG3 “— 0 0011 Set the timer register at 2.4 pus + ¢T1+2=3.
TFFCR <« 0 1 - - - - Clear TFF3 to 0, and set to invert by the match detect signal
from timer 3.
P8CR - - - -1 - - - )
Select P83 as TO3 pin.
P8FC «~ X X X X1 X X - }
| TRUN «~1 X - -1 - - - Start timer 3 counting.
X: Don't care, —: No change
6Tl
TRUN
<T3RUll{l>
Bit7 to Bit2 -

Up counter  Bitl

BitO 0 1 2 |3 fl\1 2 [ 3]of 1 2 [ 3]of

Comparator

timing m m

Comparator output
(Matching detect)

INTT3
Up-counter clear (

TFF3

TO3 i/

Figure 3.7.10 Square Wave (50% duty) Output Timing Chart
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3. Making timer 1 count up by matching the signal from the timer 0 comparator.
(Same function is achieved by using timer 3 and timer 2.)

Set the 8-bit timer mode, and set the comparator output of timer 0 as the input clock
to timer 1.

Comparator output
(Timer 0 match) I_I I_I

Timer O up counter
(when TREGO = 5) 1 X2 X3X4aX5 X1 X2 X3X4X5X1X2X3)

Timer 1 up counter
(when TREGL = 2) 1 X 2 X 1
Timer 1 matching output I_I

Figure 3.7.11 Timer 1 Count-up Regulated by Timer 0
(2) 16-bit timer mode

A 16-bit interval timer is configured by using timer 0 and timer 1 or timer 2 and timer 3
as a pair.

Setting timer mode register TIOMOD<T10M1:0> or T32MOD<T32M1:0> of timer 0 and
timer 1 to 01 establishes a 16-bit timer mode.

When set in 16-bit timer mode, the overflow outputs of timer 0 and timer 2 will become
the input clocks of timer 1 and timer 3, regardless of the set value of TIOMOD<T1CLK1:0>
or T32MOD<T3CLK1:0>. Table 3.7 (1) shows the selection of timer 0 and timer 2 input
clocks.

The lower 8 bits of the timer (Interrupt) cycle are set by the timer registers TREGO and
TREG2, and the upper 8 bits are set by TREG1 and TREGS3. Note that TREGO or TREG2
always must be set first. (Writing data into TREGO or TREG2 disables the comparator
temporarily, and the comparator is restarted by writing data into TREG1 or TREG3.)

Setting example:  To generate an interrupt INTT3 every 0.4 seconds at fc = 20 MHz, set the following values for timer
registers TREG2 and TREG3.

* Clock condition System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: fepy

When counting with the ¢T16 input clock (6.4 us at 20 MHz)
0.4 s + 6.4 pus = 62500 = F424H
Therefore, set TREG3 = F4H and TREG2 = 24H, respectively.
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The comparator signal is output from timer 2 each time the up-counter UC2 matches
TREG2, when the up counter UC2 is not to be cleared.

With the timer 3 comparator, the match detect signal is output at each comparator check
when the up counter UC3 and TREG3 values are found to match. When the match detect
signal is output simultaneously from the comparators of both timer 2 and timer 3, the up
counters UC2 and UC3 are cleared to 0, and the interrupt INTT3 is generated. If inversion
is enabled, the value of the timer flip-flop TFF3 is inverted.

Example: When TREG3 = 04H and TREG2 = 80H
Value of up counter H H 180H 280H H 480H
(UC3. UC2) 0000 0080 0180 0280 0380 0480
Timer 2 comparator
match detect signal ﬂ ﬂ ﬂ ﬂ ﬂ
[}
Interrupt INTT3 I—I
[}
[}
Timer output TO3 X Inversion

Figure 3.7.12 Timer Output by 16-Bit Timer Mode
(3) 8-bit PPG (Programmable pulse generation) output mode

Square wave pulse can be generated at any frequency and duty by timer O or timer 2.
The output pulse may be either low-active or high-active. In this mode, timer 1 or timer
3 cannot be used.

Timer 0 outputs a pulse to the TO1 pin (also used as P67), or the TO3 pin (also used
as P83).

The operation of timer 2 will be explained below.

In this mode, a programmable square wave is generated by inverting the timer
output each time the 8-bit up counter (UC2) matches the timer registers TREG2 and
TREGS.

However, it is necessary for the set value of TREG2 to be smaller than that of
TREGS3.

Though the up counter (UC3) of timer 3 is not used in this mode, UC3 should be set
for counting by setting TRUN<T3RUN>to 1.

Figure 3.7.14 shows the block diagram for this mode.

[} tH I tL ]
D b —

S N I S—

: t '

TREG2 and UC2 match

(Interrupt INTTO) ﬂ /ﬂ

TREG3 and UC2 match

(Interrupt INTT3) ( )ﬂ ( ﬂ

TO3 1 \ ;|

1 TREG2 [

| TREG3

<€

Y____

Figure 3.7.13 8-Bit PPG Output Waveforms
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TRUN<T2RUN> T(TB
TFFCR
T_||_21 —> 8-bit le— <TFF3C1, TFF3CO0,
$T4 > Selector > up counter TFF3 TFF3IE>
$T16 —>] (uc2) <

T T | | Inversion
T32MOD<T2CLK1:0>

L 2 > INTT2
</

| Comparator | Comparator I > > INTT3

7S 7N
L | TREG2

Selector Shift trigger
TREG2-WR —>

| Register buffer | | TREG3 |

T

Internal data bus

TRDC<TR2DE>

Figure 3.7.14 Block Diagram of 8-Bit PPG Output Mode
When the double buffer of TREG2 is enabled in this mode, the value of the register buffer

will be shifted in TREG2 each time TREG3 matches UC2.

Use of the double buffer makes the handling of low duty waves easy (when duty is
varied).

Match with TREG2
and up counter 2 ﬂ ﬂ

(Up counter = Q;) (Up counter = Q,)
Match with TREG3

( Shift from register buffer

TREG2 Q D Q
(Value to be compared) - X 77~ -
Register buffer Q2 X Qs
ﬁ Signifies that data is transferred to TREG2. K\TVEEGZ (Register buffer)
Figure 3.7.15 Operation of Register Buffer
Example:  Generating 1/4 duty 62.5 kHz pulse (at fc = 20 MHz)
!7 ﬂ 11
<>
16 ps
* Clock condition System clock:  High frequency (fc)

Clock gear: 1 (fc)
Prescaler clock: fepy
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Calculate the value to be set in the timer register.

To obtain a frequency of 62.5 kHz, the pulse cycle time t should be:
t=1/62.5 kHz = 16 pus.
Given ¢T1 = 0.4 us (at 20 MHz),

16 pus + 0.4 us =40

Consequently, set the timer register 3 (TREG3) to TREG3 = 40 = 28H

and then to obtain a duty of 1/4,t x 1/4 =16 pus x 1/4 =4 ps
4us+0.4pus=10

Therefore, set timer register 2 (TREG2) to TREG2 = 10 = 0AH.

* 76 5 43 210
TRUN «- X - -00 - - Stop timers 2 and 3, and clear then.
T32MOD «1 0 X X X X 01 Set the 8-bit PPG mode, and select ¢T1 as input clock.
TREG2 «<~0O0O0O0OT1O010 Write OAH.
TREG3 «<~00101000 Write 28H.
TFFCR «~0 11 X - - - - Set TFF3 and enable the inversion.
Writing 10 provides negative logic pulse.
P8CR - - - -1 - - - )
Set P83 as the TO3 pin.
P8FC «~ X X X X1 X X X
| TRUN «~1 X - -11 - - Start timer 2 and timer 3 counting.
X: Don't care, —: No change
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(4) 8-bit PWM output mode

This mode is valid only for timer 0 and timer 2. In this mode, the maximum 8-bit
resolution of the PWM pulse can be output.

When using timer 0, the PWM pulse is output to the TO1 pin (also used as P67).
Timer 1 can also be used as an 8-bit timer. When using timer 2, the PWM pulse is
output to the TO3 pin (also used as P83). The operation of timer 2 will be explained
below. Timer 3 can also be used as an 8-bit timer.

Timer output is inverted when the up counter (UC2) matches the set value of timer
register TREG2, or when 21— 1 (n = 6, 7, or 8; specified by T32MOD<PWM21:0>)
counter overflow occurs. Up counter UC2 is cleared when 2n» — 1 counter overflow
occurs.

To use this PWM mode, the following conditions must be satisfied.

(Set value of timer register) < (Set value of 2» — 1 counter overflow)

(Set value of timer register) = 0
TREG2 and
UC2 match /ﬂ /ﬂ ﬂ

2" -1 overflow
(Interrupt INTT2) / /ﬂ/ /ﬂ

TO3 h

. tPwm N
(PWM cycle)

Figure 3.7.16 8-Bit PWM Waveforms

Figure 3.7.17 shows the block diagram of operations in this mode.

TRUN<T2RUN> T?3
¢T>IT21 — 8-hit
5| Selector up counter TFF3 |«— TFFCR
ﬁﬁ‘e —> p(UC2) Clear <TFF3C1:0, TFF3IE>
Inversion
T32MOD<T2CLK1:0> n_q (_T'?':ZJ,';ISPO "
- < 0> =
:> overflow
control le— T32MOD
<PWM21:0>
1 Overflow

| Comparator >

il

&—> INTT2
| TREG2 |
Selector Shift trigger
TREG2-WR —>|

| Register buffer |

TRDC<TR2DE>

2 Internal data bus ?

Figure 3.7.17 Block Diagram of Operations in 8-Bit PWM Mode
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In this mode, the value of the register buffer will be shifted into TREG2 if a 2»— 1
overflow is detected while the double buffer of TREG2 is enabled.

Use of the double buffer makes easy the handling of small-duty waves.

Match with TREG2

2" -1 overflow

TREG2

(Value to be compared)

Register buffer

[ [

Up counter = Q,

Up counter = Q;

A1

( Shift into TREG2

Q X Q.

7

Q, X Qs

xTREGZ (Register buffer)
write

Figure 3.7.18 Operation of Register Buffer

Example: To output the following PWM waves to the TO3 pin at fc = 20 MHz.
i i :
| 288pus '
“ 508ps
* Clock condition System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: frpH
To realize a PWM cycle of 50.8 ps by utilizing ¢T1 = 0.4 us (at fc = 20 MHz),
50.8 us + 0.4 us=127=2"-1
Consequently, n should be set to 7.
As the period of low level is 28.8 s, for ¢T1 = 0.4 ps,
set the following value for TREG2.
28.8 us + 0.4 us =72 = 48H
MSB LSB
_ 7 6 5 4 3 10
TRUN «— - X - - - - - Stop timer 2 and clear it.
T32MOD «~1 110 - 01 Set 8-hit PWM mode (cycle: 2 - 1) and select $T1 as the
input clock.
TREG2 «~0 1001 0 0 Writes 48H.
TFFCR «~1 0 1 X - - - Clear TFF3, enable the inversion and double buffer.
P8CR «— - - - -1 - - .
Set P83 as the TO3 pin.
P8FC «~ X X X X 1 X - }
| TRUN «~1 X - - - - - Start timer 2 counting.
X: Don't care, —: No change
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Table 3.7.2 PWM Cycle

at fc = 20 MHz, fs = 32.768 kHz

Select PWM Cycle
s Select Gear Value
yStem | o oscaler Clock 2%-1 2'-1 221
Clock <PRCK1:0> <GEAR2:.0>
<SYSCK> ’ ¢T1 T4 ¢T16 | ¢T1 oT4 ¢T16 ¢T1 0T4 $T16
1 (fs) XXX 154 ms| 61.5 ms|246 ms| 31.0ms[124 ms|496 ms| 62.3 ms|249 ms|996 ms
000 (fc) 25.2 us |100.8 ps |403.2 ps | 50.8 us [203.2 ps |812.8 us |102.0 ps [408.0 us | 1.63ms
00 001 (fc/2) 50.4 ps [201.6 s |806.4 ps |101.6 us |406.4 ps | 1.63ms|204.0 ps |816.0 ps | 3.26ms
0 (fc) (frPH) 010 (fc/4)  |100.8 s [403.2 ps| 1.61ms[203.2 us [812.8 ps| 3.26ms|408.0 ps| 1.63ms| 6.53ms
011 (fc/8) 201.6 ps [806.4 us| 3.23ms|406.4pus| 1.63ms| 6.52ms|816.0 pus| 3.26ms| 13.06 ms
100 (fc/16) |403.2 ps| 1.61ms| 6.45ms|812.8us| 3.25ms| 13.04ms| 1.63ms| 6.53ms| 26.11ms
01
XXX (Low-frequency XXX 15.4 ms| 61.5 ms|246 ms| 31.0ms(124 ms[496 ms| 62.3 ms[249 ms|(996 ms
clock)
10
XXX (fc/16 clock) XXX 403.2 us| 1.61ms| 6.45ms|812.8pus| 3.25ms| 13.04ms| 1.63ms| 6.53ms| 26.11ms
XXX: Don't care
(5) Timer mode setting registers
Table 3.7.3 shows the list of 8-bit timer modes.
Table 3.7.3 Timer Mode Setting Registers
Register Name T10MOD/T32MOD TFFCR
Bit Name T10M/T32M PWM2 T1CLK/T3CLK | TOCLK/T2CLK [ TFF1IS/TFF3IS
. . Upper Timer Lower Timer | Timer F/F Invert
Function Timer Mode PWM Cycle PP .
Input Clock Input Clock Signal Select
External clock,
16-bit timer mode 01 - - 0T1, T4, ¢T16 -
(00, 01, 10, 11)
Lower timer 0: Lower timer
. External clock,
8-bit timer x 2 channels 00 - match: 0T, $T4, ¢T16 output
0T, $T16, $T256 (00 ’01 iO 11) 1: Upper timer
(00, 01, 10, 11) P T output
External clock,
8-bit PPG x 1 channel 10 - - ¢T1, T4, ¢T16 -
(00, 01, 10, 11)
25 197 1 251 External clock,
8-bit PWM x 1 channel 11 (01, 10, 11) - oT1, $T4, ¢T16 -
(00, 01, 10, 11)
e _ 0T1, ¢T16, $T256 i
8-bit timer x 1 channel 11 (01, 10, 11) - Output disabled
—: Don't care
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3.8 16-Bit Timer/Event Counter

The TMP93CS20 contain four multifunctional 16-bit timer/event counters (Timers 4, 6, 8, and
A) which support the following operation modes.

16-bit interval timer mode

e 16-bit event counter mode

16-bit programmable pulse generation (PPG) mode
Timers 8 and A can be used as the following operation modes using the capture function.

e Frequency measurement mode
e  Pulse width measurement mode

e Time differential measurement mode
3.8.1 Timer/Event Counter 4 and 6

Each timer/event counter consists of a 16-bit up counter, two 16-bit timer registers (One
with a double buffer), a 16-bit capture register, two comparators, a timer flip-flop and the
control circuit.

Timer/event counters are controlled by 4 control registers: T4MOD/T6MOD,
T4FFCR/T6FFCR, TRUN, and T16CR.

Tigure 3.8.1, 3.8.2 shows the block diagram of the 16-bit timer/event counters (Timer 4
and timer 6).

Timers 4 and 6 can be used independently.

All timers operate in the same manner except for the following points, and thus only the
operation of timer 4 will be explained below.
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Figure 3.8.1 Block Diagram of 16-Bit Timer (Timer 4)
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Figure 3.8.2 Block Diagram of 16-Bit Timer (Timer 6)
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Timer 4 Mode Control Register
7 6 5 4 3 2 1 0
T4MOD Bit symbol CAP4IN - - CLE T4CLK1 T4CLKO
(002EH) Read/Write w R/W
After reset 1 0 | 0 0 0 | 0
Function Control of Write “0”. Control of Timer 4 source clock
software timer 4 00: TI4
capture 0: Clear 01: ¢T1
0: Software disable 10: ¢T4
t . )
capture 1:Clear 11: ¢T16
1:Don't enable
care

|—> Timer 4 input clock

00 [External clock (T14)
01 |¢T1

10 |[¢T4

11 [¢T16

L———> Clearing the up counter UC4

0

Clear disable

1

Clear by match with TREGS.

—— > Software capture

0

The up counter 4 value is loaded to CAP4

1

Don'’t care

Figure 3.8.3 Registers for 16-Bit Timer/Event Counter (1/6)
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Timer 4 Flip-flop Control Register
7 6 5 4 3 2 1 0
TAFFCR | Bit symbol - - EQ5T4 EQ4T4 TFF4C1 | TFF4CO
(002FH) | Read/write R/W RIW RIW w
After reset 0 0 0 | 0 1 | 1
Function Write “0”.  [Write “0”. | TFF4 invert trigger TFF4 control
0: Disable trigger 00: Invert TFF4
1:Enable trigger 01: Set TFF4
Inverted Inverted 10: Clear TFF4
when the when the 11: Don'’t care
UCvalue |UCvalue |« Always read as 11
matches matches
TREG5 TREG4

Figure 3.8.4 Registers for 16-Bit Timer/Event Counter (2/6)

|—> Timer flip-flop 4 (TFF4) control

00 |Inverts the TFF4 value (Software inversion).

01 |[Sets TFF4to 1.

10 |[Clear TFF4to 0.

11 |Don't care (Always read as 11)

Timer flip-flop 4 (TFF4) invert trigger when up counter
matches TREG4

0 Trigger disable (Disable inversion)

1 Trigger enable (Enable inversion)

L Timer flip-flop 4 (TFF4) invert trigger when up counter
matches TREG5

0 Trigger disable (Disable inversion)

1 Trigger enable (Enable inversion)
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Timer 6 Flip-flop Control Register
7 6 5 4 3 2 1 0
T6MOD Bit symbol CAP6IN - - CLE T6CLK1 T6CLKO
(0036H) Read/Write w RIW
After reset 1 0 | 0 0 0 | 0
Function Control of Write “0”. Control of | Timer 6 source clock
software timer6up | Qo: TI6
capture counter 01: ¢T1
0: Software O:C]ear 10: ¢T4
capture disable
11: $T16
1:Don't 1:Clear
care enable
|—> Timer 6 input clock
00 [External clock (T16)
01 |[¢T1
10 |[¢T4
11 | ¢T16
L5 Clearing the up counter UC6
0 Clear disable
1 Clear by match with TREG7
-———> Software capture
0 The up counter 6 value is loaded to CAP6
1 Don'’t care

Figure 3.8.5 Registers for 16-Bit Timer/Event Counter (3/6)
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Timer 6 Flip-flop Control Register
7 6 5 4 3 2 1 0
T6FFCR Bit symbol - - EQ7T6 EQ6T6 TFF6C1 TFF6CO
(0037H) Read/Write R/W RIW RIW w
After reset 0 0 0 | 0 1 | 1
Function Write “0”. [ Write “0”. | TFF6 invert trigger 00: Invert TFF6
0: Disable trigger 01: Set TFF6

1:Enable trigger

Inverted Inverted
when the [when the
UC value |UC value
matches matches
TREG7 TREG6

10: Clear TFF6
11: Don't care

Figure 3.8.6 Reigsters for 16-Bit Timer/Event Counter (4/6)

|—> Timer flip-flop 6 (TFF6) control

00 |Inverts the TFF6 value (Software inversion)

01 |[Sets TFF6to 1

10 [Clear TFF6to 0

11 |Don't care (Always read as 11)

matches TREG6

Timer flip-flop 6 (TFF6) invert trigger when up counter

0 Trigger disable (Disable inversion)

1 Trigger enable (Enable inversion)

counter matches TREG7

———————> Timer flip-flop 6 (TFF6) invert trigger when up

0 Trigger disable (Disable inversion)

1 Trigger enable (Enable inversion)
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16-Bit Timer Countrol Register
7 6 5 4 3 2 1 0
T16CR Bit symbol QCU TARUN T8RUN DBAEN DB8EN DB6EN DB4EN
(003AH) Read/Write RIW RIW
After reset 0 o | o o [ o | o 0
Function Warm-up Prescaler and timer Double buffer
timer run/stop control 0: Disable
control 0: Stop and clear 1: Enable
1: Run (Count up) Double Double Double Double
buffer of buffer of buffer of buffer of
TREGA TREG8 TREG6 TREG4
\—> Double buffer control
0 Disable
1 Enable
DBAEN: Double buffer of TREGA
DB8EN: Double buffer of TREG8
DB6EN: Double buffer of TREG6
DB4EN: Double buffer of TREG4
L——— Count operation
0 Stop and clear
1 Count
TARUN: 16-bit timer (Timer A)
T8RUN: 16-bit timer (Timer 8)
> Warm-up timer input control
0 Uses 7 stage binary counter
1 Does not use 7 stage binary counter (Note 1)
Note 1: In case of not using the 7 stage binary counter as a warm-up timer, a stable clock signal must be input from

an external circuit.

Note 2: T16CR<BIt6> is always read as 1.

Figure 3.8.7 Registers for 16-Bit Timer/Event Counter (5/6)
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Timer Operation Control Register
7 6 5 4 3 2 1 0
TRUN Bit symbol PRRUN T6RUN T4ARUN T3RUN T2RUN T1RUN TORUN
(0020H) Read/Write RIW RW
After reset 0 o | o | o | o | o | o
Function Prescaler and timer run/stop control
0: Stop and clear
1: Run (Count up)

Note: TRUN<BIt6> is always read as 1.

PRRUN:
T6RUN:
T4ARUN:
T3RUN:
T2RUN:
T1RUN:
TORUN:

System Clock Control Register

>

» Count operation

0 Stop and clear

1 Count

Operation of prescaler.

Operation of 16-bit timer (Timer 6).
Operation of 16-bit timer (Timer 4).
Operation of 8-bit timer (Timer 3).
Operation of 8-bit timer (Timer 2).
Operation of 8-bit timer (Timer 1).
Operation of 8-bit timer (Timer 0).

7 6 5 4 3 2 1 0
SYSCRO | Bit symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
(006EH) | Read/Write R/W
After reset 1 0 1 0 0 0 o | o
Function High- Low- High- Low- Select Warm-up Select prescaler clock
frequency | frequency | frequency |frequency |clock after |timer input
oscillator oscillator oscillator oscillator release (Write) 00: fepH
(fc) (fs) (fc) after (fs) after STE)P 0 Don't care | 01: fs
. . release release mode
2 z:)cpillation (1) zfcpillation STOP mode | STOP mode | 0; fc L starttmer | 10: fc/16
0: Stop 0: Stop 1 fs (Read) 11: (Reserved)
1: Oscillation | 1: Oscillation 0:End
warm up
1: Continue
warm up

l

Select prescaler clock input

00 |frpH
01 (fs Clock divided
10 |fc/16 by 4.
11 | (Reserved)
Figure 3.8.8 Registers for 16-Bit Timer/Event Counters (6/6)
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(1) Prescaler

There are 9-bit prescaler and prescaler clock-selection registers to generate input
clock signals for 8-bit timers O to 3, 16-bit timers 4, 6, 8, and A, and serial interfaces 0

and 1.

Figure 3.8.9 shows the block diagram. Table 3.8.1 shows prescaler clock resolution
into 8 and 16-bit timers.

T

to CPU
System clock (fsys)

9-bit prescaler
frPH— 2 | 4 | 8 |16|32|64|128|256|512|
y Y Y Y Y Y Y \ 4
> > ¢T1
5 ¢
3 > ¢T4 to 8-bit timers
© > ¢T16 [O0t03
o
L > ¢T256
SYSCRO > ¢T1
. <PRCK1:0> > ¢T4 -to 16-bit timers
fs ] 4,6,8,and A
O 3 > ¢T16
Q@ Run/stop
XT1 3 and clear
> o1
TRUN
<PRRUN> > ¢T0 to serial
> ¢T2 interfaces
5 SYSCR1<SYSCK> T8 Oand 1
g > 0
[}
s > ¢T32
o> O
fc| fc/2|fc/4|fc/8 [fc/16 n
1 22|24/ +8|+16/|SYSCR1<GEAR2:0>
X1

Figure 3.8.9 Block Diagram of Prescaler

Table 3.8.1 Prescaler Clock Resolution into 8- and 16-Bit Timers

at fc = 20 MHz, fs = 32.768 kHz

Sele((::tl osgftem Pres;alleercé ook Gear Value Prescaler Clock Resolution
< 0>
<SYSCK> | <PRCKLO> | ~CEARZ0 ¢T1 ¢T4 ¢T16 ¢T256
1 (fs) XXX fs/2® (244 ps) | s/2° (977 ps) |fs/2” ( 3.9ms)|fs/2™ ( 625  ms)
000 (fc) fc/2® ( 0.4ps) | fc/2® ( 1.6ps) [fc/2” ( 6.4ps) |fc/2t (1024 ps)
00 001 (fc/2) fc/2* ( 0.8ps) | fc/2° ( 3.2ps) [fc/2® ( 12.8ps) |fc/2®? (2048  ps)
0 (fc) (frpH) 010 (fc/4) fc/2° ( 1.6ps) | fc/2” ( 6.4ps) |fc/2® ( 25.6ps) |fc/2® (409.6  ps)
011 (fc/8) fc/2° ( 3.2ps) | fc/2® ( 12.8ps) [fc/2'® ( 51.2ps) |fc/2™ (819.2  ps)
100 (fc/16) fc/2” ( 6.4ps) | fc/2® ( 25.6us) |fe/2™ (102.4ps) |fc/2' ( 1.6384 ms)
01
XXX (low-frequency XXX fs/2® (244 ps) | s/2° (977 us) |fs/2” ( 3.9ms)|fs/2™ ( 625  ms)
clock)
XXX (fc/lﬁl?:lock) XXX fc/2” ( 6.4ps) | fc/2® ( 25.6us) |fe/2™ (102.4ps) |fc/2' ( 1.6384 ms)
XXX: Don't care < 16-bit timer >
e 8-bit timer >

Note:

The fc/16 clock cannot be used as a prescaler clock when the fs is used as a system clock.
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(2

3

The clock selected from among fFpH, fc/16, and fs is divided by 4 and input to this
prescaler. This selection is made by prescaler clock selection register SYSCRO
<PRCK1:0>.

Resetting sets <PRCK1:0> to 00, selecting the fFPH clock input divided by 4.

The 16-bit timers 4 and 6 select among 3 clock inputs: ¢T1, ¢T4, and $T16 among the
prescaler outputs.

This prescaler can be run or stopped by the timer operation control register
TRUN<PRRUN>. Counting starts when <PRRUN> is set to 1. The prescaler is cleared
to 0 and stops operation when <PRRUN> is set to 0.

Resetting clears <PRRUN> to 0 and stops the prescaler.

When the IDLE1 mode (in which only the oscillator operates) is used, set
TRUN<PRRUN> to 0 to reduce the power consumption of the prescaler before the
HALT instruction is executed.

Up counter

The up counter is a 16-bit binary counter which counts up according to the input
clock specified by TAMOD<T4CLK1:0> register.

The alternatives for selecting the input clock include any one of the internal clocks
¢T1, $T4, and ¢T16 from the 9-bit prescaler (which is also used as an 8-bit timer), as
will as the external clock from the TI4 pin (which itself can also be used as the P40 or
KEYO0 pin). When reset, <T4CLK1:0> will be initialized to 00; this selects TI4 input
mode. Counting or stop and clear of the counter are controlled by timer operation
control register TRUN<T4RUN>.

When clearing is enabled, up counter UC4 will be cleared each time it matches the
timer register TREG5. The “clear enable/disable” setting is made by TAMOD<CLE>.

If clearing is disabled, the counter operates as a free-running counter.

When an overflow of UC4 occurs, the interrupt request INTTO4 occurs.

Timer registers

These two 16-bit registers are used to set the interval time. When the value of up
counter UC4 matches the value set in this timer register, the comparator match detect
signal will be activated.

Setting data in the both upper and lower timer registers TREG4 and TREGS5 is
always needed. For example, either by using a 2-byte data transfer instruction, or by
using 1-byte data transfer instructions twice: once for the lower 8 bits and once for the
upper 8 bits in that order.

Pl 11 1= T el it 1
| TREG4 TREG5 :
1

! Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits i
i (TREG4H) (TREG4L) (TREGS5H) (TREGS5L) :
i 00002BH 00002AH 00002DH 00002CH !
D o o o o o o o o o o e o e e e e e e e e e e e o e e e e e e e e
P 1 111=] GG e ittt bt A
| TREG6 TREG? i
1

! Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits i
i (TREG6H) (TREG6L) (TREG7H) (TREG7L) :
i 00003CH 00003BH 00003EH 00003DH !
1

TREG4 to TREG7 can not be read out, because they are write only registers.
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(4)

(5)

(6)

(7

The TREG4 timer register is a double buffer structure, which is paired with a
register buffer. The timer control register TI6GCR<DB4EN> controls whether the
double buffer structure should be enabled or disabled. It is disabled when <DB4EN> =
0, and enabled when <DB4EN> = 1.

When the double buffer is enabled, the timing of data transfer from the register
buffer to the timer register is at the match between the up counter (UC4) and timer
register TREGS5.

After reset, TREG4 and TREGS5 are undefined. When using a 16-bit timer, write the
data beforehand.

When reset, <DB4EN> will be initialized to 0; this disables the double buffer. To use
the double buffer, write data in the timer register, set <DB4EN> = 1, and then write
the data which follows to the register buffer.

TREG4 and the register buffer are allocated to the same memory addresses
00002AH/00002BH. When <DB4EN> = 0, the same value will be written in both the
timer register and in the register buffer. When <DB4EN> = 1, the value is written only
into the register buffer. Therefore, to write the initial value into the timer register, the
register buffer should be disabled.

Capture registers

These 16-bit registers are used to hold the values of the up counter.

Data in the capture registers should be read all 16 bits. For example, using a 2-byte
data load instruction or by two 1-byte data load instructions, starting from the lower 8
bits followed by the upper 8 bits.

e 1111 1= ittty Tttt 111=T - Rttt
: CAP4 i : CAP6 i
' Upper 8 bits Lower 8 bits ! ' Upper 8 bits Lower 8 bits !
' (CAP4H) (CAP4L) oy (CAP6H) (CAP6L) :
! 00002BH 00002AH 0l 00003CH 00003BH i

1 1

CAP4 and CAP6 can not be written by software, because they are read only registers.
Chapter input control

The value of up counter can be loaded to capture registers by software. Whenever 0 is
written in TAMOD<CAP1IN> the current value of up counter will be loaded to capture
register CAP4. It is necessary to keep the prescaler in RUN mode (TRUN<PRRUN> to
be 1).

Comparator

There are 16-bit comparators which compare the up counter UC4 value with the
values set in TREG4 and TREG5 to detect matches. When a match is detected, these
comparators generate interrupts INTTR4 or INTTR5 respectively. The up counter UC4
is cleared only when UC4 matches TREGS5. The clearing of up counter UC4 can be
disabled by setting TAMOD<CLE> = 0.

Timer flip-flop (TFF4)

This flip-flop is inverted by the match detect signal from the comparators. Disable or
enable of inversion can be set for each element by TAFFCR<EQ5T4 and EQ4T4>. TFF4
is undefined on resetting. TFF4 will be inverted when 00 is written in
T4FFCR<TFF4C1:0>. Also it is set to 1 when 01 is written, and cleared when 10 is
written. The value of TFF4 can be output to the timer output pin TO4 (which is also
used as P41 or KEY1).

When using the TFF4 contents as the timer output, the timer flip-flop should be set
by the port 4 function register P4AFC beforehand (See registers for port 4).
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TRUN
INTET54
TAFFCR
T4AMOD

TREGS

| TRUN

TRUN
P4ACR
INTET54

T4FFCR
T4MOD
TREGS5

| TRUN

16-bit interval timer mode
Generating interrupts at fixed intervals:

In this example, the interval time is set in the timer register TREG5 to generate
the interrupt INTTR5.

76 543210
« - X -0 - - - Stop timer 4.
<11 001000 Enable INTTR5 and set interrupt level 4. Disable INTTR4.
« X X 000011 Disable trigger.
«<~001001* * Select internal clock for input and disable the capture

(** =01, 10, 11) function.

— R Rk Rk ok x Set the interval time (16 bits).

* * * * * * * *
«~1 X -1 - - - - Start timer 4.

X: Don't care, —: No change

16-bit event counter mode

In 16-bit timer mode as described in (a.) above, the timer can be used as an
event counter by selecting the external clock (TI4 pin input) as the input clock.
The counter counts at the rising edge of the TI4 pin input. To read the value of the
counter, first perform “software capture” once and read the captured value.

The TI4 pin can also be used as P40 or KEY0. However these functions can not
be selected.

Starting timer 4 sets always event counting operation.

«~- X -0 - - - - Stop timer 4.

- - - - - - =0 Set P40 to input mode.
<11 001000 Enable INTTR5 and sets interrupt level 4, while disables
INTTR4.
“— 00 1 Disable trigger.
«<~00100100 Select TI4 as the input clock.
R R L Set the number of counts (16 bits).
X ok ok kK k%
«~1 X -1 - - - - Start timer 4.

X: Don't care, —: No change
When using this set up as an event counter, set the prescaler in RUN mode.
(TRUN<PRRUN> = 1)
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16-bit programmable pulse generation (PPG) output mode

Square wave pulse can be generated at any frequency and duty by timer 4. The
output pulse may be either low-active or high-active.

Timer 4 outputs a pulse to the TO4 pin.

In this mode, a programmable square wave is generated by inverting the timer
output each time the 8-bit up counter (UC4) matches the timer registers TREG4
and TREGbS. However, the following conditions must be satisfied:

(Set value of TREG4) < (Set value of TREG5)

AN T
A"
2 30 e B e B e B

Figure 3.8.10 Programmable Pulse Generation (PPG) Output Waveforms

Match with TREG4
(Interrupt INTTR4)

[

Match with TREG5
(Interrupt INTTR5)

TO4 pin

When the double buffer of TREG4 is enabled in this mode, the value of register
buffer 4 will be shifted into TREG4 on finding a match with TREG5. This feature
makes the handling of low duty waves easy.

[

Up counter = Q1

[

Up counter = Q>

Match with TREG4

Match with TREG5

Shift into TREG5
Q2

A1
S
7

TREG4

(Value to be compared) Q1

X

Q2 Q3

Write into TREG4

Register buffer

Figure 3.8.11 Operation of Register Buffer
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Figure 3.8.12 shows the block diagram of this mode.

TO4 (PPG output)

TRUN<T4RUN>
. 16-bit t <—| Flip-fl
0Tl —>| selector N -bit up counter ip-flop
$T4 —> uca Clear (TFF4)
$T16 —>| <
|
- Match — Match
| 16-bit comparator l—)— | 16-bit comparator |—<
ZAN ZAN
| TREG4 |
Selector
TREG4-WR —>|
| Register buffer 4 | | TREG5 |
T16CR<DB4EN> {? {?
{ Internal data bus {
Figure 3.8.12 Block Diagram of 16-Bit PPG Mode
_ 7 6 54 3 210
T16CR «~0 X X X - - -0 Disable double buffer of TREG4.
TRUN «~- X -0 - - - - Stop timer 4.
TREG4 P T A Set the duty (16 bits).
* * * * * * * *
TREG5 R A L A Set the cycle (16 bits).
* * * * * * * *
T16CR «~0 X X X - - -1 Enable double buffer of TREG4.
(Change the duty and cycle at the interrupt INTTR5.)
TAFFCR « X X 001110 Set the mode to invert TFF4 at the match with TREG4 or
TREGS, and also set TFF4 to 0.
T4MOD «~0O01001 * * Select the internal clock for the input, and disable the capture
(** =01, 10, 11) function.
P4CR i )
Assign P41 as TOA4.
P4FC «~ X X X X - X1 X
| TRUN «~1 X -1 - - - - Start timer 4.
X: Don't care, —: No change
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3.8.2 Timer/Event Counter 8 and A

Each of timer/event counter 8 and A consists of a 16-bit up counter, two 16-bit timer
registers (One with a double buffer), two 16-bit capture registers, two comparators, a
capture input controller, a timer flip-flop and the control circuit.

Timer/event counters are controlled by 4 control registers: T8MOD/TAMOD,
T8FFCR/TAFFCR, TRUN, and T16CR.

Figure 3.8.13 and Figure 3.8.14 show the block diagram of the 16-bit timer/event
counters (Timer 8 and timer A).

Timers 8 and A can be used independently.

All timers operate in the same manner, and thus only the operation of timer 8 will be
explained below.
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Figure 3.8.13 Block Diagram of 16-Bit Timer (Timer 8)
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Figure 3.8.14 Block Diagram of 16-Bit Timer (Timer A)
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Timer 8 Mode Control Register
7 6 5 4 3 2 1 0
T8MOD Bit symbol CAPSIN | CAP89M1 | CAP89MO CLE T8CLK1 T8CLKO
(0038H) Read/Write w RIW
After reset 1 0 | 0 0 0 | 0
Function Control of Capture timing Control of Timer 8 source clock
software 00: Disable INT8 occurs | timer 8 00: TI8
capture at rising edge. 0:Clear 01: ¢T1
0: Software |01: TI8%  TI91 disable 10: T4
capture INT8 occurs at 1:Clear 11: ¢T16
1: Don't care rising edge. enable ’
10: TIsT  TI8d
INT8 occurs at
falling edge.
11: TFF1T TFF1
INT8 occurs at
rising edge.
1
|—> Timer 8 input clock
00 |External clock (TI8)
01 |[¢T1
10 |¢T4
11 | ¢T16
—————> Clearing the up counter UC8
0 Clear disable
1 | Clear by match with TREG9
————> Capture timing of timer 8
Capture control INT8 control
00 | Capture disable Interrupt occurs at
oy |CAPBatTI8rise |therising edgeof A
CAP9 at TI9 rise | TI8 (INT8) input.
o |oArpaTorse  [ematocm
CAP9 at TI8 fall TI8 (INT8) input.
i [cesaerise [emoc
CAP9 at TFF1 fall TI8 (INT8) input.
L 5 Software capture
0 | The up counter 8 value is loaded to CAP8
1 |Don't care

Figure 3.8.15 Registers for 16-Bit Timer/Event Counter (1/4)
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T8FFCR
(0039H)

Timer 8 Flip-flop Control Register

7 6

5

4

3

1

0

Bit symbol

CAP9T8

CAP8T8

EQITS

EQSTS

TFF8C1 TFF8CO

Read/Write

R/W

w

After reset

o |

0

| o

1|

Function

TFF8 invert trigger
0: Disable trigger

1. Enable

trigger

Inverted
when the
UC value is
latched to
CAP9

Inverted
when the

Inverted
when the

UC value is [ UC value

latched to
CAP8

matches
TREG9

Inverted
when the
UC value
matches
TREG8

TFF8 control

00: Invert TFF8

01: Set TFF8
10: Clear TFF8
11: Don’t care

* Always read as 11

I

I—) Timer flip-flop 8 (TFF8) control

00 |Inverts the TFF8 value (Software inversion).

01 |[Sets TFF8to 1.

10 |[Clear TFF8to 0.

11 |Don't care

L——— Timer flip-flop 8 (TFF8) invert trigger when up
counter matches TREG8

0 Trigger disable (Disable inversion)

1 Trigger enable (Enable inversion)

matches TREG9

————— Timer flip-flop 8 (TFF8) invert trigger when up counter

0 Trigger disable (Disable inversion)

1 Trigger enable (Enable inversion)

counter

Timer flip-flop 8 (TFF8) invert trigger when the up
value is latched to CAP8

0 | Trigger disable (Disable inversion)

1 Trigger enable (Enable inversion)

counter value is latched to CAP9

L Timer flip-flop 8 (TFF8) invert trigger when the up

0 | Trigger disable (Disable inversion)

1 Trigger enable (Enable inversion)

Figure 3.8.16 Registers for 16-Bit Timer/Event Counter (2/4)
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Timer A Mode Control Register
7 6 5 4 3 2 1 0
TAMOD Bit symbol CAPAIN [ CAPABM1 | CAPABMO CLE TACLK1 TACLKO
(0048H) Read/Write w RIW
After reset 1 0 | 0 0 0 | 0
Function Control of Capture timing Control of | Timer A source clock
software 00: Disable timer A 00: TIA
capture INTA occurs atrising | 0: Clear 01: ¢T1
0: Software edge. disable 10: 474
t . .
capture o1: 1At TmBt . 1:Clear 110 T16
1:Don't care INTA occurs at rising enable
edge.
10: TAT  TIAl

INTA occurs at falling

edge.
11: TFF1T TFF1)

INTA occurs at rising

edge.

1

I—) Timer A input clock

00 |External clock (TIA)

01 |[¢T1
10 |[¢T4
11 |[¢T16

———> Clearing the up counter UCA

0 Clear disable

1 | Clear by match with TREGB

—————> Capture timing of timer A

Capture control INTA control
00 | Capture disable Interrupt occurs at
o1 |CAPAatTIATise therising edge of ~ _A—
CAPBat TIBrise | TIA (INTA) input.
. Interrupt occurs at
10 gﬁig :: 1:2 ;;F the faling edge of TN
TIA (INTA) input.
) Interrupt occurs at
11 gﬁgg :: iEEi ;I’:IF the rising edge of  _A
TIA (INTA) input.

—— > Software capture

The up counter A value is loaded to CAPA

1 Don'’t care

Figure 3.8.17 Registers for 16-Bit Timer/Event Counter (3/4)
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Timer A Flip-flop Control Register
7 6 5 4 3 2 1 0
TAFFCR Bit symbol CAPBTA CAPATA EQBTA EQATA TFFAC1 TFFACO
(0049H) Read/Write RIW w
After reset 0 | 0 | 0 | 0 1 | 1
Function TFFA invert trigger TFFA control
0: Enable trigger 00: Invert TFFA
1: Disable trigger 01: Set TFFA
Inverted Inverted Inverted Inverted 10: Clear TFFA
when the |whenthe [whenthe |whenthe |11:Don't care
UCvalue is|UC valueis[UC value [UCvalue |« Always read as 11
latched to |latched to | matches matches
CAPB CAPA TREGB TREGA
— |

I—) Timer flip-flop A (TFFA) control

00 [ Inverts the TFFA value (Software inversion).
01 |Sets TFFAto 1.

10 |[Clear TFFA to O.

11 |[Don't care

L——— Timer flip-flop A (TFFA) invert trigger when up
counter matches TREGA

0 Trigger disable (Disable inversion)
1 Trigger enable (Enable inversion)

L3 Timer flip-flop A (TFFA) invert trigger when up counter
matches TREGB

0 Trigger disable (Disable inversion)
1 Trigger enable (Enable inversion)

L Timer flip-flop A (TFFA) invert trigger when the up
counter value is latched to CAPA

0 | Trigger disable (Disable inversion)
1 Trigger enable (Enable inversion)

— > Timer flip-flop A (TFFA) invert trigger when the up
counter value is latched to CAPB

0 | Trigger disable (Disable inversion)
1 Trigger enable (Enable inversion)

Figure 3.8.18 Registers for 16-Bit Timer/Event Counter (4/4)

The 16-bit timer control register, the timer operation control register, and the system
clock control registers operate in the same way as that of the timer/event counters 4 and 6
described in section 3.8.1. See figure 3.8.3.
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(1) Prescaler and (2) Up counter have the same configuration as that of the timer/event
counter 4 and 6 described in section 3.8.1.

(3) Timer register

These two 16-bit registers are used to set the interval time. When the value of up

counter UC8 matches the value set in this timer register, the comparator match detect

signal will be activated.

Setting data in the both upper and lower timer registers TREG8 and TREG9 is
always needed. For example, either by using a 2-byte data transfer instruction, or by
using 1-byte data transfer instructions twice: once for the lower 8 bits and once for the
upper 8 bits in that order.

;=== Timer 8====-=- - =" - - - oo ——-—-—--—----- 1
| TREG8 TREG9 :
1

! Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits i
i (TREGS8H) (TREGSL) (TREG9H) (TREGIL) :
i 000031H 000030H 000033H 000032H !
D o o o o o o o o o o e o e e e e e e e e e e e o e e e e e e e e
=== TIMer A === === - - - - mm———-oo------ A
| TREGA TREGB i
1

! Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits i
i (TREGAH) (TREGAL) (TREGBH) (TREGBL) :
i 000041H 000040H 000043H 000042H !
1

TREGS to TREGB can not be read out, because they are write-only registers.

The configuration of this timer register is the same as that of the timer/event
counters 4 and 6 described in section 3.8.1.

(4) Capture registers

These 16-bit registers are used to hold the values of the up counter.

Data in the capture registers should be read all 16 bits. For example, using a 2-byte
data load instruction or by two 1-byte data load instructions, starting from the lower 8
bits followed by the upper 8 bits.

T TiImer 8===== === === = m oo ——-———-—------ 1
1 CAP8 CAP9 !
1

! Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits '
i (CAP8H) (CAPSL) (CAP9H) (CAP9L) !
i 000031H 000030H 000033H 000032H !
L
T Timer A === === == - ——-———------ 1
1 CAPA CAPB !
1

! Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits '
i (CAPAH) (CAPAL) (CAPBH) (CAPBL) !
i 000041H 000040H 000043H 000042H !
1

CAPS8 to CAPB can not be written by software,

because they are read-only registers.
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(5)

(6)

(7

Capture input control

This circuit controls the timing of latching the value of up counter UC8 into CAP8
and CAP9. The latch timing of the capture register is controlled by register
T8MOD<CAP89M1:0>. There are four possible settings:

e  When TSMOD<CAP89M1:0> = 00
Capture function is disabled. Disable is the default on resetting.
e  When TSMOD<CAP89M1:0> = 01
Data are loaded to CAPS at the rising edge of the TI8 pin (which is also used as
P70 or INTS) input, while data are loaded to CAP9 at the rising edge of the TI9 pin
(also used as P71 or INT9) input.
e  When TSMOD<CAP89M1:0> = 10

Data are loaded to CAP8 at the rising edge of the TI8 pin input, and to CAP9 at
the falling edge. Only in this setting, interrupt INT8 occurs at the falling edge.

e  When TSMOD<CAP89M1:0> = 11

Data are loaded to CAP8 at the rising edge of timer flip-flop TFF1, and to CAP9
at the falling edge.

Besides, the value of the up counter can be loaded to capture registers by software.
Whenever 0 is written in TSMOD<CAPSIN>, the current value of the up counter will
be loaded to capture register CAP8. It is necessary to keep the prescaler in RUN mode
(TRUN<PRRUN> has to be 1).

Comparator

There are 16-bit comparators which compare the up counter UC8 value with the
values set in TREGS8 and TREG9 to detect matches. When a match is detected, these
comparators generate interrupts INTTR8 or INTTR9 respectively. The up counter UC8
is cleared only when UC8 matches TREGY. The clearing of up counter UC8 can be
disabled by setting TSMOD<CLE> = 0.

Timer flip-flop (TFF8)

This flip-flop is inverted by the match detect signal from the comparators or the latch
signals to the capture registers. Disable or enable of inversion can be set for each
element by TSFFCR<CAP9T8, CAP8TS8, EQ9T8, and EQ8T8>. TFF8 will be inverted
when 00 is written in TSFFCR<TFF8C1:0>. Also it is set to 1 when 01 is written, and
cleared when 10 is written. The value of TFF8 can be output to the timer output pin
TO8 (which is also used as P72). To output to the timer output pin, TFF8 must be set by
the Port 7 function register, P7FC beforehand (See “Registers for Port 7”).
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a.

T16RUN
INTET98
T8FFCR
T8MOD

TREGY

TRUN
| T16CR

T16CR
P7CR
INTET98

T8FFCR
T8MOD
TREGY

TRUN
| T16CR

16-bit interval timer mode

Generating interrupts at fixed intervals:

In this example, the interval time is set in the timer register TREGY to generate
the interrupt INTTR9.

Tt

«—

X:

16-bit event counter mode

~

o X B
O X P X O
» o o

*
*
*
*
*
*
*
*

1 X - = = = — -
- X -1 - - - -
Don't care, —: No change

Stop timer 8.

Enable INTTR9 and set interrupt level 4. Disable INTTRS8.
Disable trigger.

Select internal clock for input and disable the capture
function.

Set the interval time (16 bits).

Start prescaler.
Start timer 8.

In 16-bit timer mode as described in (a.) above, the timer can be used as an

event counter by selecting the external clock (TI8 pin input) as the input clock. To

read the value of the counter, first perform “software capture” once and read the

captured value.

The counter counts at the rising edge of the TI8 pin input.
The TI8 pin can also be used as P70 or INTS.

However these function can not be selected.

Starting timer 8 set always event counter.

«—
«—

X:

1 X - - - - - =
- X -1 - - - -
Don't care, —: No change

Stop timer 8.
Set P70 to input mode.

Enable INTTR9 and sets interrupt level 4, while disables
INTTRS.

Disable trigger.
Select TI8 as the input clock.
Set the number of counts (16 bits).

Start prescaler.
Start timer 8.

When using this set up as an event counter, set the prescaler in RUN mode.
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c. 16-bit programmable pulse generation (PPG) output mode
Square wave pulse can be generated at any frequency and duty by timer 8.
The output pulse may be either low-active or high-active.

The PPG mode is obtained by inversion of the timer flip-flop TFF8 that is
enabled by the match of the up counter UC8 with either of the timer registers
TREGS or 9. TFF8 is also output to TO8. In this mode, the following conditions
must be satisfied:

(Set value of TREGS) < (Set value of TREGY9)

I I
AT
2 3 e e B e B

Figure 3.8.19 Programmable Pulse Generation (PPG) Output Waveforms

Match with TREG8
(Interrupt INTTR8) /ﬂ ﬂ

Match with TREG9
(Interrupt INTTR9)

TO8 pin

When the double buffer of TREGS is enabled in this mode, the value of register
buffer 8 will be shifted into TREGS8 on finding a match with TREG9. This feature
makes the handling of low duty waves easy.

Match with TREG8 I_I I_I
Up counter = Q1 Up counter = Q2

Match with TREG9

[ shift into TREGY
TREGS8 D)
(Value to be compared) Q1 X77~ Q2

Register buffer Q2 X Q3
Write into TREG8

Figure 3.8.20 Operation of Register Buffer
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Figure 3.8.21 shows the block diagram of this mode.

TO8 (PPG output)

T16CR<T8RUN>
TI8 —> 16-bit .
¢T1 > Selector > up counter Flip-flop
$T4 —> Ucs o Clear (TFF8)
$T16 —>

Match ™4
| 16-bit comparator |—>—| 16-bit comparator |—< Match

ZAN ) ZAN
| Trecs |
Selector
TREG8-WR —>|
| Register buffer 8 | | TREG9 |
T16CR<DB8EN>
( Internal data bus (

Figure 3.8.21 Block Diagram of 16-Bit PPG Mode

| T16CR - X-0-0 - - Disable double buffer of TREGS.
Stop timer 8.
TREGS8 — X Rk Rk ok Set the duty (16 bits).
Xk ok ok k xk x ok
TREG9 — F X kxR ok ko Set the cycle (16 bits).
Xk ok ok k xk x ok
T16CR «~-X-0-1 - - Enable double buffer of TREGS.
(Change the duty and cycle at the interrupt INTTR9.)
T8FFCR «~ X X 001110 Set the mode to invert TFF8 at the match with TREGS or
TREGY, and also set TFF8 to 0.
T8MOD «~001001 * * Select the internal clock for the input, and disable the capture
(** =01, 10, 11) function.
P7CR “«- - - - -1 - - }
Assign P72 as TOS.
P7FC «— - - X X X1 X X
TRUN «~1 X - - - - - - Start prescaler.
T16CR «—~- X -1 -1 - - Start timer 8.
X: Don't care, —: No change
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d. Application examples of the capture function
Used capture function, they can be applied in many ways, for example:
1. One-shot pulse output from external trigger pulse
2. Frequency measurement
3. Pulse width measurement
4. Time difference measurement

These four application examples are described in detail below.

1. One-shot pulse output from external trigger pulse

To program this application, set the up counter UCS8 in free-running mode
with the internal input clock, input the external trigger pulse from the TI8 pin,
and load the value of the up counter into capture register CAPS8 at the rising
edge of the TI8 pin.

When the interrupt INTS8 is generated at the rising edge of the TI8 input,
set the CAPS value (c) plus a delay time (d) to TREGS (= ¢ + d), and set the
above set value (c + d) plus a one-shot pulse width (p) to TREG9 (=c + d + p).
When the interrupt INT8 occurs, the TSFFCR<EQ9T8 and EQ8T8>register
should be set to 11 so that the TFF8 inversion is enabled only when the up
counter value matches TREG8 or TREGY9. When interrupt INTTR9 occurs,
this inversion will be disabled.

(0), (@), and (p) are described in Figure 3.8.22 “One-shot Pulse Output (with
delay)”.

d Set the counter in free-running mode.
Counter clock
antemarciocky UL ______ 0 1111 1111
TI8 pin input
(External trigger PU|SG)4‘§Load the up counter value into capture I—

1 register 8 (CAP8) when INT8 occurs

Match with TREG8

I
[}
i Enable (
[}

Match with TREG9 inversion

[}
]
|
> INTTR9 '
!
I

1
1
: /ﬂ occurrence
1
1
1
1
1

:Disable inversion caused by Enable i
lloading of the up counter inversion :
jvalue into CAPS. |
Timer output pin TO8 W
| ! H
1 ! '
. | ) 1
L Delay time i Pulse width 1
< > >
: (d) ()

Figure 3.8.22 One-shot Pulse Output (with delay)
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Setting example:

Main setting
T8MOD

T8FFCR

P7CR
P7FC
INTE98
INTET98
TRUN
T16CR

INTS
TREGS
TREG9
T8FFCR

| INTET98

LI N N N

«—
“«—
“«—

«—

To output a 2 ms one-shot pulse to the external trigger pulse from TI8 pin, with 3 ms delay

* Clock condition System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: fepy

Keep counting (Free running).
|_|—> Count with ¢T1.

= > Load the up counter value into CAP1 at the rising edge of TI8
pin input.

Clear TFF8to 0.
» Disable TFF8 inversion.

- - - -t }- Select P72 as the TO8 pin.

- - X X X1 X X

- - - -11 00 Enable INT8, and disable INTTR8 and INTTR9.
10001000

1 X - - — — - - Start prescaler.

- - -1 - - - - Start timer 8.

CAP8 + 3 ms/¢T1

TREGS8 + 2 ms/¢T1
XX --11 - -

Ll_'—> Enable TFF8 inversion when the up counter value matches

TREGS or TREGS9.
1100 - - - - Enable INTTRO.

Setting of INTTR9

T8FFCR

INTET98

«—

«
X

X X - - - -
?_'_?—> Disable TFF8 inversion when the up counter value matches

TREGS or TREG9.
1000 - - - - Disable INTTRO.
: Don't care, —: No change

When a delay time is unnecessary, invert the timer flip-flop TFF8 by
loading the up counter value into capture register 8 (CAPS). Then set TREG9
to the CAPS value (¢) plus the one-shot pulse width (p) when an INTS
interrupt occurs. The TFF8 inversion should be enabled when the up counter
(UC8) value matches TREGY, and disabled when generating the interrupt
INTTRO.
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Loading into CAP8 C1
Loading into CAP9

INTTO/INTT1

Count clock
intermarcioc)  _[{TTULUL .o ____ RN JUuun - - -

TI8 pin input
(Exteral trigger pljlse)41\AINT8 occurrence. Load the up counter value ‘ﬁ )
into capture register 8 (CAPS). Load the up counter value into

[}

]

' > INTTR9 occurrence capture register 9 (CAP9).
Match with TREG9 | Al

i

I

1
. . |
Enable inversion l i

Timer output pin TO8
[P Pulse width !
‘ (9] Disable inversion caused by loading

Enable inversion caused by loading of the up counter value into CAP9.
of the up counter value into CAP8.

N

A\

Figure 3.8.23 One-shot Pulse Output (without delay)

2. Frequency measurement

Using the capture function, the frequency of the external clock can be
measured in this mode. The frequency is measured by combining the 16-bit
event counter mode with the 8-bit timer (Timer 0 and timer 1). (Timer 0 and
timer 1 set the measurement time by the TFF1 inversion.)

The TI8 pin input should be selected for the count clock of timer 8. The
external clock input starts counting. Timer mode control register,
T8MOD<CAP89M1:0> should be set to 11. The value of the 16-bit up counter,
UCS8 is loaded into the capture register CAP8 at the rising edge of the timer
flip-flop TFF1 of the 8-bit timers (Timer 0 and timer 1). Similarly, the up
counter value is loaded into CAP9 at the falling edge of the TFF1 flip-flop.

The frequency is calculated by the difference between the values loaded in
CAPS and CAPY9, at the moment when an interrupt (INTTO or INTT1) is
generated by either 8-bit timer.

Count clock
(T8 inpu) JUUIUL oo 11111 S

TFF1

r

s s i B
Q
N
mmn R Ry
Q
N

Figure 3.8.24 Frequency Measurement

For example, if the value for the level 1 width of TFF1 of the 8-bit timer is
set to 0.5 s and the difference between CAP8 and CAP9 is 100, the frequency
will be 100 + 0.5 s = 200 Hz.
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3. Pulse width measurement

This mode allows measurement of the H level width of an external pulse.
While keeping the 16-bit up counter UCS8 counting (Free running) with the
internal clock input, the external pulse is input via the TI8 pin. Then the
capture function is used to load the UC8 values into CAP8 and CAP9 on the
rising edge and falling edge of the external trigger pulse respectively. The
interrupt INTS8 occurs at the falling edge of TIS8.

The pulse width is obtained from the difference between the values of CAP8
and CAP9 and the internal clock cycle.

For example, if the internal clock is 0.8 ps and the difference between CAPS8
and CAP9 is 100, the pulse width will be 100 x 0.8 ps = 80 us.

When measuring the pulse width which exceeds the maximum counting
time of UC8 that is determined with the clock source, execute the process of
software.

Count clock
(Internal clock)

TI8 pin
(External pulse)

: |
Loading into CAP8 : c1 1

Loading into CAP9 02

R Ry
Q
N

INT8

Figure 3.8.25 Pulse Width Measurement

Note: External interrupt INT8 occurs at the falling edge of the TI8 pin input only
in this pulse width measuring mode (TSMOD<CAP89M1:0> = 10). In
other modes, it occurs at the rising edge.

The width of the L level can be measured from the difference between the
first C2 and the second C1 at the second INTS interrupt. See “Time Difference
Measurement” in Figure 3.8.26.
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4.

Count clock
(Internal clock)

TI8 pin input

TI9 pin input

Loading into CAP8

Loading into CAP9

INT8

INT9

Time difference measurement

This mode is used to measure the difference in time between the rising
edges of external pulses input.

While keeping the 16-bit up counter UC8 counting (Free running) with the
internal clock, the UC8 value is loaded into CAP8 on the rising edge of the
input pulse to TI8. Then the interrupt INTS is generated.

Similarly, the UC8 value is loaded into CAP9 on the rising edge of the input
pulse to TI9, generating the interrupt INT9.

The time difference between these pulses can be obtained from the
difference between the time counts at which loading the up counter value into
CAPS and CAP9 was performed. (= (CAP9 — CAPS8) x the internal clock cycle)

JUUUUL .o n;:ym _______

C1l

L L

Time difference 1

A
Yy

Figure 3.8.26 Time Difference Measurement
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3.9 Serial Channel

TMP93CS20 contains 2 serial I/O channels. Channel 0 select UART mode (Asynchronous
transmission) or I/O interface mode (Synchronous transmission). Channel 1 is used only in
UART mode.

The serial channel has the following operation modes.

e I/O interface mode — Mode 0: To transmit and receive I/O data using the

(Channel 0) synchronizing signal SCLK for extending
1/0.
Mode 1: 7-bit data
e UART mode Mode 2: 8-bit data

(Channel 0, 1) Mode 3: 9-bit data

In mode 1 and mode 2, a parity bit can be added. Mode 3 has a wake up function for making
the master controller start slave controllers in a serial link (Multi-controller) system.

Figure 3.9.1 shows the data format in each mode.

Serial channels 0, 1 can be used independently.

All channels have the same operations except the following points, thus only the operation of
channel 0 will be explained below.

Different Points among Channel 0, 1

Channel 0 Channel 1
Pin name TXDO (P63) TXD1 (P80)
RXDO (P64) RXD1 (P81)
CTS0 /SCLKO (P65)
UART mode Yes Yes
1/0 interface mode Yes No
Handshake function Yes No (No CTS1 pin)

Note: Using the handshake function can transmit in units of one data format. Thus over run error is
prevented. See “Handshake function” for details.
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Mode 0 (I/O interface mode)

TEioX 1 X2 X3 XaXsXe XY

<«— Transfer direction

Mode 1 (7-bit UART mode)
Noparity — \StatfBioX 1 X 2 X 3 X 4 X 5 X 6 Ystop
Parity " \startfBioX 1 X 2 X 3 X 4 X 5 X 6 Xparit/Stop

Mode 2 (8-bit UART mode)
Noparity — \StafBioX 1 X 2 X 3 X 4 X 5 X 6 X 7 Ystop
Parity " \startfBitoX 1 X 2 X 3 X 4 X 5 X 6 X 7 Xparity/stop
Mode 3 (9-bit UART mode)
" \startfBioX 1 X 2 X 3 X4 X5 X6 X7 X8 YVstop
" \startfBioX 1 X 2 X 3 X 4 X 5 X 6 X 7 XBits YStop (Wakeup)
\ /

When bit8 = 1, address (Select code) is denoted.
When bit8 = 0, data is denoted.

Figure 3.9.1 Data Formats
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The serial channel has buffer registers for transmitting and receiving operations in order to
temporarily store transmitted or received data. This is done so that transmitting and receiving
operations can be done independently (Full duplex).

However, in I/0 interface mode, the SCLK (Serial clock) pin is used for both transmitting and
receiving, the channel becomes half duplex.

The receiving data register is a double buffer structure to prevent the occurrence of an
overrun error and it provides one data format of margin before the CPU reads the received data.
The receiving data register stores the previously received data while the buffer register receives
the next frame data.

By using CTS and RTS (There is no RTS pin, so any single port must be controlled by
software.) it is possible to halt data send until the CPU finishes reading receive data every time
a frame is received (Handshake function).

In the UART mode, a check function is added to not start the receiving operation by
erroneous start bits due to noise. The channel starts receiving data only when the start bit is
detected to be normal at least twice in three samplings of the start bit.

When the transmission buffer becomes empty and requests the CPU to send the next
transmission data, or when data is stored in the receiving data register and the CPU is
requested to read the data, INTTX (Transmit interrupt) or INTRX (Receive interrupt) interrupt
occurs. If an overrun error, parity error, or framing error occurs during receiving operation, flag
SCOCR<OERR, PERR, FERR> will be set.

The serial channels 0, 1 include a special baud rate generator, which can set to any baud rate
by dividing the frequency of 4 clocks (¢T0, ¢T2, ¢T8, and ¢T32) from the 9-bit prescaler shared
by the 8-bit/16-bit timers by the value 1, 2 + n/16 to 15 + n/16, 16 (n = 0 to 15).

Not only clocks from the internal baud rate generator but also the external input clock
(SCLKO) can set to any baud rate. (Serial channel 0)

In I/O interface mode, it is possible to input synchronous signals as well as to transmit or
receive data by using an external clock.

3.9.1 Control Registers

The serial channels are controlled by 4 control registers SCOCR, SCOMOD, BROCR, and
BRADDO. Transmitted and received data are stored in register SCOBUF.

Note: The number of the control register name is equaled to the channel number.
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7 6 5 4 3 2 1 0
scomobD | Bit symbol TB8 CTSE RXE wWu SM1 SMO SC1 SCO
(0052H) Read/Write R/W
After reset | Undefined 0 0 0 0 | 0 0 | 0
Function Transfer Hand Receiving | Wakeup Serial transmission Serial transmission clock
data bit8 shake function function mode (UART)
0:CTS 0:Receive | 0:Disable |00: I/O interface mode 00: TOO trigger
disable disable | 1:Enable 01: 7-bit UART mode 01: Baud rate generator
1:CTS 1:Receive 10: 8-bit UART mode 10: Internal clock ¢1
enable enable 11: 9-bit UART mode 11: External clock
(SCLKO input)

|—> Serial transmission clock source (UART)

00 Timer 0 match detect signal
01 Baud rate generator

10 Internal clock ¢1

11 External clock (SCLKO input)

Note:

The clock selection for the /O interface

mode is controlled by the serial control
register (SCOCR).

—> Serial transmission mode

00 [I/O interface mode
01 7-bit length
10 |UART mode |8-bit length
11 9-bit length
——> Wakeup function
9-bit UART Other mode
0 Interrupt when data
is received
Don'’t care
1 Interrupt only when
RB8=1

» Receiving function

0 Receive disable

1 Receive enable

» Handshake function (cTs pin) enable

0 Disable (Always transferable)

1 Enable

» Transmission data bit8

8-bit UART mode
(Parity)

Stores transmission parity
bit

9-bit UART mode

Stores transmission data
bit8

Figure 3.9.2 Serial Mode Control Register (Channel 0, SCOMOD)
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7 6 5 4 3 2 1 0
%%g‘l:ﬁ) Bit symbol RB8 EVEN PE OERR PERR FERR SCLKS IoC
Read/Write R R/W R (Cleared to 0 when read) R/W
After reset | Undefined 0 0 0 | 0 | 0 0 0
Function Recei\{ed Parity Pari‘t)‘/ 1: Error 0: SCLKO 0: Baud rate
data bit8 0:0dd addition [_r] generator
1:Even 0:Disable | oyerrun Parity Framing 1sciko |1 SCLKO
1: Enable pin input
I—> Select I/O interface input clock
0 Baud rate generater (Note 1)
1 SCLKO pin input
Edge selection for SCLK pin (Input mode only)
Transmits and receives
0 data at rise edge of SCLKO [—r]
Transmits and receives
L data at fall edge of SCLKO [1]
—> Framing error flag
. Cleared to 0
—> Parity error flag when read.
—————> Overrun error flag
y» Enable parity addition
0 |Disable
1 Enable
» Addition/check of even parity
0 |Odd parity
1 Even parity
>» Received data bit8
8-bit UART mode | Stores received parity bit
(Parity)
9-bit UART mode | Stores received data bit8
Note 1: To use baud rate generator, set TRUN<PRRUN> to 1, putting the prescaler in RUN mode.

Note 2: As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction.

Figure 3.9.3 Serial Control Register (Channel 0, SCOCR)
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7 6 5 4 3 2 1 0
(Bo%ggﬁ) Bit symbol - BROADD | BROCK1 BROCKO BROS3 BR0S2 BROS1 BROSO
Read/Write R/W
After reset 0 0 o | o o | o | o | o
Function Always +(16 - K)/16 | 00: ¢TO
fixedto O | division 01: ¢T2 0 of the divided f
0: Disable 10: ¢T8 Setting of the divided frequency
1: Enable 11: ¢T32

— l

Selecting the input clock of baud rate generator

+ (16 — K)/16 division enable

0 |Disable 00 |Internal clock ¢TO
1 |Enable 01 |Internal clock ¢T2
10 |Internal clock ¢T8
11 |Internal clock ¢T32
7 6 5 4 3 2 1 0
BRADDO | Bit symbol BROK3 BROK2 BROK1 BROKO
(006BH) Read/Write R/W
After reset 0 I 0 | 0 | 0
Function
Sets frequency divisor “K”
(divided by N = (16 — K)/16)
Sets baud rate generator frequency divisor «
BROCR<BROADD> =1 BROCR<BROADD> =0
BROCR 0> | 0000 (N = 16) 0010 (N = 2) 0001 (N = 110(UART onty)
BRADDO or 0 1111 (N =15)
<BROK3:0> 0001 (N=1) 1111 (N =15) 0000 (N = 16)
0000 Disable Disable
0001 (K=1)
to Disable Divided by N + (16 — K)/16 Divided by N
1111 (K = 15)
Note 1: Set TRUN<PRRUN> to 1 when the baud rate generator is used.
Note 2: Set BROCE<BROADD> to 1 after setting K (K = 1 to 15) to BRADDO<BROK3:0> when + (16 — K)/16 division
function is used. However, don’t use + (16 — K)/16 division function when you set <BROK3:0> to 0000 or
0001.
Note 3: + (16 — K)/16 division function is possible to use in only UART mode.
Set BROCR<BROADD> to 0 and disable + (16 — K)/16 division function in I/O interface mode.
Note 4: BRADDO<BIt7:4> is always read as 1.
Note 5: Don't read from or write to BROCR and BRADDO register during sending or receiving.

Figure 3.9.4 Baud Rate Generator Control (Channel 0, BROCR, BRADDO)
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7 6 5 4 3 2 1 0
| 787 | 786 | 185 | TB4 | TB3 [ TB2 | TB1 | TBO |(Transmission)

SCOBUF
(0050H)

6 5 4 3 2 1 0
| RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RBL | RBO | (Receiving)

Note: Prohibit read-modify-write for SCOBUF.

Figure 3.9.5 Serial Transmission/Receiving Buffer Registers (Channel 0, BROCR)

93CS20-145

2004-02-10



TOSHIBA TMP93CS20
7 6 5 4 3 2 1 0
SC1MOD | Bit symbol TB8 - RXE wWu SM1 SMO SC1 SCO
(0056H) -
Read/Write R/W
After reset | Undefined 0 0 0 0 | 0 0 | 0
Function Transferred | Fix at “0” Receiving | Wakeup Serial transmission Serial transmission clock
data bit8 function function mode (UART)
0:Receive |0:Disable | 00: Reserved 00: TOO trigger
disable | 1:Enable 01: 7-bit UART mode 01: Baud rate generator
1:Receive 10: 8-bit UART mode 105 Inter’nal clock ¢1
enable 11: Don't care

11: 9-bit UART mode

|—> Serial transmission clock source (For UART)

00 ([ Timer 0 match detect signal

01 |[Baud rate generator

10 |Internal clock ¢1

11 |Don'’t care

L——— Serial transmission mode

00 |Reserved

01 7-bit length
10 |UART mode |8-bit length
11 9-bit length
L Wakeup function
9-bit UART Other mode
0 Interrupt when data is
received
Don'’t care

RB8=1

1 Interrupt only when

» Receiving control

0 Receive disable

1 Receive enable

> Transmission data bit8

8-bit UART mode
(Parity)

Stores transmission
parity bit

9-bit UART mode

Stores transmission
data hit8

Figure 3.9.6 Serial Mode Control Register (Channel 1, SC1MOD)
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7 6 5 4 3 2 1 0

%%égﬁ) Bit symbol RBS EVEN PE OERR PERR FERR - -

Read/Write R R/W R (Clear to 0 when read) R/W

After reset | Undefined 0 0 0 | 0 | 0 0 | 0

Function Received Parity Parity Always fixed to 0

data bit8 | 0:0qd addition 1: Error
1:Even 0 Disable "o crrin Parity Framing
1: Enable

I: Framing error flag

Parity error flag

—> Overrun error flag

> Enable parity addition

Cleared to 0
when read

0 |Disable
1 Enable
» Addition/check of even parity
0 |Odd parity
1 | Even parity

A

Received data bit8

8-bit UART mode
(Parity)

Stores received parity
bit

9-bit UART mode

Stores received data
bit8

Note: As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction.

Figure 3.9.7 Serial Control Register (Channel 1, SC1CR)
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7 6 5 4 3 2 1 0
BR1CR Bit symbol - BR1ADD BR1CK1 BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
(0057H) Read/Write R/W
After reset 0 0 o | o o | o | o | o
Function Always +(16 — K)/16 | 00:¢TO
fred 100 divsion oL Setting of the divided frequency
0: Disable 10:4T8
1: Enable 11:9T32
+ (16 — K)/16 division enable Selecting the iéput clock of baud rate generator
0 |Disable 00 |Internal clock ¢TO
1 |Enable 01 |Internal clock $T2
10 |Internal clock ¢T8
11 |Internal clock ¢T32
7 6 5 4 3 2 1 0
BRADDL | Bit Symbol BR1K3 BR1K2 BR1K1 BR1KO
(006CH) Read/Write R/W
After reset 0 I 0 | 0 | 0
Function
Sets frequency divisor “K”
(divided by N + (16 — K)/16)
Sets baud rate generator frequency divisor
BR1CR<BR1ADD>=1 BR1CR<BR1ADD>=0
05 0000 (N = 16) 0010 (N = 2) 0001t(0N =1
BRADDL or 0 1111 (N =15)
<BR1K3:0> 0001 (N=1) 1111 (N=15) 0000 (N = 16)
0000 Disable Disable
0001 (K=1) Divided b
to Disable N+ (L b K16 Divided by N
1111 (K = 15)
Note 1: Set TRUN<PRRUN> to 1 when the baud rate generator is used.
Note 2: Set BRICR<BR1ADD> to 1 after setting K (K = 1 to 15) to BRADD1<BR1K3:0> when + (16 — K)/16 division
function is used. However, don't use + (16 — K)/16 division function when <BR1K3:0>set to 0000 or 0001.
Note 3: Channel 1 is used only in UART mode, I/O interface mode is not possible to use.
Note 4: BRADDI1<BIt7:4> is always read as 1.
Note 5: Don't read from or write to BR1CR and BRADDL register during sending or receiving.

Figure 3.9.8 Baud Rate Generator Control (Channel 1, BR1CR, BRADD1)
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7 6 5 4 3 2 1 0
[ 787 [ 786 | ™85 | TB4 | TB3 [ TB2 | TB1 | TBO |(Transmission)

SC1BUF

(0054H) 7 6 5 4 3 2 1 0

[ RB7 [ RB6 | RB5 | RB4 | RB3 | RB2 | RB1 | RBO |(Receiving)
Note:  Prohibit read-modify-write for SC1BUF.

Figure 3.9.9 Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF)

7 6 5 4 3 2 1 0
P6FC Bit symbol P67F I7IE P65F P63F P62F P61F P60F
(0016H) Read/Write w w w w w w w
After reset 0 0 0 0 0 0 0
Function 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: TO1 1: INT7 1: SCLKO 1: TXDO 1: SCL/SI | 1: SDA/SO | 1: SCK
Prohibit read-modify-write.
L3 Setting P63 as TXDO output
0 Port output
1 | TXDO output (Channel 0)
» Setting P65 as SCLKO output
0 Port output
1 | SCLKO output (Channel 0)
Figure 3.9.10 Port 6 Function Register (P6FC)
7 6 5 4 3 2 1 0
P60ODE Bit symbol ODE63 ODE62 ODE61
(0058H) Read/Write R/W
After reset 0 0 0
Function P63 P62 P61
0: CMOS 0: CMOS 0: CMOS
1: Opendrain [1: Open drain |1: Open drain

I—> Setting P63 as open-drain output |—> Setting P61 as open-drain output
0 | CMOS output 0 CMOS output
1 | Open-drain output 1 | Open-drain output

Setting P62 as open-drain output
0 | CMOS output
1 | Open-drain output

Note: P60ODE<BIt7:4> and <Bit0> are read as 1.

Figure 3.9.11 Port 6 Open-drain Enable Register (P60DE)
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7 6 5 4 3 2 1 0
P8FC Bit symbol P83F P8OF
(001CH) Read/Write w w
After reset 0 0
Function 0: Port 0: Port
1: TO3 1: TXD1
Prohibit read-modify-write. I
L> Setting P80 as TXD1 output
0 Port output
1 | TXD1 output (Channel 1)
Figure 3.9.12 Port 8 Function Register (P8FC)
7 6 5 4 3 2 1 0
PBODE | Bit symbol ODES85 ODE84 ODES83 ODE82 ODES81 ODES80
(0021H) Read/Write R/W
After reset 0 0 0 0 0 0
Function P85 P84 P83 P82 P81 P80
0:CMOS 0:CMOS 0:CMOS 0:CMOS 0:CMOS 0:CMOS
1:Open drain | 1:Opendrain | 1: Open drain | 1: Open drain | 1: Open drain | 1: Open drain

L) Setting P80 to P85 as open-drain output
0 CMOS output
1 Open-drain output

Note: P8ODE<BIt7:6> is read as 1.

Figure 3.9.13 Port 8 Open-drain Enable Register (P80ODE)
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3.9.2  Configuration
Figure 3.9.14 shows the block diagram of the serial channel 0.
- - -Serial clock generation circuit T
1
: BROCR<BROCK1:0> |
1 1
| [ I . 1
: : BROCR ~~ BRADDO i TOOTRG |
! ! <BROS3:0> <BROK3:0>1  (Timer O comparator output) |
1 1 1
1 ! 1
41O = - L |
1 o 2 ! 1
P 0T2 T 5 ] ! J| 5 | UART — !
19T8 T T 2 ' g mode 1 SIOCLK
%] a . 5 = |
| 0732 ! 3 g i
1 1 ! 2 !
1 1 ! @ 1
! ! BROCR ! n !
| i <BROADD> : :
' L__. Baud rate generator ---1 SCOMOD i
System clock fsys (¢1) <SC1:0> !
1 SCOMOD 1
: <SML1:0> |
i g i
1 j |51 !
1 B Q :
1 [} .
SCLKO mt $ | VO interface mode :
(Shared by P65) H :
1 1
SCOCR
I/O interface mode <loc>
SCLKO O <
(Shared by P65) INTRXO INTTXO
A A A
Receive counter SCoMoD .| Serial channel Transmission
i counter
(UART only + 16) <WU> interrupt control (UART only + 16)
RXDCLK {, A A A TXDCLKY, A
SCOMOD<RXE> —>{ Receive control Transmission —_
<: > control CTSO
(Shared by P65)
SCOCR
<PE> <EVEN> SCOMOD<CTSE>

RXDO
(Shared by P64)

O0—

A

>—)|Receive buffer 1 (Shift register)| | Parity control |

A

A

RB8 |Receive buffer2(SCOBUF)| | Error flag |

|
SCOCR
<OERR> <PERR> <FERR>}
v_ Vv ¥

A 4

| TB8 |Transmission buffer (SCOBUF)

TXDO

A

(Shared by P63)

{ Internal data bus {
Figure 3.9.14 Block Diagram of the Serial Channel 0
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1
1
1
1
1
|
1
1
|
1
1
1
1
1
1
1
1
1
|
1
1
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1
1
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Figure 3.9.15 shows the block diagram of the serial channel 1.

- -Serial clock generation circuit
BR1CR<BR1CK1:0>

BR1CR

BRADD1 !
<BR1S3:0> <BRI1K3:0>:
1

TOOTRG

(Timer 0 comparator output)

1
1
1
1
1
i '
1 1
1
! - !
¢T0 — = : '
T2 S g ! :
¢ ik g ! 5 | UART —
oT8 ° a ' ] mode 1 SIOCLK
1 S <@ - T
4732 = @ e : 3 5| |
! | 3 !
: ! o ]
: BROCR ! o :
| <BR1ADD> 1 !
L__. Baud rate generator - Sgé'\f%D :
System clock f: 1 < 0>
Y svs (41) SCIMOD !
i <SM1:0> |
INTRX1 INTTX1
v A A v
Receive counter SC1MOD Serial channel Transmission
i counter
(+ 16) <WU> interrupt control (+U16)
RXDCLK 0 0 0 TXDCLKY 0
SC1MOD<RXE> —>{ Receive control Transmission
<: > control
SCICR
<PE> <EVEN>

RXD1 [}——1¢

(Shared by P81)

Y

>—>|Receive buffer 1 (Shift register)| | Parity control |

A

|\

RB8 |Receive buffer2($ClBUF)| | Error flag |

<OERR> <PERR> <FERR>|
v v ¥

I
SCI1CR

Y

| TB8 |Transmissi0n buﬁer(SClBUF)|‘>E] TXD1

N

(Shared by P80)

{ Internal data bus {
Note 1: No I/O interface mode in Channel 1.
Note 2: No handshake function in Channel 1.
Figure 3.9.15 Block Diagram of the Serial Channel 1
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(1) Prescaler, prescaler clock select
There are 9-bit prescaler and prescaler clock selection registers to generate input
clock for 8-bit timers 0 to 3, 16-bit timer/event counters 4, 6, 8, and A and serial
interfaces 0, 1.
Figure 3.9.16 shows the block diagram. Table 3.9.1 shows prescaler clock resolution
into the baud rate generator.
—> to CPU
9-bit prescaler
frPH—) 2 | 4 | 8 |16|32|64|128|256|512|
y Y Y Y Y Y Y Y
= > oT1
5 ¢
3 > ¢T4 | to 8-bit timers
o] > ¢T16 (0to3
2
L > ¢T256
SYSCRO > ¢T1
. <PRCK1:0> > ¢T4 -to 16-bittimers
fs 2 4,6,8,and A
O 5 > ¢T16
Q Run/stop
XT1 & and clear
> ¢1
TRUN
<PRRUN> > ¢T0 | 9 serial
> ¢pT2 interfaces 0, 1
> § SYSCR1<SYSCK> > ¢T8
(8]
[}
pua s > ¢T32
© 0
[\ I e
L1 L] L] L L
[ -8 |-16| SYSCR1<GEAR2:0>
X1

Figure 3.9.16 Block Diagram of Prescaler

Table 3.9.1 Prescaler Clock Resolution to Baud Rate Generator

at fc = 20 MHz, fs = 32.768 KHz

Select Select Prescaler Output Clock Resolution
System Prescaler Gear Value
Clock Clock <GEAR2:0> 4TO 472 478 §T32
<SYSCK> | <PRCK1:0>
1 (fs) XXX fs/2® (122 ps)| fs/2* (488 us) | fs/2® ( 1.95ms) [fs/2® ( 7.81ms)
000 (fc) fc/22 (0.2 ps)| fel2* (0.8 ps) | fe/2® ( 3.2 ps) |fc/2® ( 12.8 ps)
00 001 (fc/2) fc/2® (0.4 ps)| fe/2° (1.6 ps) | fc/2” ( 6.4 ps) |fc/2® ( 25.6 ps)
0 (fc) (frPH) 010 (fc/4) fc/2* (0.8 ps)| fcl2° (3.2 ps) | fc/2® (12.8 ps) |fc/2'°( 51.2 ps)
011 (fc/8) fc/2°( 1.6 ps)| fc/2” (6.4 ps) | fc/2° (25.6 ps) |fc/2™(102.4 ps)
100 (fc/16) fc/2° (3.2 ps)| fe/2® ( 12.8 ps) | fc/2'°(51.2 ps) | fc/2?(204.8 ps)
01
XXX (Low-frequency XXX - fs/2* (488 us) | fs/i2° ( 1.95ms) [fs/2® ( 7.81ms)
clock)
XXX (fc/lf;u():lock) XXX - fc/2® ( 12.8 us) | fe/2'°(51.2 ps) |fc/2'?(204.8 ps)

XXX: Don't care, —: Can not use

Note: The fc/16 clock cannot be used as a prescaler clock when the fs is used as a system clock.
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The clock selected among fFPH clock, fc/16 clock, and fs clock is divided by 4 and

input to this prescaler. This is selected by prescaler clock selection register
SYSCRO<PRCK1:0>.

Resetting sets <PRCK1:0> to 00 and selects the fFPH clock input divided by 4.
The baud rate generator selects between 4 clock inputs: ¢TO, ¢T2, ¢T8, and ¢T32

among the prescaler outputs.

The prescaler can be run or stopped by the timer operation control register
TRUN<PRRUN>. Counting starts when <PRRUN> is set to 1. The prescaler is cleared
to 0 and stops operation when <PRRUN> is set to 0.

When the IDLE1 mode (Only the oscillator operates) is used, set TRUN<PRRUN> to
0 to stop this prescaler before the HALT instruction is executed.

(2) Baud rate generator

The baud rate generator is a circuit that generates transmission and receiving clocks
to determine the transfer rate of the serial channel.

The input clock to the baud rate generator, $TO, ¢ T2, ¢T8, or $T32, is generated by
the 9-bit prescaler which is shared by the timers. One of these input clocks is selected
by the baud rate generator control register BROCR<BROCK1:0>.

The baud rate generator includes a frequency divider, which divides frequency by 1,
n+m/16 (n=2to 15, m = 0 to 15) to 16 values to determine the transfer rate.

The transfer rate is determined by setting BROCR<BROADD, BR0S3:0> and
BRADDO<BROKS3:0>.

e UART mode
(1) BROCR<BROADD> =0
Setting BRADDO<BROK3:0> is ignored. The baud rate generator divides
the selected prescaler clock by N which is set to BROCK<BR0S3:0> (N =1, 2,
3...16).
(2) BROCR<BROADD>=1
N + (16 — K)/16 division function is enabled. The baud rate generator
divides the selected prescaler clock by N + (16 — K)/16 according to N set to
BROCR<BR0S3:0> (N = 2, 3...15) and K set to BRADDO<BROK3:0> (K = 1, 2,
3...15).

Note: At N = 1 or 16, N + (16 — K)/16 division function is disabled. Set
BROCR<BROADD> to 0.
¢ TI/O interface mode

N + (16 — K)/16 division function is not available in I/O interface mode. Set
BKOCR<BROADD> to 0 before dividing by N.

How to calculate a transfer rate when the baud rate generator is used is
explained below.

e UART mode

Input clock of baud rate generator
Baud rate = — + 16
Frequency divisor of baud rate generator

e I/O interface mode

Input clock of baud rate generator
Baud rate = — .9
Frequency divisor of baud rate generator
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e Integer divisor (N divisor)

For example, when the source clock (fc) is 12.288 MHz, the input clock is ¢T2
(fe/16), and frequency divisor is N(BROCR<BR0S3:0>) = 5 BROCR<BRADDO> = 0,
the baud rate in UART mode becomes as follows:

* Clock condition System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: System clock

fc/16
Baud rate = = + 16

=12.288 x 10°+ 16 + 5 + 16 = 9600 (bps)

Note: + (16 — K)/16 division function is disabled, and setting BRADDO<BROK3:0> is
invalid.

e N+ (16 — K)/16 divisor (only in UART mode)

Accordingly, when source clock (fc) is 4.8 MHz, the input clock is ¢TO, and
frequency divisor is N (BROCR<BR0S3:0>) = 7, “K” (BRADDO<BROK3:0>) = 3,
BROCR<BRADDO> = 1, the baud rate in UART mode becomes as follows.

* Clock condition System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: System clock

fc/4
7+ (16 - 3)/16
=4.8x10°+ 4 = (7 + 13/16) = 16 = 9600 (bps)

Baud rate =

Table 3.9.2, Table 3.9.3 show an example of the transfer rate in UART mode.

Additionally, the external clock input is available in the serial clock. (Serial
channel 0 to 3.) How to calculate a baud rate is explained below.

e UART mode

Baud rate = External clock input + 16
It is necessary to satisfy (External clock input cycle) > 4/fc + 20 [ns]

e I/O interface mode

Baud rate = External clock input
It is necessary to satisfy (External clock input cycle) > 16/fc [ns].
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Table 3.9.2 Selection of Transfer Rate (when baud rate generator is used)
Unit (Kbps)
Input Clock
fc [MHz] Frequenc ¢oTO oT2 oT8 $T32
Divisor
2 76.800 19.200 4.800 1.200
4 38.400 9.600 2.400 0.600
9.830400
8 19.200 4.800 1.200 0.300
0 9.600 2.400 0.600 0.150
5 38.400 9.600 2.400 0.600
12.288000
A 19.200 4.800 1.200 0.300
3 76.800 19.200 4.800 1.200
14.745600 6 38.400 9.600 2.400 0.600
C 19.200 4.800 1.200 0.300
Note 1: Transfer rates in I/O interface mode are 8 times faster than the values given in the above table.
Note 2: This table is calculated when fc is selected as a system clock, the clock gear is set for fc, and the system

Table 3.9.3 Selection of Transfer Rate (when timer 0 with input clock ¢$T1 is used)

Unit (Kbps)
TREGO fe 12.288 MHz 12 MHz 9.8304 MHz 8 MHz 6.144 MHz
1H 96 76.8 62.5 48
2H 48 38.4 31.25 24
3H 32 31.25 16
4H 24 19.2 12
5H 19.2 9.6
8H 12 9.6 6
AH 9.6 4.8
10H 6 4.8 3
14H 4.8 2.4

How to calculate the transfer rate (when timer 0 is used):

The clock frequency selected by the register SYSCR0O<PRCK1:0>
TREGO x 8 x 16

Transferrate =

(when Timer O (input clock ¢T1) is used)

Note 1: Timer 0 match detect signal cannot be used as the transfer clock in I/O interface mode.
Note 2: This table is calculated when fc is selected as a system clock, the clock gear is set for fc, and system clock
as the prescaler clock input.
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(3) Serial clock generation circuit

(4)

This circuit generates the basic clock for transmitting and receiving data.

I/0 interface mode

When in SCLK output mode with the setting of SCOCR<IOC> = 0, the basic clock
will be generated by dividing the output of the baud rate generator by 2 as
described before. When in SCLK input mode with the setting of SCOCR<IOC> =1,
the rising edge or falling edge will be detected according to the setting of the
SCOCR<SCLKS> register to generate the basic clock.
UART mode

The setting of SCOMOD<SC1:0> will select between the baud rate generator
clock, internal clock ¢1 (Max 625 kbps at fc = 20 MHz), or the match detect signal
from timer O or the external clock (Channel 0) to generate the basic clock SIOCLK.

Receiving counter

The receiving counter is a 4-bit binary counter used in UART mode and counts up
according to the SIOCLK clock. 16 pulses of SIOCLK are used for receiving 1 bit of data,
and the data bit is sampled three times at the 7th, 8th, and 9th clock.

With these three samples, the received data bit is evaluated by the majority rule.

For example, if the sampled data bit is 1, 0, and 1 at 7th, 8th, and 9th clock
respectively, the received data is evaluated as 1. The sampled data 0, 0, and 1 is
evaluated such that the received data bit is determined to be 0.

(5) Receiving control

I/0 interface mode

When in SCLK output mode with the setting of SCOCR<IOC> = 0, the RXD0
signal will be sampled at the rising edge of the shift clock which is output to the
SCLKO pin.

When in SCLK input mode with the setting SCOCR<IOC> = 1, the RXDO signal
will be sampled at the rising edge or falling edge of the SCLKO input according to
the setting of the SCOCR<SCLKS> register.

UART mode

The receiving control block has a circuit for detecting the start bit by the rule of
majority. When two or more 0 are detected during the 3 samples, it is recognized as
start bit and the receiving operation is started.

The data being received is also evaluated by the majority rule.
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(6)

(7

Receiving buffer
To prevent an overrun error, the receiving buffer has a double buffer structure.

Received data is stored bit by bit in receiving buffer 1 (Shift register type). When 7
bits or 8 bits of data are stored in receiving buffer 1, the stored data is transferred to
receiving buffer 2 (SCOBUF) generating an interrupt INTRX0. The CPU reads only
receiving buffer 2 (SCOBUF). Even before the CPU reads receiving buffer 2 (SCOBUF),
the received data can be stored in receiving buffer 1. However, unless receiving buffer 2
(SCOBUTF) is read before all bits of the next data are received by receiving buffer 1, an
overrun error occurs. If an overrun error occurs, the contents of receiving buffer 1 will
be lost, although the contents of the receiving buffer 2 and SCOCR<RBS8> are still
preserved.

The parity bit added in 8-bit UART mode and the most significant bit (MSB) in 9-bit
UART mode are stored in SCOCR<RBS8>.

When in 9-bit UART mode, the wake-up function of the slave controller is enabled by
setting SCOMOD<WU> to 1, and interrupt INTRXO0 occurs only when SCOCR<RB8> is
set to 1.

Transmission counter

The transmission counter is a 4-bit binary counter which is used in UART mode and,
like a receiving counter, counts by the SIOCLK clock which generates TXDCLK every
16 clock pulses.

S S | | ] | | | ] |

TXDCLK

®

15 16 1t

H 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Lo

H H

(=)

2

=

Figure 3.9.17 Generation of Transmission Clock

Transmission controller
e I/O interface mode
In SCLK output mode with the setting of SCOCR<IOC> = 0, the data in the

transmission buffer is output bit by bit to TXDO pin at the rising edge of the shift clock
which is output from the SCLKO pin.

In SCLK input mode with the setting of SCOCR<IOC> = 1, the data in the
transmission buffer is output bit by bit to the TXDO pin at the rising edge or falling
edge of the SCLKO input according to the setting of the SCOCR<SCLKS> register.

e UART mode
When transmission data is written to the transmission buffer sent from the CPU,

transmission starts at the rising edge of the next TXDCLK, generating a transmission
shift clock TXDSFT.
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Handshake function

Timing to write
transmission buffer

CTS

SIOCLK

TXDCLK

TXD

@) from (1) to (2). %)

Serial channel 0 has a CTS pin. Using this pin, data can be sent in units of one
frame, thus, overrun errors can be avoided. The handshake function is
enabled/disabled by SCOMOD<CTSE>.

When the CTSO pin goes high, after completion of the current data send, data
send is halted until the CTSO pin goes low again. However the INTTXO interrupt
is generated, it requests the next data send to the CPU. The next data is written in
the transmission buffer and data send is halted.

Though there is no RTS pin, a handshake function can be easily configured by
setting any port assigned to be the RTS function. The RTS should be output

“High” to request send data halt after data receive is completed by software in the
RXD interrupt routine.

TMP93CS20 TMP93CS20
TXD RXD
CTS | RTS (Any port)

Sender Receiver

Figure 3.9.18 Handshake Function

(
T

((
i
Send is suspended

14 15 16

I

— |
—¥ \ Start bit

=
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=
o

|
—
|

N
,:Iw

::H

A Bit0

((
2
(!
]
3 14
I
M
I
M

Note 1: If the CTS signal rises during transmission, the next data is not sent after the completion of the current

transmission.
Note 2: Transmission starts at the first TXDCLK clock falling edge after the CTS signal falls.

Figure 3.9.19 Timing of CTS (Clear to send)
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(9) Transmission buffer

The transmission buffer (SCOBUF) shifts out and sends the transmission data
written from the CPU from the least significant bit (LSB) in order. When all bits are
shifted out, the transmission buffer becomes empty and generates INTTXO interrupt.

(10) Parity control circuit

When the serial channel control register SCOCR<PE> is set to 1, it is possible to
transmit and receive data with parity. However, parity can be added only in 7-bit
UART or 8-bit UART modes. With SCOCR<EVEN?> register, even or odd parity can be
selected.

For transmission, parity is automatically generated according to the data written in
the transmission buffer SCOBUF. The data is transmitted after the parity bit is stored
in SCOBUF<TB7> when in 7-bit UART mode or in SCOMOD<TB8> when in 8-bit
UART mode. <PE> and <EVEN> must be set before the transmission data is written to
the transmission buffer.

For receiving, data are shifted in the receiving buffer 1, the parity is added after the
data is transferred to receiving buffer 2 (SCOBUF), and then compared with
SCOBUF<RB7> when in 7-bit UART mode and with SCOMOD<RB8> when in 8-bit
UART mode. If they are not equal, a parity error occurs and SCOCR<PERR> flag is set.

(11) Error flag
Three error flags are provided to increase the reliability of receiving data.
1. Overrun error <OERR>
If all bits of the next data are received in receiving buffer 1 while valid data is
stored in receiving buffer 2 (SCOBUF), an overrun error will occur.
2. Parity error <PERR>
The parity generated for the data shifted in receiving buffer 2 (SCOBUF) is
compared with the parity bit received from RXD pin. If they are not equal, a parity
error occurs.
3. Framing error <FERR>

The stop bit of received data is sampled three times around the center. If the
majority is 0, a framing error occurs.
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(12) Generating timing
1) UART mode
Receiving
Mode 8 Bits, 7 Bits + parity,

9 Bits (Note)

8 Bits + Parity (Note)

7 Bits

Interrupt timing

Center of last bit (Bit8)

Center of last bit (Parity
bit)

Center of stop bit

Framing error timing

Center of stop bit

Center of stop bit

Center of stop bit

Parity error timing

Center of last bit
(Parity bit)

Center of stop bit

QOverrun error timing

Center of last bit (Bit8)

Center of last bit
(Parity bit)

Center of stop bit

Note:

In 9-bit and 8-bit + party modes, interrupts coincide with the ninth bit pulse.

Thus, when servicing the interrupt, it is necessary to wait for a 1-bit period (to allow the stop bit to be

transferred) to allow checking for a framing error.

Transmitting
Mode . . . 8 Bits, 7 Bits + parity,
9 Bits 8 Bits + parity ) *panty
7 Bits
. Just before stop bit is
Interrupt timing « P

transmitted.

2) T/O interface

Transmission

SCLK output mode

Immediately after rise of last SCLK signal.
(See figure 3.9.22)

interrupt timing

SCLK input mode

Immediately after rise of last SCLK signal (Rising mode), or
immediately after fall in falling mode. (See figure 3.9.23)

Receiving

SCLK output mode

Timing used to transfer received data to data receive buffer
2 (SCOBUF) (that is, immediately after last SCLK).
(See figure 3.9.24)

interrupt timing

SCLK input mode

Timing used to transfer received data to data receive buffer
2 (SCOBUF) (that is, immediately after last SCLK).
(See figure 3.9.25)
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3.9.3

Operational Description

(1) Mode 0 (I/O interface mode)

This mode is used to increase the number I/O pins for transmitting or receiving data

to or from an external shifter register.

This mode includes the SCLK output mode to output synchronous clock SCLK and

SCLK input mode to input external synchronous clock SCLK.

Output extension

TMP93CS20

TXD

SCLK

Port

Input extension

Shift register

SI

SCK

RCK

Yy b v

TMP93CS20

RXD

SCLK

Port

TC74HC595 or
equivalent

Figure 3.9.20 Example of SCLK Output Mode Connection

Output port
extension

TMP93CS20

TXD

SCLK

Port

Input port extension

A

Shift register

Sl

SCK

RCK

2R AZA

TMP93CS20

RXD

SCLK

Port

A

Y

TC74HC595 or
equivalent

External clock

Shift register A
B
QH c
D
CLOCK E
F
S/L G
H
TC74HC165 or
equivalent
Shift register A
B
QH C
D
CLOCK E
F
S/t G
H

TC74HC165 or
equivalent

External clock

Figure 3.9.21 Example of SCLK Input Mode Connection

Note:

Serial channel 1 has no I/O interface mode.

(N A

£
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a. Transmission

In SCLK output mode, 8-bit data and synchronous clock are output from TXDO
pin and SCLKO pin respectively, each time the CPU writes data to the
transmission buffer. When all data is output, INTESO<ITX0C> will be set to
generate the INTTXO interrupt.

Timing to write

transmission data H\ (¢
D]

SCLKO output = I ) LSS-T L1 7

TXDO X 8o X B X é"’:X Bite_ X_ Bit7_ X __
TXDSFT [ [ %_ﬂ I M
ITX0C —

(INTTXO interrupt request)

{(
R

Figure 3.9.22 Transmitting Operation in I/O Interface Mode (SCLKO output mode)
(Channel 0)

In SCLK input mode, 8-bit data is output from TXDO pin when SCLKO input
becomes active after data are written to the transmission buffer by CPU.

When all data is output, INTESO<ITX0C> will be set to generate INTTXO0
interrupt.

SCLKO input

(SCLKS 0 L L L L LS

Rising edge mode)

SCLKO Input L T

Falling edge mode)

{
TXDO X Bito X Bitl )Q,’ Bis, X Bit6 X Btz X
¥
TXDSFT [ |_|J‘( [ [
1

ITX0C

(INTTXO interrupt request) I l
)

Figure 3.9.23 Transmitting Operation in I/O Interface Mode (SCLKO input mode)
(Channel 0)
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b. Receiving

In SCLK output mode, the synchronous clock is outputted from SCLKO pin and
the data is shifted to receiving buffer 1. This starts when the receive interrupt flag
INTESO<IRX0C> is cleared by reading the received data. When 8-bit data are
received, the data will be transferred to receiving buffer 2 (SCOBUF according to
the timing shown below) and INTESO<IRX0C> will be set again to generate
INTRXO interrupt.

IRX0C *\

= L L
RXDO Bit0 X Bitt X Bitzéb( Bit6 X Btz Y

Timing to shift data in Generate INTRX0
the receiving buffer 2 \)ﬂ_

Figure 3.9.24 Receiving Operation in I/O Interface Mode (SCLKO output mode)

(Channel 0)

In SCLK input mode, the data is shifted to receiving buffer 1 when the SCLK
input becomes active after the receive interrupt flag INTESO<IRX0C> is cleared
by reading the received data. When 8-bit data is received, the data will be shifted
to receiving buffer 2 (SCOBUF according to the timing shown below) and
INTESO<IRX0C> will be set again to generate INTRXO0 interrupt.

L L L_f
s e
Falling edge mode)

(
RXD1 Bito X  Bitl X Bit2,)2:>< Bits X Btz Y
)

Timing to shift data in Generate INTRXO0
the receiving buffer 2 ‘)ﬂ

SCLKO input

(SCLKS =0: [_T [_T
[ [}

Rising edge mode)
SCLKO input

Figure 3.9.25 Receiving Operation in I/O Interface Mode (SCLKO input mode)

(Channel 0)

Note: For data receiving, the system must be placed in the receive enable state
(SCOMOD<RXE> =1)
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(2) Mode 1 (7-bit UART mode)

The 7-bit mode can be set by setting serial channel mode register SCOMOD<SM1:0>
to 01.

In this mode, a parity bit can be added, and the addition of the parity bit can be
enabled or disabled by serial channel control register SCOCR<PE>, and even parity or
odd parity is selected by SCOCR<EVEN> when <PE> is set to 1 (Enable).

Setting example:  When transmitting data with the following format, the control registers should be set as described
below. Channel 0 is explained here.

" \starfBio X 1 X 2 X 3 X 4 X 5 X 6 X Ystop

<«— Direction of transmission (Transmission rate: 2400 bps at fc = 12.288 MHz)

* Clock condition System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: System clock

_ 76 543210

P6CR - - - -1 - - - .

} Select P63 as the TXDO pin.

P6FC “— - X1 - -

SCOMOD «~X 0 - X0101 Set 7-bit UART mode.

SCOCR « X 11 X X X 00 Add even parity.

BROCR «<0 0100101 Set transfer rate at 2400 bps.

TRUN «~1 X - - - - - - Start the prescaler for the baud rate generator.

INTESO «<1 100 - - - - Enable INTTXO interrupt and set interrupt level 4.
| SCOBUF « FoF ok ok k ok Set data for transmission.

X: Don't care, —: No change

(3) Mode 2 (8-bit UART mode)

The 8-bit UART mode can be specified by setting SCOMOD<SM1:0> to 10. In this
mode, the parity bit can be added (the addition of a parity bit is enabled or disabled by
SCOCR<PE>) and even parity or odd parity is selected by SCOCR<EVEN> when <PE>
is set to 1 (Enable).

Setting example:  When receiving data with the following format, the control register should be set as described
below.

T \starfBio X 1 X 2 X3 X a4 X 5 X 6 X 7 XS%Ystop

<«— Direction of transmission (Transmission rate: 9600 bps at fc = 12.288 MHz)

* Clock condition System clock:  High frequency (fc)
Clock gear: 1 (fc)
Prescaler clock: System clock
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Main setting
76 543 210
P6CR <« - -0 - - - Select P64 (RXDO0) as the input pin.
SCOMOD «<- 01X 1001 Enable receiving in 8-bit UART mode.
SCOCR «~ X 01 X X X 00 Add odd parity.
BROCR «<0 0010101 Set transfer rate at 9600 bps.
TRUN «~1 X - - - - - - Start the prescaler for the baud rate generator.
INTESO «- - - -1 Enable INTRXO interrupt and set interrupt level 4.
Interrupt processing
Acc < SCOCR AND 00011100 }
. Check for error.
if Acc = 0 then ERROR
Acc « SCOBUF Read the received data.

X: Don't care, —: No change

(4)

Mode 3 (9-bit UART mode)
9-bit UART mode can be specified by setting SCOMOD<SM1:0> to 11. In this mode,
parity bit cannot be added.

For transmission, the MSB (9th bit) is written in SCOMOD<TB8>. For receiving it is
stored in SCOCR<RBS8>. For writing and reading of the buffer, the MSB is read or
written first then the rest of the data from SCOBUF.

Wakeup function

In 9-bit UART mode, the wakeup function of slave controllers is enabled by
setting SCOMOD<WU?> to 1. The interrupt INTRXO0 occurs only when<RB8> = 1.

i

S N SN SN SUN S S

TXD RXD TXD RXD TXD RXD TXD RXD

Master Slave 1 Slave 2 Slave 3

Note: TXD pin of the slave controllers must be in open-drain output mode.

Figure 3.9.26 Serial Link Using Wakeup Function
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1.
2.
3.

Select the 9-bit UART mode for the master and slave controllers.
Set SCOMOD<WU> bit of each slave controller to 1 to enable data receiving.

The master controller transmits one-frame data including the 8-bit select code for
the slave controllers. The MSB (Bit8)<TB8> is set to 1.

""" \start{BitoX 1 X 2 X 3 X 4 X5 X6 X 7Y 8 Vsiop¥

Select code of slave controller 1

Each slave controller receives the above frame, and clears WU bit to 0 if the above
select code matches its own select code.

The master controller transmits data to the specified slave controller whose
SCOMOD<WU?> bit is cleared to 0. The MSB (Bit8)<TB8> is cleared to 0.

""" \start{BoX 1 X 2 X 3 X 4 X 5 X 6 X 7 \Bitg/stopY

Data 0

The other slave controllers (with the <WU> bit remaining at 1) ignore the
receiving data because their MSBs (Bit8 or <RB8>) are set to 0 to disable the
interrupt INTRXO.

The slave controllers (WU = 0) can transmit data to the master controller, and it is
possible to indicate the end of data receiving to the master controller by this
transmission.
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Setting example: To link two slave controllers serially with the master controller, and use the internal clock ¢1 as
the transfer clock.

TXD RXD TXD RXD TXD RXD
Master Slave 1 Slave 2
Select code Select code
00000001 00001010

Since serial channels 0 and 1 operate in exactly the same way, channel 0 is used for
the purposes of explanation.

e Setting the master controller

Main
P6CR «~- - -01 - - - . )
} Select P63 as TXDO pin and P64 as RXDO pin.

P6FC «— - - - X1 - - -

INTESO <1 1001101 Enable INTTXO and set the interrupt level 4.
Enable INTRXO0 and set the interrupt level 5.

SCOMOD <1 0101110 Set ¢1 as the transmission clock in 9-bit UART mode.

SCOBUF «<~00O0O0OOO O0O0I1 Set the select code for slave controller 1.

INTTXO interrupt

SCOMOD «~0 - - - - - - - Sets TB8 to 0.

SCOBUF — Fox ox ok kR k% Set data for transmission.

e Setting the slave controller

Main

PocR coo o 0te e Select P64 as RXDO pin and P63 as TXDO pin (Open-drain

P6FC -- - - X1 - - outpu). P pin Op

P60ODE «~ X X X1 - - -X

INTESO «~1 1 011110 Enable INTRXO0 and INTTXO.

SCOMOD «~0O01 11110 Set <WU> to 1 in the 9-bit UART transmission mode with
transfer clock ¢1.

INTRXO interrupt

Acc <« SCOBUF

if Acc = Select code

Then SCOMOD ¢ — - - 0 - - — — Clear <WU>to 0.
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3.10 Serial Bus Interface (SBI)

The TMP93CS20 has a 1-channel serial bus interface which employs a clocked-synchronous
8-bit serial bus interface and an I2C bus.

The serial bus interface is connected to an external device through P61 (SDA) and P62 (SCL)
in the I2C bus mode; and through P60 (SCK), P61 (SO), and P62 (SD) in the clocked-synchronous
8-bit SIO mode.

TMP93CS20 has no an arbitration function which is necessary when two or more master
devices scramble for the bus control. In master mode, other devices which are connected on the
same bus need be slave devices (Single master).

Setting of every pins are as follows.

ODE<ODE®62:61> | P6CR<P62C, P61C, P60C> | P6FC<P62F, P61F, P60F>
I°C bus mode 11 11X 110
Clock synchronous 011
8-bit SIO mode XX 010 1
X: Don't care
3.10.1 Configuration
—> INTS2 interrupt request
> SCL
»{ SCK
Y —E]
P60
SIO e (SCK)
clock
control  |e—
X Input/
¢ out;?utI
control
. —{ P61
fc/4 —>» Divider —| SIO » SO (SO/SDA)
l Transfer __| data control » 3|
5 control K
IC bus circuit
< clock ¢
) SynC. l€<—4¢ A AAA 1 P62
Noise N + Shift > 12C bus . (SI/SCL)
canceller Control register data control Noise
A 7] canceller SDA
AN 1 A
) \Z | |
SBICR2/ I2CAR SBIDBR SBICR1 SBICR3
SBISR
SBI control I°C bus SBI data SBI control SBI control
register 2/ address buffer register 1 register 3
SBI status register register
register
Figure 3.10.1 Serial Bus Interface (SBI)
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3.10.2 Serial Bus Interface (SBI) Control

The following reginsters are used for control and operation status monitoring when using
the serial bus interface (SBI).

e  Serial bus interface control register 1 (SBICR1)

e Serial bus interface control register 2 (SBICR2)

e Serial bus interface control register 3 (SBICR3)

e Serial bus interface data buffer register (SBIDBR)
e I2C bus address register 12CAR)

e  Serial bus interface status register (SBISR)

The above registers differ depending on a mode to be used.
Refer to section 3.10.4 “I2C Bus Mode Control” and 3.10.6 “Clocked-synchronous 8-Bit
SIO Mode Control”.

3.10.3 The Data Formats in the I°C Bus Mode

The data formats when using the TMP93CS20 in the I12C bus mode are shown below.

(@) Addressing format

j¢——— 8 bits ——>| 1 j¢«——— 1 to 8 hits —>»| 1 j¢«——— 1 to 8 hits —>| 1 |

L O T O Y A A

S Slave address l]|C Data C Data Cc|P
w| K K K

|« 1 a3 1 or more >|

(b) Addressing format (with restart)

je——— 8hits ——>| 1 |«—— 1to8hits > 1| |e 1to 8 bits——>»| 1 je—— 1 to 8 bits ——>| 1 |
T T T 1T [)la A T T T T TTT [/]a A
S Slave address l]C Data C|S Slave address l|C Data C|P
w| K K w (K K
3 1 ¢ 1 or more > e 1 >le 1 or more———>]
(c) Free data format
je—— 8bits —>| 1 j&—— 1to0 8 hits —>| 1 j¢&—— 1 to 8 hits —>| 1 |
T T T T7T [ A A
S Data C Data C Data C|P
K K K
€ 1 >l€ 1 or more >

S: Start condition
R/W : Direction bit
ACK: Acknowledge bit
P: Stop condition

Figure 3.10.2 Data Format in the I°C Bus Mode

93CS20-170 2004-02-10



TOSHIBA TMP93CS20

3.10.4 1°C Bus Mode Control

The following registers are used for control and operation status monitoring when using
the serial bus interface (SBI) in the I2C bus mode.

Serial Bus Interface Control Register 1

7 6 5 4 3 2 1 0
SBICR1 Bit symbol BC2 BC1 BCO ACK SCK2 SCK1 SCKO
(004BH) Read/Write w R/W w
After reset o | o | o 0 o | o | o
Prohibit Function Number of transferred bits Acknowl Serial clock selection
read- (Note 1) edge (Note 2)
modify- mode
write specifica-
tion )
Serial clock selection l
000 |[IN=4 - kHz
82; E z Z : E:E System clock: fc
011 IN=7 746 KkHz Clock gear: fc/1
fc = 20 MHz
100 |[N=8 38.2 kHz (Output on SCL pin)
101 |[N=9 19.3 kHz
110 [N=10 9.71 kHz
111 (Reserved)
> Acknowledge mode specification
0 | Not generate clock pulse for acknowledge signal
1 | Generate clock pulse for acknowledge signal

L 3 Number of transferred bits

<ACK>=0 <ACK>-1
<BC2:0> | Number of Bits Number of Bits
Clock Clock

000 8 8 9 8
001 1 1 2 !
010 2 2 3 2
011 3 3 4 3
100 4 4 5 4
101 5 5 6 >
110 6 6 7 6
111 7 7 8 !

Note 1: Set <BC2:0> to 000 before switching to a clock-synchronous 8-bit SIO mode.
Note 2: Refer to the sentence of 3.10.4 (3) “Serial clock”.

Note 3:  This I°C bus circuit does not support high-speed mode. It supports standard mode only.

Figure 3.10.3 Register for I°C Bus Mode (2/4)
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Serial Bus Interface Control Register 2

7 6 5 4 3 2 1 0
SBICR2 Bit symbol MST TRX BB PIN SBIM1 SBIMO
(004EH) Read/Write W (R/W Note 1) W
Prohibit After reset 0 0 0 1 0 | 0
read- Function Master/  [Transmitter/| Start/stop | Cancel Serial bus interface
modify- slave receiver generation | INTS2 operating mode
write selection |selection request selection (Note 2)

SBI operating mode selection

00 Port mode
(Serial bus interface output disable)

01 SIO mode
10 | I°C bus mode
11 (Reserved)

L———> Cancel INTS2 request
0 —
1 Cancel interrupt service request

-—— > Stare/stop generation

0 Generate the stop condition
1 Generate the start condition

» Transmitter/receiver selection

0 Receiver

1 Transmitter

» Master/slave selection
0 Slave
1 Master

Note 1: This register functions as the SBISR by reading.

Note 2: Switch a mode to the port mode after confirming that the bus is free.
Switch a mode to the I1°C bus mode and the clocked-synchronous 8-bit SIO mode after confirming that input
signals via port are high level.

Figure 3.10.4 Register for I°C Bus Mode (2/14)
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Serial Bus Interface Status Register
7 6 5 4 3 2 1 0

SBISR Bit symbol MST TRX BB PIN AL AAS ADO LRB
(004EH) Read/Write

After reset 0 0 0 1 0 0 0 0
Prohibit Function Master/  |Transmitter| I°C bus INTS2 Noise Slave “GENERAL | Last
read_— slave receiver | status request detection |address |CALL" received
delfY- selection [selection | monitor status monitor match detection | bit monitor
write status status monitor detection |monitor

monitor monitor monitor

—— > INTS2 request status

|

L Last received bit monitor
0 Last received bit 0
1 Last received bit 1

—> “GENERAL CALL" detection monitor
0 Non “GENERAL CALL”" detected
1 “GENERAL CALL" detected

—> Slave address match detection monitor

0 Non slave address match or
“GENERAL CALL” detected

1 Slave address match or
“GENERAL CALL" detected

——>Noise detection monitor

0 Non noise detected
1 Noise detected

0 Interrupt service requested

1 Interrupt service canceled

12C bus status monitor

4

Bus free
1 Bus busy

> Transmitter/receiver selection status monitor

0 Receiver
1 Transmitter

Master/slave selection status monitor

A,

0 Slave
1 Master

Note: Bits 7 to 2 of this register function as the SBICR2 by writing.

Figure 3.10.5 Register for I°C Bus Mode (3/4)
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Serial Bus Interface Control Register 3
7 6 5 4 3 2 1 0
SBICR3 Bit symbol SWRTS
(004FH) Read/Write R/W
After reset 0
Function Software
reset
0: Don't
care
1: Initialize
SBI
I—) Software reset
0 Don't care
1 Initialize SBI (after initializing SBI,
SWRST is automatically cleared to 0).
Serial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIDBR Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(004CH) Read/Write R (Receive)/W (Send)
Prohibit After reset Undefined
read-
modify-
write Note 1: When writing the send data, start from the MSB (Bit7). Redeiving data is placed from LSB (Bit0).
Note 2: SBIDBR can't be read the written data. Therefore read-modify-write instruction (e.g., “BIT” instruction) is
prohibitted.
Note 3: Written data in SBIDBR is cleared by INTS2 signal.
I°C Bus Address Register
7 6 5 4 3 2 1 0
I2CAR Bit symbol SA6 SA5 SA4 SA3 SA2 SAl SAO0 ALS
(004DH) Read/Write w
Read/Write 0 o | o | o ] o 0 0 0
Prohibit Function Slave address selection. Address
read- recognition
modify- mode
write specification

l

Address recognition mode specification

0

Slave address recognition

1

Non slave address recognition

Figure 3.10.6 Registers for I°C Bus Mode (4/4)
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(1

(2

3

Acknowledge mode specification

Set SBICR1<ACK> to 1 for operation in the acknowledge mode. The TMP93CS20
generates an additional clock pulse for an acknowledge signal when operating in the
master mode. In the transmitter mode during the clock pulse cycle, the SDA pin is
released in order to receive the acknowledge signal from the receiver. In the receiver
mode during the clock pulse cycle, the SDA pin is set to the low level in order to
generate the acknowledge signal.

Set <ACK> to 0 for operation in the non-acknowledge mode. The TMP93CS20 does
not generate a clock pulse for the acknowledge signal when operating in the master
mode.

In the acknowledgment mode, when the TMP93CS20 is the slave mode, clocks are
counted for the acknowledge signal. During the clock for the acknowledge signal, when
a received slave address matches to a slave address set to the I2CAR or a “GENERAL
CALL” is received, the SDA pin is set to low level generating an acknowledge signal.

After a received slave address matches to a slave address set to the I2CAR and a
“GENERAL CALL” is received, in the transmitter mode during the clock for the
acknowledge signal, the SDA pin is released in order to receive the acknowledge signal
from the receiver. In the receiver mode, the SDA pin is set to low level generating an
acknowledge signal.

In the non-acknowledgment mode, when the TMP93CS20 is the slave mode, clocks
for the acknowledge signal are not counter.

Number of transfer bits

SBICR1<BC2:0> are used to select a number of bits for transmitting and receiving
data.

Since <BC2:0> are cleared to 000 as a start condition, a slave address and direction
bit transmissions are executed in 8 bits. Other than these <BC2:0> retain a specified
value.

Serial clock

a. Clock source

SBICR1<SCK2:0> are used to select a maximum transfer frequency output on
the SCL pin in the master mode. Set the baud rates, which have been calculated
according to the formula below, to meet the specifications of the I2C bus, such as
the smallest pulse width of t1,ow.

e tHIGH . tow 1ffscl N

tLow = 2"frpH .
tHicH = 2"/frpH + 12/frpy ‘ <S(?K2.0> .
fscl = U/(t_.ow + tHIGH) (Bits 2 to 0 in the SBICR1)
nnn T
- _TEPH
T 2x2"+12 001 5
010 6
011 -
100 8
101 9
110 10

Figure 3.10.7 Clock Source
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(4)

(5)

b. Clock synchronization

The I2C bus has a clock synchronization function to meet the transfer speed to a
slow processing device when a transfer is performed between devices which have
different process speed.

The clock synchronization functions when the SCL pin is high level and the SCL
line of the bus is low level in the serial bus interface circuit. The serial bus
interface circuit waits counting a clock pulse in high level until the SCL line of the
bus is high level. When the SCL line of the bus is high level, the serial bus
interface circuit starts counting during high level. The clock synchronization
function holds clocks which are output from the serial interface circuit to be high
level.

The slave device can stop the clock output of the master device on one word or
one bit basis.

Additionally, the transfer speed by the master device matches to the process
speed of the slave device.

[}

i Start counting high-level width
! of a clock pulse
[}
[}
I

SCL pin (Master device) /\Wait

SCL pin (Slave device)

SCL (Bus)

Figure 3.10.8 Clock Synchronization

Slave address and address recognition mode specification

To operate the TMP93CS20 in the addressing format which recognizes the slave
address, set I2CAR<ALS> to 0 and set the slave address to the I2CAR<SA6:0>.

To operate the serial bus interface circuit in the free data format which does not
recognize the slave address, set <ALS> to 1. When the TMP93CS20 used in the free
data format, the slave address and the direction bit are not recognized. They are
handled as data just after generation of start conditions.

Master/slave selection

Set SBICR2<MST> to 1 for operating the TMP93CS20 as a master device. <MST> is
cleared to 0 by the hardware after a stop condition on a bus is detected or arbitration is
lost.
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(6) Transmitter/receiver selection

Set SBICR2<TRX> to 1 for operating the TMP93CS20 as a transmitter. Set
<TRX> to O for operation as a receiver. When data with an addressing format is
transferred in the slave mode, when a slave address with the same value that an
I2CAR or the GENERAL CALL is received (All 8-bit data are 0 after the start
condition), <TRX> is set to 1 by the hardware if the direction bit (R/W) sent from
the master device is 1, and is set to 0 by the hardware if the bit is 0. In the master
mode, after the acknowledge signal is returned from the slave device, <TRX> is
set to 0 by the hardware if a transmitted direction bit is 1, and set to 1 by the
hardware if it is 0. When the acknowledge signal is not returned, the current
condition is maintained.

<TRX> is cleared to 0 by the hardware after the stop condition on the I12C bus is
detected or arbitration is lost.

The following shows <TRX> change conditions in each mode and <TRX> after

changing.
Lo . " <TRX> After
Mode Direction Bit Change Condition .
Changing
Slave mode 0 A received slave address is the 0
1 same as a value set to I2CAR. 1
0 . ) 1
Master mode 1 ACK signal is returned. 0

When the TMP93CS20 operates in the free data format, the slave address and
the direction bit are not recognized. They are handled as data just after
generating a start condition. The TRX was not changed by the hardware.

(7) Start/stop condition generation

When SBISR<BB> is 0, the start condition and slave address and direction bit
are output by writing 1 to SBICR2<MST, TRX, BB, PIN>. It is necessary to set 1
to SBICR1<ACK> beforehand.

SCLline =777 : 1 2 3 4 5 6 7 8 9
v
SDAline 1\ " /a6 X A5 X A2 X a3 X A2 X AL X A0 X Riw /

| IS
Start condition |<— Slave address and the direction bit —)I Acknowledge signal

Figure 3.10.9 Start Condition Generation and Slave Address Generation

When SBISR<BB>is 1, a sequence of generating the stop condition is started by
writing 1 to <MST, TRX, PIN> and 0 to <BB>. Do not modify the contents of <MST,
TRX, BB, PIN> until the stop condition is generated on a bus.

When a stop condition is generated and the SCL line on the bus is set to low
level by another device, a stop condition is generated after releasing the SCL line.

1

SCL line /o T
-—— - 1

soAline .\ V.

Stop condition
Figure 3.10.10 Stop Condition Generation
The bus condition can be indicated by reading the contents of <BB>. <BB> is set
to 1 when the start condition on a bus is detected, and is set to 0 when the stop
condition is detected.
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®

€)

Cancel interrupt service request

When the TMP93CS20 is the master mode and transferring a number of clocks set
by the SBICR1<BC2:0> and the SBICR1<ACK> is complete, a serial bus interface
interrupt request (INTS2) is generated.

In the slave mode, the INTS2 is generated when the received slave address is the
same as the value set to the I2CAR and an acknowledge signal is output, when a
“GENERAL CALL” is received and an acknowledge signal is output, or when
transferring/receiving data is complete after the received slave address is the same as
the value set to the [2CAR and a “GENERAL CALL” is received.

When the serial bus interface interrupt request occurs, the SBISR<PIN> is cleared
to 0. During the time that the PIN is 0, the SCL pin is set to low level.

Either writing or reading data to or from the SBIDBR sets the <PIN> to 1.
The time from the <PIN> being set to 1 until the SCL pin is released takes tLOW.
Although the <PIN> can be set to 1 by the program, the <PIN> is not cleared to 0
when it is written O.
Serial bus interface operation mode selection

SBICR2<SBIM1:0> is used to specify the serial bus interface operation mode. Set
<SBIM1:0> to 10 when used in the I2C bus mode after confirming that input signal via
port is high level.

Switch a mode to port after making sure that a bus is free.

(10) Noise detection monitor

The I2C bus is easy to be affected by noise, because the bus is driven by the open
drain and the pull-up resistor.

With the TMP93CS20, the SDA pin output and the SDA line level are compared at a
rise of the SCL line on the bus, and whether data are output correctly on the bus is
detected only in the master transmitter mode.

When the SDA pin output differs from the SDA line level, the SBISR<AL> is set to 1.

When the AL is set to 1, the SDA pin is released and the MST and the TRX are
cleared to 0 by the hardware. The TMP93CS20 changes to the slave receiver mode, and
continues outputting clocks unit transferring data when the AL was set to 1 is
completed.

Either writing or reading data to or from the SBIDBR, or writing data to the SBICR2
clears to the AL to 0.

seees N/ /. \_/ \_/ \_/ L
SDApin_\m ———————————————————————————

<AL>

<MST>

<TRX>

Figure 3.10.11 Noise Detection Monitor
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(11) Slave address match detection monitor

SBISR<AAS> is set to 1 in the slave mode, in the address recognition mode
(I2CAR<ALS> = 0) when receiving the GENERAL CALL or the slave address with the
same value that is set to the [2CAR. When <ALS>is 1, <AAS> is set to 1 after receiving
the first one-word of data. <AAS> is set to 0 by writing/reading data to/from a data
buffer register.

(12) GENERAL CALL detection monitor

SBISR<ADO> is set to 1 in the slave mode, when the GENERAL CALL is received
(All 8-bit data are 0 after the start condition). <ADO> is set to 0 when the start or stop
condition is detected on a bus.

(13) Last received bit monitor

The SDA line value stored at the rising edge of the SCL line is sent to SBISR<LRB>.
In the acknowledge mode, immediately after the INTS2 interrupt request is generated,
the acknowledge signal is read by reading the contents of <LRB>.

(14) Software reset function

Software reset function is used to initialize the SBI which is rocked by external noise,
etc. When SBICR3<SWRST> is set to 1, the internal reset signal pulse is generated
and inputted into the SBI circuit.

All command registers and state registers are initialized to initial values. <SWRST>
is automatically set to O after the SBI circuit is initialized.
(15) Serial bus interface data buffer register (SBIDBR)
The SBIDBR register can read out the receiving data and write the sending data.
After the start condition generated in the master mode, set the slave address and the
direction bit in this register.
(16) I2C bus address register (I2CAR)

I2CAR<SA6:0> sets the slave address when the TMP93CS20 are operated as the
slave devices. Setting [2CAR<ALS> =0, the slave address output from master device is
recognized, and the data format is changed to the addressing format. Setting
I2CAR<ALS> = 1, the slave address is not recognized, and the data format is changed
to the free data format.
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3.10.5 Data Transfer in 1°C Bus Mode

(1) Device initialization
First, set SBICR1<ACK, SCK2:0>. Specify 0 to bits 7 to 5 and 3 in the SBICR1.

Set the slave address <SA6:0> and <ALS> to I2CAR (<ALS> = 0 when the
addressing format).

Subsequently, set 0 to <MST, TRX, BB>; 1 to <PIN>; 10 to <SBIM1:0>; and 0 to bits
0 and 1 in the SBICR2. The slave receiver mode is set.

Note: The initialization of the serial bus interface circuit must be complete within the time
from all devices which are connected to the bus have initialized to any device does
not generate a start condition. If not, there is a possibility that another device starts
transferring before an end of the initialization of the serial bus interface circuit. Data
can not be received correctly.

(2) Start condition and slave address generation
Confirm a bus free status (when SIBSR<BB> = 0).

Set the SBICR1<ACK> to 1 and specify a slave address and a direction bit to be
transmitted to the SBIDBR.

When the SBISR<BB> is 0, the start condition are generated and the slave address
and the direction bit which are set to the SBIDBR are output on a bus by wiring 1 to
the SBICR2<MST, TRX, BB> and PIN. An INTS2 interrupt request occurs at the 9th
falling edge of the SCL clock cycle, and the <PIN> is cleared to 0. The SCL pin is pulled
down to the low-level while the <PIN> is 0. When an interrupt request occurs, the
<TRX> changes by the hardware according to the direction bit only when an
acknowledge signal is returned from the slave device.

Note 1: Do not write a slave address to be output to the SBIDBR while data are transferred.
If data is written to the SBIDBR, data to been outputting may be destroyed.

Note 2: Do not start transferring due to another master from writing a slave address to be
output to the SBIDBR to writing a start condition generation command to the
SBICR2. The serial bus interface circuit malfunctions because it has not an
arbitration function.

. .
SDA pin \i/A6XA5XA4XA3XA2XA1XAOXR/WX___/
LN

dit Y Acknowledge

Start condition Slave address + Direction bit signal from a
slave device

<PIN> -

INTS2 (

interrupt request rL -

Figure 3.10.12 Start Condition Generation and Slave Address Transfer
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(3) One-word data transfer

Test SBISR<MST> by the INTS2 interrupt process after a one-word data transfer is
completed, and determine whether the mode is a master or slave.

a. When <MST> is 1 (Master mode)

Test SBISR<TRX> and determine whether the mode is a transmitter or
receiver.

When <TRX> is 1 (Transmitter mode)

Check SBISR<LRB>. When <LRB> is 1, a receiver does not request data.
Implement the process to generate the stop condition (described later) and
terminate data transfer.

When <LRB> is 0, the receiver requests new data. When the next transmitted
data is 8-bits, write it to the SBIDBR. When the next transmitted data is other
than 8 bits, set SBICR1<BC2:0>, set SBICR1I<ACK> to 1, and write the
transmitted data to the SBIDBR. After writing the data, SBISR<PIN> becomes 1,
the serial clock pulse is generated for transferring a new one-word of data from
the SCL pin, and then the one-word data is transmitted. After the data is
transmitted, the INTS2 interrupt request occurs. <PIN> becomes 0 and the SCL
pin is set to the low level. If the data to be transferred is more than one word in
length, repeat the procedures from <LRB> test mentioned above.

SCL pin 1 2 3 4 5 6 7 8 9

Write to SBIDBR

SDA pin \_Db7 X b6 X b5 X b4 X p3 X b2 X b1t X bo A/

Acknowledge
signal from a
<PIN> N J recelv‘_ar
INTS2 (
interrupt request _ _ rL -

Figure 3.10.13 Example of when <BC2:0> = 000, <ACK> = 1 (Transmitter mode)
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When <TRX> is 0 (Receiver mode)

When the next transmitted data is other than 8 bits, set SBICR1<BC2:0> again.
Set <ACK> to 1 and read the received data from the SBIDBR to release the SCL
line. The read data is undefined immediately after the slave address is set.) After
the data is read, <PIN>becomes 1. Serial clock pulse for transferring new 1 word of
data is defined SCL and outputs “L” level from SDA pin with acknowledge timing.

The INTS2 interrupt request then occurs and <PIN> becomes 0. The SCL pin is
set to the low level. The TMP93CS20 outputs a clock pulse for one-word of data
transfer and the acknowledge signal each time that received data is read from the

SBIDBR.
SCL pin o 1 2 3 4 5 6 7 8 9 _
v Read SBIDBR

soapin  ______D7_W D6 W D5 W D4 W D3 W D2 W DI W DO _XTXNG;VE D7
Acknowledge signal
to a transmitter

<PIN> ] (L .

INTS2

interrupt request_ _ rL o

Figure 3.10.14 Example of when <BC2:0> = 000, <ACK> =1 (Receiver mode)

In order to terminate the transmitting data to the transmitter, set <ACK> to 0
before reading data which is one-word before the last data to be received. The last
data does not generate a clock pulse for the acknowledge signal. After the data is
transmitted and an interrupt request has occurred, set <BC2:0> to 001 and read
the data. The TMP93CS20 generates a clock pulse for a 1-bit data transfer. Since
the master device is a receiver, the SDA line of the bus keeps the high level. The
transmitter receives the high-level signal as the ACK signal. The receiver indicates
to the transmitter that data transfer is complete.

After 1-bit data is received and the interrupt request has occurred, the
TMP93CS20 generates the stop condition and terminates data transfer.

SCL pin 1 2 3 4 5 6 7 8 1
T G T 0 . A
cknowledge signal
sent to a transmitter
<PIN> l_l ;
INTS2 ( i ( (
]

interrupt request

|
HE
T— 0 —» <ACK> T—001 — <BC2:0>

Read SBIDBR - - = Output of Master Read SBIDBR

— Output of Slave

Figure 3.10.15 Termination of Data Transfer in Master Receiver Mode
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When < MST> is 0 (Slave mode)

In the slave mode, the TMP93CS20 operates either in normal slave mode or in
recovery process after a noise detection.

In the slave mode, an INTS2 interrupt request occurs when the serial bus
interface circuit receives a slave address or a “GENERAL CALL” from the master
device, or when a “GENERAL CALL” is received and data transfer is complete
after matching a received slave address. In the master mode, the TMP93CS20
operates in a slave mode if a noise is detected. An INTS2 interrupt request occurs
when word data transfer terminates after a noise detection. When an INTS2
interrupt request occurs, the SBISR<PIN> is reset, and the SCL pin is set to low
level. Either reading or writing from or to the SBIDBR or setting the <PIN> to 1
releases the SCL pin after taking tLOW time.

The TMP93CS20 tests the SBISR<AL>, the SBISR<TRX>, the <AAS>, and the
<ADO> and implements processes according to conditions listed in the next table.

Table 3.10.1 Operation in the Slave Mode

<TRX>

<AL>

<AAS>

<ADO>

Conditions

Process

In the slave receiver mode, the
TMP93CS20 receives a slave
address of which the direction bit
sent from the master is “1”.

Set the number of bits in one word
to <BC2:0> and write transmitted
data to the SBIDBR.

In the slave transmitter mode,
one-word data is transmitted.

Check <LRB>. If <LRB> is set to
“1", set <PIN> to “1” since the
receiver does not request next
data. Then, clear <TRX> to “0”
release the bus. If <LRB> is set to
“0", set the number of bits in a
word to <BC2:0> and write
transmitted data to the SBIDBR
since the receiver requests next
data.

1/0

In the slave receiver mode, the
TMP93CS20 receives a slave
address or GENERAL CALL of
which the direction bit sent from
the master is “0".

Read the SBIDBR for setting
<PIN>to 1 (Reading dummy data)
or write “1” to <PIN>.

1/0

In the slave receiver mode, the
TMP93CS20 terminates receiving
of one-word data.

Set the number of bits in a word to
<BC2:0> and read received data
from the SBIDBR.
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(4)

(5)

SCL (Bus)
SCL pin
SDA pin
<LRB>
<BB>

<PIN>

Stop condition generation

When SBISR<BB>is 1, a sequence of generating a stop condition is started by writing

1 to SBICR2<MST, TRX, PIN>, and 0 to <BB>. Do not modify the contents of <MST,
TRX, BB, PIN> until the stop condition is generated on the bus. When SBICR2<MST,
TRX, PIN> are written “1” and <BB> is written “0” (generate stop condition in master
mode), <BB> changes to “0” by internal SCL changes to “1”, without waiting stop
condition. To check whether SCL and SDA pin are “1” by sensing their ports is needed to
detect bus free condition.

“1" - <MST>

“1” > <TRX>

‘0" —» <BB>

“1” —> <PIN>

Stop condition

Internal SCL

SCL pin

SDA pin

<PIN> |7 /
<BB> (Read)

Figure 3.10.16 Stop Condition Generation

Restart

Restart is used to change the direction of data transfer between a master device and a
slave device during transferring data. The following explains how to restart the
TMP93CS20.

Clear 0 to the <MST>, <TRX>, and <BB> and set 1 to the <PIN>. The SDA pin retains
the high level and the SCL pin is released. Since a stop condition is not generated on the
bus, the bus is assumed to be in a busy state from other devices. And confirm SCL pin,
that SCL pin is released and become bus-free state by SBISR<BB> = “0” or signal level
“1” of SCL pin in port mode. Test the <LRB> until it becomes 1 to check that the SCL
line of the bus is not set to low level by other devices. After confirming that the bus stays
in a free state, generate a start condition with procedure (2).

In order to meet setup time when restarting, take at least 4.7 ps of waiting time by
software from the time of restarting to confirm that the bus is free until the time to
generate the start condition.

0" — <MST> “1" — <MST>
“0" > <TRX> “1" —» <TRX>
“0" — <BB> “1” — <BB>
“1" — <PIN> “1" — <PIN>

|<— 4.7 ps (Min) /—Start condition

I

Figure 3.10.17 Timing Diagram when Restarting the TMP93CS20

93CS20-184 2004-02-10



TOSHIBA TMP93CS20

3.10.6 Clock-synchronous 8-Bit SIO Mode Control

The following registers are used for control and operation status monitoring when using
the serial bus interface (SBI) in the clock-synchronous 8-bit SIO mode.

Serial Bus Interface Control Register 1

7 6 5 4 3 2 1 0
SBICR1 Bit symbol SIOS SIOINH SIOM1 SIOMO SCK2 SCK1 SCKO
(004BH) Read/Write W W
N After reset 0 0 o | o o | o | o
Zgg_'b't Function Indication | Continue/ | Transfer mode select Serial clock selection
modify- transfer | abort 00: 8-bit transmit
write start/stop | transfer 01: (Reserved)
0: Stop 0: Continue| 10: 8-bit
1: Start 1: Abort transmit/receive
11: 8-bit receive
Serial clock selection l
000 |fc/2® (625 kHz)
001 |fc/2® (312.5 kHz)
010 |fc/2" (156.3 kHz) | [ System clock: fc
011 |fc/2® (78.13 kHz) [ | Clock gear: fc/1
100 |fc/2° (39.06 kHz) fc = 20 MHz (Output on SCK pin)
101 |fc/2'°(19.53 kHz)
110 |fc/2'(9.77 kHz)
111 | External clock (input from SCK pin)
L Transfer mode select
00 | 8-bit transmit mode
01 | (Reserved)
10 | 8-bit transmit/receive mode
11 | 8-bit receive mode
> Continue/abort transfer
0 Continue transfer
1 Abort transfer (Automatically cleared after abort)
> Indicate transfer start/stop
0 Stop
1 Start
Set <SIO> to 0 and <SIOINH> to 1 when setting the transfer mode and the serial clock.
Serial Bus Interface Data Buffer Register
7 6 5 4 3 2 1 0
SBIDBR Bit symbol DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
(004CH) Read/Write R (Receive)/W (Send)
Prohibit After reset Undefined
read-
modify-
write

Figure 3.10.18 Registers for SIO Mode (1/2)
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Serial Bus Interface Control Register 2
6 5 4 3 2 1 0
SBICR2 Bit symbol SBIM1 SBIMO
(004EH) Read/Write w
After reset 0 | 0
Prohibit Function Serial bus interface
read- operation mode
modify- selection
write 00: Port mode
01: SIO mode
10: I°C bus mode
11: (Reserved)
Serial bus interflace operation mode selection
00 | Port mode (Serial bus interface output disable)
01 | SIO mode
10 | I°C bus mode
11 | (Reserved)
Note 1: Switch a mode to port after data transfer is complete.
Note 2: Switch a mode to SIO mode after confirming that input signals via port are high level.
Serial Bus Interface Status Register
6 5 4 3 2 1 0
SBISR Bit symbol SIOF SEF
(004EH) Read/Write R
After reset 0 0
Prohibit Function Serial Shift
read- transfgr operating
modify- operating statgs
write statqs monitor
monitor

l

Sift operating status monitor

0 Shift operation terminated

1 Shift operation in process

—> Serial transfer operating status monitor

0 Transfer terminated

1 Transfer in process

Figure 3.10.19 Registers for SIO Mode (2/2)
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(1) Serial clock
a. Clock source

SBICR1<SCK2:0> are used to select the following functions.

Internal clock

In the internal clock mode, any of seven frequencies can be selected. The serial
clock is output to the outside on the SCK pin. The SCK pin becomes a high level
when data transfer starts. When writing (in the transmit mode) or reading (in the
receive mode) data cannot follow the serial clock rate, an automatic-wait function
is executed to stop the serial clock automatically and hold the next shift operation
until reading or writing is complete.

Automatic wait function

Ul Wrde Uelde UWsl7UeleL 2L s
comeus " \EE DEE oEEEEEEE
/\j

Xa

Write transmitted
data X b Xc

SCK pin output

Figure 3.10.20 Automatic Wait Function

External clock (<SCK2:0>=111)

An external clock supplied to the SCK pin is used as the serial clock. In order to
ensure shift operation, a pulse width of at least 4 machine cycles is required for
both high and low levels in the serial clock. The maximum data transfer frequency
is 625 kHz (at fc = 20 MHz).

sekpn L[ L1 1|

|

]
tsckL tsckH

tsckL, tsckH > 4 tcyc Note: tcyc = 4/fgpy (in NORMAL mode, IDLE mode)
Figure 3.10.21 External Clock

b. Shift edge

The leading edge is used to transmit data, and the trailing edge is used to
receive data.

Leading edge shift:

Data is shifted on the leading edge of the serial clock (at the falling edge of the
SCK pin input/output).

Trailing edge shift:

Data is shifted on the trailing edge of the serial clock (at the rising edge of the
SCK pin input/output).
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i
SO pin i\ gio X Bt X Bz X Bit3 X Bita X Bits X Bite X Bi
Shift register :X76543210X*7654321X**765432X***76543X****7654X*****765X******76X*******7
(@) Leading edge
S O U N I N I N A
SO pin \ é&ito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7
Shift register HH**H:X0*******)(10******)(210“*“ 3210w X 43210+ ++X 543210++X 6543210+X 76543210

(b) Trailing edge
*: Don't care

Figure 3.10.22 Shift Edge

(2) Transfer mode

a.

SBICR1<SIOM1:0> are used to select a transmit, receive, or transmit/receive mode.

8-bit transmit mode
Set a control register to a transmit mode and write data to the SBIDBR.

After the data is written, set SBICR1<SIOS> to 1 to start data transfer. The
transmitted data is transferred from the SBIDBR to the shift register and output
to the SO pin in synchronous with the serial clock, starting from the least
significant bit (LSB). When the data is transferred to the shift register, the
SBIDBR becomes empty. The INTS2 (Buffer empty) interrupt request is
generated to request new data.

When the internal clock is used, the serial clock will stop and automatic wait
function will be initiated if new data is not loaded to the data buffer register after
the specified 8-bit data is transmitted. When new data is written, automatic-wait
function is canceled.

When the external clock is used, data should be written to the SBIDBR before
new data is shifted. The transfer speed is determined by the maximum delay time
between the time when an interrupt request is generated and the time when data
is written to the SBIDBR by the interrupt service program.

When the transmit is started, after SBISR<SIOF> goes 1 the same value as the
final bit of the last data is output until the falling edge of the SCK.

Transmitting data is ended by clearing <SIOS> to 0 with the buffer empty
interrupt service program or setting SBICR1<SIOINH> to 1. When <SIOS> is
cleared, the transmitted mode ends when all data is output. In order to confirm if
data is surely transmitted by the program, set <SIOF> to be sensed. <SIOF> is
cleared to 0 when transmitting is complete. When <SIOINH> is set to 1,
transmitting data stops. <SIOF> turns 0.

When the external clock is used, it is also necessary to clear <SIOS> to 0 before
new data is shifted, otherwise, dummy data is transmitted and operation ends.
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Clear <SIOS>

A

<SIOS>

<SIOF>

<SEF>
SCK pin (Output)
SO pin

INTS2
interrupt request

SBIDBR
Write transmitted data
(a) Internal clock
| Clear <SIOS> !
' |
<slos> !
|
<SIOF> i
I
L
<SEF> u

SCK pin (Input)

SO pin

INTS2
interrupt request

SBIDBR :XEX\:)
r 1

Write transmitted data

(b) External clock

Figure 3.10.23 Transfer Mode

Example: Program to stop transmitting data (when external clock is used)
STESTL: BIT SEF, (SBISR) ; If <SEF> = 1 then loop.
JR NZ, STEST1
STEST2: BIT 0, (P6) ; If SCK =0 then loop.
JR Z, STEST2
LD (SBICR1), 00000111B ;. <SIOS> « 0.
SCK pin [
1
[}
<SIOF> |
[} I
[} [}
SO pin Bit6 X Bit7 ! i/

>
|

tsopH = Min 3.5/fepy [s] (in NORMAL mode)

Figure 3.10.24 Transmitted Data Hold Time at End of Transmit
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b. 8-bit receive mode

Set the control register to a receive mode and SBICR1<SIOS> to 1 for switching
to the receive mode. Data is received from the SI pin to the shift register in
synchronous with the serial clock, starting from the least significant bit (LSB).
When the 8-bit data is received, the data is transferred from the shift register to
the SBIDBR. The INTS2 (Buffer full) interrupt request is generated to request to
read the received data. The data is then read from the SBIDBR by the interrupt
service program.

When the internal clock is used, the serial clock will stop and automatic wait
function will be initiated until the received data is read from the SBIDBR.

When the external clock is used, since shift operation is synchronized with the
clock pulse provided externally, the received data should be read from the
SBIDBR before next serial clock input. If the received data is not read, further
data to be received is canceled. The maximum transfer speed when the external
clock is used is determined by the delay time between the time when an interrupt
request is generated and the time when received data is read.

Receiving data is ended by clearing <SIOS> to 0 with the buffer full interrupt
service program or setting SBICR1<SIOINH> to 1. When <SIOS> is cleared,
received data is transferred to the SBIDBR in complete blocks. The received mode
ends when the transfer is complete. In order to confirm if data is surely received
by the program, set SBISR<SIOF> to be sensed. <SIOF> is cleared to 0 when
receiving is complete. After confirming that receiving has ended, the last data is
read. When <SIOINH> is set to 1, receiving data stops, <SIOF> turns 0. (The
received data becomes invalid, therefore no need to read it.)

Note: When the transfer mode is switched, the SBIDBR contents are lost. In case
that the mode needs to be switched, receiving data is concluded by clearing
<SIOS> to 0, read the last data, and then switch the mode.

|<— Clear <SIOS> —>|

<SIOS>

<SIOF>

<SEF>
SCK pin (Output)
Sl pin

INTS2
interrupt request

SBIDBR

Read received data Read received data

Figure 3.10.25 Receive Mode (Example: Internal clock)
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<SIOS>

<SIOF>

<SEF>

SCK pin (Output)

SO pin

Sl pin

INTS2

interrupt request

SBIDBR

8-bit transmit/receive mode

Set a control register to a transmit/receive mode and write data to the SBIDBR.
After the data is written, set SBICR1<SIOS> to 1 to start transmitting/receiving.
When transmitting, the data is output from the SO pin on the leading edges in
synchronous with the serial clock, starting from the least significant bit (LSB).
When receiving, the data is input to the SI pin on the trailing edges of the serial
clock. The 8-bit data is transferred from the shift register to the SBIDBR, and the
INTS2 interrupt request occurs. The interrupt service program reads the received
data from the data buffer register and writes data to be transmitted. The SBIDBR
is used for both transmitting and receiving. Transmitted data should always be
written after received data is read.

When the internal clock is used, automatic wait function is initiated until
received data is read and next data is written.

When the external clock is used, since the shift operation is synchronized with
the external clock, received data is read and transmitted data is written before
new shift operation is executed. The maximum transfer speed when the external
clock is used is determined by the delay time between the time when an interrupt
request is generated and the time when received data is read and transmitted
data is written.

When the transmit is started, after SBISR<SIOF> 1 output from the SO pin
holds final bit of last data until falling edge of the SCK.

Transmitting/receiving data is ended by clearing <SIOS> to 0 by the INTS2
interrupt service program or setting SBICR1<SIOINH> to 1. When <SIOS> is
cleared, received data is transferred to the SBIDBR in complete blocks. The
transmit/receive mode ends when the transfer is complete. In order to confirm if
data is surely transmitted/received by the program, set SBISR<SIOF> to be
sensed. <SIOF> becomes 0 after transmitting/receiving is complete. When
<SIOINH> is set, transmitting/receiving data stops, <SIOF> turns 0.

Note: When the transfer mode is switched, the SBIDBR contents are lost. In case
that the mode needs to be switched, transmitting/receiving data is concluded
by clearing <SIOS> to 0, read the last data, and then switch the transfer mode.

l— clear<sios> —

! |

G G e
0 v A v

Write Read received Write transmitted Read received
transmitted data (c) data (b) data (d)
data (a)

Figure 3.10.26 Transmit/Receive Mode (Example: Internal clock)
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SCK pin
[}
[}
<SIOF> i .
H [}
SO pin Bité X Bit7 in last transmitted word i/
I I
tsopH = Min 4/fgpy [s] (in NORMAL mode)
Figure 3.10.27 Transmitted Data Hold Time at End of Transmit/Receive
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3.11 Analog/Digital Converter

TMP93CS20 incorporate a high-speed, high-precision 10-bit analog/digital converter (AD
converter) with 8-channel analog input.

Figure 3.11.1 is a block diagram of the AD converter. The 8-channel analog input pins (ANO to
AN7) are also used as input only port 5 and can be also used as input ports.

¢ Internal data bus ¢
@ ZAN AN
ADMOD1 <ADTRGE> ADMODO
<ADCH2:0>  <VREFON> <EOCF> <ADBF> <ITMO> <REPET> <SCAN> <ADS>
A A
Scan
> Repeat
» DecoderH Interrupt
*—>| Busy ADTRG
End
Start
Y
AA Channel select AD converter INTAD
control circuit interrupt
AN7 (P57) 03—
ANG (P56) 1—>| AD )
> conversion
ANS5 (P55) 0—> Multplexer result register
Analog AN4 (P54)[1—>| Sample 3 ADREGOAL to 37L
input  AN3 (P53) [J—> hold ADREGO4H to 37H
AN2 (P52) 1> _
AN1 (P51) [3—>|
ANO (P50) >
ADTRG (P37) [1—{>o—> ADTRG
v
VREFH[ > yS—
DA converter N————
VREFL >

Figure 3.11.1 Block Diagram of AD Converter

Note 1: When the power supply currentis reduced in IDLE2, IDLE1, STOP mode, there is possible to set a
standby enabling the internal comparator due to a timing. Stop operation of AD converter before
execution of HALT instruction.

Note 2: In regard to the lowest operation frequency
The operation of AD converter is guaranteed with clock of frpy > 4 MHz (Used fc clock), but not
guaranteed with fs clock.
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3.11.1 Analog/Digital Converter Registers

AD converter is controlled by two AD mode control registers (ADMODO and ADMOD1).
AD conversion result is stored in eight AD conversion result registers (ADREG04H/L,
ADREG15H/L, ADREG26H/L, ADREG37H/L).

AD Mode Control Register 0

7 6 5 4 3 2 1 0
ADMODO | Bit symbol EOCF ADBF - - ITMO REPET SCAN ADS
(005EH) | Read/write R R/W
After reset 0 0 0 0 0 0 0 0
Function AD AD Always write | Always write | Specifies Repeat Scan mode | AD
conversion | conversion | “0”". ‘0", interrupts for | mode specification | conversion
end flag busy flag fixed channel | specification |0: Fixed- start
0: Conversion|1: Conversion Irepeat- 0: Single channel 0:Don't care
in progress| isidle conversion conversion | mode 1: Start
1: Conversion|1: Conversion mode. mode 1: Channel conversion
end in progress 0: Every 1: Repeat scan mode| (Note)
conversion | conversion
1: Every four mode
conversions

|—> AD conversion start

0 Don'’t care
1 Start AD conversion

Note: Always read as 0.

L—— AD scan mode specification

0 AD conversion fixed-channel mode
1 AD conversion channel scan mode

—> AD repeat mode specification
0 AD single conversion mode

1 AD repeat conversion mode

L » AD conversion interrupt specification for
fixed-channel/repeated-conversion mode

Fixed channel/repeated conversion
mode <SCAN> =0, <REPET> =1

Generates interrupt every conversion.

1 Generates interrupt every four
conversions.

Y

AD conversion busy flag
0 AD conversion is idle
1 AD conversion in progress

A\

AD conversion end flag
0 AD conversion in progress
1 AD conversion end

Figure 3.11.2 Register for AD Converter (1/4)
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AD Mode Control Register 1
7 6 5 4 3 2 1 0
ADMODL1 | Bitsymbol | VREFON ADTRGE | ADCH2 ADCH1 ADCHO
(005FH) | Read/write R/W R/W
After reset 1 0 0 | 0 | 0
Function String External Analog input channel selection
resistor trigger
0: OFF start
1: ON control
0: Disable
1: Enable
Analog input channel selection
<SCAN> 0 1
[ Channel ] [ Channel ]
<ADCH2:0> fix scan
000 ANO ANO
001 AN1 ANO — AN1
010 AN2 ANO — AN1 — AN2
011 AN3 ANO — AN1 — AN2 — AN3
100 AN4 AN4
101 AN5 AN4 — AN5
110 ANG6 AN4 — AN5 — ANG6
111 AN7 AN4 — AN5 — AN6 — AN7
» Conversion start control by external trigger
(ADTRG pin input)
0 Disable
1 Enable
» Analog reference voltage control
0 OFF
1 ON
Note: Set the <VREFON> bit to 1 before starting conversion (before writing 1 to ADMODO0<ADS>).

Figure 3.11.3 Register for AD Converter (2/4)
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AD Conversion Result Register 0/4 Low

7 6 5 4 3 2 1 0
ADREGO04L Bit symbol ADRO1 ADROO ADRORF
(0060H) Read/Write R R
After reset Undefined 0
Function Conversion
Stores lower 2 bits of :S:Jeltd fla
AD conversion result. . 9
1: Exist
result
AD Conversion Result Register 0/4 High
7 6 5 4 3 2 1 0
ADREGO04H | Bit symbol ADRO09 ADRO8 ADRO7 ADRO6 ADRO05 ADRO4 ADRO3 ADRO02
(0061H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
AD Conversion Result Register 1/5 Low
7 6 5 4 3 2 1 0
ADREG15L Bit symbol ADR11 ADR10 ADRI1RF
(0062H) Read/Write R R
After reset Undefined 0
Function Conversion
Stores lower 2 bits of :S:Jeltd fla
AD conversion result. . 9
1: Exist
result
AD Conversion Result Register 1/5 High
7 6 5 4 3 2 1 0
ADREGI15H | Bit symbol ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
(0063H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
9 8 7 6 5 4 3 2 1 0
Channel x conversion result
| I 1 ]
ADREGxH l l ADREGxXL
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
N J

e Bits 5to 1 are always read as 1.

o Bit0 is conversion result stored flag bit <ADRXRF>.
<ADRXRF> is set to 1 when the AD conversion result is stored.
Reading either the ADREGxH or the ADREGXL registers clears
<ADRXRF> to 0.

Figure 3.11.4 Registers for AD Converter (3/4)
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AD Conversion Result Register 2/6 Low
7 6 5 4 3 2 1 0
ADREG26L Bit symbol ADR21 ADR20 ADR2RF
(0064H) Read/Write R R
After reset Undefined 0
Function Conversion
Stores lower 2 bits of :S:Jeltd fla
AD conversion result. . 9
1: Exist
result
AD Conversion Result Register 2/6 High
7 6 5 4 3 2 1 0
ADREG26H | Bit symbol ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
(0065H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
AD Conversion Result Register 3/7 Low
7 6 5 4 3 2 1 0
ADREG37L Bit symbol ADR31 ADR30 ADR3RF
(0066H) Read/Write R R
After reset Undefined 0
Function Conversion
Stores lower 2 bits of :S:Jeltd fla
AD conversion result. . 9
1: Exist
result
AD Conversion Result Register 3/7 High
7 6 5 4 3 2 1 0
ADREG37H | Bit symbol ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
(0067H) Read/Write R
After reset Undefined
Function Stores upper 8 bits of AD conversion result.
9 8 7 6 4 3 2 1 0
Channel x conversion result
| I 1 ]
ADREGxH l l ADREGXL
7 6 5 4 2 1 0 7 6 5 4 3 2 1 0
N J

Bits 5to 1 are always read as 1.
Bit0 is conversion result stored flag bit <ADRXRF>.

<ADRXRF> is set to 1 when the AD conversion result is stored.
Reading either the ADREGXxH or the ADREGXL registers clears

<ADRXRF> to 0.

Figure 3.11.5 Registers for AD Converter (4/4)

N
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3.11.2 Operation

(1

(2

Analog reference voltage

High analog reference voltage is applied to the VREFH pin, and low analog reference
voltage is applied to the VREFL pin. The voltage between VREFH and VREFL is
divided into 1024 increments using a string resistor. AD conversion is based on
comparing the analog input voltage with these reference voltage increments.

To turn the switch between VREFH and VREFL off, write 0 to the
ADMOD1<VREFON> bit.

To start AD conversion when the switch is off, first write 1 to <VREFON>. After that,
wait at 3 us long enough to get the stabilized oscillation, write 1 to ADMODO<ADS>.
Selecting analog input channels

The procedure for selecting analog input channels depends on the operating mode of
the AD converter.

¢ When analog input channel is used to fix (ADMODO0<SCAN> = 0)

To set ADMOD1<ADCHZ2:0>, selecting one channel from analog input pins ANO
to ANT.

e When analog input channel is used to scan (ADMODO<SCAN> = 1)
To set ADMOD1<ADCHZ2:0>, selecting one channel from 8 scan mode.
Table 3.11.1 shows the analog input channel selection each operating mode.

A reset initializes ADMODO<SCAN> to 0 and ADMODI1<ADCH2:0> to 000,
selecting pin ANO for the AD converter input.

The pins not used as analog input channels can be used as general-purpose input
ports (P5).

Table 3.11.1 Analog Input Channel Selection

<ADCH2:0> Fixed Channel Channel Scan
<SCAN>=0 <SCAN>=1
000 ANO ANO
001 AN1 ANO — AN1
010 AN2 ANO — AN1 — AN2
011 AN3 ANO — AN1 — AN2 — AN3
100 AN4 AN4
101 AN5 AN4 — AN5
110 AN6 AN4 — AN5 — AN6
111 AN7 AN4 — AN5 —> AN6 — AN7

3

Starting AD conversion

AD conversion starts when ADMODO<ADS> to 1, or ADMOD1<ADTRGE>is set to 1
and the falling edge is input through ADTRG pin.

When AD conversion starts, AD conversion busy flag ADMODO0<ADBF> is set to 1,
indicating AD conversion is in progress.

Writing 1 to <ADS> while conversion is in progress restarts the conversion. Check
the conversion result stored flag ADREGxxL<ADRxRF> to determine whether the AD
conversion data are valid at this time.

Inputting the falling edge to the ADTRG pin while conversion is in progress is
invalid.
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(4) AD conversion modes and completion interrupt

Follow the four AD conversion modes are supported.
¢ Fixed channel single conversion mode
¢ Channel scan single conversion mode
e Fixed channel repeat conversion mode
¢ Channel scan repeat conversion mode

AD conversion mode can selected by setting AD mode control register
ADMODO<REPET, SCAN>.

When AD conversion end, AD conversion completion interrupt INTAD request
occurs. And the ADMODO<EOCF> flag is set to 1 to indicate that AD conversion has
completed.

a. Fixed channel single conversion mode

Fixed channel single conversion mode can be specified by setting
ADMODO<REPET, SCAN> to 00.

In this mode, conversion of the specified single channel is executed once only.
After conversion is completed, ADMODO<EOCEF> is set to 1, ADMODO0<ADBF> is
cleared to 0 and occurs INTAD interrupt request.

b. Channel scan single conversion mode

Channel scan single conversion mode can be specified by setting
ADMODO<REPET, SCAN> to 01.

In this mode, conversion of the specified channel are executed once only. After
conversion is completed, ADMODO<EOCF> is set to 1, ADMODO<ADBF> is
cleared to 0 and occurs INTAD interrupt request.

c. Fixed channel repeat conversion mode

Fixed channel repeat conversion mode can be specified by setting
ADMODO<REPET, SCAN> to 10.

In this mode, conversion of the specified single channel is executed repeatedly.
After conversion is completed, ADMODO<EOCF> is set to 1, ADMODO0<ADBF>
remains 1 not changed to 0. The timing of INTAD interrupt request can selected
by setting of ADMODO<ITMO>.

When <ITMO> is set to 0, interrupt request occurs after every conversion.

When <ITMO> is set to 1, interrupt request occurs after every fourth conversion.
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Channel scan repeat conversion mode

Channel scan repeat conversion mode can be specified by setting
ADMODO<REPET, SCAN> to 11.

In this mode, specified channels are converted repeatedly. After every scan
convert completion, ADMODO<EOCF> is set to 1 and INTAD interrupt request
occurs. ADMODO<ADBF> remains 1, not changed to 0.

To stop the repeat conversion mode (modes c. and d.), write 0 to
ADMODO<REPET>. After the current conversion is completed, repeat conversion
mode is terminated, and ADMODO<ADBF> is cleared to 0.

If the device enters the IDLE2, IDLE1, or STOP modes during AD conversion,
the conversion halt immediately. After the halt mode is released, AD conversion
restarts from the beginning in repeat conversion mode (c. and d.), it does not
restart in single conversion mode (a. and b.).

Table 3.11.2 shows the relations between AD conversion modes and interrupt
request.

Table 3.11.2 Relation between AD Conversion Modes and Interrupt Request

Interrupt Request ADMODO
Mode Timi
iming <ITMO> |<REPET>| <SCAN>

Fixed channel single conversion mode After conversion X 0 0
Channel scan single conversion mode After conversion X 0 1
Fixed channel repeat conversion mode .

; After every conversion 0
(Every conversion) 1 0
Fixed channel repeat conversion mode After every fourth conversion 1
(Every fourth conversion)
Channel scan repeat conversion mode After every scan conversion X 1 1

X: Don't Care

(5) AD conversion time

80 states (8.0 ps at fc = 20 MHz) are required for AD conversion of one channel.
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(6) Storing and reading the AD conversion result
AD conversion results are stored in AD conversion result registers high/low

(ADREGO04H/L to ADREG37H/L). These registers are read only.

In fixed channel repeat conversion mode, AD conversion results are stored in order
from ADREGO04H/L to ADREG37H/L. Except in this mode, AD conversion results for
channel ANO and AN4, AN1 and AN5, AN2 and AN6, AN3 and AN7 are stored
severally ADREG04H/L, ADREG15H/L, ADREG26H/L, ADREG37H/L.

Figure 3.11.3 shows correspondence between analog input channels and AD
conversion result registers.

Table 3.11.3 Correspondence between Analog Input Channels and
AD Conversion Result Registers

AD Conversion Result Registers

Analog Input Channel . Fixed Channel Repeat
(Port 5) Conversion Modes :
. Conversion Mode
Except Right .
(Every fourth conversion)
ANO ADREGO4H/L ADREGO4HIL
AN1 ADREGI5H/L l E
AN2 ADREG26H/L ADREGI1SHIL
AN3 ADREG37HIL
AN4 ADREGO4H/L ADREG26HIL
ANS ADREGI5H/L
ANG ADREG26H/L ADREGS7HIL
AN7 ADREG37H/L

AD conversion result registers bit 0 is AD conversion result stored flag <ADRxRF>.
The flag shows that whether those registers are read or not. When AD conversion
results are stored in those registers (ADREGxH or ADREGxL), this flag is set to 1.
When each register is read, this flag is cleared to 0, and AD conversion end flag
ADMODO<EOCF> is also cleared to 0.
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Setting example:

a. This example converts the analog input voltage at the AN3 pin. The INTAD interrupt routine writes the result to
memory address 0800H.

Main routine setting:

7 6 54 3 210

INTEOAD «~00O0O0OT1100 Enables INTAD and sets level 4.

ADMOD1 «~1 XXX 0011 Sets analog input channel to AN3.

ADMODO « X X 0 0 0 001 Starts AD conversion in fixed channel single conversion
mode.

Example of interrupt routine processing:

WA < ADREG37 Reads ADREG37L and ADREG37H values and writes them
to WA (16 bits).

WA >>6 Shifts right WA six times and zero-fills the upper bits.

(0O800H) «~— WA Writes contents of WA to memory address 0800H.

b. This example repeatedly converts the analog input voltages at pins ANO to AN2, using channel scan repeat
conversion mode.

INTEOAD <0 O0O0OT1O0O0TO Disables INTAD.

ADMOD1 «1 X X X 0010 Sets ANO to AN2 as analog input channels.

ADMODO «~X X 000111 Starts AD conversion in channel scan repeat conversion
mode.

X: Don't care, —: No change
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3.12 Watchdog Timer (Runaway detection timer) and Warm-up Timer

The TMP93CS20 contains a watchdog timer for runaway detection.

The watchdog timer (WDT) is used to return the CPU to a normal state when it detects that
the CPU has started to malfunction (Runaway) due to causes such as noise. When the watchdog
timer detects a malfunction, it generates a INTWD interrupt (Non-maskable) to notify the CPU

of the malfunction.
Using the malfunction detected result forces a reset.
The watchdog timer consists of 7-stage and 15-stage binary counters.
These binary counters are also used as a warm-up timer for internal oscillator stabilization.

This is used for releasing stop and also before changing the system clock.

3.12.1 Configuration
Figure 3.12.1 shows the block diagram for the watchdog timer (WDT) and warm-up

timer.

Internal reset

+—> WDTI interrupt
A
SYSCRO<WUEF> Enable Reset

Interrupt € Qs WDMOD<WDTE>
control R
T ¢ Write disable code to

WDCR (B1H)

WDMOD<WARM>—>| Selector| | Selector WDMOD
\ <WDTP1:0>

T16CR<QCU> A
Q 7 | 9 ; 11\ 13\ 15|

5 ]2 27127272

© o

% 7-stage i 15-stage binary counter| SYSCRO<WUEF>

n binary 3

counter Reset Reset i
5 b— Write clear code to
= ) WDCR (4EH
3 Selection of WDT and warm-up clock ) ] (4EH)
(c/u) HALT instruction
(STOP, IDLE1 mode)

fc/fs changing warm-up clock

Y

CPU

fs
XT1[Ote

Selector

s
] ©
@
< SYSCR1<SYSCK>
N < <) 8
o gl gflg|e
SYSCR1<GEAR2:0>

Figure 3.12.1 Block Diagram for Watchdog Timer/Warm-up Timer
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The watchdog timer consists of 7-stage and 15-stage binary counters which use system
clock (fsys) as the input clock. The 15-stage binary counter has fgys/215, fsys/217, fgys/219,
and fsys/22! output. Selecting one of the outputs with the WDMOD<WDTP1:0> register
generates a watchdog interrupt and outputs watchdog timer out when an overflow occurs.

The binary counter for the watchdog timer should be cleared to 0 with runaway detecting
result software (Instruction) before an interrupt occurs.

LDW  (WDMOD), B100OH ; Disable.
LD (WDCR), 4EH ;. Write clear code.
SET 7, (WDMOD) ; Enable again.

The runaway detecting result can also be connected to the reset pin internally. In this
case, the watchdog timer resets itself.

({

WDT counter n X Overflow X (](' X 0
1T

WDT interrupt {(
)]

WDT clear Write clear code

(Software) « \+
17

Figure 3.12.2 Normal Mode

Overflow

WDT counter n (¢
17

WDT interrupt {(
)]
Internal reset (C
)]

< N

8 to 20 states = 12.8 to 32 us (at 20 MHz)

Figure 3.12.3 Reset Mode

For the warm-up counter, either a 27 or a 29 output from the 15-stage binary counter can
be selected using the WDMOD<WARM> register. When a stable-external oscillator is used,
a shorter warm-up time is available using the T1I6CR<QCU> register. When <QCU>=1, a
counting value 27 is selected.

When the watchdog timer is in operation, this shorter warm-up time function cannot be
selected. The warm-up counter function can be made available by setting <QCU> = 0.
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3.12.2 Control Registers
The watchdog timer WDT is controlled by two control registers WDMOD and WDCR.

(1) Watchdog timer mode register (WDMOD)
a. Setting the detection time for the watchdog timer <WDTP>

This 2-bit register is used to set the watchdog timer interrupt time for detecting
runaway. This register is initialized to WDMOD<WDTP1:0> = 00 when reset.

The detection time for WDT is shown in Table 3.12.1.
b. Watchdog timer enable/disable control <WDTE>
When reset, WDMOD<WDTE> is initialized to 1 to enable the watchdog timer.

To disable the timer, it is necessary to clear this bit to 0 and write the disable
code (B1H) into the watchdog timer control register WDCR. This makes it difficult
for the watchdog timer to be disabled by runaway.

However, it is possible to return from the disabled state to the enabled state
simply by setting <WDTE> to 1.

c. Watchdog timer out reset connection<RESCR>
This bit is used to connect the output of the watchdog timer with RESET
internally. Since WDMOD<RESCR> is initialized to 0 at reset, a watchdog timer
reset is not performed.
(2) Watchdog timer control register (WDCR)

This register is used to disable and clear of binary counter the watchdog timer
function.

e Disable control

The watchdog timer can be disabled by writing the disable code (B1H) to the
WDCR register after clearing WDMOD<WDTE> to 0.

WDMOD «~0 - - - - - X X Clear WDMOD<WDTE> to 0.
WDCR <1 0110001 Write the disable code (B1H).
X: Don't care, —: No change

e  Enable control
This sets WDMOD<WDTE> to 1.
e  Watchdog timer clear control

The binary counter can be cleared and made to resume counting by writing the
clear code (4EH) into the WDCR register.

WDCR <01 001110 Write the clear code (4EH).
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7 6 5 4 3 2 1 0
WDMOD | Bit symbol WDTE WDTP1 WDTPO WARM HALTM1 | HALTMO RESCR DRVE
(005CH) | Read/write R/W
After reset 1 o | o 0 o | o 0 0
Function WDT Select detection time | Warm-up | HALT mode 1: Internally |1: Drives the
control 00:2%/fgys time 00: RUN mode connects pin even
0: Disable | o1:2%7fgyg 01: STOP mode WDTout | in STOP
1: Enable e ’ to the mode
10:27/fgys 10: IDLE1 mode reset pin
11:2%fgvs 11: IDLE2 mode
See Table 3.12.1

4

Watchdog timer enable/disable control

0

Disable

1

Enable

A\

See 3.3 “Dual Clock,
Standby Function”.

A\ 4

Watchdog timer out control

0 Don'’t care

1 Connects WDT out to reset

A\ 4

Selection of warm-up time when changing clock

at fc = 20 MHz, fs = 32.768 kHz

WDMOD<WARM> Changing to Normal (fc) Changing to Slow (fc)
0 (2*/oscillation frequency) 0.8192 ms 500 ms
1 (2"/oscillation frequency) 3.2768 ms 2000 ms

Selection of warm-up time when returning from the STOP mode

at fc =20

MHz, fs = 32.768 kHz

System Clock Selection| Gear Value T45CR<QCU>=0 T45CR<QCU>=1
<SYSCK> <GEAR2:0> <WARM> =0 <WARM> = 1 <WARM> = X
1(fs) z(DXo);'t care) 0.500s 2.000s 3.9ms
000 (fc) 0.8192 ms 3.277ms 6.4 us
001 (fc/2) 1.638 ms 6.554 ms 12.8 ps
0 (fc) 010 (fc/4) 3.277 ms 13.107 ms 25.6 us
011 (fc/8) 6.554 ms 26.214 ms 51.2 us
100 (fc/16) 13.107 ms 52.429 ms 102.4 ps

Note:

Figure 3.12.4 Registers for Watchdog Timer (1/2)

When using the register as a watchdog timer, write 0 to TL6CR<QCU> bit.

93CS20-

206

2004-02-10




TOSHIBA TMP93CS20
7 | 6 | | 4 | | 2 | 1 0

WDCR Bit symbol -

(005DH) | Read/Write w

After reset

Function

Watchdog timer and clear
B1H: WDT disable code
4EH: WDT clear code

L Disable/clear WDT

B1H Disable code
4EH Clear code
Others Don't set

Note: ~ When using the register as the watchdog timer, write 0 to the TLBCR<QCU> bit.

Figure 3.12.5 Registers for Watchdog Timer (2/2)

Table 3.12.1 Watchdog Timer Detection Time
at fc = 20 MHz, fs = 32.768 kHz

System Clock Gear Value Watchdog Timer Detecting Time
Selection ) WDMOD<WDTP1:0>
<SYSCK> <GEAR2:0>
00 10
1 (fs) XXX 2.000s 8.000 s 32.000 s 128.000 s
000 (fc) 3.277 ms 13.107 ms 52.429 ms 209.715ms
001 (fc/2) 6.554 ms 26.214 ms 104.858 ms 419.430 ms
0 (fc) 010 (fc/4) 13.107 ms 53.429 ms 209.715 ms 838.861 ms
011 (fc/8) 26.214 ms 104.858 ms 419.430 ms 1.678s
100 (fc/16) 52.429 ms 209.715 ms 838.861 ms 3.355s
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3.12.3

Operation

The watchdog timer generates interrupt INTWD after the detection time set in the
WDMOD<WDTP1:0>. The watchdog timer must be cleared to 0 by software before an
INTWD interrupt is generated. If the CPU malfunctions (Undergoes runaway) due to
causes such as noise, but does not execute the instruction used to clear the binary counter,
the binary counter overflows and an INTWD interrupt is generated. The CPU detects
malfunction (Runaway) from the INTWD interrupt and it is possible to return to normal
operation using a recovery program. By connecting the watchdog timer out pin to
peripheral devices resets, a CPU malfunction can also be acknowledged to other devices.

The watchdog timer restarts operation immediately after reset is released.

The watchdog timer does not operate in IDLE1 or STOP mode.

The watchdog timer is enabled in RUN or IDLE2 mode. In IDLE2 mode, disable the
watchdog timer before entering the halt state to prevent a watchdog timer interrupt.

Example:
a. Clear the binary counter.
WDCR «<01 001110 Write clear code (4EH).

b.  Set the watchdog timer detecting time to 2'/fgys.
WDMOD «~1 01 - - - XX

c. Disable the watchdog timer.
WDMOD «~0 - - - - - XX Clear WDTE to 0.
WDCR «~1 0110 Write disable code (B1H).

o
o
[

d. SetIDLE1 mode.

WDMOD «~0 - - -10 XX Disable WDT and set IDLE1 mode.
WDCR «<~1 0110001
Executes Halt command Set HALT mode.

e. Setthe STOP mode (warm-up time: 2'%fgys)

WDMOD - - -101 X X Set the STOP mode.
Executes Halt command Set HALT mode.

X: Don't care, —: No change
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3.13 Timer for Real Time Clock

The TMP93CS20 includes a timer which is used for a clock operation.

An interrupt INTRTC) can be generated each 0.25 s or 0.50 s by using a low-frequency clock
of 32.768 kHz. A clock function can be easily used.

A timer for real time clock can operate in all mode in which a low-frequency oscillation is
operated.

In addition, INTRTC can return from each standby mode except STOP mode.

RTCCR<RTCSEL> > Selector |—> INTRTC

A A

RTCCR<RTCRUN> —————4

RUN | CLEAR fs/2® fs/2'

fs N ;
32.768 KHz —>| 14-stage binary counter |

Figure 3.13.1 Block Diagram for Timer for Real Time Clock

The timer for real time clock is controlled by a timer for real time clock control register
(RTCCR).

Figure 3.13.2 shows the timer for real time clock control register.

7 6 5 4 3 2 1 0
RTCCR Bit symbol - RTCSEL RTCRUN
(0059H) | Read/Write R/W RIW R/W
After reset 0 0 0
Function Write “0". 0:fs/2*  |0: Stop and
1: fs/2® clear
1. Run

I |
L

Counting operation

0 Stop and clear
1 Count

L—— Interrupt generation cycle
(fs =32.768 kHz)

0 |[0.50s

1 |0.25s

Figure 3.13.2 Timer for Real Time Clock Control Register
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3.14 LCD Diriver

The TMP93CS20 includes a driver which drives a liquid crystal display (LCD) directly and
the control circuit.

The pins to be connected to the LCD are as follows:

a. Segment output pin 24 pins (SEG23 to SEGO0)
b. Segment output/P9 and PA I/O port pin 16 pins (SEG39 to SEG24)
c. Common output pin 4 pins (COMS3 to COMO)

Additionally, the TMP93CS20 includes CO, C1, V1, V2, and V3 pins which are used for the
LCD drive constant voltage boosting circuit.
The following LLCDs can drive directly.

a. 1/4 duty (1/3 bias) LCD ....... maximum 160 pixels (8 segments x 20 digits)
b. 1/3 duty (1/3 bias) LCD........ maximum 120 pixels (8 segments x 15 digits)
c. 1/2 duty (1/3 bias) LCD ....... maximum 80 pixels (8 segments x 10 digits)
d. StaticLCD ....cccoovververennee. maximum 40 pixels (8 segments x 5 digits)

3.14.1 Configuration

LCD driver control register

7 6 5 4 3 2 1 0

LCDCR | | SLFR |SBF| DUTY | SLF
fc/2'®, fs/2°
CHPCR fc/2V, fs/28 DBR display
7 6 Tt 1527 | data area
[EDSP [EDCP] " | R
1vmr _l\ /I—
| Timing |
u . L Duty controli generation ! Display data select control
fc/2", fs/2 | circuit |
fc/2'?, fs/2° ¥ Y ¥ ¥ Y
fo/2" 1o/ T[T TT T [TI [T [TTT T [TIT[ T[T
- Blankin ; i
fc/2® fs/2 controlg D|sp||ay data buffer register
YYN Y Y
v
Boosting circuit —)| Common driver |—>| Segment driver |
COC1V1iVv2V3 COMO to COM3 SEGO to SEG23 SEG24 to SEG39

Figure 3.14.1 LCD Driver

93CS20-210 2004-02-10



TOSHIBA TMP93CS20

3.14.2 LCD Driver Control

The LCD driver is controlled by a LCD control register (LCDCR) and a LCD boosting
circuit control register (CHPCR). The LCD driver display is enabled by the

CHPCR<EDSP>.
LCD Control Register
7 6 5 4 3 2 1 0
LCDCR Bit symbol SLFR1 SLFRO SBF DUTY1 DUTYO SLF1 SLFO
(0094H) Read/Write W
After reset o | o 0 o | o o | o
Read- Function Boosting frequency Reference | LCD drive Base frequency
modify- 00: fc/2™ or fs/2° clock 00: 1/4 duty 00: fc/2™® or fs/2°
prohibited 01: fc/2* or fs/2° 0: fc 01: 1/3 duty 01: fc/2" or fs/2°
10: fc/2™ or fs/2 1fs 10: 1/2 duty 10: fc/2™ or fs/2”
11: fc/2™ or fs/2 11: Static 11: fc/2" or fs/2°

|—> Selection of base frequency
00 |fc/2* or fs/2°
01 |fc/2" orfs/2®
10 |fc/2'® or fs/2’
11 |fc/2™ or fs/2°

—> Setting of LCD drive

00 [1/4 duty (1/3 bias)
01 (1/3 duty (1/3 bias)
10 |1/2 duty (1/3 bias)
11 | Static

L Selection of reference clock frequency
for base and boosting frequencies

00 |fc
01 |fs

Y

Selection of boosting frequency
00 |fc/2" or fs/2°
01 |fc/2*? or fs/2°
10 |fc/2" or fs/2®
11 |fc/2" or fs/2

Figure 3.14.2 LCD Driver Control Registers
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LCD Boosting Circuit Control Register

7 6 5 4 3 2 1 0
CHPCR Bit symbol EDSP EDCP
(0095H) Read/Write R/W
After reset 0 0
Function LCD Boosting
display operation
0:Blanking | 0: Disable
1:Display |1: Enable
enable

> Boosting operation enable/disable
0 |Disable
1 |Enable

> LCD display control
0 |Blanking
1 |Display enable

Figure 3.14.3 LCD Boosting Circuit Control Register

(1) LCD drive
There are four types to drive the LCD, which are selected by the LCDCR<DUTY1:0>.
The driving method is initialized according to the LCD to be used in the initial

program.
———>i l——>i
Vicps — L Ufe Vicps — L Ufe
- -
- | _ |
0_ 1 [] 0_ 1 1]
- Ly HEE R - Ly HEEEE
-Vicp3 — -Vicps —
|<— Data 1 —>|<— Data 0 —>| |<— Data 1 —>|<— Data 0 —>|
(a) 1/4 duty (1/3 bias) drive (b) 1/3 duty (1/3 bias) drive
|<_): | '
Vicps — i 1fe Vicps — | 1t
- : :
| [}
_ : :
T T ] o
-Vicps — -Vicps —
| | | _,|<_
[< > >| |<— Data 1 Data 0 —>|

Data 1 Data 0
d) Static drive
(©) 172 duty (1/3 bias) drive (@ Static driv

fr: Frame frequency
V| cp3: LCD drive voltage

Figure 3.14.4 LCD Drive Pulse (Electrical difference between COM and SEG)
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(2) Frame frequency

The frame frequency (fF) is specified according to a driving method and a base

frequency, which is shown in Table 3.14.1.

The base frequency is selected by the LCDCR<SLF1:0>. It depends on the reference
clock frequencies (fc and fs) to be used.

Table 3.14.1 Frame Frequency (1/2) at <SBF>=10

Frame Frequency [Hz
<SLF1:0> Base FLequency q y [HZ] '
[HZ] 1/4 Duty 1/3 Duty 1/2 Duty Static

fc fc 4 fc 4 fc fc
00 2 2 el 2°9% 2
(at fc = 20 MHz) 76 101 152 76

fc fc 4 fc 4  fc fc
o1 ZT ZT 3 ° 217 2 * 217 ZT
(at fc = 16 MHz) 122 162 244 122

fc fc 4 fc 4  fc fc
10 21 21 356 2°5% 21
(at fc = 8 MHz) 122 162 244 122

fc fc 4 fc 4 fc fc
u l l Bl 2°55 2
(at fc = 4 MHz) 122 162 244 122

fc: High frequency clock [Hz]
Table 3.14.2 Frame Frequency (2/2) at <SBF>=1
Frame Frequency [Hz
<SLF1:0> Base FLequency q y [HZ] '
[HZ] 1/4 Duty 1/3 Duty 1/2 Duty Static

s s Y 4,1 s

00 2° 2° 3 29 2 29 29

(at fs = 32.768 kHz) 64 85 128 64

s s 4,10 4,10 s

01 28 28 3 28 2 28 28
(at fs = 32.768 kHz) 128 171 256 128

s s 4,1 4,1 s

10 27 27 3 27 2 27 27
(at fs = 32.768 kHz) 256 341 512 256

s s N 4,18 s

11 2° 2% 3 26 2 26 26
(at fs = 32.768 kHz) 512 683 1024 512

fs: Low frequency clock [Hz]
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(3) LCD drive constant voltage boosting circuit

The TMP93CS20 includes a LCD drive boosting circuit (VLCD1 x 3) to prevent a
flicker on the LCD display when the power supply voltage changes.

The boosting circuit increased an input voltage of a reference voltage input pin by 2
times (VLCD2) and 3 times (VLCD3), and generates an output voltage for segment and
common signals.

An example of the LCD drive boosting circuit is shown in Figure 3.14.5.

The reference frequency of the boosting circuit is fc/214 initially. The reference
frequency is selected by the LCDCR<SLFR1:0> to increase a driving ability of the

segment and common. The reference frequency of the boosting circuit is shown in Table
3.14.2.

V3
*C=0.1t0 1.0 uF
C
C
V1 1
TMP93CS20 T
,I C — Reference voltage

Cl—.l
C

Note: Do not supply the reference voltage to V1
co pply g
pin during STOP mode.

Figure 3.14.5 An Example of Constant Voltage Boosting Circuit

Table 3.14.3 Boosting Frequency

fc =20 MHz fs =32.768 kHz
<SLFR1:0> Frequency
(<SBF>=0) (<SBF>=1)
00 fc/2™ or fs/2® 1.22 kHz 1.02 kHz
01 fc/2'2 or fs/2® 4.88 kHz 4.09 kHz
10 fc/2' or fs/2? 9.76 kHz 8.19 kHz
11 fc/2™ or fs/2 19.53 kHz 16.38 kHz
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3.14.3 LCD Display

(1) Setting of display data

A display data is stored in a display data area which is allocated in 20 bytes address
area between addresses 000080H to 000093H.

The display data stored in the display data area is automatically read by hardware,
and transferred to the LCD driver. The LCD driver generates a segment signal and a
common signal according to the display data and the driving method. The display
pattern can be changed by changing data stored in the display data area in the

program.

Figure 3.14.6 shows SEG and COM pins in the display data areas. These pins turn
on when a display data is 1. They turn off when a display data is 0.

In addition to a number of pixels, a number of bits in the display data area depend on
the LCD driving methods.

Address

DBRO00O 0080H
DBRO1 0081H
DBRO02 0082H
DBRO03 0083H
DBRO0O4 0084H
DBRO05 0085H
DBRO06 0086H
DBRO7 0087H
DBRO08 0088H
DBR09 0089H
DBROA 008AH
DBROB 008BH
DBROC 008CH
DBROD 008DH
DBROE 008EH
DBROF 008FH
DBR10 0090H
DBR11 0091H
DBR12 0092H
DBR13 0093H

Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
T T T T T T
SEG1 SEGO
SEG3 SEG2
SEGS SEG4
SEGY SEG6
SEGY SEGS
SEG1L SEG10
SEG13 SEG12
SEG15 SEG14
SEG17 SEG16
SEG19 SEGI8
SEG21 SEG20
SEG23 SEG22
SEG25 SEG24
SEG27 SEG26
SEG29 SEG28
SEG31 SEG30
SEG33 SEG32
SEG35 SEG34
SEG37 SEG36
SEG39 SEG38

1 1
COM3 COM2 COM1 COMo

I I
COM3 COM2 COM1 COMO

SEGO to SEG39 can be read and written.
Figure 3.14.6 LCD Display Data Area

Table 3.14.4 A Number of Bits in the Display Data Area

Driving Method Bit 7/3 Bit 6/2 Bit 5/1 Bit 4/0
1/4 duty COM3 COM2 COM1 COMO

1/3 duty - COM2 COM1 COMO

1/2 duty - - COM1 COMO
Static - - - COMO

—: Bits not to be used in the display data area

(2) Blanking

When the CHPCR<EDSP> is cleared to 0, a blanking occurs. The GND level is
output to the COM and SEG pins, and the LCD turns off.

Note: Although a pin output only for segments (SEGO to SEG23), common output, and
output port/segment combination pin (P9 port) output serves as GND level at the
time of reset, an output port/segment combination pin (PA port) will benefit an
open-drain output in a high impedance state. Therefore, when port A is used as a
segment and the reset input from the exterior becomes remarkably long, there is a
possibility of doing the influence to which the display of LCD spreads etc.

93CS20-215
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3.14.4 LCD Driver Control Method

(1) Initialization

A flow chart of an initialization is shown in Figure 3.14.7.

Example: When 40 segments x 4 commons and 1/4 duty LCD is operated at the frame frequency fs/2°

[Hz] and the boosting frequency fs/2° [Hz].

LD (LCDCR), 00110000B ;  Sets a LCD driving method, a frame frequency, and
a boosting frequency.

SET 6, (CHPCR) ;  Starts boosting.

LD (P9FC), OFFH ; Sets P9 and PA port as segment outputs.

LD (PAFC), OFFH ; Sets an initial value of a display data. Waits for
boosting.

SET 7, (CHPCR) ;  Display enable.

Y

Sets a LCD driving method<DUTY1:0>
Sets a boosting frequency<SLFR1:0>
Sets a frame frequency<SLF1:0>

v

| Start boosting |

v

| Sets P9 and PA part |

v

| Initialization of a display data area |

v

Display enable<EDSP>
(Releases blanking)

v

Figure 3.14.7 Initialization of the LCD Driver

(2) Storing of display data

Usually, the display data is provided as a constant data in a program memory (ROM).
It is stored by the load instruction in the display data area.

Example 1:  To display the BCD data by the 1/4 duty LCD which is connected to the COM and SEG pins as
Figure 3.14.8, the display data is shown in Table 3.14.4.

COMO

COM1

i

COoMm2

SEGO COM3
SEG1

Figure 3.14.8 An Example of Connecting of COM and SEG Pins
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Table 3.14.5 An Example of Display Data (1/4 Duty)

Number| Display Display Data |[Number| Display Display Data
U )
0 [17] 0 11011111 5 C@ 10110101
=V o =
U
1 0 00000110 6 [[712@ 11110101
A\=\
0 U
2 0C> 11100011 7 0 00000111
AN
U U
3 <:>0 10100111 8 [[7]@ 11110111
= b&
) U ) U
, <:>0 00110110 9 C@ 10110111
==
Example 2:  To display the BCD data by the 1/2 duty LCD which is connected to the COM and SEG pins as
Figure 3.14.9, the display data is shown in Table 3.14.5.
COMO
SEG3 ﬂ SEGO
& com1

g ? SEG2
Y] seet
Figure 3.14.9 An Example of Connection of COM and SEG Pins

Table 3.14.6 An Example of Display Data (1/2 duty)

Display Data Display Data
Number | ypper Lower | Number | ypner Lower

Address | Address Address | Address
0 **Q1**11 | **01**11 5 **11%*10 | **01**01
1 **00**10 | **00**10 6 *%]11**11 | **Q1**01
2 **10%*01 | **01**11 7 *%Q1**10 | **00**11
3 **10%*10 | **01**11 8 *%]1*%11 | **Q1**11
4 **11%*10 | **00**10 9 *%11*%%10 | **01**11

+: Don't care

93CS20-217
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(3) Example of LCD driving

mDO|_>I —
0— — [ (p®109|3S-UON)
- 1 1935 01 ZNOD
€A0TA __
mDO|_>I —
0— _J M A _\ (parales)
- [ R - _|_L L go3soomoo
€AdTA

o —_—
€01 = |—|_|_|~'—| ENOOD

0— .
€A0TA - |_|_|_|_|_|_|_| ¢NOD oo nea

0— 1010 _TTOT| 0800
£a01p = |_,_|_|_|_|_|_’ TINOD ssalppy

eale erep Aejdsig

O p—

€Ad1p - |E‘—|r|_‘ ONOD
O p—

€a01p — 1o3s
o p—

]
193S

7

ONOD

dsa3

Figure 3.14.10 1/4 Duty Drive (1/3 bias)

mDO|_>I —_
0— — [—— (p3109|9s-UON)
- 1 Z93S 01 ZNOD
£a0TN
mDO|_>I —_

0— _|_ L (pa103[9s)
- ,|_|_ 7935 0} TWOD
€A0TA

O —

€4a01z - |_|_|_|j| Z¢NOD
0—

£aoip = |4L|_|_|,I_|_| TWOD
0— J _J _I

moo._> - ONOD
0—

moo._> - |_|_’~|_|_|—| ¢o3s

0—

2180 ,U0(q &

TOxx xxxx IHmwOO
0TO« TTT«| 0800

ssalppy

eale erep Aedsig

193s

€a0TIA —

O p—

dsa3
o%ﬂo Tanoo 8 ey
AUQ TINOD
Q b 093S Zo3s
— ONOD
193s

Figure 3.14.11 1/3 Duty Drive (1/3 bias)
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£A0IN- —
0 — — — —
£a01p __
£A0IA- _
[ [

N — [~
£a01p

O p—

mDO|_> _ 7 L —|
O p—

€A0TA 7 \; _|_

O p—
€A0TA

I
BSM H
]

T

(pa109)9s-UoN)
Z¢93S 01 OWOD

(perosyes)
T93S 01 OWOD

TNOD
ONOD
ased juoq
€93S H
OTxx TTxx | 1800
TO+x TOx« | H0800
¢93S sseIppy
eale erep Aedsig
193S
093S
dsa3

O3S

:

TNOD 293S

093S €93S

;

ONOD

Figure 3.14.12 1/2 Duty Drive (1/3 bias)

€A0TA- —

O p—
€AdTIA
O p—
€AdTA
O p—
€A0TA
0—
€A0TA

(pa108|3s-UON)

793S 01 OWOD

(pa109)9S)

093S 01 OWOD

aled Luoq ‘«

Txxx Oxxx Hesoo

O0NOD Oxxx Txxx ”NwOO
Trxx Txxx 1800

Txxx Oxxx Hosoo

/93s ssaIppY

eale erep Aedsig

.

O3S

L
:

093S

dsa3

O

N

J

=

S

|

1935 Y £03s
¢9O3S
R N \ [ ]
X 7O

993S ‘ ~
T93s “Q FRER

093S

2004-02-10

Figure 3.14.13 Static Drive
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3.15 Key-on Wakeup (Key input interrupt)

The TMP93CS20 has eight key-on wakeup pins.
A key input interrupt INTKEY) is generated at the falling edge of a key-on wakeup pin.
A key input interrupt can return from each standby mode and execute an interrupt process.

Note: The key-on wakeup pins are also used as P40 to P47. The pins which are not used as a
key-on wakeup pin must be disabled.

INTKEY Edge detect [ D KEYO (P40)

€ Circuit <_’_ ~—

[ KEY1 (P41)

[ KEY2 (P42)

[ KEY3 (P43)

] KEY4 (P44)

1 [] KEY5 (P45)
—(I— {1 KEY6 (P46)
46_ [ KEY7 (P47)
L kevoc
KEY1C
KEY2C
KEY3C > Control register
KEYAC (KEYCR)
KEY5C
KEY6C
KEY7C /

Figure 3.15.1 Block Diagram of Key-on Wakeup

The key-on wakeup control register (KEYCR) controls the key-on wakeup pins each 1 bit.

7 6 5 4 3 2 1 0
KEYCR Bit symbol KEY7C KEY6C KEY5C KEY4C KEY3C KEY2C KEY1C KEYOC
(004AH) Read/Write R/W
After reset o | o | o [ o [ o | o | o | o
Function 0: Key-on wakeup disable
1: Key-on wakeup enable

Figure 3.15.2 Key-on Wakeup Control Register
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4. Electrical Characteristics “X” used in an expression shows a frequency for the clock frpH selected
by SYSCR1<SYSCK>. The value of X changes according to whether a

clock gear or a low speed oscillator is selected. An example value is

4.1 Maximum Ratings calculated for fc, with gear = fo/1 (SYSCR1<SYSCK, GEAR2:0> = 0000).
(TMP93CS20F)

Parameter Symbol Rating Unit
Power supply voltage Vee -0.5t06.5 v
Input voltage VIN -0.5toVge +0.5
Output current (Per one pin), large current port loL1 20
Output current (Per one pin) loL2 2
Output current (Total of large current port) ZloL1 80 mA
Output current (Total) ZloL 120
Output current (Total) Zlon -80
Power dissipation (Ta = 85°C) Pp 600 mwW
Soldering temperature (10 s) TSOLDER 260
Storage temperature TstG -65 to 150 °C
Operating temperature TopPR —40 to 85

Note: The maximum ratings are rated values which must not be exceeded during operation, even for an
instant. Any one of the ratings must not be exceeded. If any maximum rating is exceeded, a device
may break down or its performance may be degraded, causing it to catch fire or explode resulting in
injury to the user. Thus, when designing products which include this device, ensure that no
maximum rating value will ever be exceeded.

4.2 DC Characteristics (1/2)

Ta=-40to 85°C

Parameter Symbol Condition Min Typ. Max Unit
(Note)
Power supply( AVce = Vee fc =4 to 20 MHz fs=30to 4.5
Vece 55 \Y
voltage AVgs=Vgg=0 fc=4to12.5MHz | 34kHz 2.7
v Vee =45V 0.8
» |ADOto AD15 L e
> VL1 Vee <4.5V 0.6
§ Port ViL1 0.3Vce
2 | KEYO to KEY7, NMI, INTO to INT4 | V.2 -0.3 0.25 Ve
% EA ViLa Vec=27t055V 0.3
£ | X1 ViLa 0.2Vce
RESET ViLs 0.1 Vce v
v Vec =45V 2.2
» | ADOto AD15 IH cc245
> Vi Vec24.5V 2.0
<_>D Port _ VIH1 0.7 Vce
5, | KEYO to KEY7, NMI, INTO to INT4| Vin2 0.75 Vce Vce +0.3
< [EA Vi3 Vec=271t055V Vec-0.3
gx1 ViH4 0.8 Vce
RESET VIH5 0.6 Vce

Note: Typical values are for Ta = 25°C and V¢c =5 V unless otherwise noted.

93CS20-221 2004-02-10



TOSHIBA TMP93CS20

4.2 DC Characteristics (2/2)

Parameter Symbol Condition Min  [Typ.(Note 1) | Max Unit
loL=1.6 mA
Output | It V 0.45 \%
uiputiowvotage b (Ve =2.7 10 5.5V)
= Vec=5V£10% 16
Output low current (PAO to PA7) | loLa \1/(()JLV Vee ) mA
- (Vec=3V+10%) 7
loH =-400
VoHT OH WA 24
) (Vec =3V £10%)
Output high voltage \%
lon =—400 pA
VoH2 4.2
(Vcc=5V£10%)
V =15V
Darlington drive current IDAR EXT
) RexT = 1.1kQ -1.0 -35 mA
(8 output pins max) (Note 2)
(Vec =5V = 10% only)
Input leakage current Iy 0.0<V|N<Vce 0.02 +5 WA
Output leakage current ILo 0.2<V|N<Vce-0.2 0.05 +10
P d It ViL2=0.2 V¢,
ower down voltage VsTop L2 cc 20 6.0 v
(at Stop, RAM backup) ViH2=0.8 Ve
Pin capacitance Cio fc=1MHz 10 pF
Schmitt width
— — | VH 0.4 1.0 %
KEYx, NMI, INTO to INT4, RESET
) Vec=5V+£10% 50 150
Programmable pull-up resistance | Rkn kQ
Vec=3V+10% 100 300
NORMAL 25 28
RUN Vec=5V+£10% 20 25 mA
IDLE2 fc =20 MHz 14 17
IDLE1 3.5 5
NORMAL v 3V 4 10% 11 14
RUN ce=o v =R 9 12
DLE> fc=12.5 MHz 5 75 mA
(Typ. Vec =3.0V) .
IDLE1 Icc 15 2.0
SLOW Vec=3V+10% 28 37
RUN fs = 32.768 kHz 21 27 WA
IDLE2 (Typ. Vcc=3.0V) 14 19
IDLE1 at boosting frequency = 1 kHz 7 9
Ta<50°C 10
STOP Ta<70°C 0.2 20 pA
Ta<85°C 50

Note 1: Typical values are for Ta = 25°C and Vgc = 5 V unless otherwise noted.
Note 2: IpaR is guaranteed for up to eight ports.
Note 3: Segment or common output is not loaded.

Note 4:lcc measurement conditions (NORMAL, SLOW). Only CPU is operational; output pins are open
and input pins are fixed.
e.g., Diagram of Ipar

RexT

IDAR
VEXT

)
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4.3 AC Electrical Characteristics

(1) Vec=5V+10%

Variable 16 MHz 20 MHz
No. Parameter Symbol Unit
Min Max Min Max Min Max
1 | Osc. period (= x) tosc 50 31250 62.5 50 ns
2 | CLK width toLk 2x—40 85 60 ns
3 | A0 to A23 valid — CLK hold tak 0.5x — 20 11 5 ns
4 | CLK valid — A0 to A23 hold tka 1.5x - 70 24 5 ns
5 | AO to A15 valid — ALE fall taL 0.5x—15 16 10 ns
6 | ALE fall - A0 to A15 hold tLa 0.5x — 20 11 5 ns
7 | ALE high width tL X —40 23 10 ns
8 |ALE fall > RD/WR fall tLc 0.5x - 25 6 0 ns
9 | RD/WR rise > ALE rise toL 0.5x - 20 11 5 ns
10 |AOto A15 valid »> RD /WR fall tacL x—25 38 25 ns
11 | A0 to A23 valid —> RD /WR fall tacH 1.5x - 50 44 25 ns
12 | RD/WR rise — A0 to A23 hold tca 0.5x — 25 6 0 ns
13 | AO to A15 valid — DO to D15 input taDL 3.0x - 55 133 95 ns
14 | AO to A23 valid — DO to D15 input tADH 3.5x - 65 154 110 ns
15 | RD fall » DO to D15 input trRD 2.0x - 60 65 40 ns
16 | RD low pulse width trRR 2.0x - 40 85 60 ns
17 | RD rise — DO to D15 hold tHr 0 0 0 ns
18 | RD rise — A0 to A15 output tRAE x—-15 48 35 ns
19 | WR low pulse width tww 2.0x - 40 85 60 ns
20 | DO to D15 valid > WR rise tow 2.0x-55 70 45 ns
21 | WR rise — DO to D15 hold twp 0.5x - 15 16 10 ns
22 | AOto A23valid - WAIT input |zt node ) | tawH 3.5x— 90 129 85 ns
23 [A0to A15 valid - WAIT input (WA ode | | tawL 3.0x - 80 108 70 ns
24 | RD/WR fall > WAIT hold Qi ode ) | tow 2.0x+0 125 100 ns
25 | AO to A23 valid — Port input tAPH 2.5x-120 36 5 ns
26 | AO to A23 valid — Port hold tAPH2 2.5x + 50 206 175 ns
27 | WR rise - Port valid tcp 200 200 200 ns

AC measuring conditions

o Output level: High 2.2 V/Low 0.8 V, CL = 50 pF
(However, CL = 100 pF for ADO to AD15, A0 to A23, ALE, RD, WR, HWR, CLK)

e Input level: High 2.4 VV/Low 0.45 V (ADO to AD15)
High 0.8 x Vgc/Low 0.2 x V¢ (except for ADO to AD15)
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(2) Vee=3V+10%
Variable 12.5 MHz
No. Parameter Symbol Unit
Min Max Min Max
1 Osc. period (= x) tosc 80 31250 80 ns
2 | CLK width toLk 2x— 40 120 ns
3 | A0 to A23 valid —> CLK hold tak 0.5x — 30 10 ns
4 | CLK valid — A0 to A23 hold tka 1.5x — 80 40 ns
5 | AOto A15 valid — ALE fall taL 0.5x - 35 5 ns
6 |ALE fall > AO to A15 hold tLaA 0.5x - 35 5 ns
7 | ALE high width tLL x— 60 20 ns
8 | ALE fall > RD/WR fall tLe 0.5x - 35 5 ns
9 | RD/WR rise — ALE Rise toL 0.5x — 40 0 ns
10 | AOto A15valid > RD/WR fall tacL x—50 30 ns
11 | A0 to A23 valid —» RD /WR fall tACH 1.5x — 50 70 ns
12 | RD/WR rise — AO to A23 hold tca 0.5x — 40 0 ns
13 | AO to A15 valid — DO to D15 input tADL 3.0x-110 130 ns
14 [ AO to A23 valid — DO to D15 input tADH 3.5x - 125 155 ns
15 | RD fall - DO to D15 input tRD 2.0x-115 45 ns
16 | RD low pulse width tRR 2.0x-40 120 ns
17 | RD rise — DO to D15 hold tHR 0 0 ns
18 | RD rise — AO to A15 output tRAE x-25 55 ns
19 | WR low pulse width tww 2.0x - 40 120 ns
20 |DO to D15 valid - WR rise tow 2.0x-120 40 ns
21 | WR rise - DO to D15 hold twp 0.5x — 40 0 ns
22 [A0to A23 valid > WAT input | WA ode ] | tawk 3.5x — 130 150 ns
23 [A0to A15valid > WAIT input | WA ode | | tawL 3.0x— 100 140 ns
24 | RD/WR fall - WAIT hold GAN e ] [ tew 2.0x+0 160 ns
25 |[AO to A23 valid — Port input tAPH 2.5x-120 80 ns
26 | AO to A23 valid — Port hold tAPH2 2.5x + 50 250 ns
27 | WR rise - Port valid tcp 200 200 ns
AC measuring conditions
e Output level: High 0.7 x Vcc/Low 0.3 x Vg, CL =50 pF
e Inputlevel: High 0.9 x Vcc/Low 0.1 x Vg
93CS20-224 2004-02-10



TOSHIBA

TMP93CS20

(1) Read cycle
I t I I I I
I ¢ 0SC 4] I | |
= i i i i
S N NS e N 2 N/
I I I I I
[} [} [} [} [}
[} [} [} [} [}
I I I I I
: € : toik : NI | |
I L | 1 71 I I
CLK : N : N I
i ' i i ' i i
[} [} [} [} [}
e tAak i i P tka |
ik g i i i |
AOt0A23 N | | | X
[} [} [} [} [l
e L tAwH | ; i |
1 [€ T T ” lcw 1 I
I I t < T I [l
| _ | AWL | ! [
— | — — | |
WAIT | | S | | [
: i i i i
I le 1 tAPH NI 1 I
i P i taPH2 | R i i
[} [} [l
Port input i il e === ———g s— —————————— 1--
(Note) e l tADH | ! tea
| | : RR I |
o L I - [] I —
RD | | N | / |
P tACH! R T T |
[y T I I I
! < itacL o e i tRD N P RAE N
| | tLc | i t | ]
i < | !(—) : taDL | < HR \:
T
ADO to AD15 =4~ -~ -~ { AQito A15 e ity { DOtoD15 J------
[} [} [} [} [}
| AL gl A ! : PELCHEN
[} [| [} [} [l
| [ | | |
| ' | | |
ALE ! ! ! W
— \ | | /
| W | | |
[} ) [} [} [}
I I I I I
Note: Since the CPU accesses the internal area to read data from a port, the control signals of external

pins such as RD and CS are not enabled. Therefore, the above waveform diagram should be
regarded as depicting internal operation. Please also note that the timing and AC characteristics
of port input/output shown above are typical representation. For details, contact your local
Toshiba sales representative.
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(2

Note:

Write cycle

X1/XT1

><

|
!
CLK | X
|
|
|

A0 to A23 X
|

N

——_— e -

i
WAIT l
i
i
Port output ' )(
(Note) | ’ tcp
WW
' < le—>|
R — T f—
WR , HWR ! \ 1V, i
i fow twp
, ] ! ! .
ADO to AD15 =4 - - -~ - { AQ to A15 X ! DO to D§5 )
i i i i
[} [} [} [}
[} [} [} [}
ALE )/ :\ : : e
I I I

Since the CPU accesses the internal area to write data to a port, the control signals of external
pins such as WR and CS are not enabled. Therefore, the above waveform diagram should be
regarded as depicting internal operation. Please also note that the timing and AC characteristics
of port input/output shown above are typical representation. For details, contact your local
Toshiba sales representative.
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4.4 Serial Channel Timing
(1) I/0 interface mode
a. SCLK input mode
. 32.768 MHz
Variable 12.5 MHz 20 MHz )
Parameter Symbol (Note) Unit
Min Max Min | Max | Min | Max | Min | Max
SCLK cycle tscy 16x 488 us 1.28 0.8 us
Output data —
Rising edge or falling edge* toss tscy/2-5x — 50 91.5us 190 100 ns
of SCLK
SCLK rising edge or falling
edge* — Output data hold toHS 5x — 100 152 ps 300 150 ns
SCLK rising edge or falling ; 0 0 0 o
edge* — Input data hold HSR ns
SCLK rising edge or falling
edge* — Effective data input 'SRD tscy ~ 5~ 100 336 ps 780 450 ns
Note: System clock is fs, or input clock to prescaler is divisor clock of fs.
*) The rising edge is used in SCLK rising mode.
The falling edge is used SCLK falling mode.
b. SCLK output mode
. 32.768 MHz
Variable 12.5 MHz 20 MHz .
Parameter Symbol (Note) Unit
Min Max Min | Max | Min | Max | Min | Max

SCLK cycle (Programmable) |tscy 16X 8192X 488 ps [250 ms| 1.28 |655.36( 0.8 409.6 | us
Output data — tscy — 2X -
SCLK rising edge loss 150 427 ps 970 550 ns
SCLK rising edge —
Output data hold toHs 2X - 80 60 ps 80 20 ns
SCLK rising edge —
Input data hold tHSR 0 0 0 0 ns
SCLK rising edge — tscy - 2X -
Effective data input 'SRD 150 428 ps 970 550 ns

Note:

SCLK

SCLK output mode (Only rising edge is used) or

SCLK input mode (SCLK rising

edge mode)

]

tscy ;

System clock is fs, or input clock to prescaler is divisor clock of fs.

L
1

L
1

SCLK - .
SCLK Input mode (SCLK falling edge mode) t, OHS 1
) SN Pt :
Output data TXD \ 0 X D ¢ 2 X 3 X
fSRD oy 1 tHSR
Input data RXD X 0 X X 1 X X 2 X X 3 X
Valid Valid Valid Valid
(2) UART mode (SCLKO, SCLK1 external input)
. 32.768 kHz
Variable 12.5 MHz 20 MHz .
Parameter Symbol (Note) Unit
Min Max Min Max | Min | Max | Min | Max
SCLK cycle tscy 4x + 20 122 ps 340 220 ns
SCLK low level pulse width | tscyL 2x+5 6 ps 165 105 ns
SCLK high level pulse width | tscyH 2x+5 6 us 165 105 ns
Note: System clock is fs, or input clock to prescaler is divisor clock of fs.
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4.5 AD Conversion Characteristics
(Vss =0V, AVce = Ve, AVss = Vssg, Ta=-40 to 85°C)

AVcc = Vcee, AVgg = Vss

Parameter Symbol Condition Min Typ. Max Unit
Vec=5V+109 Voc-1.5V V V
Analog reference voltage (+) VREFH cc=5 0% ce=15 cc ce
Vec=3V+10% Vee-0.2V Vce Vee
Vec=5V+10% \% Vv
Analog reference voltage (-) VREFL ce 2 SS
Vee=3V+10% Vss
Analog input voltage range VAIN VREFL VREFH
Analog current for analog reference Voo =5V + 10% 16 20
voltage IREF mA
<VREFON> =1 (VREFL=0V) Vee=3V+10% 1.0 1.5
<VREFON>=0 Vec=27t055V 0.02 5.0 pA
Error Vee=5V+10% +1.0 +3.0
. . . - LSB
(Not including quantizing errors) Vee=3V+10% +1.0 +5.0

Note 1: 1LSB = (VRerH — VRerL)2'"° [V]

Note 2: Minimum operation frequency
The operation of the AD converter is guaranteed only when fc (High-frequency oscillator) is used. (It
is not guaranteed when fs is used.) Additionally, it is guaranteed when the clock frequency which is
selected by the clock gear is 4 MHz or more.

Note 3: The value Icc includes the current which flows through the AV pin.
4.6 LCD Driver Characteristics

Charge and Pump Characteristics Symbol Min Typ. Max Unit

Reference input voltage Vi1 0.9 1.83

Output voltage V2 pin V2 2x V|1 \%
V3 pin Vi3 3x V|1

External capacity Co, C1 CpmpP 0.1 1.0
V1 pin CvL1 0.1 1.0 F
V2 pin CuLz 0.1 10 "
V3 pin CvL3 0.1 1.0

Note: Output voltage and external capacity are not loaded.

93CS20-228 2004-02-10



TOSHIBA TMP93CS20
4.7 Event Counter (TIO, TI2, T4, TI6, TI8 to TIB)
Variable 12.5 MHz 20 MHz .
Parameter Symbol Unit
Min Max Min Max Min | Max
Clock cycle tvek 8X + 100 740 500 ns
Low level clock pulse width tveKL 4X + 40 360 240 ns
High level clock pulse width tvVCKH 4X +40 360 240 ns
4.8 Interrupt and Capture
(1) NMI, INTO to INT4 interrupts, INTKEY interrupt
Variable 12.5 MHz 20 MHz .
Parameter Symbol Unit
Min Max Min Max Min | Max
Low level pulse width tINTAL 4X 320 200 ns
High level pulse width tINTAH 4X 320 200 ns
(2) INT7 to INTB interrupts, capture
Variable 12.5 MHz 20 MHz .
Parameter Symbol Unit
Min Max Min Max Min | Max
Low level pulse width tINTBL 4X+100 420 300 ns
High level pulse width tINTBH 4X+100 420 300 ns
4.9 SCOUT Pin AC Characteristics
Variable 12.5 MHz 20 MHz .
Parameter Symbol Unit
Min Max Min Max Min | Max
High level pulse width 05X - 10 30 15
Vee=5V+10% T
High level pulse width lscH ns
9 P 0.5X-20 20 — _
Vec=3V+10%
Low level pulse width 0.5X - 10 30 15
Vec=5V+10% T
Low level pulse width tscL ns
P 0.5X-20 20 — _
Vec=3V+10%
Measurement condition
e Output level: High 2.2 V/Low 0.8 V, CL =10 pF
tscH tscr
SCOuUT 7' N\ 4
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4.10 Timing Chart for Serial Bus Interface
(1) I2C bus mode
Variable .
Parameter Symbol - Unit
Min Typ. Max
START instruction — SDA falling edge |tgsTA 3X S
Start condition hold time tHD:STA 2"X s
SCL low level pulse width tLow 2"X s
SCL high level pulse width tHIGH 2"X + 12X s
Data hold time (Input) tHD:IDAT 0 ns
Data setup time (Input) tSU:IDAT 250 ns
Data hold time (Output) tHD:ODAT 7X 11X s
Data valid — SCL rising edge toDAT 2"X — tHD-ODAT s
STOP instruction — SDA falling edge tESDA 3X s
SDA falling edge — SCL rising edge tFDRC 2"X s
Stop condition hold time tsu:sTo 2"X + 16X s
SBICR1<SCK2:0> sets n.
Start instruction Stop instruction
|
SDA / K. X N/ . (
tesTA tLow tHD:ODAT — (M tFSDA
scL N | / N\ ,i f \ tFDRC ]
tHD:STA tHD:DAT  tHIGH tsu:IDAT tsu:sTO
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(2) Clock-synchronous 8-bit SIO mode (Serial bus interface)
a. SCKinput mode
Variable )
Parameter Symbol . Unit
Min Max
SCK cycle tscy2 2°X s
SCK falling edge — Output data hold toHs2 6X s
Output data valid - SCK rising edge toss2 tscy2 — 6X s
SCK rising edge — Input data hold tHSR2 6X ns
Input data valid — SCK rising edge tiss2 0 ns
b. SCK output mode
Variable .
Parameter Symbol : Unit
Min Max
SCK cycle tscy2 2°X 2"X s
SCK falling edge — Output data hold toHs2 2X s
Output data valid — SCK rising edge toss? tscy2 — 2X s
SCK rising edge — Input data hold tHSR2 2X s
Input data valid - SCK rising edge tiss2 0 ns
< tscyz  tossz2
S b
(Input/output mode) \ / \ 1
[€—>] le>
toHs2 tiss2
SO
(Output data)
“tHsR2
SI
(Input data) X X
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5.

Table of Special Function Registers (SFRSs)

The special function registers (SFRs) include the I/O ports and peripheral control registers

allocated to the 160 bytes whose addresses run from 000000H to 00009FH.

oy
2
(3
(4
(6))
(6
(7
(®
(9

1/0 ports

1/0 port control

Clock control

Interrupt control

Wait control

Timer control

Serial channel control
Serial bus interface control

Watchdog timer control

(10) AD converter control

(11) Timer for real time clock control

(12) LCD driver control

(13) Key-on wakeup control

Configuration of the table

Symbol Name Address 7

I

\

\

)

/)

—> Bit symbol

——> Read/Write

— Initial value after reset

—> Remarks

Note: “Prohibit RMW” in the table means that you cannot use RMW instructions on these registers.

(Example) When setting only bitO of register POCR, “SET 0, (0002H)” cannot be used. The

LD (transfer) instruction must be used to write all 8 bits.
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Table 5 1/0 Register Address Map

Address Name Address Name Address Name Address Name Address Name

000000H | PO 20H | TRUN 40H | TREGAL/CAPAL 60H | ADREG04L 80H | DBROO
1H|[P1 21H | PBODE 41H | TREGAH/CAPAH 61H | ADREGO4H 81H | DBRO1
2H | POCR 22H | TREGO 42H | TREGBL/CAPBL 62H | ADREG15L 82H | DBR02
3H | (Reserved) 23H | TREG1 43H | TREGBH/CAPBH 63H | ADREG15H 83H | DBRO3
4H| P1CR 24H | TLOMOD 44H [ INTET76 64H | ADREG26L 84H | DBRO4
5H | P1FC 25H [ TFFCR 45H [ INTET98 65H | ADREG26H 85H | DBRO5
6H | P2 26H | TREG2 46H | INTETBA 66H | ADREG37L 86H | DBRO6
7H|P3 27H | TREG3 47H [ INTEO64 67H | ADREG37H 87H | DBRO7
8H | P2CR 28H | T32MOD 48H | TAMOD 68H | WAITCO 88H | DBRO8
9H | P2FC 29H [ TRDC 49H | TAFFCR 69H | WAITC1 89H | DBRO9
AH | P3CR 2AH | TREGAL/CAPAL 4AH [ KEYCR 6AH | WAITC2 8AH | DBROA
BH | P3FC 2BH | TREG4H/CAPAH 4BH | SBICR1 6BH | BRADDO 8BH | DBROB
CH | P4 2CH | TREG5L 4CH | SBIDBR 6CH | BRADD1 8CH | DBROC
DH | P5 2DH | TREG5H 4DH | I2CAR 6DH | CKOCR 8DH | DBROD
EH | PACR 2EH | T4AMOD 4EH | SBICR2 6EH | SYSCRO 8EH | DBROE
FH | (Reserved) 2FH | TAFFCR 4FH | SBICR3 6FH | SYSCR1 8FH | DBROF
10H | P4FC 30H | TREGBL/ICAPSL 50H | SCOBUF 70H | INTEOAD 90H | DBR10
11H | (Reserved) 31H | TREG8HICAPSH 51H [ SCOCR 71H | INTE21 91H | DBR11
12H | P6 32H | TREGSL/ICAPIL 52H [ SCOMOD 72H | INTE43 92H | DBR12
13H | P7 33H | TREGSHICAPSH 53H [ BROCR 73H | INTE98 93H | DBR13
14H | P6CR 34H } (Reserved) 54H [ SC1BUF 74H | INTEBA 94H | LCDCR
15H | P7CR 35H 55H [ SCICR 75H | INTET10 95H | CHPCR
16H | P6FC 36H | TEBMOD 56H [ SCIMOD 76H | INTET32 96H [\
17H | P7FC 37H | TBFFCR 57H [ BR1CR 77H | INTESO 97H
18H | P8 38H | TBMOD 58H | P6ODE 78H | INTES1 98H
19H | P9 39H | TSFFCR 59H [ RTCCR 79H | INTE7S2 99H
1AH | PSCR 3AH | T16CR SAH | INTEOAS 7AH | INTET54 9AH >(Reserve d)
1BH | (Reserved) 3BH | TREG6L/CAP6L 5BH | INTEKR 7BH | lIMC 9BH
1CH | PS8FC 3CH | TREGGH/CAP6H 5CH | WDMOD 7CH | DMAOV 9CH
1DH | P9FC 3DH | TREG7L 5DH | WDCR 7DH | DMALV 9DH
1EH | PA 3EH | TREG7H 5EH | ADMODO 7EH | DMA2V 9EH
1FH | PAFC 3FH | (Reserved) 5FH | ADMOD1 7FH | DMA3V 9FH |/

Note: Do not access addresses which do not have register names allocated.
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(1) /O port

Symbol| Name | Address 7 6 5 4 3 2 1 0
P07 P06 P05 P04 P03 P02 PO1 P00
PO Port 0 00H Unc?c—:/-\f/i\:1ed
Input mode
piz | P [ P15 | P4 | P13 | P12 [ P11 | P10
RIW
P1 Port 1 01H T o T o [ o | o T o [ o ] o
Input mode
P27 | P26 | P2s [ pPaa | P23 | P22 [ pPa1 | P20
06H oA
P2 Port 2 (Prohibit
RMW v [ [ Jor 1 1 ] 1 ] a
) Input mode
pa7 | P36 | P35 | P34 | P33 | P32 | P31 [P30(Notel)
07H W
P3 Port 3 (Prohibit
RMW* 1 | ¢ [ o1 [ 1 ] 1 | 1 T
) Input mode Output mode
P47 | P46 | Pas | pPas | P43 | P4 P41 | P40
0CH W
P4 Port 4 (Prohibit
RMW* v [ [ 1 Jor 1 1 ] 1 ] a
) Input mode
ps7 | P56 | pPss | pPs4a | P53 | P52 | P51 | Pso
P5 Port5 ODH R
Input mode
pe7 | Pe6 | Pes | Pe4a | P63 | P62 | P61 | P60
RIW
P6 Port 6 12H T I S S N S S RS B N N
Input mode
p77 | pme | pPs | P4 | P73 | P2 | P71 | P70
13H W
P7 Port 7 (Prohibit
1 [ ] r 7 1 ] 1 ] r 7 ]
RMW*
) Input mode
pe7 | pPss | Pss | pPs4 | Ps3 | P82 | P81 | P80
RIW
P8 Port 8 18H T3 I B S T B
Output mode Input mode
po7 | P96 Po5 | P94 | Po3 [ pPo2 | Por | P90
RIW
P9 Port 9 19H 5 | 5 | 5 I 5 | 5 | 5 I 5 | 5
Output mode
Pa7_ | pPae | pPAas | pPaa [ pPa3 | PAa2 [ pPAL [ PAO
PA Port A 1EH RIW
1 [ r ] r ] 1 ] 1 ] or ] 1 ] 1
Output mode

Note 1: When P30 pin is defined as RD signal output mode (P30F = 1), clearing the output latch register
P30 to O outputs the RD strobe from P30 pin for PSRAM, even when the internal address is
accessed. If the output latch register P30 remains 1, the RD strobe is output only when the
external address is accessed.

Note 2: Port 86, 87 are also used as XT1, XT2. Therefore these pins are open drain output type.
Read/Write

R/W: Either read or write is possible

R: Only read is possible

W: Only write is possible

Prohibit RMW: Prohibit read-modify-write.

(Prohibit RES/SET/TSET/CHG/STCF/ANDCF/ORCF/XORCEF instruction)
Prohibit RMW*:Read-modify-write is prohibited when controlling the PU resistors.
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(2) T/O port control (1/2)
Symbol| Name | Address 7 6 5 4 3 2 1 0
PO7C PO6C PO5C P04C P0O3C P02C PO1C POOC
Port 0 02H w
POCR trol (Prohibit
contro RMW) 0 | 0 I 0 | 0 I 0 | 0 I 0 | 0
0: Input 1: Output (When external access, set as AD7 to ADO and cleared to 0.)
pizc | piec | Pisc | Puac | pPisc | Pi2c | pPuic | Pioc
Port 1 04H w
P1CR (Prohibit
control RMW) o | o [ o J o [ o J o [ o T o
<<Refer to the P1FC>>
Pi7F | PieF [ PisF | PuaF | P13F | P12F [ P1IF | PI1OF
Port 1 O5H w
P1FC ) (Prohibit
function RMW) o [ o [ o [ o [ o [ o [ o T o
P1FC/P1CR = 00: Input, 01: Output, 10: AD15 to ADS8, 11: A15 to A8
p27rc | pP2ec | pPasc | pP2ac | P23c | pP2ec | pP2ic | P20C
Port 2 08H w
P2CR trol (Prohibit
contro RMW) 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0
<<Refer to the P2FC>>
P27F | P2eF | pP2sF | P2aF | P23F | P22F | P21F | P2oF
Port 2 O9H w
P2FC . (Prohibit
function RMW) o [ o [ o [ o [ o [ o [ o T o
P2FC/P2CR = 00: Input, 01: Output, 10: A7 to AO, 11: A23 to A16
ps37c | pP3sc | pP3sc | P3ac | P33c | Pszc
Port 3 OAH W
P3CR trol (Prohibit
contro RMW) 0 | 0 | 0 | 0 | 0 | 0
0: Input  1: Output
4 | 1B®E | 12 | 1wE [ wE | P3F P31F P30F
w
Port 3 OBH
P3FC function (Prohibit 0 0 0 0 0 0 0 0
u RMW) : Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: INT4 1: INT3 1: INT2 1: INT1 1: INTO 1. HWR |1 WR 1: RD
o P47C P46C P45C P44C P43C P42C P41C P40C
EH
Port 4 w
PACR control (Prohibit 0 0 0 0 0 0 0 0
RMW)
0: Input  1: Output
P43F P41F
10H w w
Port 4
P4FC function (Prohibit 0 0
RMW) 0: Port 0: Port
1: TO6 1. TO4
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1/0 port control (2/2)

Symbol| Name | Address 7 6 5 4 3 2 1 0
P67C P66C P65C P64C P63C P62C P61 P60C
Port 6 14H W
P6CR control (Prohibit
RMW) o [ o [ o [ o [ o [ o [ o [ o
0: Input 1: Output
15 p77c | pec | Prsc | prac | p7rac | prec | P7ic | P7OC
Port 7 W
PTCR 1 control | (Prohibit o | o [ o [ o [ o [ o [ o T o
RMW)
0: Input 1: Output
P67F | 1I7IE | Pe5F P63F | Pe2F | P6IF | P6OF
Port 8 16|__| . W w
P6FC . (Prohibit 0 0 0 0 0 0 0
function RMW
) 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: TO1 1. INT7 1: SCLKO 1: TXDO 1: SCL/SI | 1: SDA/SO| 1: SCK
NMIC P76F P72W
Port 7 17H R:)W \:)V \g/
P7FC function (Prohibit
RMW) 0: Port 0: Port 0: Port
1: NMI 1: TOA 1: TO8
input
P87C P86C P85C P84C P83C P82C P81C P80C
Port 8 1AH W
PBCR | control | (Prohibit 1 1 0 0 0 0 0 0
RMW)
0: Input 1: Output
P83F P8OF
Port 8 1CH . W W
P8FC functi (Prohibit 0 0
unction RMW)
0: Port 0: Port
1: TO3 1: TXD1
PI7F P96F P95F P94F P93F P92F PI91F P90OF
1DH W
Port 9
P9FC f . (Prohibit 0 0 0 0 0 0 0 0
unction RMW
) 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: SEG31 [ 1: SEG30 | 1: SEG29 | 1: SEG28 | 1: SEG27 | 1: SEG26 | 1: SEG25 | 1. SEG24
PATF PAGF PASF PA4F PA3F PA2F PALF PAOF
1FH w
Port A
PAFC functi (Prohibit 0 0 0 0 0 0 0 0
unction RMW
) 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port 0: Port
1: SEG39 | 1: SEG38 | 1: SEG37 | 1: SEG36 | 1: SEG35 | 1: SEG34 | 1: SEG33 | 1: SEG32
ODES85 ODE84 ODES83 ODES82 ODE81 ODES80
Port 8 R/W
P8ODE | 2P°™ 21H 0 0 0 0 0 0
drain 1: P85 1:P84 1:P83 1:P82 1: P81 1: P80
enable Open Open Open Open Open Open
drain drain drain drain drain drain
ODEG63 ODE62 ODE61
Port 6 R/W
P6ODE | °Pe" 58H 0 0 0
drain 1: P63 1: P62 1: P61
enable Open Open Open
drain drain drain
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(3) Clock control
Symbol [ Name |Address 7 6 5 4 3 2 1 0
SCOSEL SCOEN ALEEN CLKEN
R/W
Slock SCOCl)JT SCOCL)JT ALEO' CLKo i
output pin pin
CKOCR control 006DH 0:frpH output control control
register 1f control 0:High-Z | 0:High-zZ
-'SYS 0:1/0 port output output
1:SCOUT | 1:ALE 1:CLK
output output
XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
R/W
1 0 1 0 0 0 0 0
High- Low- High- Low- Selected Warm-up Select prescaler clock
System frequency frequency frequency frequency clock after timer 00: frpy
clock oscillator oscillator oscillator oscillator release of (Write) 01: fs
SYSCRO | . irol 006EH | (fc) (fs) (fc) after (fs) STOP mode 5. pont care | 10: fe/16
register 0 0: Stop 0: Stop release of | after release |0: fc 1: Start timer | 11: (Reserved)
1: Oscillation [1: Oscillation | STOP mode | of STOP 1:fs (Read)
0: Stop mode 0 End
1: Oscillation |0: Stop
) L warm up
1: Oscillation 1: Continue
warm up
SYSCK | GEAR2 | GEARL [ GEARO
R/W
0 1 ] o ] o
Select Select gear value of high frequency
system (fe)
3)$tfm clock 000: fc
SYSCR1 control 006FH 0: fc 001: fc/2
register 1 1 fs 010: fc/4
(Note) 011: fc/8
100: fc/16
101: (Reserved)
110: (Reserved)
111: (Reserved)
Note: The high frequency oscillator will be enabled when SYSCR1<SYSCK> is set to 0 regardless of the

value of SYSCRO<XEN>.

The low frequency oscillator will be enabled when SYSCR1<SYSCK> is set to 1 regardless of the
value of SYSCRO<XTEN>.
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(4) Interrupt control (1/3)
Symbol | Name | Address | 7 | 6 | 5 | 4 3 | 2 [ 1 | o
INTAD INTO
NTEOAD INT OIAD (g?;?i';it IADC | I1ADM2 | IADM1 | IADMO loC loM2 | loM1 | IoMo
register RMW) RiW W RIW w
0 o | o [ o 0 o | o [ o
INT2 INT1
INTE2L L'\r';;gl (g?gé';it 12C i2v2 | 12m1 [ 12mo IC M2 | ami [ 1Mo
register RMW) RIW W RIW W
0 o | o [ o 0 o | o [ o
INT4 INT3
INTE4 L’;‘;;f (g?gé';it 14C M2 | 1am1 [ 1amo I3C i3v2 | 1am1 [ 13m0
register RMW) RIW W RIW W
0 o | o [ o 0 o | o [ o
INT9 INT8
NTESE L’;‘;Sf (g?;f’i';it I9C iov2 [ 1ov1 [ 1omo I18C iBM2 | 1sM1 | 18mo
register RMW) RW w RIW W
0 o | o [ o 0 o | o [ o
INTB INTA
INTEBA L’\r‘;;’f (g?g;‘i';it IBC BM2 | IBM1 | IBMO IAC iAM2 | 1AM | I1AMO
register RMW) RIW w RIW W
0 o | o [ o 0 o | o [ o
INTT1 (TREG1) INTTO (TREGO)
INTETLO L’:‘;Eé’o (g?g;';it imic [ imm2 [ mmr [ imamvo [ imoc [ mom2 [ romi [ romo
register RMW) RIW W RIW W
0 o | o [ o 0 o | o [ o
INTT3 (TREG3) INTT2 (TREG2)
INTETS2 L’;‘;EIZ’/Z (g?;f‘i';it imac_ [ rmam2 | imami [ itamo | imec [ imem2 [ imami [ im2mo
register RMW) RIW W RIW W
0 o | o [ o 0 o | o [ o
INT INTTXO INTRXO
NTESo | TXOIRXO (g?g;';it iTxoc | 1mxom2 | 1mxom1 [ itxomo | IRxoc | IRxom2 | IRxom1 | IRXoMoO
enable RMW) RIW W RIW w
register 0 o | o [ o 0 o [ o [ o
INT INTTX1 INTRX1
NTESL | TXURXL (g?;fi';it imxac [ mmxam2 [ imxams [ imxamo [ IRxac | Rxam2 | IRxaMi [ IRX1Mo
enable RMW) RIW W RIW w
register 0 o | o [ o 0 o | o [ o
INT7 INTS2
INTE7S2 L’:‘;&fz (g?;?i';it I7c M2 | oma [ 1i7mo is2c [ isem2 [ 1sami [ is2mo
register RMW) RIW W RIW W
0 o | o [ o 0 o | o [ o
'l I'l Il
¢ " J [
L) IXxM2 IxxM1 IXxMO Function (Write)
0 0 0 Prohibit interrupt request.
0 0 1 Set interrupt request level to 1.
0 1 0 Set interrupt request level to 2.
0 1 1 Set interrupt request level to 3.
1 0 0 Set interrupt request level to 4.
1 0 1 Set interrupt request level to 5.
1 1 0 Set interrupt request level to 6.
1 1 1 Prohibit interrupt request.
IxxC Function (Read) Function (Write)
0 Indicate no interrupt request. Clear interrupt request flag.
1 Indicate interrupt request. |  ----- Don'tcare - - - - -
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Interrupt control (2/3)
Symbol | Name [Address| 7 | 6 | 5 | a4 3 | 2 | 1 [ o
INTTR5 (TREGS) INTTR4 (TREG4)
INTT5/4 | OOTAH ™5™ T 175M2 | 1TsM1 | ITsMO | IT4C_ | IT4M2 | IT4M1 | IT4MO
INTET54 | enable (Prohibit
register RMW) RIW w RIW W
0 o | o [ o 0 o | o [ o
INTTR7 (TREG7) INTTR6 (TREG6)
INTT7/6 | 0044H im7c_ [ imom2 [ vy [ imomo [ e [ imem2 [ imemi [ iTemo
INTET76 | enable (Prohibit
register RMW) R/W W R/W w
0 o | o [ o 0 o | o [ o
INTTR9 (TREG) INTTRS (TREGS)
INTTO/8 | 0045H "1™ \760™ T 17oMp | 7M1 | IToMo | m8C_ | IT8M2 | T8M1 | I78MO
INTET98 | enable (Prohibit
register RMW) R/W W R/W w
0 o | o [ o 0 o | o [ o
INTTRB (TREGB) INTTRA (TREGA)
INTT B/A | 0046H " I™"\rpc™ T 17gmM2 | 1TBML | 1TBMO | ITAC | ITAM2 | ITAMI | ITAMO
INTETBA | enable (Prohibit
register RMW) RIW w RMW w
0 o | o [ o 0 o | o [ o
INTTO6 INTTO4
INTO6/4 | 0047H ™ \7656c™ T IToBM2 | ITOGML | ITOGMO | ITOAC | ITO4M2 | ITO4MI | ITO4MO
INTEO64 | enable (Prohibit
register RMW) RIW w RMW w
0 o | o [ o 0 o | o [ o
INTT OA/ INTTOA INTTO8
8 005AH ™ itoac | ITOAM2 | ITOAML | ITOAMO | ITOSC | ITO8M2 | ITO8M1 | ITO8MO
INTEOAS (Prohibit
enable RMW R/W W RIW W
. )
register 0 o | o [ o 0 o | o [ o
INT KEY/ INTKEY INTRTC
NTEKR | RTC 2055:"_ IKEYC | IKEYM2 | IKEYML | IKEYMO | IRTCC [ IRTCM2 | IRTCM1 | IRTCMO
enable (Prohibit RIW W RIW W
ot RMW)
register 0 o | o [ o 0 o | o [ o
T TT TT T
Py | I I
2 .
|—> IXXM2 IxxM1 IxxMO Function (Write)
0 0 0 Prohibit interrupt request.
0 0 1 Set interrupt request level to 1.
0 1 0 Set interrupt request level to 2.
0 1 1 Set interrupt request level to 3.
1 0 0 Set interrupt request level to 4.
1 0 1 Set interrupt request level to 5.
1 1 0 Set interrupt request level to 6.
1 1 1 Prohibit interrupt request.
? IxxC Function (Read) Function (Write)
0 Indicate no interrupt request. Clear interrupt request flag.
1 Indicate interrupt request. [ ----- Don'tcare - - - - -
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Interrupt control (3/3)
Symbol | Name | Address 7 6 5 4 3 2 1 0
Micro DMAOV5 | DMAOV4 | DMAOV3 | DMAOV2 | DMAOV1 | DMAOVO
7CH W
DMA 0
DMAOV (Prohibit
request RMW) o | o [ o | o | o [ o
vector Micro DMAQO start vector
Micro DMA1V5 | DMA1v4 | DMA1V3 | DMA1V2 | DMALVL | DMA1VO
7DH W
DMA 1 -
DMALV 1 request (Er&w’)'t o | o [ o [ o T o [ o
vector Micro DMAL start vector
Micro DMA2V5 | DMA2v4 | DMA2v3 | DMA2v2 | DMA2VL | DMA2VO
7EH W
DMA 2
DMA2V (Prohibit
request RMW) o | o [ o | o | o ] o
vector Micro DMA2 start vector
Micro DMA3V5 | DMA3V4 | DMA3V3 | DMA3V2 | DMA3VL | DMA3VO
7FH W
DMA 3
DMA3V (Prohibit
request RMW) o | o [ o | o | o ] o
vector Micro DMAS3 start vector
17FE 14FE i3Fe | 12re | nre | ore | 10.E | NMIREE
W
Interrupt 7BH 0 O 0 0 0 0 O 0
input " lo:inT7 [o:iNT4 [o:INT3 [0 INT2  [0:INTZ  [0:INTO [0:INTO |1: Opera-
IIMC mode (Prohibit rising rising rising rising rising rising edge tion
control RMW) edge edge edge edge edge edge mode even at
DINT7 |10INT4 [10INT3 [ 20NT2 [2:INTZ [1:INTO | 1: INTO NMi
falling falling falling falling falling falling level rising
edge edge edge edge edge edge mode edge
(5) Wait controller
Symbol [ Name | Address 7 6 5 4 3 2 1 0
BOBUS | Bow1 BOWO BOC1 BOCO
w
\?V":itc" 0 68H 0 o [ o o [ o
WAITCO | “= | (Prohibit 0:16-bit | 00: 2 waits 00: 7FO0H to 7FFFH
register RMW) bus 01: 1 wait 01: 400000H to
L E-blt 10: (1 + N) waits 10: 800000H to
us 11: 0 waits 11: CO0000H to
BiBUS | Biwi | Biwo | Bic1 | Bico
w
Block1 69H 0 o [ o o | o
WAITC1 control (Prohibit 0:16-bit | 00: 2 waits 00: 8AOH to 7FFFH
register RMW) bUS_ 01: 1 wait 01: 400000H to
1:8-bit 10: (1 + N) waits 10: 800000H to
bus | 11: 0 waits 11: CO000OH to
B2BUS | Bawi | B2wo | B2c1 | B2CO
w
\?V';’ifk 2 6AH 0 o [ o 1 | 1
WAITC2 control (Prohibit 0:16-bit [ 00: 2 waits 00: 8000H to
register RMW) bUS_ 01: 1 wait 01: 400000H to
1: 8-bit 10: (1 + N) waits 10: 800000H to
bus | 11: 0 waits 11: CO000OH to
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(6) Timer control (1/5)
Symbol | Name | Address 7 6 5 4 3 2 1 0
PRRUN T6RUN | TARUN | T3RUN | T2RUN | TIRUN | TORUN
RIW RIW
TRUN Tlmerl 201 0 o | o [ o | o | o | o
control Prescaler and timer run/stop control
0: Stop and clear
1: Run (Count up)
8-hit 22H -
TREGO | timer (Prohibit w
register 0 RMW) Undefined
8-hit 23H -
TREGL | timer (Prohibit w
register 1 RMW) Undefined
Toimi | Toimo | Pwwmor | pwwmoo | Ticiki | Tictko | Tociki | TocLko
8-bit RIW
timer 0,1 o | o o [ o o [ o o [ o
T10MOD | source 24H 00: 8-bit timer 00: - 00: TOOTRG 00: TIO Input
C'—E and 01: 16-bit timer 01: 2°~ 1PWM 01: ¢T1 01: ¢T1
mode 10: 8-bit PPG 10:27-1 10: $T16 10: §T4
11: 8-bit PWM 11:2°-1 11: $T256 11: ¢T16
TrFact | TFraco | TFF3iE | TFFais | TFFic: | TFFico | TFFUE | TFFUS
w RIW W RIW
?;Egr 1 [ 1 0 0 1 | 1 0 0
I
TFFCR fiip flop 25H 00: Invert TFF3 1:TFF3  |1:Timer3 | 00: Invert TFF1 L:TFFL  |1:Timer 1
control 01: Set TEE3 invert invert 01: Set TEF1 invert invert
10: Clear TFF3 enable | enable | 14 clear TFF1 enable | enable
11: Don't care 11: Don'’t care
8-bit 26H -
TREG2 | timer (Prohibit w
register 2 RMW) Undefined
8-hit 27H -
TREG3 | timer (Prohibit w
register 3 RMW) Undefined
723M1 | T23vo | Pwm21 | Pwm20 | T3cLK1 | T3CLKO | T2CLKL | T2CLKO
8-bit RW
timer 2,3 o | o o | o o | o o | o
T32MOD | source 28H 00: 8-bit timer 00: — 00: TO2TRG 00: TI2 input
CL’; and 01: 16-bit timer 01: 2°~ 1 PWM 01: ¢T1 01: ¢T1
mode 10: 8-bit PPG 10:27-1 10: ¢T16 10: ¢T4
11: 8-bit PWM 11:2° -1 11: $T256 11: ¢T16
TR2DE | TRODE
_ RIW
Timer
register 0 0
double 0:Double 0: Double
TRDC buffer 29H buffer buffer
control disable disable
register 1:Double | 1:Double
buffer buffer
enable enable
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Timer control (2/5)
Symbol | Name | Address | 5 | 4 | 3 ‘ 2 1 ‘ 0
tmer Gl -
TREGAL r'egfster 4 | (Pronibit W
low RMW) Undefined
o e E
TREG4H register 4 (Prohibit W
high RMW) Undefined
R —
TREG5L register 5 (Prohibit W
low RMW) Undefined
.| :
TREGSH register 5 (Prohibit W
high RMW) Undefined
Capture -
CAP4L register 4 2AH R
low Undefined
Capture -
CAP4H register 4 2BH R
high -
Undefined
CAP4IN - | - CLE | Tacik1 | TaciLko
W R/W
16-bit 1 o | o 0 o | o
timer 4 0: Soft- Write “0” 1:uc4 Source clock
TAMOD | source 2EH : : : u
CLK and capture clear 00: T4 input
mode 1: Don't enable | g7 471
care 10: ¢T4
11: ¢T16
- - EQ5T4 EQ4T4 | TFF4Cl | TFF4C0
R/W R/W R/W W
0 0 o | o 1] 1
16-bit Write “0”. TFF4 invert trigger TFF4 control
-0l
timer 4 0: Trigger disable 00: Invert TFF4
T4FFCR | & 2FH ,
flip-flop 1: Trigger enable 01: Set TFF4
control .
Inverted | Inverted 10: Clear TFF4
whenthe | whenthe | 11:Don’tcare
UCvalue | UCvalue | * Always read as 11.
matches matches
TREG5S TREG4
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Timer control (3/5)
Symbol | Name | Address 7 5 4 3 2 1 0
QCU TARUN T8RUN DBAEN DB8EN DB6EN DB4EN
R/W R/W
0 o | o o | o [ o | o
16-bit Warm-up Double buffer
T16CR timer 3AH timer Prescaler and timer 0: Disable
control control run/stop control 1: Enable
0: Stop and clear Double Double | Double Double
1: Run (Count up) buffer of | buffer of | buffer of | buffer of
TREGA TREG8 TREG6 TREG4
3:6-bit 3BH -
imer
TREG6L register 6 (Prohibit .
low RMW) Undefined
TREG6H rg?srter s | (Pronibit w
hlgh RMW) Undefined
gﬁ-blt 3DH -
TREG7L rg?srter ;| (Pronibit w
low RMW) Undefined
3:6-bit 3EH -
TREG7H rg‘;rter ;| (Prohibit w
hlgh RMW) Undefined
Capture —
CAP6L register 6 3BH R
low Undefined
Capture —
CAP6H register 6 3CH R
high Undefined
CAP6IN - | - cte | TecLK1 [ TeCLKO
w R/W
16-bit 1 o [ o 0 o | o
timer 6 0: Soft- Write “0” 1:UC6 Source clock
T6MOD source 36H ' t ' ' clear .
CLK and cap ‘ure o 00: TI6 input
mode 1: Don't enable | 01 ¢T1
care 10: $T4
11: ¢T16
_ - | eq7te | Eqete | TFFEC1 | TFFECO
R/W W
0 0 o | o 1| 1
16-bit Write “0”. TFF6 invert trigger 00: Invert TFF6
-DI
i 0: Trigger disable 01: Set TFF6
imer 6
T6FFCR flip-flop 37H 1: Trigger enable 10: Clear TFF6
control Inverted Inverted 11: Don't care
when the | when the
UC value | UC value
matches | matches
TREG7 TREG6
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Timer control (4/5)
Symbol | Name | Address | 5 4 | 3 2 1 | 0
imer | % -
I .
TREGS8L register 8 (Prohibit w
low RMW) Undefined
oo | -
TREGBH | oqisterg | (Prohibit w
high RMW) Undefined
| —
TREGOL register 9 (Prohibit W
low RMW) Undefined
imer | " -
TREGYH register 9 (Prohibit W
high RMW) Undefined
Capture -
CAP8L register 8 30H R
low Undefined
Capture -
CAP8H register 8 31H R
high Undefined
Capture -
CAP9L register 9 32H R
low Undefined
Capture -
CAP9H register 9 33H R
high Undefined
CAP8IN | capsomi | capsamo | CLE | T8CLK1 | T8CLKO
W R/W
16-bit 1 o | o 0 o | o
timer 8 0: Soft Capture timi tucs | s lock
TSMOD source 38H : Soft- ap Lfl’e iming : ourceFoc
CLK and capture | qo: Disable dea[;| 00: TI8 input
mode 1:Don't o:TIBT TIOT enable | o1: ¢T1
care 10:TIsT TIBY 10: ¢T4
11: TFFL T TFFL 11: ¢T16
capaTs | capsTs | EQots | EQsT8 | TFFsci | TFFsCo
R/W W
0 o | o 0 1 |1
16-bit TFF8 invert trigger 00: Invert TFF8
timer 8 0: Trigger disable 01: Set TFF8
TBFFCR flip-flop 39H 1: Trigger enable 10: Clear TFF8
control Inverted | Inverted | Inverted | Inverted | 11'Dontcare
when the | when the | when the | when the
UC value | UCvalue | UC value | UC value
is latched | is latched | matches | matches
to CAP9 to CAP8 TREGY TREG8
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Timer control (5/5)
Symbol Name |Address | 5 4 | 3 2 1 | 0
16-bit timer 40H -
TREGAL |register A (Prohibit W
low RMW) Undefined
16-bit timer 41H -
TREGAH | register A (Prohibit w
high RMW) Undefined
16-bit timer 42H -
TREGBL |Register B | (Prohibit w
low RMW) Undefined
16-bit timer 43H -
TREGBH | register B (Prohibit w
high RMW) Undefined
Capture -
CAPAL register A 40H R
low Undefined
Capture -
CAPAH register A 41H R
high Undefined
Capture -
CAPBL register B 42H R
low Undefined
Capture —
CAPBH register B 43H R
high Undefined
CAPAIN | CAPABM1 | CAPABMO CLE TACLK1 | TACLKO
W R/W
16-bit 1 o [ o 0 o | o
timer A 0:Soft- | Capture timi 1Ucs | S lock
TAMOD source 48H : Soft- ap Lfl’e iming : ource <-30c
CLK and capture | 00: Disable Cleagl 00: TIA input
mode Lbon't |o1:TIAT TIB?T enable | o1: ¢T1
care 10: TIAT TIAL 10: $T4
11: TFF1 T TFF1 11: ¢T16
CAPBTA | CAPATA | EQBTA EQATA TFFAC1 | TFFACO
R/W W
0 o | o 0 1 |1
16-bit TFFA invert trigger 00: Invert TFFA
TAFECR timer A a9H 0: Trigger disable 01: Set TFFA
flip-flop 1: Trigger enable 10: Clear TFFA
control Inverted | Inverted | Inverted | Inverted | 11:Dontcare
when the | whenthe | when the | when the
UC value | UCvalue [ UCvalue | UC value
is latched | is latched | matches | matches
to CAPB | to CAPA | TREGB TREGA
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(7) Serial channel control (1/2)
Symbol| Name | Address 7 6 5 4 3 2 1 0
RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
Serial S0H TB7 TB6 TBS TB4 TB3 TB2 TB1 TBO
SCOBUF | channel | (Prohibit — —
0 buffer RMW) R (Receiving) /W (Transmission)
Undefined
RB8 EVEN PE OERR | PERR | FERR | SCLKS loC
R R/W R (Cleared to “0” by reading) R/W
Serial Undefined 0 0 o | o T o 0 0
SCOCR | channel 51H | Receiving |Parity 1: Parity 1: Error 0: SCLKO | 1: Input
0 control data bit8 | 0: Odd enable Overrun | Parity Framing 4 SCLKO
1: Even 1:sciko | PP
T
TB8 CTSEO RXE Wu SM1 SMO SC1 SCO
R/W
Serial Undefined 0 0 0 0 0 o | o
SCOMOD | channel 52H  [Transmisson |1:CTS 1:Receive | 1:Wake-up | 00: I/O Interface 00: TOO trigger
0 Mode data bit8 enable enable enable | 01: UART 7 bits 01: Baud rate generator
10: UART 8 bits 10: Internal clock ¢1
11: UART 9 bits 11: External clock SCLKO
— BROADD | BROCKL | BROCKO | BR0S3 | BR0S2 | BROSL | BROSO
R/W R/W
Baud 0 0 0 [ o o [ o o [ o
BROCR |rate O 53H Always 1+ (16 -K) 00: $TO
control fixed to “0". /16 divisor 01: ¢T2 Set frequency divisor
enable 10: $T8 OtoF
11: ¢T32
BROK3 | BROK2 | BROKL | BROKO
Baud RIW
BRADDO | rate 68H o | o [ o [ o
control Set N + (16 — K)/16 divisor
1 to F (O prohibited)
RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
Serial SaH TB7 TB6 TBS TB4 TB3 TB2 TB1 TBO
SC1BUF | channel [ (Prohibit o iSSi
1 buffer RMW) R (Receiving)/W (Transmission)
Undefined
RBS EVEN PE OERR | PERR | FERR - | -
ol R R/W R (Cleared to 0 by reading) R/W
coren ol 1 gy, [Undefined 0 0 o | o [ o o | o
1 control Receiving | Parity 1: Parity 1: Error Always fixed to “0”.
data bit8 | 0: Odd enable Overrun | Parity Framing
1: Even
TB8 - RXE WU SM1 SMO sct | sco
R/W
Serial Undefined 0 0 0 0 0 o | o
SC1MOD | channel 56H [ Transmisson |Always 1:Receive |1:Wakeup |00: Reserved 00: TOO trigger
1 mode data hit8 fixed to “0”. enable enable | 01: UART 7 bits 01: Baud rate generator
10: UART 8 hits 10: Internal clock ¢p1
11: UART 9 bits 11: Don't care
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Serial channel control (2/2)
Symbol| Name |Address 7 6 5 4 3 2 1 0
- BR1ADD BR1CK1 BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
R/W
Baud rate 0 0 0 I 0 0 | 0 | 0 I 0
BRICR | ol STH [ Always 1+ (16 - K)/ 00: $TO
fixed to “0". | 16 divisor 01: ¢T2 Set frequency divisor
enable 10: $T8 OtoF
11: ¢T32
BR1K3 | BR1k2 | BRIK1 | BRILKO
R/W
BRADDI B34 | 6CH o | o [ o J o
Set N + (16 — K)/16 divisor
1to F (“0” prohibited)
(8) Serial bus interface control (1/2)
Symbol| Name |Address 7 6 5 4 3 2 1 0
BC2 BC1 BCO ACK SCK2 SCK1 SCKO
W R/W w
JABH o [ o ] 0 0 o [ o [ o
(lm%;:)s Select number of bits to be transferred |ggt Select serial clock frequency
(Prohibit 000: 8  100: 4 acknowledge 000:4  100:8
RMw) | 001:1 101:5 mode 001:5 101:9
010: 2 110: 6 0: Disable 010: 6 110: 10
Serial bus 011:3 111: 7 1: Enable 011: 7  111: (Reserved)
seicR1 [ IMerface slos SIOINH | SIONH | sioMo sckz | sCKL | SCKo
register 1 w w
4BH 0 0 0 | o o [ o ] o
(SIO [ Indicate Continue/ | Transfer mode select Select serial clock frequency
mode) | transfer abort 00: 8-bit transfer 000: fepn/2®  100: frpp/2°
(Prohibit | start/stop | transfer 01: (Reserved) 001: fepp/2®  101: fepp/2™®
RMW) [ 0: Stop 0:Continue |10: 8-bit transmit/receive 010: fepp/2’ 110 feppf2™t
1: Start 1: Abort 11: 8-hit receive 011: frpp/2®  111: External clock
(SCK input)
MST TRX BB PIN SBIM1 SBIMO
w
0 0 0 1 0 0
4EH | select Select Generate | Release | Select serial bus
(*Cbus | slave/ Transmit/ start stop INT2 interface mode
mode) | master receive condition interrupt | 00: Port mode
(PRr’\c/)lr\;\ilbit 0: Slave 0: Receiver | 0: Stop service 01: SIO mode
) |1:Master  |1: Transmiter |1: Start request  [10: °C bus mode
Serial bus 0:Don't 11: (Reserved)
interface care
SBICRZ | control 1:Release
register 2 SBIML | SBIMO
W
4EH 0 | 0
(slo Select serial bus
mode) interface mode
(Prohibit 00: Port mode
RMW) 01: SIO mode
10: I°C bus mode
11: (Reserved)
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Serial bus interface control (2/2)

Symbol| Name |Address 7 6 5 4 3 2 1 0
MST TRX BB PIN AL AAS ADO LRB
R
0 0 0 1 0 0 0 0
24EH Monitor Monitor Monitor bus | Monitor Monitor Monitor Monitor Monitor
("Cbus | select selectstatus | status INTS2 arbitration | slave general last
mOd?)_ status 0: Receiver |0:Bus free | interrumt lost detect | address | call detect | receive bit
(F';r'\c;lr\‘,:lb't 0: Slave 1: Transmitter | 1: Bus busy | service 1:Detect | match 1:Detect [0:0
) ) 1: Master request detect 1:1
.Se”al bus status 1: Detect
SBISR |Snt;et[lf:ce 0: Requesting
register 1: Release
SIOF SEF
R
4EH
(slo 0 0
mode) Monitor serial | Monitor
(Prohibit transferring shift )
RMW) status operation
0: End 0:End
1: Transferring | 1: Setting
SWRST
R/W
) 0
Serial bus Initialize
interface
SBICR3 | e 4FH SBI
register 3 internally
0: -
1: Initializa-
tion
Serial bus 4ACH DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
SBIDBR Z‘;f::f;fer (Prohibit R (Receiving)/W '(Transmission)
register RMW) Undefined
sa6 | sas | sa4 | sa3 | sa2 | sar | sa0 [ ALS
W
0o | 0 | 0 | o [ o | o ] o 0
Speify
address
recogntion
1°C bus 4DH mode
I2CAR add_ress (Prohibit 0: Acknowl-
reglster RMW)

Set slave address edges
slave
address

1: Not
acknowl-
edge slave
address
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(9) Watchdog timer control

Symbol| Name |[Address 7 6 5 4 3 2 1 0
WDTE WDTP1 WDTPO WARM HALTM1 HALTMO RESCR DRVE
R/W
1 o | 0 0 o | o 0 0
Watchdog 1: WDT 00: 2%fsys Warm-up HALT mode 1: Connect | 1: Drive the
WDMOD | timer 5CH enable 01: 2"fsys time 00: RUN mode internally | pinin
mode 10: 2%sys 0: 2%jinput | 0L: STOP mode wDTout | STOP
11: 2%ffsvs frequency | 10: IDLE1 mode to reset mode
1: 2%%input | 11: IDLE2 mode pin
frequency
Watchdog —
timer w
WDCR 5DH
control —
register B1H: WDT disable code 4EH: WDT clear code
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(10) AD converter control
Symbol| Name [Address 7 6 5 4 3 2 1 0
EOCF ADBF — - ITMO REPET SCAN ADS
R R/W
0 0 0 0 0 0 0 0
AD AD Always fixed | Always fixed | AD Repeat Scan mode | AD
AD conversion conversion | to “0”". to “0". conversion mode 0: Fixed conversion
mode 0: Notend busy flag interruptin | 0: Single channel | start
ADPMODO | ol SEH 1. End 0: Not busy fixed mode mode 0: Don't Care
register 0 1: Busy channel 1: Repeat 1: Channel [1: Start
repeat mode | mode scan mode
0: Each 1 Always “0”
time when data is
1:Each 4 read.
times
VREFON ADTRGE ADCH2 ADCH1 ADCHO
R/W R/W
AD 1 0 0 0 0
ADMOD1 mode 5FH VREF control External
control ’
register 1 0: OFF trigger start ) )
1: ON control Analog input channel selection
0: Disable
1: Enable
AD ADRO1 ADROO ADRORF
AD conversion R R
REGOAL | "esut 60H Undefined 0
register . AD conversion
0/4 low Lower 2 bits of AD result are stored result storage
flag
AD ADRO9 ADRO08 ADRO7 ADRO6 ADRO5 ADRO4 ADRO3 ADRO02
AD conversion R
result 61H "
REGO4H register Undefined
0/4 high Upper 8 bits of AD result are stored
AD ADR11 | ADR10 ADRI1RF
AD conversion R R
REG15L | "esut 62H Undefined 0
register . AD conversion
1/5 Low Lower 2 bits of AD result are stored result storage
flag
AD ADR19 | ADR18 | ADR17 | ADR16 | ADR15 | ADR14 | ADR13 | ADRI12
AD conversion R
result 63H -
REG15H register Undefined
1/5 high Upper 8 bits of AD result are stored
AD ADR21 | ADR20 ADR2RF
AD conversion R R
REG26L | "esut 64H Undefined 0
register . AD conversion
2/6 Low Lower 2 bits of AD result are stored result storage
flag
AD ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
AD conversion R
result 65H -
REG26H register Undefined
2/6 high Upper 8 bits of AD result are stored
AD ADR31 | ADR30 ADR3RF
AD conversion R R
REG37L | "esut 66H Undefined 0
register . AD conversion
317 low Lower 2 bits of AD result are stored result storage
flag
AD ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
AD conversion R
result 67H "
REG37H register Undefined
3/7 high Upper 8 bits of AD result are stored

° Bits 5 to 1 are always read as 1.
BitO is the AD conversion result storage flag <ADRxRF>. Bit0 is set to
1 when the conversion result is stored, and it is cleared by reading
either ADREGxH or ADREGXL.

Converted dataforchannelX 9 8 7 6 5 4 3 2 1 0

N7
7 6543210

ADREGxH

765 43210

ADREGxL
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(11) Timer for real time clock control
Symbol| Name |Address 7 6 5 4 3 2 1 0
- RTCSEL RTCRUN
] R/W R/W
Real time 0 0 0
counter
RTCCR control 59H Always Interrupt Counting
register fixed to “0”. cycle 0: Stop and
0: fS/Z14 clear
1: fs/2®® 1: Count
(12) LCD driver control
Symbol| Name [Address 7 6 5 4 3 2 1 0
SLFR1 SLFRO SBF DUTY1 DUTYO SLF1 SLFO
W
0 | 0 0 0 0 0 | 0
LCD - -
LCDCR | control 94H Boosting frequency Reference | LCD drive Base frequency
register 00: fc/2* or fs/2° clock 00: 1/4 duty 00: fc/2*® or fs/2°
01: fe/2'2 or fs/2® 0: fc 01: 1/3 duty 01: fc/2" or fs/2®
10: fe/2™ or fs/2? 1:fs 10: 1/2 duty 10: fc/2*° or fs/2’
11: fc/2' or fs/2 11: Static 11: fc/2" or fs/2°
EDSP EDCP
Charge RIW
cHPCRr| PP 95H 0 0
con_trto LCD display | Boosting
register 0: Blanking | 0: Disable
1: Enable 1: Enable
(13) Key-on wakeup control
Symbol| Name |Address 7 6 5 4 3 2 1 0
KEY7C KEY6C KEY5C KEY4C KEY3C KEY2C KEY1C KEYOC
KEY on R/W
wakeup
KEYCR | control | “AH o [ o | o [ o [ o 0 o [ o
register 0: Key-on wakeup disable

1: Key-on wakeup enable
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6. Port Section Equivalent Circuit Diagram

e Reading the circuit diagram

Basically, the gate symbols written are the same as those used for the standard CMOS
logic IC [74HCXX] series.

The dedicated signal is described below.

Stop: This signal becomes active 1 when the HALT mode setting register is set to the
Stop mode and the CPU executes the HALT instruction. When the drive enable
bit [DRVE] is set to 1, however, stop remains at 0.

e The input protection resistance ranges from several tens of ohms to several hundreds of
ohms.

m PO (ADO to AD7), P1 (AD8 to AD15, A8 to A15), P67 (TO1)

VCC
Output data —- P-ch
Output enable j:}j
STOP
N-ch
Input data i —{ /0

Input enable

m P30 (RD), P31 (WR)
VCC

Output data —

Output
STOP

m P2 (A16 to A23, A0 to A7), P32 (HWR ), P72 (TO8), P73 (SCOUT), P76 (TOA)
VCC

Output data

T 777Tycc ) Programmable
Output enable ' | pull-up resistance
STOP ' |'> :
1
1

Ty [T i

Input data e i

Input enable
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m P70 (TIS/INTS), P71 (TI9/INT9), P74 (TIA/INTA), P75 (TIB/INTB)

VCC

Output data

Output enable j:)j
STOP

Q
VvCC  1Programmable
1pull-up resistance

Input data

INT8 to INTB

ol |

_____________

Input enable

TIBto TIB

m P33 to P36 (INTO to INT3)

Output data

VCC

Output enable j:)j
STOP

1

1Programmable

1 pull-up resistance
1

Input data

Input enable

INTO to INT3 <

m P4 (TIx, TOx, KEYx), P77 (NMI)

VCC

Output data

Output enable j:)j
STOP

e

_____________

110

VCC 1 Programmable

| pull-up resistance
>0—| !

1

1

1

Input data
Input enable
T4, TI6 <
NMI, KEYO to KEY7 < é‘]
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m P37 (INT4/ADTRG)
VCC
Output data
rT777Tyce iProgrammable
Output enable ! ipull-up resistance
STOP :
) o—i :
Input data "OQ_O@_W"_‘ e
Input enable
AD trigger I
v
STOP INT4
m  P5(ANO to AN7)
Analog input .
channel select
Analog input < Input
I
Input data
Input enable
m P63 (TXDO0), P80 (TXD1), P83 (TO3), P85
vCC
Output data
Open-drain
output enable J>0_|
Output enable :g:)_
STOP
{11/0

Input data

Y4

Input enable

93C
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m P60 (SCK), P64 (RXDO0), P65 (SCLKO), P66 (TI0/INT7)
VCC
Output data P-ch
Output enable @f
STOP ) Do—ife N-ch
—{1 1/0

Input data

SCK
RXDO
SCLKO
TIO
INT7

e

)

Input enable

<

m P61 (SO/SDA), P62 (SI/SCL), P81 (RXD1), P82 (TI2), P84 (WAIT)

Output data

VvCC

Open-drain
output enable

Output enable
STOP

Input data

SDA
SI
SCL

4

H—

R

) o

—1 1/0

S—H—<>—ﬂ—+

Input enable

RXD1 ™

TI2
WAIT

m P86 (XT1), P87 (XT2)

Input enable

Input data
A

Output data
Output enable

%3«%

Input data <_0<]_<1_—10<J

Input enable

¥ [ P87 (XT2)

— [ P86 (XT1)
Outputdata —f——ag—~ ~—Jd | o2
Output enable ~ ¢
STOP ﬁD
Low-frequency —e-
oscillation enable
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m P90 to P97 (SEG24 to SEG31), PAO to PA7 (SEG32 to SEG39)

Segment output L\

Output data [ Output

Output enable j:)_{>0_0:):>o—l
STOP

m CLK

Output enable vVCC VCC

N
P-ch ¥
—] Output
N-ch
Internal reset —e DC

Test circuit < OQ

m VREFH, VREFL

Internal CLK

VREFON

—1 VREFH

%reswtance

—1 VREFL

3
String i
i
i

m EA
Input data < OQ O Input
m ALE
VCC
Internal ALE — D)_' P-ch
Output
Output enable
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| | RESET
Reset Input
WDTOUT Schmitt
Reset enable
m X1, X2
Clock

Oscillator

oscillation enable

P-ch N-ch
High-frequency —>—:—0—{>0—|§ l—!
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7.

Points to Note and Restrictions

(1) Notation

a. How a built-in I/O register is denoted: Register Symbol <Bit symbol>
Example: TRUN<TORUN?> ... Bit TORUN of register TRUN

b. Read-modify-write instruction

An instruction in which the CPU reads data from memory and writes the data to the

same memory location in one instruction.

Example 1: SET 3, (TRUN) ---Set bit3 of TRUN

Example 2: INC 1, (100H) - -- Increment the data at 100H
e A sample read-modify-write instructions using the TLCS-900

Exchange instruction
EX (mem), R
Arithmetic operation
ADD (mem), R/#
SUB (mem), R/#
INC #3, (mem)
Logic operation
AND (mem), R/#
XOR (mem), R/#
Bit manipulation
STCF #3/A, (mem)
SET #3, (mem)
TSET #3, (mem)
Rotate, shift

RLC (mem)
RL  (mem)
SLA  (mem)
SLL (mem)
RLD (mem)

c. fc, fs, fFPH, fSYS, one state

ADC
SBC
DEC

OR

RES
CHG

RRC
RR

SRA
SRL
RRD

(mem), R/#
(mem), R/#
#3, (mem)

(mem), R/#

#3, (mem)
#3, (mem)

(mem)
(mem)
(mem)
(mem)

(mem)

The clock frequency input from pins X1 and X2 is called fc, the clock frequency input from
pins XT1 and XT2 is called fs, the clock selected by SYSCR<SYSCK and GEAR2:0> is called
fFPH, and the clock frequency given by fFPH divided by 2 is called fSyS. One cycle of fsys is

called one state.
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(2) Points to note

a.

EA

Fix these pins to VCC unless changing voltage.
TEST1, TEST2 pin

Connect the TEST1 pin with the TEST2 pin. Do not connect to any other pins.
HALT mode (IDLE1)

When IDLE1 mode (Oscillator operation only) is used, set TRUN<PRRUN> to 0 to stop
the prescaler before the HALT instruction is executed.

Warm-up counter

The warm-up counter operates when STOP mode is released even if the system is using
an external oscillator. As a result, a time equivalent warm-up time elapses from input of
the release request to output of the system clock.

Programmable pull-up resistor

The programmable pull up resistor can be turned ON/OFF by the program when the
ports are used as input ports. When the ports are used as outputs, they cannot be turned
ON/OFF by the program.

The data registers (e.g., P6) are used for the pull-up/down resistors ON/OFF.
Consequently read-modify-write instructions are prohibited.

Watchdog timer

The watchdog timer starts operation immediately after the reset is released. When the
watch dog timer will not be used, disable it.

AD converter

The string resistor between the VREFH and VREFL pins can be cut by a program to
reduce power consumption. When standby mode is used, disable the resistor using the
program before the HALT instruction is executed.

CPU (Micro DMA)

Only the “LDC cr, ¥” and “LDC r, cr” instructions can be used to access the control
registers in the CPU (Like the transfer source address register (DMASn)).

POP SR instruction
Please execute POP SR instruction during DI condition.
HALT mode (STOP)

If you can enter STOP mode on either of the following conditions, fix port 8 to VCC or
GND.

e  When setting the pin control to “I/O off” at STOP mode.

e When setting the pin control to “keep the condition prior to halt” at STOP mode
and also when port 8 is input mode.

Supply of reference voltage to V1 pin
Do not supply the reference voltage to V1 pin during STOP mode.
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1. Releasing the HALT mode by requesting an interruption.

Usually, interrupt can release all halt status. However, the interrupts (NMI, INTO to
INT4, INTKEY, and INTRTC) which can release the HALT mode may not be able to do so if
they are input during the period CPU is shifting to the HALT mode (for about 3 clocks of
frpH) with IDLE1 or STOP mode (RUN and IDLE2 are not applicable to this case). In this
case, an interrupt request is kept on hold internally.

If another interruption is generated after it has shifted to HALT mode completely, halt
status can be released without difficulty. The priority of this interrupt is compared with
that of the interrupt kept on hold internally, and the interrupt with higher priority is
handled first followed by the other interrupt.
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8. Package Dimensions

P-LQFP144-1616-0.40

Unit: mm
18.010.2
16.0£0.1

16.0%0.1
18.0%0.2

28 x

% <

"‘.”l\_f

Lr) ™
]0.08 g
17.0£0.2 +H
o

=)

o
0~10°
0.25

93CS20-261 2004-02-10



TOSHIBA TMP93CS20

93CS20-262 2004-02-10



