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Preface

Thank you very much for making use of Toshiba microcomputer LSIs.
Before use this LS|, refer the section, "Points of Note and Restrictions".
Especially, take care below cautions.

**CAUTION**

How to release the HALT mode

Usually, interrupts can release all halts status. However, the interrupts = (NMI,
INTO), 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 X1) with
IDLE or STOP mode. (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 difficultly. The priority of this interrupt is
compare with that of the interrupt kept on hold internally, and the interrupt with
higher priority is handled first followed by the other interrupt.




TOSHIBA TMP96C031Z

Document Change Notification

The purpose of this notification is to inform customers about the launch of the Pb-free version of the
device. The introduction of a Pb-free replacement affects the datasheet. Please understand that this
notification is intended as a substitute for a revision of the datasheet.

Changes to the datasheet may include the following, though mot all of 'them may apply to this
particular device.

1. Part number
Example: TMPxxxxxxF — TMPxxxxxxFG

All references to the previous part number were left unchanged in body text. The new
part number is indicated on the prelims pages{cover page and this notification).

2. Package code and package dimensions
Example: LQFP100-P-1414-0.50C — LQFP100-P-1414-0.50F

All references to the previous package code and package dimensions were left unchanged
in body text. The new ones areindicated on the prelims pages:.

3. Addition of notes on lead solderability
Now that the device is Pb-free, notes on lead solderability have been added.

4. RESTRICTIONS ON PRODUCT USE

The previous (obsolete) provision might be left unchanged on page 1 of body text. A new
replacement is included on the next page.

5. Publication date of the‘datasheet

The publication date at the lower right corner of the prelims pages applies to the new
device.

I 2008-02-20



TOSHIBA TMP96C031Z

1. Part number

Previous Part Number (in Body Text) New Part Number
TMP96C031ZF TMP96C031ZFG

2. Package code and dimensions

Previous Package Code (in Body Text) New Package Code
QFP64-P-1420-1.00A QFP64-P-1420-1.00A
*: For the dimensions of the new package, see the attached Package Dimensions diagram.

3. Addition of notes on lead solderability

The following solderability test is conducted on the new device:.

Solderability of lead free products

Test Parameter Test Condition Note

Use of Sn-37Pb solder Bath
Solder bath temperature = 230°C, Dipping time =5 seconds

The number of times = one, Use of R-type flux Pass:
Solderability Use of Sn-3.0Ag-0.5Cu solder bath Solderability-rate until forming
Solder bath temperature = 245°C, Dipping time = 5 seconds 2 95%

The number of times = one, Use of R-type flux
(use of lead free)

4, RESTRICTIONS ON PRODUCT USE
The following replaces the “RESTRICTIONS ON PRODUCT USE” on page 1 of body text.

RESTRICTIONS ON PRODUCT USE 20070701-EN

¢ The information contained herein is subjectto change without notice.

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 malfunction or-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 his document shall
be made atthe customer’s own risk.

e The products described in this document shall not be used or embedded to any downstream products of which
manufacture;.use and/or sale are prohibited-under any applicable laws and regulations.

¢ The informationcontained herein is presented only as a guide for the applications of our products. No responsibility
isassumed 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 patents or other rights of TOSHIBA or the third
parties.

e Please contact your sales representative for product-by-product details in this document regarding RoHS
compatibility. Please use these products in this document in compliance with all applicable laws and regulations that
regulate the inclusion or use of controlled substances. Toshiba assumes no liability for damage or losses occurring
as a result of noncompliance with applicable laws and regulations.

e For adiscussion 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.

5. Publication date of the datasheet

The publication date of this datasheet is printed at the lower right corner of this notification.

II 2008-02-20
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(Annex)
Package Dimensions

QFP64-P-1420-1.00A

Unit: mm
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TOSHIBA TMP96C031Z

CMOS 16-bit Microcontrollers

TMP96C031ZF

1. Outline and Device Characteristics

TMP96C031Z is high-speed advanced 16-bit microcontrollers developed for
controlling medium to large-scale equipment. The TMP96C031ZF comes in a 64-pin flat

package.
(1) Original 16-bit CPU

® TLCS-90 instruction mnemonic upward compatible.
® 16M-byte linear address space
® General-purpose registers and register bank system
16-bit multiplication / division and bit transfer/arithmetic instructions
® High-speed » DMA :4 channels (1.6 xs/2bytes @20MHz)
(2) Minimum instruction execution time :/200 ns (@20 MHz)
(3) External memory expansion
® Can be expanded up to16M-byte (for both programs and data).
e External data bus width selection pin (AMS8/16).
® Can mix 8- and 16-bit external data buses.
---Dynamic data bus sizing

(4) 8-bittimer . 4 channels

(5) 16-bit timer : 1 channel

(6) Pattern generator : 4 bits, 2 channels
(7) Serial interface : 2channels

(8) 6-bit A/D converter : 4 channels

(9) DRAM controller

(10) Watchdog timer

(11) Chip select/waitcontroller :4 blocks

(12) Interruptfunctions
® 3 CPU interrupts - SWI instruction, priviledged violation, and Illegal instruction
® 12 internal interrupts
® 9 externalinterrupts

(13) T/O ports

37 pins
(14) Standby function : 3HALT modes (RUN, IDLE, STOP)

:I 7-level priority can be set.

000707EBP1

@ 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.

@ 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..

@ 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 malfunction or 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.

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

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

96C031Z-1 2003-03-31



TOSHIBA TMP96C031Z
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Figure1 TMP96C031Z Block Diagram

96C031Z-2 2003-03-31



TMP96C0312Z

TOSHIBA

Pin Assignment and Function

2.

Pin Assighment

2.1

Figure 2.1 shows pin assignment of TMP96C031ZF.
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TMP96C0312Z

2.2 Pin Names and Functions

The names of input/output pins and their functions are described below.

Table 2.2 Pin Names and Functions.

Pin name "é,‘#’gﬁgr 1/0 Functions

ADO to AD7 8 Tri-state | Address/data (lower): 0to 7 for.address/data bus

AD8to AD15 8 Tri-state | Addressdata (upper): 8to 15 foraddress/data bus

A8to A15 Output | Address: 8to 15 for address bus

P20 to P27 8 I/0 | Port2: I/O port that allowsselection of I/0 on a bit basis
(with pull-down resister)

AO0to A7 Output | Address: 0to 7 for addressbus

A16to A23 Output | Address: 16 to 23 for address bus

P30 1 I/0 | Port30: I/O port (with pull-up register)

TO5 Output | Timer output5: Timer 4 output pin

HWR Output | High write: Strobe signal for writing data on pins AD8 to 15

P31 1 I/0 | Port31:1/0 port (with pull-up register)

TIO Input | Timerinput0: Timer 0 input

WAIT Input | Wait: Pinused to request CPU bus wait

P32 1 I/0 | Port’32:1/0port (with pull-up register)

BUSRQ Input | Busrequest: Signal used to request high impedance for ADO to 15,
A0to 23, RD, WR,HWR, R/W, RAS, €S0, CS1, and CS2 pins.
(For external DMAC)

P33 1 I/01" Port 33: 1/0 port (with pull-up register) o

BUSAK Output | Busacknowledge: Signal indicating that ADO to 15, AQ to 23, RD,
WR,HWR, RAW, RAS, CS0, CS1, and CS2 pins are at high impedance
after receiving BUSRQ.

P34 1 I/0 /| Port 34: 1/Q port(with pull-up register)

RW Output | ReadAwrite: 1 represents read or dummy cycle; 0, write cycle.

NMI Input | Non-maskableinterrupt request pin: Interrupt request pin with
falling edge. Can also be operated at rising edge by program.

P35 1 I/0 | Port35:1/0 port (with pull-up register)

RAS Output | Row address strobe: Outputs RAS strobe for DRAM.

INT7 Input | Interruptrequest pin 7: Interrupt request pin with rising edge.

P40 1 Output | 'Port 40: Output port

CS0 Output-| Chip select 0: Outputs 0 when address is within specified address
area.

P41 1 Output | Port41: Output port

[«3] Output | Chipselect 1: Outputs 0 if address is within specified address area.

Note : The internal I/0 of this device cannot be accessed using an external DMA controller.

96C031Z-4 2003-03-31




TOSHIBA TMP96C031Z

Pin name "{,‘#’Bi?gr I/0 Functions

P42 1 Output | Port42: Output port (with pull-up resister)

Ccs2 Output | Chip select 2: Outputs 0 if address is within specified address area.

P43 1 Output | Port43: Output port (with pull-up resister)

Cs3 Output | Chip select 3: Outputs 0 if address is within'specified address area.

CAS Output | Column address strobe : Output CAS strobe for DRAM if address is
within specified address area.

VREF 1 Input | A/D convertor reference voltage input

P50 to P53 4 Input | Port50to 53: Input port

ANO to AN3 Input | Analog input: Inputto-A/D converter

INTO to INT3 Input | Interruptrequest pin 0:Interrupt request pin with programmable
level/rising edge.
Interrupt request pin 1:Interrupt request pin with programmable
rising/falling edge.
Interrupt request pin 2 to 3: Interrupt request pin with rising edge.

P60 1 /0 | Port60: /O port

TxDO Output | Serial send data 0

PG00 Output | Pattern-generator port 00

P61 1 I/O | Port61:1/O port

RxDO Input | Serialreceive data 0

PGO1 Output | Pattern generator port01

P62 1 /0| Port62: 1/0 port

CTSO Input | Serial datasend enable 0 (Clear to Send)

PG02 Output [ Pattern generator port 02

P63 1 I/0"| Port63:1/0 port

RFSH Output | Refresh out: This is astate signal output pin which indicates that
the DRAM controller is in refresh cycle.

PGO3 Output | Patterngeneratorport03

P64 1 /0 | /Port64:1/0O.port

PG10 Output | Pattern generator port 10

P65 1 I/0 | Port65:1/0 port

PG11 Output [ Pattern generator port 11

P66 1 /0] Port 66: 1/0 port

INT6 Input | Interrupt request pin 6 : Interrupt request pin with rising edge.

PG12 Output [ Pattern generator port 12

P67 1 I/0_}"Port 67: 1/0 port

WDTOUT Output | Watchdog timer output pin

PG13 Output | Pattern generator port 13

P70 1 I/O | Port70:1/O port

TO1 Output | Timer output 1: Timer 0 or 1 output pin

TO4 Output | Timer output4: Timer 4 output pin

96C031Z-5 2003-03-31
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Pin name "g‘%’gﬁ,%r /0 Functions

P71 1 I/O | Port71:1/0 Port

TO3 Output | Timeroutput 3: Timer 2 or Timer 3 output pin

DMUX Output | DRAM address multiplexor : This pin outputs row address, column
address, and selector select signal.

P72 1 I/O | Port72:1/0 Port

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

TI4 Input | Timerinput4: Timer 4 count/capturetrigger signalinput

P73 1 /O | Port73:1/0 Port

INT5 Input | Interruptrequest pin 5:Interrupt request pin with rising edge.

TI5 Input | Timerinput5: Timer 4 count/capture trigger signal input

P74 1 I/0 | Port74:1/0 Port

TxD1 Output | Serial send data 1

P75 1 /O | Port75:1/0 Port

RxD1 Input | Serial receive data 1

P76 1 I/O | Port76:1/0 Port

SCLK1 I/0 | Serial clock1/0O 1

CLK 1 Output | Clockoutput: Outputs [ X1 +4 ] clock. Pulled-up during reset.

RD 1 Output | Read:Strobe signal for reading external memory.

WR 1 Output | Write:'Strove signal for writing data on pins ADO to 7.

AMS8/16 1 Input | Address mode : External data bus width selection pin. Setto “0”
for fixed external 16-bit bus or for mixed external 8/16 bit bus and
to “1" for fixed external 8-bit bus.

RESET 1 Input | Reset: Initializes LS. (With pull-up resister)

ALE 1 Output | Addresslatchenable

X1/X2 1 I/0 | Oscillatorconnecting pin

VCC 1 Power supply pin (+ 5 V) (All Vcc pins should be connected with the|
powersupply pin.)

VSS 1 GND pin(0 V) (All Vss pins should be connected with GND (0 V).)

Note:  Pull-up/pull-down resister can.be released from the pin by software.
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3.

3.1

3.1.1

Operation

This section describes in blocks the functions and basic operations of TMP96C031Z
device.

Check the [7. Care Points and Resection | because of the Care Points etc are
described.

CPU

TMP96C031Z device have a built-in high-performance 16-bit CPU (900_CPU). (For
CPU operation, see TLCS-900 CPU in the previous section).

This section describes CPU functions unique to TMP96C031Z that are not described
in the previous section.

Reset

To reset the TMP96C031Z, the RESET input must be kept at 0 for at least 10 system
clocks (10 states: 1 xs with a 20 MHz system clock) within an operating voltage range
and with a stable oscillation.

When reset is accepted, the CPU sets as follows:

Program counter (PC) to 8000H.

Stack pointer (XSP) for system mode to 100H.

SYSM bit of status register (SR) to 1. (Sets to system mode.)

IFF2 to 0 bits of status register to 111. (Sets mask register to interrupt level 7.)
MAX bit of status register to 0. (Sets to minimum mode)

Bits RFP2 to 0 of status register to 000. (Setsregister banks to 0.)

When reset is released, instruction execution starts from address 8000H. CPU internal
registers otherthan the above arenot changed.
When reset is accepted, processing for built-in I/Os, ports, and other pins is as follows

® Initializes built-in I/0 registers as per specifications.

® Sets ‘port pins (including pins also used as built-in I/Os) to general-purpose
input/output port mode (sets I/O ports to input ports).

® Pullsup the CLK pin to 1.

® Sets the ALE pin to 0.

96C031Z-7 2003-03-31
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3.1.2 External Data Bus Width Selection Pin (AM8/16)

The TMP96C031Z automatically operates in 8-bit bus/16-bit bus mode after reset
depending on how the AMS8/16 pin is set.

® For mixed external 8/16-bit data bus or fixed 16-bit data bus
Set this pin to “0”. Then the AD8 to 15/A8 to 15 pins are fixed tofunctions ADS8 to 15.

The external data bus width is set by the chip select/wait control register described in
section 3.6.1.

® For fixed external 8-bit data bus
Set this pin to “1”. Then the AD8 to 15/A8 to 15 pins are fixed to functions A8 to 15.

The value of chip select/wait control register bit 4 (<BOBUS>, <B1BUS>,
<B2BUS>, <B3BUS>) described in section 3.6.1 is ignored and the bus is fixed
external 8-bit data.

96C031Z-8 2003-03-31
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3.2 Memory Map
Figure 3.2 is a memory map of the TMP96C031Z.

000000H A
Direct
000080H ari? n)
000100H
64K-Byte area
008000H (nn)
010000H
16M-Byte area
(R)
(-R)
(R+)
(R +R8/16)
(R +d8/16)
(nnn)
FFFFFFH

| =Internal area)

Note ;- The start address after reset is 8000H. Resetting sets the stack pointer (XSP) on the
system mode side to 100H.

Figure3.2 Memory map
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3.3 Interrupts

TLCS-900 interrupts are controlled by the CPU interrupt mask flip-flop (IFF2 to 0)
and the built-in interrupt controller.
TMP96C031Z has altogether the following 24 interrupt sources:

® Interrupts from the CPU---3
(Software interrupts, privileged violations, and Illegal (undefined)
instruction execution)

® Interrupts from external pins (NMI, INTO to7)---9
® Interrupts from built-in I/Os--- 12

A fixed individual interrupt vector number is assigned to each interrupt source; six
levels of priority (variable) 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 interupt source to the CPU. When more than one interupt 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 0). If the value is greater than that the CPU interrupt mask
register, the interrupt is accepted. The value in the CPU interrupt mask register (IFF2
to 0) can be changed using the EI instruction (contents of the EI num/IFF<2:0> =
num). 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. The DI instruction (IFF<2:0> = 7) operates in the same way as the EI 7
instruction. Since the priority values for maskable interrupts are 0 to 6, the DI
instruction is used to disable maskable interrupts to be accepted. The EI instruction
becomes effective immediately after execution. (With the TLCS-90, the EI instruction
becomes effective after execution of the subsequent instruction.)

In addition to the general-purpose interrupt processing mode described above, there
is-also a high-speed ;. DMA processing mode . High-speed » 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 3.3 (1) is a flowchart showing overall interrupt processing.

96C031Z-10 2003-03-31
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General-purpose
interrupt processing

Qnterrupt Processing)

Read Interrupt vector V.
Clear interrupt request F/F.

ectorV an

YES

high-speed xDMA
start vector match

NO

PUSH PC

PUSH SR

SR<IFF2 to 0 ><«Accepted
interruput
level + 1

SR<SSYSM >« 1

PC <V +8000H

7

Interrupt processing
program

RETI Instruction

POP SR
POP PC

YES

Data transfer'by
«DMA

COUNT «~COUNT -1

COUNT =0

NO

¢ End )

Figure3.3 (1) Interrupt Processing Flowchart

» DMA
processing

310189
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3.3.1

General-Purpose Interrupt Processing
When accepting an interrupt, the CPU operates as follows:

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

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

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

(4) The CPU sets the <SYSM > flag of the status register to 1 and enter the system
mode.

(5) The CPU jumps to address 8000H + interrupt vector, then starts the interrupt
processing routine.
The table below shows the number of execution states for the above processing

times.
. Number of interrupt processing execution states
Bus width of stack area MAX mode MIN mode
8-bit 23 19
16-bit 17 15

To return to the main routine after completion of the interrupt processing, the RETI
instruction is/usually used. Executing this instruction restores the contents of the
program counter and the status registers.

Though acceptance of non-maskable interrupts cannot be disabled by program,
acceptance of maskable interrupts can. A priority can be set for each source of maskable
interrupts. The CPU accepts an interrupt request with a priority higher than the value
in the CPU mask register <IFF2 to 0>. The CPU mask register <IFF2to 0> issettoa
value higher by 1 than the priority of the accepted interrupt. Thus, if an interrupt with
a level higher than the interrupt being processed is generated, the CPU accepts the
interrupt with the higher level, causing interrupt processing to nest. When an interrupt
is generated while the CPU is executing processes (1) to (5) above for a previous
interrupt and the latest interrupt has higher priority to the previous interrupt, the
latest interrupt is accepted before the start instruction in the interrupt processing
routine is executed. The interrupts are nested. The same applies when two non-
maskable interrupts (level 7) are generated as above. The CPU does not accept an
interrupt request of the same level as that of the interrupt being processed.

Resetting initializes the CPU mask registers <IFF2 to 0> to 7; therefore, maskable
interrupts are disabled.
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The addresses 008000H to 0081FFH (512 bytes) of the TLCS-900 are assigned for
interrupt processing entry area.

Table3.3 (1) TMP96C031Z Interrupt Table

Default Vector value High-speed
oriority Type Interrupt source g Start address micro ec'\tllc;Ar

1 Reset , or SWIO instruction 000O0OH|8000H -

2 INTPREV : Privileged violation, or SWI1 0010H|8010H -

3 INTUNDEF : lllegal instruction, or SWI2 0020H|(8020H -

4 Non- SWI 3 instruction 0030H|8030H -

5 maskable |SWI 4 instruction 0040H|8040H -

6 SWI 5 instruction 0050H|8050H -

7 SWI 6 instruction 0060H|8060H -

8 SWI 7 instruction 0070H|8070H -

9 NMI Pin 0080H|8080H 08H
10 INTWD  : Watchdogtimer 0090H|8090H 09H
11 INTO pin O0OAOQOH|80AOH 0AH
12 INT4 pin O0OBOH|80BOH OBH
13 INTS5 pin 0O0COH|80COH OCH
14 INT6 pin O0ODOH|80DOH ODH
15 INT7 pin OOEOH|8O0EOH OEH
- (Reserved) OOFOH|8O0FOH OFH
16 INTTO : 8-bittimer0 0O1T00H|8100H 10H
17 INTT1 : 8-bittimerl 0110H|8110H 11H
18 INTT2 : |8-bittimer2/PWMO 0120H|8120H 12H
19 INTT3 : 8-bittimer3/PWM1 0130H|8130H 13H
20 INTTR4/ [ 1 /16-bit timer4 (TREG4) 0140H|8140H 14H
21 Maskable |INTTR5 :__16-bit timer4 (TREG5) 0150H|8150H 15H
22 (Reserved) 0160H|8160H 16H
23 (Reserved) 0170H|8170H 17H
24 INTRXO  : Serialreceive (Channel.0) 0180H|8180H 18H
25 INTTXO : Serial send (Channel.0) 01T90H|8190H 19H
26 INTRX1 : Serial receive (Channel.1) 01TAO0OH|81AO0OH 1AH
27 INTTX1 : Serial'send (Channel.1) 01BOH|81BOH 1BH
28 INTAD : A/D conversion completion 01COH|81CO0H 1CH
29 INT1 pin 0O1TDOH|81DOH 1DH
30 INT2 pin O1TEOH|81EOQOH 1EH
31 INT3 pin 0O1TFOH|81FO0OH 1FH

96C031Z-13 2003-03-31



TOSHIBA TMP96C031Z

3.3.2 High-speed . DMA

(1)

In addition to the conventional interrupt processing, the TLCS-900 also has a high-
speed  DMA function. When an interrupt is accepted, in addition to an interrupt
vector, the CPU receives data indicating whether processing is high-speed » DMA mode
or general-purpose interrupt. If high-speed » DMA mode is requested, the CPU
performs high-speed » DMA processing.

The TLCS-900 can process at very high speed compared with the TLCS-90 . 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 (privileged) instruction.

High-speed . DMA operation

High-speed » DMA operation starts when the accepted interrupt vector value
matches the . DMA start vector value set in the interrupt controller. The high-speed .
DMA has four channels so that it can be set for up to four types of interrupt source.

When a high-speed , DMA interrupt is accepted, data is 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, high-speed ;o 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/destination addresses.
However, the TLCS-900 has only 24 address pins for output. A 16M-byte space is
available for the high-speed » DMA. Also in normal mode operation, the all address
space (In other words, the space for system mode which is set by the CS/WAIT controller)
can be accessed by high-speed . DMA processing.

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

The transfer counter has 16-bit, 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 high-speed , DMA processing.

After transferring data using the high-speed  DMA and the transfer counter has
been decremented to 0, the program goes to a general-purpose interrupt processing.
Note that after interrupt processing, when an interrupt for the same channel is
generated, if the system requires re-setting, the transfer counter restarts from 65536.

The following section illustrates the high-speed xDMA cycle when the transfer
destination address is in INC mode. (MIN mode, 16-bit bus for all address areas, 0 wait)

Interrupt sources processed by high-speed « DMA processing are those with the high-
speed » DMA start vectors listed in Table 3.3 (1).
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(2) Register configuration (CPU control register)

Channel0
DMASO
DMADO
DMACO
DMAMO
Channel1
DMAS1
DMAD1
DMAC1
DMAM/1
Channel2
DMAS2
DMAD?2
DMAC2
DMAM2
Channel3
DMAS3
DMAD3
DMAC3
DMAM3
<8-bit—>-
16-bit
| 32-bit

Transfer source address register 0
Transfer destination address register0
Transfer counter register 0

Transfer mode register 0

Transfer source address register 1
Transfer destination-address register 1
Transfer counter register)1

Transfer mode register1

Transfersource address register 2
Transfer destination address register 2
Transfer counter register 2

Transfer mode register2

Transfer source address register 3
Transfer destination address register 3
Transfer counterregister 3

Transfer mode register 3

Only the LDCcr.riinstruction can set data.in those control registers.

:|(Use only lower 24-bit.)

(1to 65536)
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(3) Transfer mode register details

(DMAMO to 3)
0 0 0 O Mode Note : When specifying values for this
I I register, set the upper 4-bit to 0.
| | |
execution time (Min. 20 MHz)
l vy Z:0= byte transfer, 1 =word transfer {

0 0 0 Z [Transferdestination addressINC mode ....... for/1/O to memory 16 states
(DMADN +) « (DMASN)
DMACn«<DMACh -1 (1.6 us)
if DMACn =0 then INT.

0 0 1 Z [Transferdestination addressDEC mode ...... for1/0 to memory 16 states
(DMADnN =) « (DMASN)
DMACn«<DMACh -1 (1.6 us)
if DMACN =0 then INT.

0 1 0 2Z |Transfersource addressINCmode .| .. ... for 1/0 to memory 16 states
(DMADN) « (DMASN +)
DMACn«<DMACnH -1 (1.6 us)
if DMACN =0 then INT.

0 1 1 2Z |Transfersource addressDECmode ............ for /0 to'memory 16 states
(DMADN) « (DMASN =)
DMACn«<DMACnH -1 (1.6 us)
if DMACNH =0 then INT.

1 0 0 Z |Fixedaddressmode ................................. oo /0 to 1/0 16 states
(DMADN) « (DMASN)
DMACn«<DMACH = 1 (1.6 us)
if DMACNH =0 then INT.

1 0 1 1 |Countermode.. .li.h0 for interrupt counter 11 states
DMASn<DMASNH + 1
DMACNn«<DMACnH -1 (1.1 us)
if DMACnh =0 then INT.

(1 states =100 ns)

Execution time: When 16-bit bus width and 0 wait are set for the transfer destination/source
address.

Note : n :-corresponds to high-speed « DMA channels 0 to 3.
DMADn +/DMASN + : Post-increment (Increments register value after transfer.)
DMADn —/ DMASK = : Post-decrement (Decrement register value after transfer.)

All address space (the space for system mode) can be accessed by high-speed . DMA.
Do not use undefined codes for transfer mode control.
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3.3.3 Interrupt Controller

Figure 3.3.3 (1) 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 20 channels) in the interrupt controller has an
interrupt request flip-flop, interrupt priority setting register, and a register for storing
the high-speed » DMA start vector. The interrupt request fip-flop is used to latch
interrupt requests from peripheral devices. The flip-flop is cleared to 0 at reset, when
the CPU reads the interrupt channel vector after the acceptance of interrupt, or when
the CPU executes an instruction that clears the interrupt of that channel (writes 0 in the
clear bit of the interrupt priority setting register).

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

INTEOl <~ ----0 --- Zero-clears the INTO Flip Flop.

The status of the interrupt request flip-flop is detected by reading the clear bit.
Detects whether there is an interrupt request for an interrupt channel.

The interrupt priority can be set by writing the priority in the interrupt priority
setting register (eg, INTEO01, INTE23, etc.) provided for each interrupt source. Interrupt
levels to be set are from 1 to 6. Writing 0 or 7 as the interrupt priority disables the
corresponding interrupt request. The priority of the non-maskable interrupt (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
priority (the smaller the vector value, the higher the priority).

The interrupt controller sends the interrupt request with the highest priority among
the simultaneous interrupts and its vector address to the CPU. The CPU compares the
priority value <IFF2 to 0> set in the Status Register by the interrupt request signal
with the priority value sent; if the latter is higher, the interrupt is accepted. Then the
CPU sets a value higher than the priority value by 1 in the CPU SR<IFF2 to 0>.
Interrupt requests where the priority value equals or is higher than the set value are
accepted simultaneously during the previous interrupt routine. When interrupt
processing is completed (after execution of the RETI instruction) , the CPU restores the
priority value saved in the stack before the interrupt was generated to the CPU
SR<IFF2to 0>.

The interrupt controller also has four registers used to store the high-speed » DMA
start vector. These are I/O registers; unlike other  DMA registers (DMAS, DMAD,
DMAM, and DMAC), they can be accessed in either normal or system mode. Writing the
start vector of the interrupt source for the » DMA processing (see Table 3.3.(1)), enables
the corresponding interrupt to be processed by » DMA processing. The values must be
set in the x DMA parameter registers (eg, DMAS and DMAD) prior to the » DMA
processing.
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(1)

Interrupt priority setting register

(Read-modify-write prohibited.)

Symbol | Address 7 6 5 4 3 12 G0
INT1 INTO
11C 1MM2 1 11V 11MO 10C 10M2 10M1 10MO
INTEO1 70H *
0 0070 R/W W RIW W
0 0 0 0 0 i o0 i~—0-. {0
INT3 INT2
13C 13M2 13M1 13MO 12C @ 12M2 12M1 12M0
INTE23 0071H :
R/W W R/W W
0 0 : 0 0 0 : 0 .0 i 0
INTS ] INT4
15C I5M2 I5M1 I5MO 14C [+ 14M2 14M1 14M0
INTE45 0072H -
R/W W R/IW & w
0 0 0 0 0 + -0 : 0 : /0
INT7 INT6
INTE67 0073H 17C 17M2 17M1 17MO 16C 1612 16M 1 16MO
R/W W RIW " : W
0 0 : 0 0 0 + 0 : 0 -0
INTT1 (Timer 1) INTTO (Timer0)
ITIC : ITIM2 : ITIM1 :/ITIMO ITOC @ ITOM2 : ITOM1-+ ITOMO
INTET1 74H : * - ; * *
0 00 R/W " RIW W
0 0 i 0 0 0 : 0/ /0 1 0
INTT3 (Timer 3) INTT2 (Timer 2)
IT3C : IT3M2 : |IT3M1 - IT3MO IT2C_ 1 IT2M2: IT2M1 | IT2MO
INTET32 | 0075H : :
R/W W RIW W
0 { 0 -t 0 0 0. i 0.1 0 i o0
__INTTR5 (TREGS) _ _INTTRA (TREG4) _
IT5C § IT5M2 i IT5M1 @ ITSMO ITAC : 1T4AM2 : ITAM1 | ITAMO
INTET54 0076H : :
RIW : Wi RIW w
0 0 i\ 0 0 0 { 0 i 0 i 0
i INTTXO _ i INTRXO ]
INTESO 0077H ITX0C ITXOM2 : ITXOM1 : ITXOMO |. IRX0C IRXOM2 : IRXOM1 : IRXOMO
RIW/ W RIW \'
0 0 : 0 0 0O ¢+ 0 0 ¢ 0
INTTX1 INTRX1
ITX1C/F ITXIM2 § ITXINMA | ITXTMO/| IRX1C i IRX1M2 i IRX1M1 i IRX1MO
INTES1 78H ; * S : * *
S 00%% R/W W R/W W
0 0 : 0 0 0 : 0 : 0 : 0
INTAD
INTEAD 0079H IADC IADM2 : IADM1: IADMO
R/W W
0 0 i o0 0
Il Il
J I ]
)|
|_, IxxM2 IxxM1 IxxMO0 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'tcare-----

«Interrupt source
<«bit Symbol
«Read/Write
«After reset

96C0312Z-20
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(2) External interrupt control

Interrupt Input Mode Control Register 0

7 i 6 ¢ 5 i 4 i 3 i 2 1 P00
IMCO |bit Symbol | 14IE i I31E ¢ 126 I MIE i MEM i I0IE i IOLE i NMIREE
(007AH) Read/Write w
After reset o i o { o { 0o i o ir0 &0y i o
1:INT4  i1:INT3 D1:INT2  P1:INT1 0:INT1  1:INTO- :0:INTO :1:Canbe
Input ‘Input ‘Input ‘Input ‘rising {Input ‘edge | operated
Functi enable ‘enable ‘enable ‘enable ‘edge ‘enable ‘mode Lin NMIT
unction : : : . : . :
51.|NT1 é:.II\:TO  rising
éfalllng ; : eve  edge.
: : : ‘edge : imode :
L - & - & - Y - - 1 -
Read-modify-write is
rohibited. (S
p |—> NMI rising-edge enable
|—> INTn Input enable 0 | Interrupt request géneration at
0 | INTn Inputdisable falling edge
1 | INTn Input enable 1 | Interrupt request generation at
rising/falling edge
Note: The INTO pin can also be used for standby release as described later. ———> INTO level enable
Even if: the .pin is not used fo? standl?y release, setting <IOIE > to 0 |[Rising edge detect interrupt
“0” maintains the port function during standby mode. - -
1 | High level interrupt
L—— > INT1level enable

0 | Rising edge detect interrupt

1 | Falling edge detect interrupt

Interrupt Input Mode Control Register 1

7 )i & i 5. i a4 /4y 3 P2 i1 0
IIMC1 | bit symbol 7 i BE i ISIE
(007BH) Read/Write W
After reset 0 0 0
: : : : 1DINT7 S1:INT6 £ 1:INTS
in in iIn
Function onle omble Lamable

Read-modify-writeis
prohibited.

I—> INTn Input enable

0 | INTnInputdisable
1 | INTn Input enable
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Setting of External Interrupt Pin Functions

Interrupt | Pinname Mode Setting method

“\_ Fallingedge |IIMCKNMIREE>=0

NMI P34 Rising and IIMC<NMIREE> =1
I
falling edges

4 Risingedge |IIMCKIOLE> =0,<IOIE> = 1
INTO P50

70U Level IIMCKIOLE> = 1,<I0IE> =1

4 Risingedge |[IIMC<ITEM> =0
INT1 P51

“\_ Fallingedge [IIMCKITEMY =1
INT2 P52 £ Risingedge [IIMCKI2IE> =1
INT3 P53 £ Risingedge |IIMCKI3IE> =1

_f Risingedge |TAMOD<KCAP12M1,0>=0,00r0, 1or1, 1
INT4 P72

“\_ Falling edge | |T4AMOD<CAP12M1,0>=1,0
INTS P73 £ Rising edge e
INT6 P66 £ Risingedge |IIMCKIBIE> =1
INT7 P35 4 Risingedge - |IIMCIZIE> =1
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(3) High-speed .DMA start vector
When the CPU reads the interrupt vector after accepting an interrupt, it
simultaneously compares the interrupt vector with each channel's high-speed DMA
start vector (bits 4 to 8 of the interrupt vector). When both match, the interrupt is
processed in ~DMA mode for the channel whose value matched.
If the same vector is set as a high-speed 4xDMA start vector for two or more channels,
the channel with the smallest number has the highest priority.
©DMADO Start Vector (read-modify-write isnot possible.)
7 ¢ 6 | 5 4 1 3 o2t/ 1 i 0
DMAOV |bit symbol DMAOVS | DMAOV7-  DMAOV6, ;| DMAQV5 i DMAOVA
(007CH) Read/Write W
After reset 0 0 0 0 0
Function [When bits 4 to 8 of the interrupt vector match bits 0 to 4 of DMAOV; high-spéed xDMA channel 0'is processed:
¢DMAT1 Start Vector (read-modify-write is not possible.)
7 ¢ 6 i s 4.3 12 iy i 0
DMA1V |bit Symbol DMA1V8 i DMA1V7 | DMATV6 i DMA1VS : DMATV4
(007DH) Read/Write '
After reset 0 0 0 0 0
Function |When bits 4 to 8 of the interrupt vector match bits 0 to 4 of DMAQV, high-speed «DMA channel 1 is processed.
¢DMA2 Start Vector (read-modify-write is not possible.)
7 i 6 i 5 4 ¢ 3 12/ i 1 i 0
DMA2V |bit Symbol DMA2V8 | DMA2V7 | DMA2V6 : DMA2V5 : DMA2V4
(007EH) Read/Write w
After reset 0 0 0 0 0
Function |When'bits4 to8 of thelinterrupt vector match bits 0 to 4 of DMAOV; high-speed «DMA channel 2 is processed.
¢DMAS3 Start Vector (read-modify-write is not possible.)
77/¢ 6 i 5 4 3 1 2 i 1 i 0
DMA3V |bit Symbol DMA3V8 i DMA3V7 | DMA3V6 : DMA3V5 | DMA3V4
(007FH) Read/Write w
After reset 0 0 0 0 0
Function |When bits 4 to 8 of the interrupt vector match bits 0 to 4 of DMAOV, high-speed #«DMA channel 3 is processed.
(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 an interrupt
request flag of an interrupt is fetched before the interrupt is generated, it is possible that
the CPU might execute the fetched instruction to clear the interrupt request flag while
reading the interrupt vector after accepting the interrupt. If so, the CPU would read the
default vector 00AOH and start the interrupt processing from the address 80AOH.

To avoid this, make sure that the instruction used to clear the interrupt request flag
comes after the DI instruction.
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3.4 Standby Function

When the HALT instruction is executed, the TMP96C031Z enters RUN, IDLE, or
STOP mode depending on the contents of the HALT mode setting register.

(1) RUN : Onlythe CPU halts; power consumption remains unchanged.

(2) IDLE : Only the built-in oscillator operates, while all other built-in circuits
halt. Power consumption is reduced to 1/10 or less than that during
normal operation.

(3) STOP : Allinternal circuits including the built-in oscillator halt. This greatly
reduces power consumption.

The states of the port pins in STOP mode can be set as listed in Table 3.4 (1) using the
I/O register WDMOD <DRVE > bit.

7 | 6 1 5 L4 i3 1 20 i/ )7 9
WDMOD/| bit Symbol | WDTE : WDTP1 i WDTPO i WARM i HALTM1 i HALTMO i RESCR” : DRVE
(005CH) | Read/write R/W
After reset 1 i 0 i o0 i 0 io0 0ol i o i o0
1:WDT 00:2%/fc ;Warming iStandby mode $1: Connects i1 : Drive
Enable i  01:2%/fc . uptimei —00:RUN__mode ;Wwatchdog pin even
: : : L 5
Function P10:2%/fc {0:2'%/fc | 01:STOP mode : ™' iin STOP
H > ® 10: IDLE d outputto mode.
11:2%2/4c 51:2 /fc i : mode REsEToin |
Detection time i 11:Don't care internally.

When STOP mode is released by other than a reset, the system clock output starts
after allowing some time for warming up set by the warming-up counter for stabilizing
the built-in oscillator. (Same for external oscillator.) To release STOP mode by a reset, it
is necessary toallow/a reset time long enough'to allow the oscillator to stablilize.

To release standby mode, a reset or an interrupt is used. To release IDLE or STOP
mode, only an interrupt by the NMI or INTO pin, or a reset can be used. The details are
described below.

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

INTO), 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
X1) with IDLE or STOP mode. (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 difficultly. The priority of this interrupt is
compare 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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Note :

Standby Release by Interrupt

Interrupt level

Interrupt mask (IFF2 to 0)
= interrupt request level

Interrupt mask-(IFF2 to 0)
>interrupt request level

Standby mode
Can be released by any interrupt. | Can only be released by INTO pin.
RUN After standby mode isreleased, |Processing resumesfrom address
interrupt processing starts. next to HALT instruction.
Can only be released by NM| or
IDLE INTO pin. Afterstandby mode is 1
released, interrupt processing
starts.
STOP 1 )

When releasing standby by setting INTO to high in level input mode, keep it high
until interrupt processing starts. If the level drops to low, interrupt processing
cannot be started correctly.
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Table 3.4 (1) Pin statesin STOP mode
Pin name 1/0 DRVE =0 DRVE =1
ADO to AD7 ADOto7 - -
AD8to AD15 AD8to 15 - -
A8to 15 -
P20 to P27 Input mode
Output mode/A16to 23
P30 to P33 Input mode
Output mode
P34 (RAW/NMI) Input mode
Output mode
NMI
P35 (RAS/INT7) Input mode
Output mode PU* Output
RAS Output Output
P40 to P42 (CSO to CS2) Output PU* Output
P43 (CS3/CAS) Output PU* Output
CAS Output Output
P50 (ANO/INTO) Input - Input
INTO Input Input
P51 to P53 Input = Input
P60 to P66 Input mode = Input
Output mode - Output
P67 (PG13/WDTOUT) Input mode - Input
Output mode - Output
WDTOUT Output Output
P70 to P76 Input mode - Input
Output mode - Output
ALE Output "0" "o"
CLK Output - I
RESET Input
WR Output - "1" Qutput
RD Output - “1" Qutput
AMS8/16 Input Input Input
X1 Input - -
X2 Output I I

- 7 Input for input mode/input pinis invalid; output mode/output pin is at high impedance.

Input enable state

Input_ " _“Input gate in operation. Fix input voltage to 0 or 1 so that input pin stays constant.

Output: Outputstate

PU : Programmable pull-up-pin. Fix the pin to avoid through current since the input gate operates when a
pull-up resistor is not set.

PD 1 Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set.

¥ :  Input gate disable state. No through current even if the pin is set to high impedance.

Note:  Port registers are used for controlling programmable pull-up/pull-down. If a pin is also used
for an output function (eg, TO1) and the output function is specified, whether pull-up or
pull-down is selected depends on the output function data. If a pin is also used for an input
function, whether pull-up or pull-down is selected depends on the port register setting

value only.
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3.5 Port Functions

The input/output ports of the TMP96C031Z consist of a total of 37 bits.

In addition to general purpose input/output port functions, these port pins also
function as input/outputs for internal CPU and built-in I/O. Table 3.5 (1) shows the
function of each port pin.

(R 1 =With programmable pull-up resistor

Table 3.5 (1) Port Function 1= With programmable pull-down resistor)
Port name | Pin name Numper Direction R Dir.ection. Pin name fqr built-in
of pins setting-unit function

Port2 P20 to P27 8 Input/Output | | Bit AOQ to A7/A16to A23
Port3 P30 1 Input/Output | 1 Bit TOS5/HWR

P31 1 Input/Output | 1 Bit TIO/WAIT

P32 1 Input/Output | 1 Bit BUSRQ

P33 1 Input/Output | 9 Bit BUSAK

P34 1 Input/Output |1 Bit RAN/NMI

P35 1 Input/Output. | T Bit RAS/INT7
Portd |P40 1 Output 0\ (Fixed) CS0

P41 1 Output 1 (Fixed) Cs1

P42 1 Output 1 (Fixed) CcS2

P43 1 Output 0 (Fixed) CS3/CAS
Port5 P50 to P53 4 Input - (Fixed) INTO to INT3 /ANO to AN3
Port6 P60 1 Input/Output | - Bit PGO00/TxDO

P61 1 Input/Output | - Bit PGO01/RxD0

P62 1 Input/Output | - Bit PG02/CTSO

P63 1 Input/Output | - Bit PGO3/RFSH

P64 1 Input/Output | - Bit PG10

P65 1 Input/Output | - Bit PG11

P66 1 Input/Output |- Bit PG12/INT6

P67 1 Input/Output | - Bit PG13/WDTOUT
Port7 P70 1 Input/Output. |- Bit TO1/TO4

P71 1 Input/Output- | - Bit TO3/DMUX

P72 1 Input/Output | - Bit INT4/TI4

P73 1 Input/Qutput | - Bit INT5/TI5

P74 1 Input/Output | - Bit TxD1

P75 1 Input/Output | - Bit RxD1

P76 1 Input/Output | - Bit SCLK1

3.5.1. Programmable Pull-up/Pull-down

PORT2 has a built-in pull-down resistor and PORT3 and PORT4 have a built-in pull-
up resistor. Normally, their load can be turned on or off from software by setting the
value of the output latch (registers P2, P3, and P4) during input mode. They can also be
set in stand-by (STOP) mode and the load can be turned on or off when the immediately
preceding setting is the value of output latch in input mode or is the value of output data
in output mode.

Table 3.5 (2) lists the I/O port setting.
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Table 3.5 (2) 1/0 Port Setting (1/2)
1/Q REGISTER
Port PIN NAME PORT (I/0) or Function Pn PRCR PRFC PnCRL/PnCRH
PnnC1 PnnCO

Port 2 P2(0:7) Input Port (without Pull-down) 1 0 0 - -
Input Port (with Pull-down) 0 0 0 - -

Output Port X 1 0 - -

A (16:23) Output X 1 1 - -

Port 3 P3(0:5) Input Port (without Pull-up) 0 = - 0 0
Input Port (with Pull-up) 1 - - 0 0

Output Port X — = 0 1

P30 TO50utput X - - 1 0

HWROutput X - - 1 1

P31 TI0 Input (without Pull-up) 0 - — 0 0

TI0 Input (with Pull-up) 1 - - 0 0

WAIT Input (without Pull-up) 0 - - 0 0

WAIT Input (with Pull-up) 1 - - 0 0

P32 BUSRQ Input (without Pull-up) 0 - - 1 0

BUSRQ Input (with Pull-up) 1 - - 1 0

P33 BUSAK Output X = ~ 1 0

P34 NMI Input (without Pull-up) 0 - - 1 0

NMI Input (with Pull-up) 1 = - 1 0

R/W Output X = - 1 1

P35 RAS Output X - - 1 0

INT7 Input (Note 1) (without Pull-up) 0 - - 0 0

INT7 Input (Note 1) (with Pull-up) 1 - - 0 0

Port 4 P4 (0:3) Output Port X - 0 - -
P40 CS0 Output X - 1 - -

P41 CS1 Output X - 1 - -

P42 CS2 Qutput X - 1 - -

P43 CS3/CAS Output (Note 2) X - 1 - -

Port 5 P5(0:3) Input Port X - - - -
AN (0:3) Input (Note 3) X - - - -

INTO to 3 Input (Note 1) X - - — -

Port 6 P6 (0:7) Input Port X - - 0 0
Output Port X - - 0 1

PGnnOutput X - = 1 0

P60 TXD0Output X - - 1 1

P61 RXDO Input X - - 0 0

P62 CTS0 Input X - - 0 0

P63 RFSH Output X - - 1 1

P66 INT6 Input (Note 1) X - - 0 0

P67 WDTOUT Output X - - 1 1
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Table 3.5 (2) 1/0O Port Setting (2/2)
I/O.REGISTER
Port PIN NAME PORT (I/0) or Function Pn PRCR PREC PnCRL/PnCRH
PnnC1 PnnCO
Port7 P7 (0:6) Input Port X - - 0 0
Output Port X = — 0 1
P70 TO1 Output X - = 1 0
TO4 Output X - — 1 1
P71 TO3 Output X - - 1 0
DMUX Output X - - 1 1
P72 INT4/ T14 Input (Note 1) X = - 0 0
P73 INT5/TI5 Input (Note 1) X - - 0 0
P74 TXD1 Output X - - 1 0
P75 RXD1 Input X - = 0 0
P76 SCLK1 Input X - \ 0 0
SCLK1 Output X - — 1 0
Note 1: When these pins are used as INTO to 7 pins, set IIMCnregister.
Note 2: The function of P43 (C$3/CAS) is selected using CS/WAIT control register B3CS<B3CAS >
Note 3: When P5 (0 : 3) are used as input channels of the A/D converter, channels are selected using
ADMOD<ADCHNn>.
X Don’t care - : Noregister
Pn : Port register PnCRL : Port control register L
PnCR : Port control register PnCRH : Port.control registerH
PnFC : Port function register PnnC1, PnnCO : Bit Symbol
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3.5.2 Bus release function

The pull-up/down function explained in section 3.5.1 is also used to stabilize bus

control signal at bus release.
Table 3.5 (3) shows pin states at bus release (BUSAK = 0).

Table 3.5 (3) Pin states as bus release

) Pin states as bus release
Pin name
Port mode Function mode

ADO to AD15

ADO to AD7 — Becomes high-impedance.

(A8 to A15)

P20 to P27 No status change. First sets all bits to low, then sets output

(A16to 23) (Does not become high impedance.) | buffer to off. Internal pull-down is added
regardless of output latch value.

RD _ First-sets all bits to high, then sets them to

WR high impedance.

P30 (HWR) No status change. First sets all bits to high, then sets output

P34 (R/W) (Does not become high impedance.). |buffer to off. Internal pull-up is added
regardless of output latch value.

P40 (CS0) No status change. First sets all bits to high, then sets output

P41 (CS1) (Does not become high impedance.) |buffer-to off. Internal pull-up is added

P42 (CS2) regardless of output latch value.

P43 (CS3)

P71 (DMUX) No status change. First sets all bits to high, then sets them to

(Does not become high impedance.) |high impedance.
P63 (RFSH) No status change. No status change.
(Does not become high impedance.){ |(Does not become high impedance.)
P35 (RAS) No statuschange. No status change.
P43 (CAS) (Does not become high impedance.) |(Does not become high impedance.)

Figure 3.5 (1) 'shows the external bus interface when the bus release function is in
use. The internal I/O-of this device cannot be accessed when the bus is released.
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Vcc
TMP96C031Z

P00 to PO7
(ADO 10 7)

Vcc

> AD bus

(Internal pull P20 to P27 Upper address bus
down) (A16to 23)

P10to P17
(AD8 to 15)

Vcc

P30 (RD) 3
P31 (WR)

P63 (RFSH)
P71 (DMUX

) > System control
P30 (HWR)

P34 (R/W)
(Internal pull P35 (RAS)
down) P40 (CS0) J

P41(CS1)

P42 (CS2)

P43/CS3’ )
CAS) )

Figure 3.5(1) Externalbusinterface example when bus release function isin use

~
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353

Port 2 (P20 to P27)

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

input mode and connects

In addition to functioning as a general-purpose I/O port, Port 2 also functions as an

address bus (A16 to 23).
~ Reset
Direction control
(on bit basis)
P2CR write
]
e Function control
(on bit basis)

@
+
@ .
- P2FC write
2 Output
o latch L
o T Output buffer
+
c PZ erte
- N-ch

e

\ILG—' ( Programmable )

M pull-down

~ P2 read

Figure 3.5(2) Port2

Port 2
P20 to P27
(A16 to A23)
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Port 2 Register
7 6 i 5 i 4 i 3 2 1 0
P2 bit Symbol | P27 | P26 : P25 P24 P23 P22 P21 P20
(0006H) | Read/Write R/W
After reset Input mode (Pull-down)
0 0 o i o0 o i 0 0 0
Port 2 Control Register
7 ¢ 6 i 5 i 4 3 2 1 0
P2CR  |bit symbol | P27c i P26C i P25C p24C P23C i P22C P21C P20C
(0008H) Read/Write w
After reset o i 0 i 0 i 0 i 0 i-0 0 0
Function < < Pair P2CR with P2FC. See P2FC below.>>
Port 2 Function Register
7 6 i 5 i 4 3 i 2 1 0
P2FC  |pit symbol | P27F : P26F i P25F P24F P23F | P22F P21F P20F
(0009H) ; - -
Read/Write W
After reset 0 : 0 i 0, 0 0/ +-_0 0 0
Function P2FC/P2CR=00:IN, 01: OUT, 10—, 11:A23t0 16
I
Note: When using as an address bus, set > Port 2 function setting
P2CR first, then P2FC. FFC<PIXFS
R 0 1
® Read-modify-write is NG
prohibited for registers 0 Input -
P2CR and P2FC,
® Read-modify-write is 1 Output ?gggescs) t;g)s

prohibited for
controlling ON/OFF of
the pull-down resistor
for register P2.

Note: <P2XF> isbit X in register P2FC; <P2XC>; in register P2CR.

Figure 3.5 (3) Registers for Port 2
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3.5.4 Port 3 (P30 to P35)

Port 3 is a 6-bit general-purpose I/O port. I/O can be set bit by bit using control
registers PSCRL and P3CRH. Resetting sets all bits of P3 to 0; P30-to P35 to input mode
and connects a pull-up resistor. In addition to functioning as a general-purpose I/O port,
port 3 is also used for CPU control/status signal, interrupt input, and timer I/0.

Reset

[N
S
Output latch
P3 Write _—D
P3CRL
(bit1)
- f
=] Write
) —; -|>0'—|gP-ch EL?ELrjapmmable )
© P3CRL DO
: o ! a -
o f =102 > [ ] P30 (TOS/HWR)
_ Write Selecror
©
A
< B
o 1
+
c
d
[
=
A\N_— P3 Read
TO5 >—m—ro
HWR >———
Y~

Figure 3.5 (4) Port 3 (P30)
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Reset
—

S
Output latch

A
P3 Write é_ o
] D o - grammable
¥ P Ch(Pull-up )

P3CRL ‘

(bit3) > +—— | P31 (WATT/TIO)

bus

data

A
Write T
|
P3CRL

(bit2)

Write S
A
< Selector

L Bl
P3 Read

Internal

Internal
WAIT
TIO

¢ ¢

Reset

S
Outputlatch

bus

{>o_| ETP-ch 'Programmable )

Pull-up

data

¥
P3CRL
(bit5) >———+1{1r32 (BUSRQ)
Write

R |

P3CRL
(bit4)

I'mternal

Write S
A
rd! Selector

B |«
P3 Read

Internal
BUSRQ

Figure 3.5(5) Port 3 (P31, P32)
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Y

—

S

bus

Output latch

P3 Write
[

P3CRL

data

(bit7)

Write

I

P3CRL

Internal

(bit6)

A

~>|B

Write

S

o g v

Selector N

Programmable )
Pull-up

T

Internal

BUSAK

Reset

4

P3CRH

S

bu

(bit3)

A

Write

I ¥

P3CRH

data

(bit2)

/

Write

A

S

I nternal

Output
latch

A

l

P3 Write

1

S

Selector

P3-Read

>0

N

P-ch

[ ] P33 (BUSAK)

Programmable )
pull-up

Selector

|
Output buffer

INT7

P3 Read

Interrupt

IIMC<I7IE>

Figure 3.5(6) Port 3 (P33, P35)

[ ] P35(RAS/INT7)
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(1)

P34 /NMI/R/W

P34 is a general-purpose I/O port, shared with a non-maskable interrupt input pin
(NMI). The NMI pin is selected by the control register PSCRH<P34C1,P34C0> By
setting <P34C1,P34C0> = <0,0>, it turns to the NMI input pin. Since the NMI pin is
specified only once, the NMI pin cannot be switched to the general-purpose port. The
<P34C1,P34C0> should be initialized to “0” by resetting in order to switch to the
general-purpose I/O port mode. Port3 register (P34) is set to be “1” When the pull-up

resistor is attached.

M\

Programmable )
pull-up

Reset

P3CRH

(bit1) D
3 ¢
O
.  \ Write
+ P3CRH
_: (bit0)

; T

_ >0 B P-ch
@©
c N
c S S
o Output ALY Il\/
- latch Selector Qutput
f |-> B buffer

P3 Write _

R/W
S
1 Y A
P3 Read B
Y
NMI
Interrupt VA
"Edge %—
detect

Figure 3.5(7) Port 3 (P34)

[ ] P34(NMI/R/W)
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Port 3 Register
7 6 5 i 4 i 3 i 2 1 0
P3 bit Symbol P35 P34 P33 | P32 P31 P30
(0007H) Read/Write R/W
After reset Input mode (Pulled-up)
(O T T A R 1 1
Port 3 Control Register L
7 ¢ 6 i 5 i 4 i 3 i /2 11 0
P3CRL |bit Symbol | P33C1  P33C0 P32C1 : P32C0 i P31C1 : P31CO P30C1 : P30CO
(000AH) Read/Write w W : w w
After reset o i o i o i 0o i o~i_ 0o i 0o il
00: PORT input 500: PORT input 00: PORTinput 00: PORTinput
Function | ¢1: PORT output £01: PORT output : 01: PORT output i/01: PORT output
10: BUSAK £10: BUSRQ T10: — £ 10:705
1M — P — Pr— i 11 HWR
Port 3 Control-Register H
7 6 5 i a4 3 i 2 1 i 0
P3CRH |bit Symbol | RDEN ' P35C1 i P35CO. . P34C1 : P34CO
(000BH) Read/Write w w W
After reset 0 : 0 0 : 0 0
1: pseudo  00: PORT input | 00: PORT input
Function | qpam 1 01: PORToutput  : 01: PORT output
EN £10: RAS £ 10: NMI
= S R/W

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

— > RD function setting

- Read-modify-write is

0

RD output only when externally accessed

prohibited for controlling
ON/QFF of the pull-up

1

Always RD output (for pseudo SRAM)

resistor for register P3.

Setting P3CRH<RDEN> to 1 outputs RD strobe (for
pseudo static RAM) even when accessing the internal

address-area. Resetting to 0 outputs RD strobe only

when the external area is accessed.

Note:

Figure 3.5(8) Port 3 registers

There is no port/function switch register for pin P31 (TIO/WAIT). For example, if pin P31 is used as an input port, data

are input to 8-bit timer 0. If pin P31 is used as the WAIT pin, set P3CRL<P31C1,0)> to 00, and bits 3 and 2<BXW1,0> in

the chip select/wait control register to 10.
If pin P35 (RAS/INT7) is used as the INT7 pin, set P3CRH<P35C1,0) to 00 and I1MC1<171E> to 1.
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3.5.5 Port 4 (P40 to P43)

Port 4 is a 4-bit output dedicated port. Port 4 is also used for chip select CS0-CS3
outputs and column address strobe CAS (CS3 only) output. To select the function to be
used, use function register PAFC. Resetting sets the output register for P40, P41, and
P42 to 1; the output register for P42 to 0; all bits in the function register to 0. P40, P41,
and P43 are set to output ports for outputting 1; P42 to output port for outputting 0.

M\
Reset
>
o )
R
S Function Control
© (On bit basis)
° )
_ PAFC Write Buch (Ero”grammable>
© w [ I ull-up
c S 5
v Catpt S > *—— " P40 (C%0)
ﬁ 2 : ;e'e“"' Output buffer P41 (CST)
c Pawrite | L P43 (CS3/CAS)
- _1CS0,CS1, CS3/CAS
\r‘— P4 Read
N

Figure 3.5 (9) Port 4 (P40, P41, P43)
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™\
Reset
v
>3
Re] 4
Ty
f Function Control
© (On bit basis)
° A
PAFC Write ok (l;rogrammable)
— ——{>o—] - _
. — ull-up
c R S N
. Qutput A > — P42 (C52)
v latc Selector out i
- putbuffer
\N B
c P4 Write [
- A [€Y]
Tl— P4 Read
N
Figure 3.5 (10) Port 4 (P42)
Port 4 Register
7 ¢ 6 i /(5 i o4 i3 i 2/ /f 1 i 0
P4 bit Symbol L pa3 i pa2 i P4l | Pao
(000CH) [geadnwrite RIW
After reset Output mode (Pull-up)
: S N S R A B
Port 4 Function Register
7.4 6/ i 5 ~i-.a i/ 3 i 2 i 1 i 0
PAFC  |bit Symbol | BUSWDT ! i P43F | PA2F | PAIF PAOF
(0010H) Read/Write W w
After reset 0 0 0 0 0
0: BUSRQ: 10: PORT 0: PORT i0: PORT :0: PORT
Function DIS 11: C53 i1: €52 i1: C8T i1: CS0
1: BUSRQ: L CAS : :
EN : : :

| Explained in section 3.12, Watchdog timer.
PAFC is disabled for read-modify-write.

Note: To select the function to be used for P43, use the B3CS register for the chip select
/wait controller.

Figure 3.5 (10) Registers for Port 4
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3.5.6 Port5 (P50 to P53)

Port 5 is a 4-bit input dedicated port which is also used as for analog inputs or
external interrupts.

M\
Level/edge
INTO ::l detect e
v <I1IE to IBIE>
5 IMC< I0IE> A
Kol INT1 to IIMC<IOLE>
INT3
© A 3 Port5
- T P50 to P53
_‘: P5 Read (INTO to INT3/ANO to AN3)
© P ADREG A/D Channel
c le—]
o \f' Register Converter Selector
]
- ADREG
c Read
™
Figure 3.5(11) Port 5 (P50, P51, P52, P53)
Port 5 Register
7 ile/ i s i a4 i3 b2 i1 10
P5 bit Symbol boP53 i P2 i PS1 PS50
(000DH) Read/Write R
After reset Input mode

Note : There is no input switch register for ANO to 3/INTO to 3; data are input to both.
When port 5 is used forINTO to 3, set interrupt input mode control registers 0
and 1, IMC0 and 1<101E to 131E>,to 1.
When port 5 is used as the input channel for the A/D converter, set the A/D
converter mode register, ADMOD.

Figure 3.5 (12) Register for Port 5
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3.5.7 Port 6 (P60 to P67)

Port 6 is an 8-bit port. I/O can be set bit by bit. In addition to functioning as an I/O
port, pins P60 to P67 function as follows:
P60 to P63 / P64 to P67: pattern generate PGO/PG1 output

P60:
P61:
P62:
P63:
P66:
P67:

serial channel TxDO0 output pin and programmable open drain function

serial channel RxDO0 input pin

serial channel CTSO0 input pin

DRAM controller refresh signal out

external interrupt request input INT6 pin

watchdog timer WDT output pin. Set using port 6 control registers, PGCRL and
P6CRH.

Resetting sets control registers PECRL and P6CRH to 0; all bits to input'mode.

Reset

P6CRL/H

(Upper bit)

f
[

P6CRL/H

bus

(Lower bit)

f
i

data

Imternal

TxDO, WDTOUT, RFSH

Outputlatch [— DO

1 D1 '|> [ ] P60 (PGoOTXDO)

P6 Write D2 PEO P63 (PGO/RFSH)

>3 (Opendrain P67 (PG13/WDT)

Selector setting enable)
ODE<ODEO>

PG00, PG13

d

\rl Y

P6 Read

B

Figure 3.5(13) Port 6 (P60, P67)
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Reset
P6CRL/H
(Upper bit) ] D
W:rite
3
o P6CRL/H
(Lower bit)
@
; Write
e L
S
© Outputlatch [ L—{a s
< ) Selector [] P61(PGO1RXDO)
; P6 Write P62 (PGO2/CTS0)
- PGO1,PG02, PG12— | B P66 (PG12/INT6)
c ¥
— s Al
ﬂ Selector
P6 Read B
RxDO, CTSO
INT6 4—6—‘
—~ IMC <I6IE>
Figure 3.5(14) Port 6 (P61, P62, P66)
~—y Reset
P6CRL/H
(Upper bit) ‘)_/‘
@ )
3 Write
° |
© P6CRL/H
* (Lower bit)
@
o
Write
@©
c S
. Outputlatch [ L—»TaT s
)
- PG V\trite Selector [ ] peacpaio)
c P65 (PG11)
—| “PG03,PG10,PG11 > 8
—
S A
I~ ﬂ Selector
P6 Read B
Figure 3.5(15) Port 6 (P63, P64, P65)
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Port 6 Register
7 6 5 ;4 i3 2 1 0
P6 bit Symbol | P67 P66 P65 . P64 : P63 | P62 P61 P60
(0012H) Read/Write R/W
After reset Input mode (Output latch register is set to “1")
I T 18
Port 6 Control Register L
7 ¢ 6 i 5 i 4 i 3 i 2 10
P6CRL |bit Symbol | P63C1 P63CO P62C1 P62CO : P61C1 | P6ICO P60C1 P60CO
(0014H) Read/Write w w : W W
Afterreset | 0 i 0 o i o [0/ 0 0 /A0
00: PORT input 100: PORT input 100: PORT input 100 PORTinput
Function 191; pORT output §o1: PORT output 501: PORT output 501: PORT output
10: PGO3 :10: PGO2 :10: PGO1 :10: PG00
11: RFSH 11— = (11 TXDO
Port 6 Control Register H
7 i 6 i 5 F 4 i 3/ i 2 1 i 0
P6CRH |bit Symbol | P67C1 P67C0 P66C1 P66CO . PB5CT P65C0 P64C1 P64CO
(0016H) Read/Write '\ w : w '\
Afterreset | 1 i 1 o3 0o i 0o i 0 o i 0
00: PORT input 100: PORT input :00: PORT input 100: PORT input
Function |41. poRrT output 501: PORT output 501: PORT output 501: PORT output
10: PG13 :10: PG12 £10: PG11 £10: PG10
11: WDTOUT 1 — e — 1 —

Read-modify-write/is prohibited for registers P6CR/and P6FC.

Note: To set the TXDO pin to open drain output, write 1in bit 0 <ODEQ> in the ODE register.
There is no port/function switch register for pin P61/RXD0. If pin P61 is used as an input port,
data are input as serial receive data to SIO. When pin P66/PG12/INT6 is used for INT6, set
P6CRH <P66C1,0> to 00 and IIMC1<161E>to 1.

Figure 3.5(16) Registers for Port 6
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3.5.8

Port 7 (P70 to P76)

Port 7 is a 7-bit general-purpose I/O port. I/O can be set bit by bit using control
registers PTCRL and P7CRH. Resetting sets all bits in P7 to 1; control registers P7CRL
and P7CRH to 0; P70 to P76 to input mode. In addition to functioning as a general-
purpose I/O port, port 7 functions as follows: interrupt input, timer I/O; DRAM address

multiplex, serial channel send/receive (TXD1 and RXD1), and transfer clock input

(SCLK1) pin.

Reset

Direction control

(On bit basis)

f

P7CR Write

Function control

bus

(On bit basis)

P7FC Write

1

data

Output latch —I_E

P7 Write 7
701,703
TO4, DMUX

Internal

DO
D1

D2
D3

Selector

B |

{7

g P7 Read

Selector

S A

B

Figure 3.5(17) Port 7 (P70, P71)

[ ] procroimos)
P71 (TO3/DMUX)
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P7CRL/H

S

bu

(Upper bit)

P7CRL/H

data

(Lower bit)

y
S

Output latch

f

P7 Write
1

Internal

P7 Read

S A

Selector
™

:7_

B

T4, TI5, RxD1

Figure 3.5 (18) Port 7 (P72, P73, P75)

Reset

P7CRH

S

bu

V

(bit1)

Write

P7CRH

data

(bit0)

f

Write

P

I'mternal

Output latch = A

T Selector

S

>

D P72 (TI4/INT4)

P73 (TIS/INTS)

P75 (RxD1)

BN
TXD1

—

d

™ Selector

P7 Read

L~

P74 (Opendrain
setting enabled)
ODE<ODE1>

S A

B

Figure 3.5(19) Port 7 (P74)

D P74 (TXD1)
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Reset

P7CRH

S

V

(bit5)

f
%

P7CRH

bu

data

(bitd)

f
1

Internal

Output latch L] A

T Selector

P7 Write
SCLKOUT ——— B

S

[" ] p76isciki)

—

d

P7 Read

S

Selector
T

Al

B

SCLK IN

Figure 3.5 (20) Port 7 (P76)
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Port 7 Register
7 6 5 ¢ 4 i3 i 02 1 0
P7 bit Symbol P76 P7S : P74 | P73 P72 P71 P70
(0013H) Read/Write R/W
After reset Input mode (Output register issetto “1”)
1 I S e
Port 7 Control Register L
7 ¢ 6 i 5 i a4 i 3 i 10
P7CRL |bit Symbol | P73C1 | P73C0 P72C1 : P72C0 i P71C1 [\~ P71CO P70C1 | P70CO
(0015H) Read/Write w w w w
Afterreset | 0 i 0 i 0 i 0 i O i 0 i 0 - 0
00: PORT input :00: PORT input :00: PORT input :00: PORT input
Function 101: pORT output {01: PORT output {01: PORT output i01: PORT output
10: — ;10:— ;10: TO3 ;10: TO1
1M — 1 — £11: DMUX i11: 704
Port 7 Control Register H
7 6 5 [ a4 i 3/ i 2 1 i 0
P7CRH |bit Symbol P76C1 P76C0 : P75C1 | P75C0 P74C1 | P74C0
(0017H) Read/Write w w w
After reset 0 0 0 0 0 0

Function

100: PORT input
:01: PORT output
£10: SCLK1

511: —

100: PORT input
{01: PORT output
510: —

1 —

100: PORT input
:01: PORT output
£10: TxD1

1 —

Read-modify-write’is prohibited for registers P7CR'and P7FC.

Note :To set the TxD1 pin to open-drain output, write 1in the 1<ODE1> in the ODE
register.
There is no port/function switch register for pin P75/RXD1. If pin P75is used as
an input port, data are input as serial receive data to SIO. There is no
port/Aunction switch register for pin P72 /T14/INT4 or pin P73 /T15/INT5. If pin
P72 or P73 is used as an input port, data are input to the 16-bit timer. When pin
P72 /P73 is used for INT4/5, set P7CRL<P72C1,0><P73C1,0> to 00 and
HMCO<I4IE>/ IIMC1<ISIE> to 1.

Figure 3.5(21) Registers for Port 7
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3.6 Chip Select/Wait Control

TMP96C031Z has a built-in chip select / wait controller used to control chip select
(CS0 to CS3 pins), wait (WAIT pin), and data bus size (8 or 16 bits) for any of the four
block address areas.

The select pin (AM8/16) is used to select the width of the external data bus. (See
section 3.1.2, External data bus width select pin.)

3.6.1 Control Registers

Figure 3.6.(1) shows control registers.

The block address area is controlled by the corresponding CS/wait control register
(BOCS, B1CS, B2CS, B3CS) and start address register/address mask register (explained
in section 3.6.2, Address area).

Registers can be written to only when the CPU isin system mode. The reason is that
the settings of these registers have an important effect on the system.
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7 ¢ 6 i 5 i 4 i 3 i o2 i1 P00
Bocs | bit Symbol BOE : BOSYS : BOARE : BOBUS : BOW1 i BOWO. i BEXW1 : BEXWO
(0068H) | Read/Write w
After reset 0o i o0 i 0 i 0 i 0 i 0 [ 0 i 0
0:CS0  :1:SYSTEM:O: 7FOOH :0: 16BIT |  00: 2WAIT S -00: 2WAIT
DIS : ONLY : to7FFFH:1:8BIT |  01: IWAIT D .01 1WAIT
Function [1:CS0 i1: address L 10: AWAIT+n /) 110: IWAIT+n
EN ©area {11 OWAIT © 7 11: OWAIT
5 i specifi- : :
: ¢ cation : :
B1cs | bitSymbol B1E { BI1SYS | BI1ARE : BIBUS : BIWI_ i _ BIWO
(0069H) | Read/Write W
After reset 0 0 0 0 0 0
0:C5T 0:80H ! ‘
DIS i i to 7FFFH: ; : _
Function |1:CST 1: address : — —
EN i area | ‘ : ;
: : specifi-
: i cation !
B2Cs | bitSymbol B2E i B2SYS : B2ARE i B2BUS : B2wW1 :/ B2WO
(006AH) | Read/Write W
After reset 1 0 0 0 0 0
0:C52 {0: 8000H ‘
DIS {to 3FFFFFH: : :
Function [1:C52 i “: address - —
EN area i : :
: i\ specifi- :
: i/ cation : : H :
B3Cs | bitSymbol B3E /4 /B3SYS : B3ARE : B3BUS i B3W1 : B3WO : B3CAS : SRFC
(006BH) | Read/Write W
After reset o0 i—0 .0 ({//00,i o i o i o i 1
0: CS3/ 0 Un- 0 cS3 0 Self
CASDI | | defined * output? refresh
Function |1:C83/ i1+ address ;1:%/ ! execu-
CASEN : i area | outputi tion
5 : specifi- 1 Release
cation ; :
Figure 3.6 (1) Chip select/ Wait control register
(1) ~_Enable

Control register bit 7 (BOE, B1E, B2E, and B3E) is a master bit used to specify enable
“1”/ disable “0” of the setting.
Resetting sets BOE, B1E, and B3E to disable “0” and B2E to enable “1”.
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()

(3)

(4)

System only specification

Control resgister bit 6 (BOSYS, B1SYS, B2SYS, and B3SYS) is used to specify enable
/ disable of the setting depending on the CPU operating mode (system or normal).
Setting this bit to 0 enables setting (Address space for CS, Wait state, Bus size, etc.)
regardless of the CPU operating mode; setting it to 1 enables setting in system mode but
disables setting in normal mode.

Resetting clears bit 6 to 0.

Bit 6 is mainly used when external memory data should not be accessed in normal
mode (ie, for system mode only memory data for the operating system).

Address area specification

Control register bit 5 (BOARE, BIARE, B2ARE, B3ARE) is used to specify the target
address space. When this bit is set to “0” after reset, CSO0 is set to addresses 7FO00H to
7FFFH, CS1 is set to address 80H to 7FFFH, and CS2 is set to addresses 8000H to
3FFFFFH. CS3 is undefined. (See 3.6.3 Default Address Space Specification.) When
this bit is set to “1”, the target address space is the address space specified by the
memory start address register MSAR and memory start address mask register MAMR.
(See 3.6.2 Address Space Specification.)

Data bus width select

Control register bit 4 (BOBUS, B1BUS, B2BUS, B3BUS) is used to specify the data
bus width. When this bit is set to “0”, memory is accessed in 16-bit data bus mode.
When this bit is set to “1”, memory is accessed in 8-bit data bus mode. However, this bit
is valid only in 16-bit'bus mode (AM8/16 pin = “0”). In 8-bit bus mode (AM8/16 pin =
“17), all address space is'accessed in 8-bit data bus mode regardless of the value of this
bit. (See 3.1.2 External Data Bus'Width Selection Pin.)

This changing of data bus width according to the address to be accessed is referred to
as dynamic bus sizing. Table 3.6 (1) shows the details of this bus operation.
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Table 3.6 (1) Dynamic bus sizing
Operand data | Operand start | Memory data | cpy address CPU data
size address size D15 to D8 D7 to DO
8-bit 2n+0 8-bit 2n+0 XXXXX b7 to b0
(even number) 16-bit 2n+0 XXXXX b7 to b0
2n +1 8-bit 2n + 1 XXXXX b7 to b0
(odd number) 16-bit 2n +1 b7 to'b0 XXXXX
16-bit 2n+0 8-bit 2n+0 XXXXX b7 to b0
(even number) 2n + 1 XXXXX b15 to b8
16-bit 2n+0 b15 to b8 b7 to b0
2n+1 8-bit 2n+1 XXXXX b7 to b0
(odd number) 2n +2 XXXXX b15to b8
16-bit 2n +1 b7 to b0 XXXXX
2n +2 XXXXX b15 to b8
32-bit 2n+0 8-bit 2n/+0 XXXXX b7 to b0
(even number) 2n' +1 XXXXX b15 to b8
2n+2 XXXXX b23to b16
2n+3 XXXXX b31to b24
16-bit 2n+0 b15to' b8 b7 to b0
2n+2 b31to b24 b23to b16
2n+1 8-bit 2n +1 XXXXX b7 to b0
(odd number) 2n +2 XXXXX b15 to b8
2n+3 XXXXX b23tob16
2n +4 XXXXX b31to b24
16-bit 2n+1 b7 to b0 XXXXX
2n +2 b23tob16 b15 to b8
2n +4 XXXXX b31to b24
XXXXX During a read, data input to the bus is ignored. At write, the bus is at
high impedance and the write strobe signal remains non-active.
(5) Wait control
Control register bits 3 and 2 (BOW1,0; BIW1,0; B2W1,0; B3W1,0) 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 islow, 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).
Note:  If there is'a contention between DRAM access and refresh when using DARM,
the refresah cycle is added to the specified wait.
(6) CS/CAS waveform select

The B3CS register bit 1 <B3CAS> is used to specify the mode of the waveform
output from the chip select pin (CS3/CAS) pin. When this bit is set to “0”, CS3 waveform
is output. When it is set to “1”, CAS waveform is output. This bit is cleared to zero after
reset.
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@)

(8)

3.6.2

Self refresh control
(described in section 3.13.1 Refresh Controller.)
Wait control outside space CS0 to CS3

This bit is used to specify the number of waits when BOCS register bits 1 and 0
<BEXW1, 0> or space outside CS0 to CS3 space is accessed.

Address Space Specification (BOCS to B3CS<BOARE to B3ARE> ="1")

The address space is specified with the start address register (MSARO, MSARI,
MSAR2, and MSAR3) and address mask register (MAMRO, MAMR1, MAMR2, and
MAMRS3). For each bus cycle, the chip select controller compares the address on'the bus
and value of this start address register. The value of the address mask register is used to
ignore result of this address comparison. When there is a match, the specified space is
assumed to be accessed and a low strobe signal is output from the corresponding chip
select pin (CSO to CS3) if it is enabled (BOE to B3E = “1”).

S AWRWAWAW N
ck _[ X X
ale T\
ADoto AD1s = | )
Ag to A3 :X
oW \ T
CS0to3 —m\

Figure 3.6 (2) Chip Select (CS0 to CS3) Operation Timing
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A8to A23

A23
A22
A21
A20
A19
A18
A17
A16
A15
Al14t09
A8

il

i
:

LLLL{VVV

eiele

I

[

[

O 0 0000 o

VIV|VIV|V|V \Vj sislsls|sis|s]|s BOCS <BOE>
8

20]19|18(17]16|15 23{22|21(20{19|18[17|16

Start address mask register Startaddress register

row<|O

Figure 3.6 (3) CS0/Address Decode Block Diagram
A8to A23

A23
A22

A21
A20
A19
A18
A17
A16
A15t0 9
A8

i

iy

il

osksiolole

I
dbdboooo
VIVIV V|V |V sis{sls|s|s|s]|s B1CS <B1E>
21)20{19]18{17|16{:5| 8 23|22(2120(19]18(17|16

Start address mask register Start address register

Hoe< O

Figure 3.6 (4) CS1 Address Decode Block Diagram
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A8to A23

A23
A22
A21
A20
A19
A18
A17
A16
A15

| Do>CS2-CS3

9.0 0000 B2CS <B2E>
vIv[v]v]v]v s[s[s[s[s[s]s]s B A
22[21[20]1918[171 23[22|21)20[19]18}17{16

Start address mask register Start address register

<lo
<lo+

—_
o
—_
ul

Figure 3.6 (5) CS2, CS3 Address Decode Block Diagram

96C031Z-55 2003-03-31



TOSHIBA TMP96C031Z
(1) Memory start address register
Memory start address mask register
Memory start address register (CS0 to CS3)
7 6 5 4 3 2 11 0
MSARO | MSAR1 | bitsymbol s23 522 521 $20 i S19 /i S18 i S17 : S16
(0040H) | (0042H) Read/Write RV
MSAR2 / MSAR3 |Afterreset | 1 1 I S T R B At T A R
(0044H) | (0046H) Function Set start addresses A23 to A16
l—) Set start address for CSO to CS3
Figure 3.6 (6) Memory Start Address Register
Memory start address mask register (CS0)
7 6 5 io.4 i 3 (i 2i 1 i 0
bit symbol [ V20 V19 Vi ViZ i V16 i V15 i V14to9 V8
MAMRO |Read/Write R/W
(0041H) [ After reset 1 1 L A S I S BN N
Function : Compare enabled 1: Compare disabled
1
[_> Control comparison of CS0 addresses A8
to A20
Memory start address mask register(CS1)
7 6 5 o4 : 3 i 2 i 1 i 0
bit symbol | | V21 V20 V19 vig i V17 V16 i V15t09 I V8
MAMR?1 |Read/Write RIW
(0043H) Fateer reset 1 1 L L T R T R R T TR
Function : Compare enabled 1: Compare disabled
1
|_> Control comparison of CS1
addresses A8 to A21
Memory start address mask register (CS2, CS3)
7 6 5 4 i 3 2 1 0
bit symbol V22 V21 V20 V19 V18 V17 V16 V15
MAMR2 | MAMR3 |Read/Write R/W
(0045H) | (0047H) [ Afier reset | 1 1 (I T T I R R
Function : Compare enabled 1: Compare disabled

l_> Control comparison of CS2 to CS3
addresses A15 to A22

Figure 3.6 (7) Memory Start Address Mask Registers
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)

MSARO to 3 <S23> to <S16> correspond to addresses A23 to A16 and S15, S14 to 9,
and S8 corresponding to addresses A15, A14 to 9, and A8 are “0” by default. MAMRO
<V20> to <V8> enable/disable comparison of value set with MSARO and address and
<V20> to <V8> correspond to <S20> to <S16>,S15,S14 to 9, and S8. In addition,
V21, V22, and V23 corresponding to <S21>, <S22>, and <S23> are “0” by default
and comparison is always enabled.

Example of enabling/disabling comparison

(CSO registers MSARO and MSAMRO)

When comparison is disabled by setting <V16> (= 1, the comparison of the value of
<S16> and address A16 is disabled and the value of <S16 > becomes invalid.

When comparison is enabled by setting <V16> = 0, the comparison of the value of
<816> and address A16 is enabled and CSO0 is enabled only when they match.

CS1, CS2, and CS3 can be used in the same manner.

How to set the start address

The address decoder is output by specifying the start address for CS output and the

space size.

The start address is set every 64K-byte becauseit is decoded by A16 to A23 as shown

in the block diagram.

In other words, the DRAM start address is set to one of the 64K-byte intervals after

“000000H".

However, note that the start address may be changed due to the value of the MAMR.
Address Start address Start address register value (MSARO to 3)
000000H 000000 ... ... 00H

64K-byte ( 010000 .. 7...... 014
unit 020000y ......... 02y
030000H ......... 03H

040000 ......... 04y

050000 ......... 054

0600004 ......... 064

to to

FFOOO0H ......... FFH

Figure 3.6 (8) Where to Set Start Address
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(3) How toset the address space

The address space is specified by setting the memory start address mask register
(MAMRO to 3).

As shown in the address decoder block diagram (Figures 3.6 (3) to (5)), CS0, CS1, or
CS2/CS3 can specify the address area for which the chip select signal can be output
depending on whether to compare the addresses A8 to A20, A8to A21, or A15 to A22

respectively.
Table 3.6 (2) Chip Select and Space Size
© JIE 256 512 32K | 64K [ 128K | 256 K | 512K [ 1M 2M 4 M 8M
(&) O O O O O O O O O
cs1 O O O O O O O O O
CS2 O O O @) O O O O O
Cs3 O O O @) O O @) O O

(4) Start address/address space setting procedure

D Set memory start address mask register (MAMR)
(Set address space)

@ Set memory start address register (MSAR)
(Set area start address)

@ Check the identical address bit of MAMR and MSAR
Example: Check the value of (CS0) MAMRO<V16> and MSAR0<S16>

@ If the bits at identical address'are “1™and “1”, MSAR bit is treated as “0”. <- The
start address changes.

Example: If (CS0) MAMR<V16>=1 and MSAR<S16> =1, comparison of
address A16 and <S16> is disabled and address A16 is selected
regardless of whether the value is “1” or “0” and the start address is
replaced by the value in MSAR.

If the bits at identical address are not “1” and “1”, end the setting
procedure. The set address space and start address are decoded.

® If it is OK for the start address to change, end the setting procedure. If not, change the
value in MSAR.

® Re-set MSAR and re-verify (return to step 3).
(Setting example)

When address space is 128K-byte and start address is 30000H (area 30000H to
AFFFFH).
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Set
MAMR=0FH address space 128K-byte
MSAR=03H start address 30000H

MAMR<V16> and MSAR<S16> are “1” and “1” and the start address changes to
20000H. (space 20000H to SFFFFH).

If this is not desired, change the start address.
Change the start address to 40000H. (space 40000H to 5FFFFH)

MAMR=0FH
MSAR=04H

The bits at identical address of MAMR and MSAR are not “1” and “1” and the start
address remains unchanged.

Therefore, a 128K-byte space starting at address 40000H can be decoded:
(Setting example 1) (CS0)

When MSAR is set to 02H and MAMR is set to OFH, the chip select output is as shown
in the following memory map.

MSAR setting 523 522 S21 520 S19 518 S17 S16 _S15 __S14t09_ S8 ___
[ o o [ o f o po [ o] 1 [ o | o & o & o}
default “0”
MAMRsetting 23 ) V22 [ N21 V20 V19 V18 V17 V16 V15  V14to09 V8
o % o0 Rl :l 0 [ 0 | 0 [ 0 | 1 | 1 [ 1 | 1 |
- IV W iy A L 1 1 1 1 1 1 1 1
default”0"

S23 to S17 are valid because V23 to V17=%0” and S16 to S8 are invalid because V16

to V8=“1".
000000y
020000y
Chip select output space
(128K-byte)
O3FFFFH
FFFFFFy
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(Setting example 2) (CS0)

When MSAR is set to 01H and MSAMR is set to 04H, the chip select output is as
shown in the following memory map.

MSAR setting $23 522 521 520 519 518 517 S16_ . _S15/__S14t09____S8___
L o [ o [ o ] o o o o [/} o & o & o !
default “0”
MAMR setting _v23 ) V22 V21 V20 V19 V18 V17 V16 V15 V14to9 V8
Lo # o 4 o o o] of o po [ 1 | o[ o]
default "0”

The values of S23-S16, and S14-S8 become valid'because V23-V16 = 0 and V14-V8
= 0. The value of S15 becomes invalid because V15-=1.

0000004

0100004 1 Chip select'output space

- | (256-byte)

018000 1 Chip selectoutput space
256-byte

0180FFy J ( e

FFFFFFH
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(Setting example 3) (CS0)

Space where chip select is output by values set in MSAR and MAMR (excerpt).

MAMR
MSAR 00 01 03 04
0000 0000 0000 0000 8000
00 to to to to to
O00FF O01FF 7FFF 00FF  80FF
(256-byte) (512-byte) (32K-byte) |(256-byte x 2)
10000 10000 10000 10000 18000
01 to to to to to
100FF 101FF 17FFF 100FF 180FF
(256-byte) (512-byte) (32K-byte) |(256-byte x 2)
20000 20000 20000 20000 28000
02 to to to to to
200FF 201FF 27FFF 200FF 280FF
(256-byte) (512-byte) (32K-byte) |(256-byte x2)
30000 30000 30000 30000 38000
03 to to to to to
300FF 301FF 37FFF 300FF-_380FF
(256-byte) (512-byte) (32K-byte) |(256-bytex 2)
MAMR
MAMR 03 07 OF 1F 3F 7F FF
40000 40000 40000 40000 00000
04 to to to to to
A7FFF 4FFFF SFFFF 7FFFE 7FFFF 00000
(32K-byte) (64K-byte) (128K-byte). | (256K-byte). | (512K-byte) :
fo)
80000 80000 80000 80000 80000 FFFFF 000000
to to to to to _
08 87FFF 8FFFF 9FFFF BFFFF FFFFF (1M-byte) T
(32K-byte) (64K-byte) (128K-byte) | (256K-byte) | (512K-byte) (2M-byte)
- y e
100000 100000 100000 100000 100000 100000
10 to to to to to to
107FFF 10FFFF 11FFFF 13FFFF 17FFFF 1FFFFF
(32K-byte) (64K-byte) (128K-byte) | (256K-byte) | (512K-byte) (1M-byte)
200000 200000 200000 200000 200000 200000 200000
20 to to to to to to to
207FFF 20FFFF 21FFFF 23FFFF 27FFFF 2FFFFF 3FFFFF
(32K-byte) (64K-byte) (128K- byte) | (256K-byte) (512K-byte) (1M-byte) (2M-byte)
400000 400000 400000 400000 400000 400000 400000
40 to to to to to to to
407FFF 40FFFF 41FFFF 43FFFF A7FFFF AFFFFF SFFFFF
(32K-byte) (64K-byte) (128K-byte) | (256K-byte) | (512K-byte) (1M-byte) (2M-byte)
800000 800000 800000 800000 800000 800000 800000
80 to to to to to to to
807FFF 80FFFF 81FFFF 83FFFF 87FFFF 8FFFFF 9FFFFF
(32K-byte) (64K-byte) (128K-byte) (256K-byte) (512K-byte) (1M-byte) (2M-byte)
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3.6.3 Default Address Space Specification (BOCS to B2CS<BOARE to B2ZARE> ="0")

The following figures show the actual chip select image. CS0 can specify 7FO00H to
TFFFH, CS1 can specify 80H to 7FFFH, and CS2 can specify 8000H to 3FFFFFH. This
is because external connection of devices (such as RAM or I/O) other than ROM is

considered.

The area 7F00H to 7FFFH (256-byte space) for CS0 is mapped in this space mainly
due to external I/O expansion consideration.
The area 80H to 7FFFH (approximately 32K-byte space) for CS1 is mapped in this
space mainly due to external RAM expansion consideration.
The area 8000H to 3FFFFFH (approximately 4M-byte space) for CS2 is mapped in

this space mainly due to external ROM expansion consideration.

50
80H
7FOOH
8000H 8000H
FFFFFFH FFFFFFH

(Mainly for I/O)

CS1

(Mainly for RAM)

8000H

3FFFFFH

FFFFFFH

CS2

(Mainly for ROM)

Supplement 1: The access priority is in the order of built-in I/O and chip select/wait controller.

Supplement 2: Wait for spaces other than CS0O to/CS3 is set with BOCS register <BEXW1,0> and the
data bus'width isfixed to 16-bit if the AMS8/16 pin is “0” and to 8 bits if itis “1”.

Note : When using the chip select/waitcontroller; do not assign multiple definitions to the same address
area. (However, if CSO0 is set to 7FO0H to 7FFFH and CS1 is set to 80H to 7FFFH, only the CSO
setting/pin is active in the overlapped address space 7FO0H to 7FFFH.)

When the bus is opened (BUSAK=0"), CS0 to CS3 pins are also opened (output buffer OFF).

Refer to the note on bus open in section “3.5 Port Functions” for the pin status at this point.
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3.6.4 Example of Usage
(1) Connection example 1

Figure 3.6 (9) is an example (1) in which an external memory is connected to the
TMP96C031Z. In this example, a ROM is connected using 16-bit Bus; a RAM is
connected using 8-bit Bus.

74HC573

TMP96C031Z —b Q Address bus {l
= ; J g
[« CS Ccs CcsS

ok

cs1 o>— . . .
Upper byte Lower byte 8-bit Bus 8-bitBus 8-bit Bus

CS2 Po>——
_—= ::> D Q RAM 1/0 RAM
3 pP— OF ROM OF ROM %E WE OE WE E WE

ALE LE Q (] Q o 0 ) O
AD8 = Hi— ﬂ
to < S

AD15

O

s

ADO
to < 5

AD7
—AMS8/16

75 RD o

GND WR O

Figure 3.6 (9) Example of External Memory Connection (ROM = 16-bit, RAM and I/O = 8-bit)

After a reset, the CS0 to CS3 pins are set to output port mode; 1 is output from CSO,
CS1, and CS3; 0 from CS2.
The program used to set these pins isas follows.
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P4FC EQU 10H
BOCS EQU 68H
B1CS EQU 69H
B2CS EQU 6AH
B3CS EQU 6BH
MSAR3 EQU 46H
MAMR3 EQU 47H

LD (BOCS), 100100008 ; CSO =8-bit, 2WAIT, 7FO0H to 7FFFH, 2WAIT other than in CS0
to CS3 areas

LD (B1CS), 100111XXB ; CST=8-bit, OWAIT, 80H to 7FFFH

LD (B2CS), 100001XXB ; CS2 = 16-bit, TWAIT, 8000H to 3FFFFFH

LD (B3CS), 10111100B ; CS3 =8-bit, OWAIT, address area specification
(400000H to 407FFFH)

LD (MSAR3), 01000000B ; CS3 start address:; 400000H

LD  (MSMR3), 00000000B ;CS3 area=32K-byte

LD (P4FC), XXXX1111B ; CSO to CS3 output mode
Note: X : Don't care

(2) Connection example 2

Figure 3.6 (10) is an example (2) in which an external memory is connected to the
TMP96C031Z.
In this example, the ROM, RAM, and I/O are connected with 8-bit width.

TMP96C031Z

Address bus d
Cso o> 74HC573 b s L1 b

CST0>— 3 T T T
[&V1's 8-bit Bus 8-bit Bus 8-bit Bus 8-bit Bus
% o>—1 P Q ROM RAM 1/O RAM

O
.

s

10|

e
~

E WE E WE OE WE
ALE LE
A8 |_ A

£ WE E W] QE W]
J o O [O 2N
to

J O
A15

ADO

to < )

AD7
AMS8/16__
RD

<
0
0

[e]

WR O

Figure 3.6 (10) Example of External Memory Connection
(ROM = 16-bit, RAM and I/O = 8-bit)
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After a reset, the CS0 to CS3 pins are set to output port mode; 1 is output from CS0,
CS1, and CS3; 0 from CS2. The program used to set these pin is as follows.

P4FC EQU 10H
BOCS EQU 68H
B1CS EQU 69H
B2CS EQU 6AH
B3CS EQU 6BH
MSAR3 EQU 46H
MAMR3 EQU 47H

LD (BOCS), 10010000B ; CSO =8-bit, 2WAIT, 7FO0H to 7FFFH, 2WAIT other than in CSO
to CS3 areas

LD (B1CS), 100111XXB ; CST=8-bit, OWAIT, 80H to 7FFFH

LD (B2CS), 100001XXB ; CS2 = 16-bit, 1WAIT, 8000H to 3FFFFFH

LD (B3CS), 10111100B ; CS3=8-bit, OWAIT, address area specification
(400000H to 407FFFH)

LD (MSAR3), 01000000B ; CS3startaddress: 400000H

LD  (MSMR3), 00000000B ; CS3 area =32 K-byte

LD (P4FC), XXXX1111B ;CSOto/CS3 output mode

Note: X : Don't care
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3.6.5 How to Start with an 8-bit Data Bus (with AM8/16 = “0")

After a reset, the CS2 pin is set to low level by the internal pull-down resistor, and
processing starts in 16-bit data bus (2 waits) mode. To start in 8-bit data bus mode, a
special operation is required. Operation is as described in the example below.

B2CS EQU 6AH ; CS2 register address
ORG 8000H : RESET address
LDX (B2CS), 9CH ; CS2 8-bit, OWAIT, 8000H to

After reset, the program reads the LDX(B2CS),9CH instruction in 16-bit data bus
mode. LDX is a 6-byte instruction: the 2nd, 4th, and 6th bytes are handled as dummies
(ie, only codes in the 1st, 3rd, and 5th bytes are actually used). Even if starting in 8-bit
data bus mode, it is possible to program so that the LDX instruction is executed and the
CR2 area (8000H - SFFFFFH) is accessed in 8-bit data bus mode without any problem.

The above program does not include setting the P42/CS2 pin to output; add a program
to set the P4FC registers as required.

Address latch ROM

TLCS-900
(TMP96C0312) A15 _
D Q to Operation after reset
G A8
; TLCS-900 ROM
D8 A7 8000H F7 F7
AD8 1o 15 D Q to 800TH [ 27 |< 72 00
A0 8002H/| —6A 6A
G 8003H [ 77 < 72 00 LDX (6AH), 9CH
D7 8004H | 9C 9C
ADO to 7 - to 8005H 7?7 |77 00
ALE DO P [——~—__
RDlo dqOE ?? = Don't care
CS2 dCS
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3.7 8-bit Timers

TMP96C031Z contains four 8-bit timers (timers 0, 1, 2 and 3), each of which can be
operated independently. The cascade connection allows these timers to be used as two
16-bit timers. The following four operating modes are provided for the 8-bit timers.

8-bit interval timer mode (4 timers) | Eijther two 8-bit buses or one 16-bit bus
16-bit interval timer mode (2 timers) can be used.

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

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

Figure 3.7 (1) shows the block diagram of 8-bit timers (timer 0 and timer 1),

Timers 2 and 3 have the same circuit configuration as timers 0 and 1. However, timer

0 has an external clock, pin TI0, whereas timer 2 does not.

Each interval timer consists of an 8-bit up counter, 8-bit comparator, and 8-bit timer
register. Timer flip-flop TFEL1 is provided for timers 0 and 1; TFES3 for timer 2 and 3.

Among the input clock sources for the interval timers, the internal clocks of ¢T1,
¢T4, $T16, and ¢T256 are obtained from the 9-bit prescaler shown in Figure 3.7 (2).

The operation modes and timer flip-flops of the 8-bit timer are controlled by five
control registers TO1MOD, T23MOD, 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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@®  Prescaler

This 9-bit prescaler generates the clock input to the 8-bit timers, 16-bit timer /
event counters, and baud rate generators by further dividing the CPU clock (fc)
after it has been divided by 4 (fc/4).

Among them, 8-bit timer uses 4 types of clock: ¢T1, ¢T4, 4T16,and ¢T256.

This prescaler can be run or stopped by the timer operation control register
TRUN<PRRUN>. Counting starts when <PRRUNZ>is set to “1”, while the
prescaler is cleared to zero and stops operation when <PRRUN> is set to “0”.
Resetting clears <PRRUN > to “0”, which clears and stops the prescaler.

Cycle

input—~_f¢ 20 MHz
clock

$T1 (8/fc) 400.ns
¢T4 (32/fc) 1.6 us
4T16 (128/fc) 6.4 us
$T256 (2048/fc) 102 us

#T0 $T1 T2 ¢T4 /4T8 ¢T16 4T32 $64 4128 $T256

[ I S SN N O .

Oscillator 0 1L\ 5 6 7 8

! 174 ¢ N
circuit L 9-bit prescaler
2 | #1 T run/stop & clear

> 42
TRUN <PRRUN>

fc/4

$T1

¢T4

Figure 3.7 (2) Prescaler
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@

Up-counter

An 8-bit binary counter counted by an input clock specified by mode register
TO01MOD for timers 0 and 1, or mode register T23MOD for timers 2 and 3.
Input clocks for timer 0 or 2 can be selected from internal clocks ¢T1, ¢T4, and
4T16 depending on the value set in the TOIMOD or T23MOD register. For timer
0, an external clock from the TIO0 pin can also be selected.
The input clock for timer 1 or 3 depends on the operating mode; in 16-bit timer
mode, timer 0/2 overflow output is used as the input clock.. When set to any other
mode than 16-bit timer mode, the input clock is selected from the internal clocks
¢T1, ¢T16, and ¢T256 as well as the comparator output (match detection signal) of
timer 0 according to the set value of TO1MOD register or T23MOD register.

Example: When TO1IMOD<T01M1,0> =01, the overflow output of timer 0
becomes the input clock of timer 1 (16-bit timer).
When TO1MOD7, 6=00, TOIMODS3, 2=01, ¢T1 becomes the input of
timer 1 (8bit timer).

Operation mode is also set by TO1MOD register and T23MOD register. When
reset, it is initialized to TOLMOD<T01M1, 0> =00, T23MOD <T23M1, 0> =00
whereby the up-counter is placed in the 8-bit'timer mode.

The counting and stop & clear of 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.

Timer register

This is'an 8-bit register for setting an interval time. When the set value of timer
registers TREGO, TREG1, TREG2, TREG3 matches the value of up-counter, the
comparator match detect signal becomes active. If the set value is 00H, this signal
becomes active when the up-counter overflows.

Timer register TREGO/TREG2 is of double buffer structure, each of which
makes a pair with register buffer.

TREGO/TREG?2 is used to control enable/disable of the double buffers according
to the timer register double-buffer control register, TRDC <TRODE, TR2DE>. It
is disabled when <TRODE >/<TR2DE > =0 and enabled when they are set to 1.

In the condition of double buffer enable state, the data is transfered from the
register buffer to the timer register when the 2™ — 1 overflow occurs in PWM mode,
or at the PPG cycle in PPG mode.

When reset, it will be initialized to <TRODE >/<TR2DE > =0 to disable the
double buffer. To use the double buffer, write data in the timer register, set
<TRODE>/<TR2DE > to 1, and write the following data in the register buffer.
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Up-counter

1

Comparator
PN

Timer registers 0/2
ZAN Matching detection of PPG

e ~C—=<9cle
ift trigger selector 2n - 1 overflow of PWM

Register buffers 0/2 TREGO WR
PAN

Write

S Internal bus § <TRODE>/<TR2DE>

Figure 3.7 (3) Configuration of Timer Register 0/2

Note : Timer register and the register/buffer -are allocated to the same memory address. When
<TRODE >/<TR2DE > =0, the same value is written in the register buffer as well as the timer
register, while when <TRODE >/<TR2DE > =1 only the register buffer is written.

The memory address of each timer register is as follows.
TREGO: 000022H
TREG1:000023H
TREG2: 000026H
TREG3: 000027H

All the registers are write-only and cannot be read.
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TO1MOD
(0024H)

7 ¢ 6 s o4 i3 b2 i oq.i o
bitSymbol | TOTM1 : TOIMO i PWMO1 i PWMOO : TICLK1 i T1CLKO : TOCLK1 i TOCLKO
Read/Write RIW : RIW RIW ; RIW
After reset 0 { 0 o ¢ o i o0 i 0 0 i -0

00: 8-bit Timer 00: - i 00: TOOTRG 00:TI0
. 01: 16-bit Timer 01:26-1PWM P01 gTH 01:¢T1
Function . :
10: 8-bit PPG 10:27-1cycle | 10:4T16 10: ¢ T4
11: 8-bit PWM 11:28-1 : 11: ¢T256 11: $T16
|
]

|—>Input clock of timer 0

00/| External clock TIO

01 [Internal clock ¢T1

10, | Internal clock ¢T4

11 | Internal clock ¢T16

TO1MOD7, 6+ 01

T01MOD7,6=01

00
timer 0

Comparator output of

01 | Internal clock ¢T1

10 | Internal clock ¢ T16

11 | Internal clock 47256

Overflow output of
timer 0

(16-bit timer mode)

Select PWM cycle

(“Don't care” except in PWM mode)

00 _
01 261
10 27 -1
1" 28 -1

Set the operation mode of timer 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 (4) Timer 0, 1 Mode Register (TO1TMOD)
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T23MOD| Read/write

(0028H)

7 i 6 a3 b2 b1
bitSymbol | T23M1 | T23MO : PWM21 : PWM20 : T3CLK1 : T3CLKO : T2CLK1 i T2CLKO
RIW : RIW ; RIW Z RIW
Afterreset | 0 | 0 © 0 ¢ 0 : 0 i 0 |
00: 8-bit Timer . 00: TO2TRG : 00; -
Function | ©01: 16-bit Timer 01:26—1 PWM  : 01: 4Tt L 01:gT1
10: 8-bit PPG 10:27-1 cycle  : 10: ¢T16 i 10:'¢T4
11: 8-bit PWM 11:28-1 i 11: gT256 L1 4T16
| |

|
-

Input clock of timer 2

00

01

Internal clock ¢T1

10

Internal clock ¢ T4

1

Internal clock ¢T16

Input clock of timer,3

TO1MOD7, 6+ 01

TO1MOD7,6=01

00

Comparator output of
timer 2

01

Internal clock ¢T1

10

Internal clock ¢T16

11

Internal clock 4T256

Overflow output of
timer 2

(16-bit timer mode)

Select PWM2 cycle
(“Don't care” except in PWM mode)

00 _
01 261
10 27 -1
1 281

Set the operation mode of timer 2 and 3

00

Two 8-bit timers
(timer 2 and timer 3)

01

16-bit timer

10

8-bit PPG output

1

+ 8-bit timer (timer 3)

8-bit PWM output (timer 2)

Figure 3.7 (5) Timer 2,3 Mode Register (T23MOD)
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| TFF3 | TFF1 |
7 i o6 i 05 ioo4 i3 i o2 i o1 i o0
bit Symbol | TFF3C1 i TFF3CO : TFF3IE : TFF3IS : TFFIC1 : TFF1CO i TFF1IE- i TFF1IS
TFFCR | Read/write w RIW W RIW
25H : : : ; :

(0025H) After reset - : 0 : 0 : - : 0 ; 0
00: Invert TFF3 i 1: :0: © 00:Invert TFF1  i1: :0:
01:Set TFF3  iTFF3 iInversion © 01:Set  TFF1 . :TFFI “nversion
10: Clear TFF3 iInvert gofs-bit i 10: Clear TFF1 tnvert Eof8-bit

Function 11: Don't care ‘Enable itimer2 : 11:Don'tcare tEnable —itimer0
: i : : i
{Inversion : : i Inversion
ioftimer 3t : ‘of timer 1
| | | |
B — ]

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

0 | Inversion of timer 0

1 | Inversion of timer 1

——> Inversion of Timer F/F (TFF1)
0 [ Disable

1 | Enable

——> _Control of Timer F/F (TFF1)

00| Invert the value of TFF1
(software inversion)

01 | Set TFF1to “1".

10 [Clear TFF1to “0".

11| Don't Care (Always read as “11")

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

0 |Inversion of timer 2

1 | Inversion of timer 3

Inversion of Timer F/F (TFF3)
0 [ Disable

1 | Enable

Control of Timer F/F (TFF3)

00 [ Invertthe value of TFF3
(software inversion)

01 |SetTFF3to “1".

10 | Clear TFF3to “0”.

11 | Don't Care (Always read as “11")

Figure 3.7 (6) 8-bit Timer Flip-flop Control Register (TFFCR)
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TRUN
(0020H)

16-bit Timer 8-bit Timer
[ I
5 14 f o3 12 i 0
bit Symbol PRRUN i T4RUN i T3RUN i T2RUN i T1RUN /i TORUN
Read/Write R/IW
After reset 0 ¢ o0 i 0 i 0 I 0 0
Prescaler & Timer Run/ Stop Control
Function
0: Stop & Clear
1: Run (Count up)
Operation of timer 0
0 [Stopandclear
1/ [ Count
—>Operation of timer 1
0 |[Stop and clear
1/ | Count
—> Qperation of timer 2
0 |Stopand clear
1 | Count
——— > Operation of timer 3
0 [Stopand clear
1 | Count
Operation of 16-bit timer (timer 4)
0 [Stopand clear
1 [ Count
Operation of prescaler
0 |Stopandclear
1 | Count

Figure 3.7 (7) Timer Operation Control Register (TRUN)
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4 2 i o1 o
bit Symbol i TR2DE. i TRODE
TRDC | Read/Write RAW
29H T
(0029H) After reset 0 : 0
0: Duble Buffer
Disable
Function
unct 1: Duble Buffer
Enable

Figure 3.7 (8) Timer Register Double buffer Control Register (TRDC)

5

0 | Disable

1 | Enable

0 | Disable

1| Enable

LDoubIe Buffer Control of Timer Register 0

—>Double Buffer Control of Timer Register 2
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(1)

@

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 zero and an
interrupt signal INTTO, INTT1, INTT2, INTT3) is generated. If the timer flip-flop
inversion is enabled, the timer flip-flop is inverted at the time.

Timer flip-flops (timer F/F)

The timer flip-flops are inverted according to the interval timer match detect
signal (comparator output). This signal can output a value to timer output pins
TO1 (also used as P70) and TO3 (also used as P71).

There are two timer flip-flops: TFF1 for timers 0 and 1; TFF3 for timers 2 and 3.
TFF1 is output to the TO1 pin; TFF3 to the TO3 pin.

TOS3 (also used as P71) is multiplexed using the DMUX pin; setting must be done
using the port 7 control registers (P7CRL and P7CRH).

The operation of 8-bit timers will be described below:

8-bit timer mode

Four interval timers 0, 1, 2, 3, can be used independently as 8-bit interval timer. All
interval timers operate in the same manner, and thus only the operation of timer 1 will

be explained below.

@D Generating interruptsin a fixed cycle
To generate timer 1 interrupt at constant intervals using timer 1 (INTT1), first
stop timer 1 then set the operation mode, input clock, and a cycle to TO1IMOD and
TREG1 register, respectively. Then, enable interrupt INTT1 and start the
counting of timer 1.
Example : To generate timer 1 interrupt every 40 microseconds at fc=16 MHz,
set each register in the following manner.
MSB LSB
76543210
TRUN L 0~ Stop timer 1, and clearitto “0”.
TMOD «c00XX01- -~ Set the 8-bit timer mode, and select ¢T1 (0.5 xs @ fc = 16 MHz)
as the input clock.
TREGI. « 01101000 Set the timer register at 40 xs 4T1 = 50H.
INTETI0 « 1101 - - - - Enable INTT1, and setitto “Level 5”.
TRUN «XX1---1- Start timer 1 counting.
Note: X:Don’tcare —;No change

Use the following table for selecting the input clock.
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Table 3.7 (1) 8-Bit Timer Interrupt Cycle and Input Clock

Input clock Interrupt cycle (@fc =20 MHz) Resolution
$¢T1 (8/fc) 0.4 ust0 102.4 us 0.4 us
$T4 (32/fc) 1.6 ©s 10 409.6 s 1.6 us
$#T16 (128/fc) 6.4 usto 1.638 ms 6.4 us
$T256 (2048/fc) 102.4 4s10 2.621 ms 102.4 us

@  Generating a 50% duty square wave pulse

The timer flip-flop is inverted at constant intervals, and its status is output to

timer output pin (TO1).

Example : Tooutputa 2.4 ussquare wave pulse from TO1 pin at fc=20 MHz, set
each register in the following procedures. Either timer 0 or timer 1
may be used, but this example uses timer 1.

MSB
7654321

TRUIN € --=---- 0

TOIMOD « 00 X X 0 1 -

LSB

0

Stop timer 1, and clearitto “0".
Set the 8-bit timer mode, and select ¢ T1 as the input clock.

TREGT « 00000011 Setthe timer register at 2.4 us+ ¢T1+2=3.

TFFCR ¢ ----1011 Clear TFF1 to “0”, and set to invert by the match detect signal
from timer 1.

P7CRL ¢ - = = = = ~ 10 Select P71 asTO1-pin.

TRUN €«eXX1-=--1- Start timer 1 counting.

Note : X ; Don’t care —;No change
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AR I I I Y

TRUN
BIT7 to 2

Up-
counter BIT1

m00|1|2|3%1|2|3M1 2 3 ]o
o reter [T ALYl ] []
ot et m N M
INTT1 Q ] [
UC clear 41. Il! "
e f li —
TO1 D } /[

!
|| 1.2 s @fc =20 MHz
1

Figure 3.7 (9) Square Wave (50 % Duty) Output Timing Chart

® Making timer 1 count up by match signal from timer 0 comparator

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

Comparator output M M
(Timer 0 match)

TimerQup-counter 1 X2 X3X4X5X1X2X3X4X5 1 X2X3)

(when TREGO =5)

Timer 1 up-counter 1 X 2 X 1
(when TREG1 = 2)

Timer 1. match output

Figure 3.7 (10) Timer 1 count up by timer 0
@ — Output inversion with software

The value of timer flip-flop (Timer F/F) can be inverted, independent of timer
operation.

Writing “00” into TFFCR<TFF1C1, 0> inverts the value of TFF1, writing “00”
into TFFCR<FF3C1, 0> inverts the value of TFF3.
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® Initial setting of timer flip-flop (Timer F/F)

The value of TFF1 can be initialized to “0” or “1”, independent of timer
operation.

For example, write “10” in TFFCR<TFF1C1,0> to clear TFF1 to “0”, while
write “01” in TFFCR<TFF1C1,0> to set TFF1 to “1”.

Note: The value of timer register and timer flip-flop cannot be read.
16-bit timer mode

A 16-bit timer can be configured by combining timers 0. and 1, or timers2-and 3.

Timers 0 and 1 combined function the same as timers 2 and 3. A combination of
timers 0 and 1 is used for explanation here.

To configure a 16-bit timer by cascade-connecting timers 0 and 1, set the mode
register, TOIMOD <T01M1, 0>, to 00.

Setting 16-bit timer mode sets the input clock for timer 1 to timer 0 overflow output
regardless of the value set in the clock control register, TCLK.

Table 3.7 (2) 16-Bit Timer(Interrupt) and Input Clock

Input clock Interrupt cycle (fc =20'MHz) Resolution

$T1 (8/fc) 04us to 26.214ms 0.4 us

T4 (32/fc) 1.6 s to 104.857 ms 1.6 us
$T16 (128/fc) 6.4us to 419.430 ms 6.4 us

The lower 8-bit of the timer (interrupt) cycle are set by the timer register TREGO, and
the upper 8-bit are set by TREG1. Note that TREGO always must be set first. (Writing
data into TREGO disables the comparator temporarily, and the comparator is restarted
by writing data into TREG1.)

Setting example: To generate an interrupt INTT1 every 0.4 seconds at fc=20 MHz, set
the following values for timer registers TREG0 and TREG1.
When counting with input clock of ¢ T16 (6.4 1s @ 20 MHz)
0.4s+6.4 us=62500=F424H
Therefore, set TREG1 =F4H and TREG0=24H, respectively.

The comparator match signal is output from timer 0 each time the up-counter UCO
matches TREGO, where the up-counter UCO is not be cleared.

INTO is not generated at this time, either.

With the timer 1 comparator, the match detect signal is output at each comparator
timing when up-counter UC1 and TREG1 values match. When the match detect signal
is output simultaneously from both comparators of timer 0 and timer 1, the up-counters
UCO0 and UC1 are cleared to “0”, and the interrupt INTT1 is generated. If inversion is
enabled, the value of the timer flip-flop TFF'1 is inverted.
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Timer 0 Timer 1
INTTO TO1 Match value INT T1 TO1 Match value
16-bit timer mode Interrupt Output enable | TREGO Interrupt Output-enable | TREG1+28
counts up timer 1 by \ [ generation counts up generation + TREGO
timer 0 overflow. even at (full 16-bit)
match
8-bit timer mode Interrupt Output TREGO Interrupt Output TREG1+
counts up timer 1 by \[ generation enabled clears at generation enabled TREGO
timer 0 match either timer match either timer multiplied
Oor1 Oor1 value

Example : When TREG1=04H and TREG0=80H

Value of up-counter 0400H
(uc1, Uco) 0000H 0080H 0180H 0280H 0380H 0480H

Timer 0 comparator " " "
match detect signal

interrupt iNTT1

Timer output TO1 X Inversion

Figure 3.7 (11) Output timer 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 0 or timer 2
and timer 0. The output pulse may be either low-active or high-active. In this mode,
timer 1 and timer 3 cannot be used.

With timer 0, data are output to the TO1 pin (also used as P70); with timer 2, to the
TO3 pin (also used as P71).

ltH | T |
| | |

I t I

Timer 0 is explained here because operation is the same as timer 2.

TREGO and UC1 match A fl
(Interrupt INTTO) / /
TREG1 and UC1 match /" /"
(Interrupt INTT1) \ ( \ (
TO1 \ \
TREGO
TREG1
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TRUNO TO1
TIO pin —>] ] T
$T1 — 8-bit
¢T16 —> Selector Up-counter (UCO)
$7256 —> TFF
Inversion
- INTTO
~_~ J _~
Comparator Comparator INTT1
PE = N
L | TREGO
=
Selector —
TREGO-WP —— Shift trigger
i Register buffer TREG1
TRDC
Internal’bus

Figure 3.7 (12) Block Diagram of 8-Bit PPG Output Mode

When the double buffer of TREGO is enabled in this mode, the value of register buffer
will be shifted in TREGO each time TREG1 matches UCO.
Use of the double buffer' makes easy the handling of low duty waves (when duty is

varied)
Match with TREGO " "
(Up-counter-=Q,) (Up-counter = Q,)
Match with TREG 1 /H
Shift from register buffer
\
TREGO Q1 X Q2

(Value to becompared)

77

Q
Register buffer X 3

Write to register buffer

Example : Generating 1/4 duty 62.5 kHz pulse (@ fc=20 MHz)

[T _T1 T1

o7
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® Calculate the value to be set for timer register.
To obtain the frequency 62.5 kHz, the pulse cycle t should be : t=1/62.5 kHz = 16
HS.
Given ¢T1=0.4 xs (@ 20 Hz),
16 us+0.4 us=40
Consequently, to set the timer register 1 (TREG1) to TREG1=40=28H
and then duty to 1/4,tX1/4 = 16 usX1/4=4 us
4 /,¢S+0.4 HS= 10
Therefore, set timer register 0 (TREGO0) to TREG0O=10=0AH.

MSB LSB
76543210
TRUN ¢« X X-=---00 Stop timer 0, and clear it to\"0".
TOIMOD « 1 0 X X X X 0 1 Set the 8-bit PPG mode, and select ¢T1 asinputclock.
TFFCR ¢ = - --011X Sets TFF1 and enable the inversion
Writing “10" provides negative logic/pulse.
TREGO « 00001010 Write “0AH".
TREGT « 00101000 Write 128H".
P/CRL ¢ - = = = - =~ 10 Set P70-asthe TO1 pin.
TRUN ¢« XX1---11 Start timer 0-and timer’1 counting.
Note: X;Don’tcare  —; Nochange

(4) 8-bit PWM Output mode (Pulse Width Modulation)

Mode used only for timers 1 and 3. Up to 2 PWMs with a resolution of 8-bit (PWM1
and PWM3) can be output.

With timer/1, PWM is output to the TO1 pin (also used as P70); with timer 3, to the
TO3 pin (also used as P71).

Timer 0 or 2 is used as an 8-bit timer.

Timer 1(PWM1) is explained here because the operation is the same as timer 3.

Timer output is inverted when up-counter (UC1) matches the set value of timer
register TREG or when 2n~1 (n=6, 7, or 8; specified by TO1MOD) counter overflow
occurs. Up-counter UC1 is cleared when 2n—1 counter overflow occurs. For example,
when n=6, 6-bit PWM will be outputted, while when n="7, 7-bit PWM will be outputted.

Tousethis 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
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tch
(interrupt m#n /ﬂ /" "
2n-1 ( Al ( Al

overflow \ ( \ (

TO1 | \I_I tom \ l_l

8-bit PWM waveforms

TO1
TRUN <TORUN> A
TI0 —>]
¢T(1)—> 8-bit up-counter TEFCR
Ta—>]| Selector Clear TFF <TFF1C1, 0,
$16 (ueo TFF1IE, TFF11S>
é — >
2n-1 TMOD Invert
<T10M1,0>=11
TMOD < LK1,0> P
OD <T0CLK1,0 ::> overflow .
control <PWMM1, 0>
N2 Overflow
| Comparator }
N\
l ¢ INTTO
L | TREGO |
2\
Selector Shift trigger
TREGO-WR—>
T | Register buffer |
TFFCR <DBEN> ﬁ
§ Internal bus §

Figure 3.7 (13) Block Diagram of 8-Bit PWM Mode

In this mode, the value of register buffer will be shifted in TREGO if 2" — 1 overflow is
detected when the double buffer of TREGO is enabled.
Use of the double buffer makes easy the handling of small duty waves.

Match with TREGO I-I I-I
(Up-counter ='Qq) (Up-counter = Q)
2n=1-overflow /I-I
( Shift from register buffer
TREG 0 Q1 X Q2
(value to be compared) j\
)
Register buffer Q2 X Qs

A_ Wwrite to register buffer

Operation of Register buffer
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Example : To output the following PWM waves to TO1 pin at fc=20 MHz.

[ I R

‘W’|

50.8 us |

To realize 50.8 s of PWM cycle by ¢T1=0.4 us (@fc=20 MHz),
50.8 us+04 pus =127 = ar—1

Consequently, n should be set to 7.

As the period of low level is 36 us, for ¢T1=0.4 us,

set the following value for TREGO.
36 us+0.4 us = 90 = 5AH

MSB LSB
76543210
TRUN ¢ X X = = = = = 0 Stop timer 0, and clearitto “0".
TOIMOD « 1110--01 Set 8-bit PWM mode (cycle: 27 - 1).and select 4T1 as the input
clock.
TFFCR ¢ - - - -101X Clears TFF1, enable the inversion.
TREGO « 01011010 Writes “5AH”.
P7CRL ¢ - = = - = - 10 Set P70 asthe TO1 pin.
TRUN «XX1=-=---1 Starttimer 0 counting.

Note: X;Don’tcare —; Nochange

Table 3.7 (3) PWM Cycle and the Setting of 2" - 1 Counter

PWM cycle (@fc =20 MHz)
$T1 4T4 4T16
26 -1 25.2 45 (39.0 kHz) 100 s (10.0 kHz) 4.03 ps (2.4 kHz)
27 -1 50.8 s (19.7 kHz) 203 s (4.9 kHz) 812 us (1.2 kHz)
281 102 us  (9.80 kHz) 408 us (2.4 kHz) 1.63 ms (0.61 kHz)
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(5) Table 3.7 (4) shows the list of 8-bit timer modes.
Table 3.7 (4) Timer Mode Setting Registers

. Mode Upper input Lower input Invert select
Timer mode
e TO1M PWMO T1CLK TOCLK FF11S
(8-bit timer x 2channel)
(T23M) (PWM2) (T3CLK) (T2CLK) (FF3IS)

16-bit timer o1 ( External; >

(Full 16-bit) x 1channel $T1,4,16

8-bit timer
(8-bit x 8-bit mode x 1channel) .

c X tout f th 00 00 ( External, > 0: Lower timer
( ompa.ra °T°.“ put from the - $T1,4,16 17 Upper timer
lower timer is input to the upper
timer.)

8-bit timer x 2channel 00 - (471, 16,256) < External, > p: Lowert.lmer

$T1,4,16 1: Upper timer
8-bit PPG x 1channel 10 - - ( External, > -
$#T1,4,16

-bit PWM x 1ch I (L E |

8 b!t . x 1channel (Lower) " PWM cycle (571,16, 256) ( xternal, > _
8-bit timer x 1channel (Upper) $71,/4,16
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3.8

16-bit Timer

TMP96C031Z contains one (timer 4) multifunctional 16-bit timer/event counter with
the following operation modes.

16-bit interval timer mode

16-bit event counter mode

16-bit programmable pulse generation (PPG) mode
Frequency measurement mode

Pulse width measurement mode

Time differential measurement mode

Timer/event counter consists of 16-bit up-counter, two 16-bit timer registers (One of
them applies double-buffer), two 16-bit capture registers, two comparators, capture
input controller, and timer flip-flop and the control circuit.

Timer/event counter is controlled by 4 control registers: T4AMOD, T4FFCR, TRUN
and T45CR.

Figure 3.8 (1) shows the block diagram of 16-bit timer/event counter (timer 4).
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Figure 3.8 (1) Block Diagram of 16-Bit Timer (Timer 4)
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T4AMOD
(0038H)

7 ¢ 6 i 5 i 4 i 3 2 L 1 i o0
bit Symbol | CAP2T5 i EQS5TS : CAPIIN :CAP12M1:iCAPI2MO: CLE | TACLK1 : T4CLKO
Read/Write RIW W RIW PORW RIW
After reset o i 0 i 1 0 f 0 o0 0+ 0

TFFSinvert trigger ~ :0: Soft-  Capturetiming :UCA ¢ Timer4 sourceclock
. ) : Capture :00: Disable i Clear : 00-Tia
0: Disable trigger . don't | NTaoceursatriseedge. | Enable i
Function |1: Enabletrigger P care 01:miar T57 : H017¢T1
: ©INT4 trise edge. ! \ .
Invert  ilnvert 510:“4?“”“;415% 98- 2\10:-4T4
when the_ éWhen the : INT4 occurs at fall edge. 11:4T16
UCvalue is up-counter: M1:TRRIY TRRT : :
loaded to §matChes ; INT4 occurs at rise edge.
CAP2 ‘TREGS :

—> Timer

4 input clock

External clock (T14)

$T16 (128/fc)

L~ o Cleari

ngthe up-counter UC4

Clear disable

Clear by match with TREGS5.

Figure 3.8 (2) /16-Bit Timer Mode Controller Register (TAMOD) (1/2)
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7 6 5 4 i3 2 i1 10
TAMOD |bit Symbol | CAP2T5 i EQSTS | CAP1IN iCAP12M1:CAP12MO: CLE | T4CLK1 | TACLKO
(0038H) [ peadmwrite RIW W RIW i RW RIW
Afterreset| 0 i o i 1 i 0o i 0o i 0 0 0
TFFSinvert trigger  :0: z"ﬁ{ iCapture timing i LCJIC4 i Timer4 source clock
: apture :00: Disabl ear
0: Disable trigger : P :OOINTLsabe trise edge. . Enable / 00: T4
Function . . 1 donlt : occurs atrise edge. )
1: Enable trigger  care 01: T4 TIs 1 E (01 ¢TH
Invert ;Invert INT4 occurs at rise edge. 10:-¢T4
when the whenthe : [10:mar T4l i D11 ¢T16
UCvalueis: up-counter‘: i INT4occursat fall edge. : :
: : 11D TFR1Y TFFTY :
loadedto :matches : : . :
CAP2 ETREGS INT4 occurs at rise edge.
| L |

— Captu

re timing of timer4

Capture control

INT4 control

Capture disable

CAP1T at Tl4 rise
CAP2 at TI5 rise

CAP1 at Tl4rise
CAP2 at Tl4 fall

CAP1 at TFF1 rise

Interrupt occurs
at the rise edge
of TI4 (INT1)
input.

Interrupt occurs
at the rise edge
of TI4 (INT1)

CAP2 at TFF1 fall

input.

Softw

are capture

The up-counter4 value is loaded to CAP1

(software capture).

"1".

Always read as

Timer flip-flop 5 (TFF5) invert trigger

Trigger disable (Invert Prohibition)

Trigger enable (Invert permission)

CAP2T5 : Invert when the up-counter value is loaded to CAP2

EQ5T5

: Invert when the up-counter matches TREG5

Figure 3.8 (3) 16-Bit Timer Controller Register (TAMOD) (2/2)
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7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
TAFFCR |bit Symbol | TFFSC1 | TFFSCO | CAP2T4 i CAP1T4 | EQ5T4 : EQA4T4 : TFFAC1 | TFFACO
(0039H) [ eadnwrite w P RW i O RW i RW | RW i w
After reset — 0 0 0 0 =
00: Invert TFF5 {TFF4 invert trigger {00: Invert TFF4
Function |[10: Clear TFF5 :1: Enable trigger i10% Clear  TFF4
11: don’t care Invert when Invert when ;Invertwhen Invert when 511 ~doft care
Always read as “11”. the UCvalue  the UCvalue | the UC i the UC X Always read as
is loaded to isloaded to matches matches R
i cAP2 fcap { TREGS “TREGA
| I I

]

|—> Timer flip-flop 4 (TFF4) control

00 |Inverts the TFF4 value (software-inversion).

17 |Don’t care (Alwaysread as “11") .

—> Timer flip-flop 4 (TFF4) invert trigger

0 |Triggerdisable (Invert prohibition)

1 |Trigger enable (Invert permission)

CAP2T4 : Invert whenthe up-counter value is loaded to CAP2
CAP1T4 : Invert when the up-counter value is loaded to CAP1
EQ5T4 : Invertwhen up-counter matches TREG5S
EQ4T4 ¢ Invertwhen up-counter matches TREG4

Timer flip-flop 5 (TFF5) control

00 |Invertsthe TFF5 value (software inversion).

11 |Don’t care (Alwaysread as “11".)

Figure 3.8 (4) 16-Bit Timer 4 F/F Control (T4FFCR)
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7 P50 g 3 2 1 i o0
T45CR |bit symbol | — T~ PGIT | PGOT . DBA4EN
(003AH) ceadmwrite|  Rw i ; RIW © RW
After reset 0 ; 0 0 0
Fixat “0" | PG1shift  :pGOshift ‘Double
: Trigger iTrigger ‘buffer of
) 0:8-bit £0:8-bit ‘TREG4
Function Timer Trigger: Timer Trigger' :0: Disable
(Timer0, 1) (Timer0,1) i1: Enable
1: 16-bit  1: 16-bit :
TimerTriggeréTimerTriggeré
(Timer5)  {(Timerd). i :
|-> Double buffer countrol
0, |Disable
1-_|Enable
DB4EN: Double buffer of TREG4
Figure 3.8 (5) 16-Bit Timer (Timer 4) Control Register (T45CR)
16-bit timer 8-bit'timer
[ I I
7 s0f a4 i3 o2 i1 i o
bit Symbol PRRUN : T4RUN | T3RUN : T2RUN i TIRUN : TORUN
ggzuoN Read/Write R/W
(0020R) I\ tter reset 0 ¢ 0 0o % 0 i 0 i 0
: Prescaler& Timer Run/ Stop Control
Function

0: Stop & Clear

1: Run (Count-up)

Operation of 16-bit timer (timer4)

0 [Stop and clear

Operation of prescaler
0 [STOP and clear

Figure 3.8 (6) Timer Operation Contorl Register (TRUN)
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@®  Up-counter (UC4)

UC4 is a 16-bit binary counter which counts up according to the input clock
specified by T4AMOD <T4CLK1,0> register.

As the input clock, one of the internal clocks ¢T1 (8/fc), ¢ T4 (32/fc), and ¢T16
(128/fc) from 9-bit prescaler (also used for 8-bit timer), and external clock from TI4
pin (also used as P72/INT4 pin) can be selected. When reset, it will be initialized to
<T4CLK1,0> =00 to select TI4 input mode. Counting or stop & clear of the
counter is controlled by timer operation control register TRUN <T4RUN>.

When clearing is enabled, up-counter UC4 will be cleared to zero each time it
coincides matches the timer register TREG5.  The “clear enable/disable” is set by
T4MOD<CLE>.

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

@  Timer Registers

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

Setting data for timer register (TREG4, TREGS5) is executed using 2-byte date
transfer instruction or using 1-byte date transfer instruction twice for lower 8-bit
and upper 1-bit in order.

TREG 4 TREG 5
Upper 8-bit | Lower 8-bit Upper8-bit | Lower 8-bit
000031H 000030H 000033H 000032H

TREGH4 timer register is of double buffer structure, which is paired with register
buffer. The timer control register T4A5CR <DB4EN > controls whether the double
buffer structure should be enabled or disabled. : disabled when <DB4EN> =0,
while enabled when <DB4EN>=1.
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When the double buffer is enabled, the timing to transfer data from the register
buffer to the timer register is at the match between the up-counter (UC4) and
timer register TREG5.

When reset, it will be initialized to <DB4EN > =0, whereby the double buffer
is disabled. To use the double buffer, write data in the timer register, set
<DB4EN > =1, and then write the following data in the register buffer.

TREG4 and register buffer are allocated to the same memory addresses
000030H/000031H. When <DB4EN > =0, same value will be written in both the
timer register and register buffer. When <DB4EN> =1, the value is written into
only the register buffer.

®  Capture Register

These 16-bit registers are used to hold the values of the up-counter.
Data in the capture registers should be read by a 2-byte data load instruction or
two 1-byte data load instruction, from the lower 8-bit followed by the upper 8-bit.

CAP 1 CAP2

Upper 8-bit | Lower 8-bit Upper 8-bit. | Lower 8-bit
000035H 000034H 000037H 000036H

@  Capture Input Control

This circuit controls the timing to latch the value of up-counter UC4 into (CAP1,
CAP2). The latch ‘timing of capture register is controlled by register
T4AMOD<CAP12M 1,0> /T5MOD <CAP34M1, 0>.

® When TAMOD<CAP12M 1,0> =00

Capture function is disabled. Disable is the default on reset.
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® When TAMOD <CAP12M1, 0> =01

Data is loaded to CAP1 at the rise edge of TI4 pin (also used as P80/INT4) input,
while data is loaded to CAP2 at the rise edge of TI5 pin (also used as P81/INT5) and
input. (Time difference measurement)

® When TAMOD <CAP12M1,0> =10

Data is loaded to CAP1 at the rise edge of TI4 pin input, while to CAP2 at the
fall edge. Only in this setting, interrupt INT4 occurs at fall edge. (Pulse width
measurement)

® When TAMOD <CAP12M1,0> =11

Data is loaded to CAP1 at the rise edge of timer flip-flop TFF1, while to CAP2
at the fall edge.

Besides, 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 CAP1. It is necessary to'keep the prescaler in
RUN mode (TRUN <PRRUN > to be “17).

®  Comparator

These are 16-bit comparators which compare the up-counter UC4 value with the
set value of (TREG4, TREG5) to detect the match.  When a match is detected, the
comparators generate an interrupt (INTT4, INTT5) respectively. The up-counter
UC4 is cleared only when UC4 matches TREG5. (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 and
the latch signals to the capture registers. Disable/enable of inversion can be set
for each element by TAFFCR<CAP2T4, CAP1T4, EQ5T4, EQ4T4>. TFF4 will be
inverted when “00” is written in T4AFFCR<TFF4C1,0>. Also it is set to “1” when
“10”is written, and cleared to “0” when “10” is written. The value of TFF4 can be
output to the timer output pin TO4 (also used as P70).
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@  Timer Flip-flop (TFF5)

This flip-flop is inverted by the match detect signal from the comparator and the
latch signal to the capture register CAP2. TFF5 will be inverted when “00” is
written in TAFFCR<TFF5C1,0>/T6FFCR<TFF6C1, 0>.  Also it is set to “1”
when “10” is written, and cleared to “0” when “10” is written. The value of TFF5
can be output to the timer output pin TO5 (also used as P82).

TO5 (also used as P30) is multiplexed using the HWR pin; setting must be done
using the port 3 control register, PSCRL.

Note : TO5 (also used as P30) is multiplexed with HWR;setting must be done using the P3SR.

(1) 16-bit Timer Mode

Generating interrupts at fixed intervals

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

interrupt INTTRS5.
TRUN «
INTETH4 «
TAFFCR «
T4MOD <
TREGD  «
TRUN «

Note: X;Don’t care

*

*

1

10
01

(** <01, 10,11)

0
0

0
0

0
1

10

00

11

&k

* ok ok ok ok ok ok

sk o % % ok sk ok

X111+ - - -

(2) 16-bit Event Counter Mode

Stop timer 4.

Enable INTTR5 and setsinterrupt level 4. Disable
INTTRA4.

Disable trigger.

Select internal clock for input and

disable the capture function.

Setthe interval time (16-bit).

Starttimer 4.

- No change

In 16-bit timer mode as described in above, the timer can be used as an event counter
by selecting the external clock (T14 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 rise edge of TI4 pin input.

TI4 pin can also be used as P72/INT4.
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(3)

76543210

TRUN «XX-0---- Stop timer 4.

P7CR «--00---- Set P72 to input mode

INTET64 « 1 1 001000 Enable INTTR5 and sets interruptlevel 4, while
disables INTTRA4.

TAFFCR « 11000011 Disable trigger.

T4MOD « Select Tl4 as the input clock.

TREGH  « * * * % & % % % Set the number of counts (16-bit).

TRUN «XX11---- Start timer 4.

Note : When used as an event counter, set the prescalerin RUN mode.

16-bit Programmable Pulse Generation (PPG) Output Mode

The PPG mode is obtained by inversion of the timer flip-flop TFF4 that is to be
enabled by the match of the up-counter UC4 with the timer register TREG4 or 5 and to
be output to TO4 (also used as P70). In this mode, the following conditions must be
satisfied.

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

TRUN «XX-0--=- Stop timer 4.
TREG4  « * * % ph/ % & % & Set the duty. (16-Bit)
TREGH LA B N Set the cycle. (16-Bit)
T45CR « 0 X X X'- - -1 Double Buffer of TREG4 enable
(Change'the duty and cycle at the interrupt INTTR5)
T4FFCR « 11001100 Setithe mode to invert TFF4 at the match with
TREG4/TREGS5, and also set the TFF4 to “0”.
TAMOD <« 00 10 041 * * Select the internal clock for the input, and disable
(**=01, 10,11) the capture function.
P7CR - - - =-=-- 11 Assign P70 as TO4.
TRUN «XX11+~-- Start timer 4.
Note : X ; Don’t care - ;No change
Match with TREG4 /ﬂ I'l l'l |'| |'|
(interrupt INTTR4) |
Match with TREG5 ! /ﬂ 'l -l -|
(interrupt INTTR5) : |

TOA4 pin \: U J J J

Figure 3.8 (7) Programmable Pulse Generation (PPG) Output Waveforms
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When the double buffer of TREG4 is enabled in this mode, the value of register buffer
4 will be shifted in TREG4 at match with TREGS5. This feature makes easy the handling
of low duty waves.

Match with TREG4 Up-counter=Qq Up-counter =Qz
Match with TREG5 ﬂ
i [ shiftinto the TREGS
TREG4 \
(value to be Q1 X Q2
compared) 7]\
Register buffer Q2 X Qs

Write into the TREG4

Figure 3.8 (8) Operation of Register Buffer

Shows the block diagram of this mode.

TRUN<TARUN> 164 (PPG output) TOS
T
¢11—> 16-Bit up-counter F/F F/E
Selector clear
¢¢TT146 ] ucs (TFF4) (TFF5)
ﬂ " A4
matc
16-Bit Comparator 16-Bit Comparator | match
VAN AN
TREG4
VAN
Selector
TREG4-WR —>
Register buffer 4 TREG5
T45CR<DB4EN>
4 T /T
S Internal bus S

Figure 3.8 (9) Block Diagram of 16-Bit PPG Mode
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(4) Application Examples of Capture Function

The loading of up-counter (UC4) values into the capture registers CAP1 and CAP2,
the timer flip-flop TFF4 inversion due to the match detection by comparators CP4 and
CP5, and the output of the TFF4 status to TO4 pin can be enabled or disabled. Combined
with interrupt function, they can be applied in many ways, for example:

@  One-shot pulse output from external trigger pulse
Frequency measurement

Pulse width measurement

® 0 6

Time difference measurement
@®  One-shot Pulse Output from External Trigger Pulse

Set the up-counter UC4 in free-running mode with the internal input clock, input the
external trigger pulse from TI4 pin, and load the value of up-counter into capture
register CAP1 at the rise edge of the TI4 pin. Then set to TAMOD<CAP12M1, 0> =01.

When the interrupt INT4 is generated at the rise edge of TI4 input, set the CAP1
value (c) plus a delay time (d) to TREG4 (= ¢+d), and set the'above set value (c+d) plus
a one-shot pulse width (p) to TREG5 (= ¢4 d+p). When the interrupt INT4 occurs the
T4FFCR<EQ5T4, EQ4T4 >register should be set that the TFF4 inversion is enabled
only when the up-counter value matches TREG4 or TREG5. When interrupt INTTR5
occurs, this inversion will be disabled.

(’ Setthe counter in free-running mode.

Countclock JWHH”L____NM__M--M__-

(internal’clock) C cid c+d+p
Tl4 pin input I |
(external trigger pulse) .§ Load the up-counter value into Capture

| ~ Register 1(CAP1).INT4 occurred

) INTTR5 occyrred
Inversion (
enable /ﬂ
Disablesinversion\ | Inversion '
caused by loading \ | enable

of the up-counter
¥£-value into CAP1.

Match with TREG4

Match with TREG5

I

Timer output pin TO4

i
Delay time i Pulse width
1

(@ (p) 010289

Figure 3.8 (10) One-Shot Pulse Output (with Delay)
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Setting example : To output 2ms one-shot pulse with 3ms delay to the external

trigger pulse to TI4 pin
Main setting Keep counting (Free-runnig)
_ — Countwith ¢T1.
TAMOD ¢« - -101001

\_l_l

Load the up-countervalue into CAP1 at the rise edge
TAFFCR« 11000010 of Tl4 pin input.

Clear TFF4 to zero.
Disable TFF4 inversion.

P/CRL ¢« - - - - - - 11 Select P70 asthe TO4 pin.

INTE45 ¢ - - --1100 Enable INT4, and disable INTTR4/and INTTR5.
INTETh4¢« 10001000

TRUN « XX11---- Start timer 4.

Setting of INT4

[TREG4 « CAP1+3ms/4T1
TREGS « TREG4+2ms/4T1

TAFFCR ¢ - - - -11 - -
Enable TFF4 inversion when the up-counter value
matches TREG4 or 5.
| INTET54¢« 1100 - - - - Enable INTTRS5.

Setting of INTTR5

TAFFCR ¢ - == -00 - =
Disable TFF4 inversion when the up-counter value
matches TREG4 or 5.

INTETS4¢-1 000 - = = = Disable INTTR5.

Note: X; Don’t care -; No change

When delay time is unnecessary, invert timer flip-flop TFF4 when the up-
counter value is loaded into capture register 1 (CAP1), and set the CAP1 value (¢)
plus the one-shot pulse width (p) to TREG5 when the interrupt INT4 occurs. The
TFF4 inversion should be enabled when the up-counter (UC4) value matches
TREGS5, and disabled when generating the interrupt INTTRS.
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Count clock """""" """"" "I"""I
C cC+p

(internal clock)

Tl4 pin input
I tri | = Ao Load the up-counter value into Capture
(external trigger pulse) ! Register 1 &AP1)- INTa Gecurred i Load the up-counter value into

i 2 INTTRS E Capture Register 2 (CAP2).

Match with TREG5 ! /" occurred !

i Inversion i |

! enable H [

Timer output pin TO4 \i i

1

/| Pulsewidth i Fd

. . — >
Enables inversion caused ! (p) : Disablesinversion caused by loading of

by loading of the up-

. the up-counter value into CAP2.
counter value into CAP1.

010289

Figure 3.8 (11) One-Shot Pulse Output (without Delay)
@  Frequency Measurement

The frequency of the external clock can be measured in this mode. The clock is
input through the TI4 pin, and its frequency is measured by the 8-bit timers
(Timer 0 and Timer 1) and the 16-bit timer/event counter (Timer 4).

The TI4 pin input should be selected for the input clock of Timer 4. The value of
the up-counter is loaded into the capture register CAP1 at the rise edge of the
timer flip-flop TFF1 of 8-bit timers (Timer 0 and Timer 1), and into CAP2 at its fall
edge.

The frequency is calculated by the difference between the loaded values in
CAP1 and CAP2 when the interrupt (INTTO or INTT1) is generated by either 8-bit
timer.

Count clock I"l"""" —_— __Jl".".". ______

(internal clock) c1 Cc2

TFF1 72 !
C1

Loading UC16 into CAP1 \

-

—_— ]
a

Loading UC16.into CAP2

— i ) A
0
N
— = i
0
N

TNTTO/INTT1

010289
Figure 3.8 (12) 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 CAP1 and CAP2 is 100, the frequency will be
100/0.5 [s]=200[Hz].
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®  Pulse Width Measurement

This mode allows to measure the “H” level width of an external pulse. While
keeping the 16-bit timer/event counter counting (free-running) with the internal
clock input, the external pulse is input through the TI4 pin. Then the capture
function is used to load the UC4 values into CAP1 and CAP2 at the rising edge and
falling edge of the external trigger pulse respectively. The interrupt INT4 occurs
at the falling edge of T14.

The pulse width is obtained from the difference between the values of CAP1 and
CAP2 and the internal clock cycle.

For example, if the internal clock is 0.8 microseconds and the difference
between CAP1 and CAP2 is 100, the pulse width will be 100 X 0.8 = 80
microseconds.

Count clock
(internal clock)

C1
Tl4 pin
(external pulse) i
C1

Loading UC16 into CAP1
1
( \*ﬂ c

Loading UC16 into CAP2 \ i

|

Figure 3.8 (13) Pulse Width Measurement

1111 —

2

:

[l |

— p— T
e]
N

INT4 010289

Note: Only in this pulse width measuring mode  (T4MOD<CAP12M1, 0> =10), external
interrupt INT4 occurs at the falling edge of T14 pin input. In other modes, it occurs at the

rising edge.

The width of “L” level can be measured from the difference between the first C2
and the second C1 at the second INT4 interrupt.

@ Time Difference Measurement

This'mode is used to measure the difference in time between the rising edges of
external pulses input through T14 and TI5.

Keep the 16-bit timer/event counter (Timer 4) counting (free-running) with the
internal clock, and load the UC4 value into CAP1 at the rising edge of the input
pulse to TI4. Then the interrupt INT4 is generated.

Similarly, the UC4 value is loaded into CAP2 at the rising edge of the input
pulse to TI5, generating the interrupt INT5.

The time difference between these pulses can be obtained from the difference
between the time counts at which loading the up-counter value into CAP1 and
CAP2 has been done.
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Count clock """"" - __Jl".".ﬂ"_ _____

(internal clock) I 2

A1
1

K /
\
X

T14 pin input

Loading UC16 into CAP1 / \
Loading UC16 into CAP2

i
o |
I"

\

INT2

Time difference

010289
Figure 3.8 (14) Time Difference Measurement

(5) Different Phased Pulses Output Mode

In this mode, signals with any different phase can be outputted by free-running up-
counter UC4.

When the value in up-counter UC4 and the value in TREG4 (TREGS5) match, the
value in TFF4 (TFF5) is inverted and output to TO4 (TO5).

This mode can only be used by 16-bit timer 4.

Counter
(free-running)

Match with TREG4 /ﬂ |-| |-| |-|

s S |
\ /

TO4 —

TO5

Figure 3.8 (15) Phase Output

Cycles (counter overflow time) of the above output waves are listed below.

16 MHz 20 MHz
$#T1 32.768 ms 26.214 ms
#T4 131.072 ms 104.856 ms

$T16 524.288 ms 419.424 ms
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3.9 Stepping Motor Control/Pattern Generation Port

TMP96C031Z contains 2 channels (PGO and PG1) of 4-bit hardware stepping motor
control/pattern generation (herein after called PG) which actuate in synchronization
with the (8-bit/16-bit) timers. The PG (PGO0 and PG1) are shared in 8-bit I/O ports P6.

Channel 0 (PGO) is synchronous with 8-bit timer 0 or timer 1, 16-bit timer 4, channel
1 (PG1) is synchronous with 8-bit timer2 or timer3, 16-bit timer4, to update the output.

The PG ports are controlled by control registers (PGO1CR) and can select either
stepping motor control mode or pattern generation mode. Each bit of the P6 can be used
as the PG port.

Channel 0 (PGO0) and channel 1 (PG1) operate independently.

Except in the following case, both channels operate the same. Thus, channel 0 (PGO) is
explained here.

Difference between PGO and PG1

PGO PG1
. . . 8-bit timer0, 1 8-bittimer2,3
Timert ersignal ! !
Imertriggersig 16-bit timer 16-bit timer
™\ {
b7 P63/PGO3
L PRus D (P67/PG13)
1-2 excitation— A
Y
b3 1-2
SA03 excitation
A
Y
v b6
PG02 P62/PG02
S D (P66/PG12) c
! A ° o
b2 ; s
o SA02 s
c A “’.fé
N o Y
Q
PGO1 P61/PGO1
- D (P65/PG11)
s A
Ny ;
SAO01
A
¥
b4
PGOO D P60/PGO0
) (P64/PG10)
b Y
0 SA00
N A

Figure3.9 (1) Pattern Generator/Stepping Motor Control Block Diagram
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7 i 6 5 i 4 3 f 2 i1 10
PGO1CR |bit Symbol | PAT1 i cCCwi1 PGIM | PGITE PATO i CCWO | PGOM : PGOTE
(004EH) Read/Write R/W R/W
Afterreset| 0 i 0o i o i o i o i 0o i 0 i 0
PG1write PG1 PG1 mode PG1 :PGOwrite :PGO ‘PGO mode :PGO
mode iRotaing  i(excitation)itrigger imode :Rotaing  i(excitation):trigger
0: 8-bit Edirection 0 1excitation§iennp;lgcle 50: 8-bit Edirection 0 1excitationgier:::.:)tle
Function write  :0: Normal : :;xcitationI ¢ write :0: Normal ;’;mtaﬁoﬁi
1: 4bit i, rotatlonﬁ: 12 0 disable 1 abit | rotatlonﬁ: 12 0 disable
. :1: Reverse : . i1:enable : . :1: Reverse : .. i1:enable
write .1 excitation: 1 write .1 excitation:
rotation: : : 1 rotation: :
I I I I I
—> PGO.Trigger input enable
0 | Triggerinputdisableto PGO
1 | Triggerinputenable to PGO

————> Set the operation mode of PGO

1 or 2 excitation (full step)

1-2 excitation (half step) / PG mode

PGO (stepping motor control)
Rotaing direction control

Normal rotation / PG mode

Reverse rotation

Selecting PGO write mode

8-bit write

4-bit write / PG mode
(Only shifter alternate register can be
written.)

Figure 3.9 (2 a) Pattern Generation Control Register (PGO1CR)
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7 6 5 P4 3 2 1 P00
PGO1CR | bit Symbol | PAT1 cCcwi PG1M PG1TE PATO cCcwWo PGOM PGOTE
(004EH) Read/Write R/W R/ W
Afterreset| 0 i 0o i o i o i o i 0o i 0 i 0
PG1write PG1 ‘PG1 mode : PG1 :PGOwrite :PGO ‘PGO mode :PGO
mode iRotaing  i(excitation): trigger  :mode :Rotaing  i(excitation):trigger
0: 8-bit Edirection 0 Iexcitationé IennF;lI:le 0 8-bit Edirection 0 1excitation§ ier:g:)tle
Function write  :0: Normal : g;xcitationI ¢ write :0: Normal ;’;mtaﬁoﬁi
1: 4bit rotatlon§1: 12 50: disable N abit rotatlonh: 12 IO: disable
. :1: Reverse : . il:enable: . :1: Reverse : .. i1:enable
write .1 excitation: 1 write .1 excitation:
: rotation: : : rotation: :
I I I |

> PG1triggerinput enable

0 | Triggerinputdisableto PG1

1 | Triggerinput enable to PG1

——————> Set the operation mode of PG1

0 1 or 2 excition (full step)

1 1-2 excitation (half step) / PG mode

PG1 (stepping motor control)

Rotaing direction control

0 Normal rotation / PG mode

1 Reverse rotation

Selecting PG1 write mode
0 | 8-bitwrite

4-bit write / PG mode
(Only shifter alternate register can be
written.)

Figure 3.9 (2 b) Pattern Generation Control Register (PGO1CR)
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7 ¢ 6 i 5 i 4 i 3 i 2 P o1 i o0
PGOREG |bit Symbol | PGO3 i PGO2 : PGOT : PGOO : SA0O3 | SA02 : SAO1 : SA0O
(004CH) [Read/write w R/W
After reset 0 0 0 0 Undefined

Function

Pattern Generation 0 (PGO0) output EShift alternate register 0
latch register gFor the PG mode (4-bit write) register

Reading the P6 thatis set to the
PG port allows to read-out. :

Prohibit Read

modify write
Figure 3.9 (3) Pattern Generation 0 Register (PGOREG)
7 i 6 i 5 i a7 3 bRl JAO P00
PGIREG |bit Symbol | PG13 i PG12 | PGI1 /1 PGI0 : SAI3 i SA12 - SA11 | SA10
(004DH) [Rread/write W RIW
After reset 0 0 0 0 Undefined
Pattern Generation 1.(PG1) output EShift alternate register 1
latch register ;For the PG mode (4-bit write) register
Function (Reading the P6 that is set to the )
PG port allows to read-out. :

Prohibit Read
modify write

Figure 3.9 (4) Pattern Generation 1 Register (PG1REG)
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7 ¢ 6 i 5 I 4 % 3 L 2 i g f0
T45CR |bit Symbol - © PGIT i PGOT : DB4EN
(003AH) |Readwrite| R/W RIW L RW
After reset 0 0 0 0
Fixat 0" PGIShift  PGOShift } Double
trigger itrigger ! buffer of
H g:&azzg D:8-bit timer :0:8-bit timer : : TREG4
Function "o i trigger i trigger | [: :0:Disable
! (timer2,3) i (timer0, 1) :1:Enable
A1:16-bit timer} 1:16bit timer | :
i trigger i trigger
i (timerd) i (timer4)

—> Double buffer control

0 Disable

DB6EN : Double buffer of TREG6
DB4EN : Double buffer of TREG4

——— > Selecting PGO shift trigger

0 8-bit timer trigger (timer 0, 1)

1 16-bit timer trigger (timer 4)

Selecting PG1 shift trigger

0 8-bit timer trigger (timer 2, 3)

1 16-bit timer trigger (timer 4)

Write “0" to this bit, when this register is modified.

Figure 3.9 (5) 16-bit Timer Trigger Control Register (T45CR)
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(1)

—
8-Bit timer —>
A A
(timer 0, 1) Select PGO | _ Port60to 63
B S >
16-Bit timer 4 <PGOT>
—
A >
PG1 Port64+to 67
Py Select >
-Bit timer >
(timer 2, 3) B S

i

<PG1T>

Figure 3.9 (6) Connection of Timer and Pattern Generator

Pattern Generation Mode

PG functions as a pattern generation according to the setting of PGO1CR <PAT1>/
<PATO0>. In this mode, writing from CPU is executed only on-the shifter alternate
register. Writing a new data should be done during the interrupt operation of the timer
for shift trigger and a pattern can be output, synchronous with the timer.

In this mode, set PGO1CR <PGOM >and <PG1M>to 1, and PGO1CR <CCW0> and
<CCW1>to00.

The output of this pattern generator is output to port 6 ; since port and functions can
be switched on a bit basis using port function control register PGCRL/P6CRH, any port
pin can be assigned topattern generator output.

Figure 3.9 (7) shows the block diagram of this mode.

Trigger signal from timer/timer n I-I I-I I-I

interrupt Data write to SA03-00 by

Shift alternate register output ‘ timer interrupt ( L ( k

(5A03-00) n1l X n X n+1 |\ X n+2 | X n+3
\\ Data shift from SA03-00 &\ \\ \\

batt . £ to PG03-00

attern generator register
output (PG03-00) X n-1 X n X n+1 X_n+2

Figure 3.9 (7) Pattern generation mode timing example
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S 4
Shift alternate register PGO3 D(PPGGO;;
I
< SA03
BUS3 |
|
PGO02
PG02 [ lies2)
@ ]
> |
° SA02
-
—| BUS2 port
o | |
c
. PGO1
© PGO1 [ ieen)
* I
< |
- SAO1
BUS1 |
|
PG00
PG00 D(PGO)
I
SA00
BUSO
N\

T

Shiftdue to the shift trigger from timer

Figure 3.9(7) Pattern Generation Mode Block Diagram (PGO0)

In this pattern generation mode, only writing the output latch is disabled by
hardware, but other functions do the same operation as 1-2 excitation in stepping motor
control port mode. Accordingly, the data shifted by trigger signal from a timer must be
written before the next trigger signal is output.
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(2) Stepping Motor Control Mode
@®  4-phase 1-Step/2-Step Excitation

Figure 3.9 (8) and Figure 3.10 (9) show the output waveforms of 4-phase 1
excitation and 4-phase 2 excitation, respectively when channel 0 (PGO) is selected.

Trigger signal

from timer [1 [ [ [ M [ [
PGOO (PE0) el [ e e I
bG01 (P61) b5 b4 b7 [b6  |bs [
PGO2 (P62) bG—l b5 b4 b7 [bs ]
PGO3 (P63) b7 b6 b5 b4 b7 [ ]
f

Initial value PGOREG « 0100 x X X X

Note: bnindicates the initial value of PGOREG-<=b7 b6 b5 b4 X XX X

@ Normal Rotation

Trigger signal

n__ m o m [ n
PGOO (P60) bd b3 E ba [ L
PGO1 (P61) §b5_|bf3—| b7 be bS [ I
PGO2 (P62) b6_| b7 b4 b [bs ]
PGO3 (P63) B3 b4 b3 I [

}

Initial value PGOREG « 0100% x X X

@  Reverse Rotation

010289

Figure 3.9 (8) Output Waveforms of 4-Phase 1-step Excitation
(Normal Rotation and Reverse Rotation)
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Trigger signal
from timer
] L ] L ] L 1L

b4 b7 b6 b5 b4
PG00 (P60) -—I I

b5 b4 b7 b6 b5
PGO1 (P61) ; I I I
PGO2(P62) ;b6 | b5 b4 |b7 b6 |
PGO3(P63) b7 b6 Lbs b4 [ b7

Initial value PGOREG « 1100 X X x X

Figure 3.9 (9) Output Waveforms of 4-Phase 2-step Excitation (Normal Rotation)

The operation when channel 0 is selected is explained below.
The output latch of PGO (also used as P6) is shifted at the rising edge of the trigger

signal from the timer to be output to the port.

The direction of shift is specified by PGO1CR<CCWO0>: Normal rotation
(PG00—>PG01-PG02—-PG03) when <CCWO0> is set /to “0”; reverse rotation
(PGO0<-PG01<PG02<-PG03) when “1”. 4-phase 1-step excitation will be selected when
only one bit is set to “1” during the initialization of PG, while 4-phase 2-step excitation
will be selected when two consecutive bits are set to “1”.

The value in the shift alternate registers are ignored when the 4-phase 1-step/2-step
excitation mode is selected.

Figure 3.10 (10) shows the block diagram.

bus

Internal

Shift alternate Register

PGO Output latch

AL
b7
PGO3 [ 1PGO3 (P63)
b3
SAQ3
AL
bb PGO2 [1PGO2 (P62)
b2
SA02
AL
b5 PGO1 1PGO1 (P61)
b1
SAO1
AL
b4 PGOO [1PGOO (P60)
bo SA00 |

A | isshowing to shift the signal at the
rising edge of trigger signal from
timer.

Figure 3.9 (10) Block Diagram of 4-Phase 1-step Excitation/2-step Excitation
(Normal Rotation)
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@  4-Phase 1-2 step Excitation

Figure 3.9 (11) shows the output waveforms of 4-phase 1-2 step excitation when
channel 0 is selected.

e manal __ T I I M M M M

PG00 (P60) bd b0 b7 b3 b6 | b2 b5 b1
PGO1 (P61) b b1 ba b0 b7 b3 b6 | b2
PGO2 (P62) b6 | b2 b5 b1 b4 b0 b7 b3
PGO3 (P63) b7 b3 b6 [ b2 b5 b1 b4 b0

+

Initial value PGOREG « 11001000

Note: bn denotes the initial value PGOREG « b7 b6 b5 b4 b3 b2 bl b0

@' Normal Rotation

Trigger signal

from timer I-I I'I I'I I'I I'I I'I I'I
PG00 (PEO) b4 b1 b5 b2 | b6 b3 b7 [_bo
pGo1 (Pe1) 2 b2 | b6 b3 b7 | bo b4 b1
PGO2 (P62) | b6 b3 b7 b0 b4 b1 b5 b2
PGO3 (P63) b7 | b0 b4 b1 b5 b2 | b6 b3

%

Initial value PGOREG « 10001100

@  Reverse Rotation

Figure 3.9 (11) Output Waveforms of 4-Phase 1-2 step Excitation
(Normal Rotation and Reverse Rotation)
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The initialization for 4-phase 1-2 step excitation is as follows.

By rearranging the initial value “b7 b6 b5 b4 b3 b2 b1 b0” to “b7 b3 b6 b2 b5 bl b4
b0”, the consecutive 3 bits are set to “1” and other bits are set to “0” (positive logic).

For example, if b7, b3, and b6 are set to “1”, the initial value becomes “110010007,
obtaining the output waveforms as shown in Figure 3.10 (11).

To get an output waveform of negative logic, set values 1’s and 0’s of the initial value
should be inverted. For example, to change the output waveform shown in Figure 3.10
(11) into negative logic, change the initial value to “00110111”.

The operation will be explained below for channel 0.

The output latch of PGO (shared by P6) and the shifter alternate register (SA0) for
Pattern Generation are shifted at the rising edge of trigger signal from the timer to be
output to the port. The direction of shift is set by PGOICR<CCWO0>.

Figure 3.10 (12) shows the block diagram.

PGO3 (P63)

PG02 (P62)

PGO1 (P61)

PG00 (P60)

PGO Output
Shifter alternate
register | A
b7 PGO3
| A
L
b3 SA03
) 'y
” |
S b6 PGO02
- i
mbz—> SA02
y, ) AL
|
[}
|25 PGO1
= | )
AL
b1 SA01
} AL
|
b4 PG00
I A
;L
bd SA00
A

A | isshowing to shift the signal at the rising
edge of trigger signal from the timer.

Figure 3.9 (12) Block Diagram of 4-Phase 1-2 step Excitation (Normal Rotation)
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Setting example: To drive channel 0 (PGO) by 4-phase 1-2 step excitation (normal
rotation) when timer 0 is selected, set each register as follows.

Set 8-bit timer mode and select ¢ T1 as the input clock of timer 0.
Clear TFF1 to zero and enable the inversion trigger by timer 0.

Select PGO 4-phase 1-2 step excitationmode and normal rotation .

TRUN ¢ - X - - - - - 0 Stop timer 0, and clear it to zero.
TMOD «00XX--01
TFFCR « X XX 0101090
TREGO « * * * & & & & & Set the cycle in timer register.
P6CRL « 10101010 Set P60 to P63 bits to PG output.
PGOICR ¢« - - - -0011
PGOREG « 11 001000 Set an initial value.
TRUN «1X----- 1 Start timer 0.

Note: X;Don’tcare -;Nochange

Trigger Signal From Timer

The trigger signal from the timer which is used by PG is not equal to the trigger
signal of timer flip-flop (TFF1, TFF3 and TFF4, TFF5) and differs as shown in Table

3.10 (1) depending on the operation mode of the timer.

Table 3.9 (1) The Case of 8-bitTimer0, 1
(Timer 2 and 3 operate the same)

TFF1 inversion

PG shift

8-bit timer mode

Selected by TFFCR
<TFF1I1S> when the up-
counter value matches
TREGO or TREG1 value.

16-bit timer mode

When the up-counter
value matches with both
TREGO and TREG1 values
(Thevalue of up-counter
= TREG1*28 + TREGO)

When the up-counter

When the up-counter

value and PWM cycle.

PPG output mode/ |value matches with both |value matches TREG1
TREGO and TREG1 value (PPG cycle)
When the up-counter . . .
Trigger signal for PG is
PWM output mode | value matches TREGO 'ggersg !

not generated.

Note : To shift PG, TFFCR <TFF1IE > must be set to “1” to enable TFF1 inversion.

Channel 1 of PG can be synchronized with the 16-bit timer Timer4. In this case, the
PG shift trigger signal from the 16-bit timer is output only when the up-counter UC4

value matches TREGS.

96C031Z-115
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When using a trigger signal from Timer4, set either TAFFCR<EQ5T4> or T4MOD
<EQ5T5> to “1” and a trigger is generated when the value in UC4 and the value in
TREGS5 match.

Application of PG and Timer Output

As explained “Trigger signal from timer”, the timing to shift PG and invert TFF
differs depending on the mode of timer. An application to operate PG while operating an
8-bit timer in PPG mode will be explained below.

To drive a stepping motor, in addition to the value of each phase (PG output),
synchronizing signal is often required at the timing when excitation is changed over. In
this application, port 6 is used as a stepping motor control port to output'a synchronizing
signal to the TO1 pin (shared by P70).

|
|
TREG1
701 (P70) [ [1 [ [

TREGO I I

PG00 (P60)

-

PGO1 (P61) l

PGO2 (P62) |
PGO3 (P63) | |

Figure 3.9 (13) Output Waveforms of 4-Phase 1-step Excitation

—

Setting example:

76/5643210

TRUN ¢ -X-=---00 Stop timer 0, and clear it to zero.

TMOD <« 10 X X XX 01 Set timer 0 and timer 1 in PPG output mode and select
$T1 asthe input clock.

TFFCR € X XX 0.0 11X Enable TFF1 inversion and set TFF1 to “1”.

*

TREGO & * * * * /% * * Set the duty of TO1 to TREGO.

TREGLT (¢ * *® % % *x % % % Set the cycle of TO1to TREG1.
P7CR &« =< - - - - 10 Assign P70 as TO1.
P6CRL-«1 0101010 Assign P60-63 as PGO.
PGOICR ¢ < - - -000.1 Set PGO in 4-phase 1-step excitation mode.
PGOREG « * * * * * % % % Set an initial value.
TRUN ¢ 1 X----11 Start timer 0 and timer 1.
Note: X;Don’t care - ;No change
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3.10 Serial Channel

TMP96C031Z contains 2 serial I/O channels for full duplex asynchronous
transmission (UART) as well as for I/O extension.
The serial channel has the following operation modes.

® [/O interface mode Mode 0: To transmit and receive I/O data as
(channel 1 only) well as the synchronizing signal
SCLK for extending I/0.
L Mode 1: 7-bitdata
® Asynchronous { Mode 2: 8-bit data
transmission (UART) mode Mode 3: 9-bit data
(channel 0 and 1)

In mode 1 and mode 2, a parity bit can be added. Mode 3 has wake-up function for
making the master controller start slave controllers in serial link (multi-controller
system).

Figure 3.10 (1) shows the data format (for one frame) in each mode.

® Mode 0 (/0 interface mode)

.....

«— Transferdirection

® Mode 1(7-bit UART mode)

"\ faroY Y
/- \start/(bit OX 1

3 4 5

6 YStop
6 Xparit) stop

XXX
X )Xo X
20000
X )X X
X )Xo X

2 3 4 5

® Mode 2 (8-bit UART mode)

A
\soe fmo} 5 X
\eoe XX

A
A

2

3 4 5

A
6 X 7 X»arity)lstop

”"\starthitOX 1 3 6 X 7 X 8 YStcp
”“\start/(bitOX 1 3 X 4 X 5 X 6 X 7 XbitSYstop (.V;/.alke-up)

When bit 8 = 1, address (select code) is denoted.
When bit 8 = 0, data is denoted.

® Mode 3 (9-bit UART mode)

4 5

A
A
X
X
X
A

2
2
2

Figure 3.10 (1) Data Formats
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The serial channel has a buffer register for transmitting and receiving operations, in
order to temporarily store transmitted or received data, so that transmitting and
receiving operations can be done independently (full duplex).

However, in I/O interface mode, SCLK (serial clock) pin is used for both transmission
and receiving, the channel becomes half-duplex.

The receiving data register is of a double buffer structure to prevent the occurrence of
overrun error and provides one frame of margin before CPU reads the received data.
The receiving data register stores the already received data while the buffer register
receives the next frame data.

By using CTS and RTS (there is no RTS pin, so any 1 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 not to start the receiving operation by
error 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.

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 or INTRX interrupt occurs. Besides, if an overrun
error, parity error, or framing error occurs /during receiving operation, flag
SCOCR/SC1CR<OERR, PERR, FERR > will be set.

The serial channel 0/1 includes a special baud rate generator, which can set any baud
rate by dividing the frequency of 4 clocks (¢T0; ¢ T2, 4T8, and ¢T32) from the internal
prescaler (shared by 8-bit/16-bit timer) by the value 2 to 16.

In I/O interface mode, it is possible to input synchronous signals as well as to transmit
or receive data by external clock.

3.10.1 Control Registers

The serial channel is controlled by 3 control registers SCOCR, SCOMOD and BROCR.
Transmitted and received data are stored in register SCOBUF.
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7 6 5 4 3 2 i 0
s o bit Symbol TB8 CTSE RXE wu SMi1 SMO SC1 SCO
COMOD -
Read/Write RIW
(0052H) -
After reset 0 0 0 0 0 0 0 0
Transfer EHand EReceiving EWake up ESeriaItransmission ESeriaItransmission
data ishake  iFunction iFunction imode iclock (UART)
Bit8 :fanction 0 R.ecellveg {00: Can not be used’ 00:/TOO0 Trigger
icontrol .. dlsal? € 10: disable :01: 7-bit UART ‘01: baud rate
Function : :1: Receive: : . :
{0: CTS | enable : 1: Enable :10: 8-bit UART i.__generator
: disableé : 1 1: 9-bit UART ;10: Internal clock @1
iicrs : i11: Don’t care
enable : :
] | | | |
|—> Serial transmission clock (UART)
00 |Timer 0 match detectsignal
01 [Baud rate generator
10 |Internalclock ©1
11 |Don’t care
——> Serial transmission mode
00 |.Can not be used
01 : 7-bit length
10 |UART  8-bit length
1 £ 9-bit length
————— > Wake-up Function
9-bit UART Other mode
0 |[Interrupt when
data are received Don't care
1 |Interrupt only
when RB8 =1
Receiving Function
0 |Receive Disable
1 |Receive Enable
Hand shake function (CTS Pin) enable
0 |Disable (always Transferable)
1 |Enable
Transmission data bit 8
Note: Thereis SCIMOD (56H) in Channell

Figure 3.10 (2) Serial Mode Control Register (channel 0, SCOMOD)
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7 ¢ 6 i s i o4 i 3 i 2 i 1 i 9
bitSymbol | RB8 : EVEN : PE : OERR : PERR : FERR : — { —
(gggi:ﬁ) Read/Write R RW R(cleare§ to Zerowhen read) RIW
After reset : 0 : 0 : 0 : 0 : 0 : 0 : 0
Received EParity EParity Fix at 0 Fixat “0"
data :0:0dd :addition : 1: error ; 5
Bit8 1 Even §0= Dlsable
Function 1 Enable Overrun Parity Framing ;
| |

—> Parity error flag S\/Iﬁ::mei:::l Zero
———>Qverrun error flag J '

L——>Framing error flag l

Enable parity addition
0 |Prohibition (disable)

1 |Permission (enable)

Addition/ check of even parity
0 |Odd parity

1 |Even parity

Receving data bit 8
Note : - Serial control register for channel 1is SC1CR (55H).

Note : 'As all error flags are cleared after reading do not test only a single bit with a bit-
testing instruction.

Figure 3:10 (3) Serial Control Register (channel, SCOCR)
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7 ¢ 6 i s i a4 i3 i 2 i 1 i o0

BROCR | bit Symbol — { BROCK1 | BROCKO : BROS3 : BROS2 : BROST : BROSO
(0053H) Readmwrite| rRW RIW

After reset 0 P00 i 0 i 0 i 0 i 0 i-0

Fixat “0" :
x : : 00: ¢T0 (fe/d)

L 01: ¢T2 (f/16)
§10: ¢T8 (fc/64)
P11 ¢T32 (fe/256)

Function Setting of the Divided frequency

Setting of the divided frequency
of baud rate generator

0000 [16divisions

0010 [2to 15 divisions

1M1

L———————> Selecting the inputclock of
baud rate generator

00 |Internal clock ¢T0 (fc/4)

11 |[Internal clock ¢T32 (fc/256)

Note: Asallerror flagsarecleared after reading, donot test only a single bit with a bit-testing
instruction.

Figure'3.10.(4) Serial'Channel Control (channel 0, BROCR)

7 6 5 4 3 2 1 0
TB7. :'TB6 : TB5 : TB4 i TB3 i TB2 : TB1 : TBO | (Transmission)

SCOBUF

(50H)
7 6 5 4 3 2 10

RB7 : RB6 : RB5: RBA': RB3 : RB2 : RB1 : RBO | (Receiving)

Figure 3.10 (5) Serial Transmission / Receiving Buffer Registers (channel 0, SCOBUF)
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7 6 5 4 3 2 1 0
s o bit Symbol B8 — RXE wu SMI1 SMO SC1 SCo
C1MOD -
R R/W
(0056H) -e.adNVrlte S _ _ _ : _ _ . _
After reset |[Undefined: 0 0 0 0 0 0 0

Function

Transfered : Fixat 0" :
data
Bit8

i1 Receive!

Receiving EWake up ESeriaI Transmission
‘Function :Function :mode
50: ReceiveEO: disable 500: /O
' : ' mode

i01: 7-Bit UART
£10: 8.Bit UART
i11: 9.Bit UART

disable 1: enable :

Enable :

iclock (UART)
nterface :
:01: Baudrate
; generator

11: Don'tcare

:Serial Transmission

:00: TOO Trigger

510: Internal clock ®1

(/4

|—> Serial transmission clock (For UART)

Timer 0 match detect signal

Don't'care

Note :

The clock selection for the
mode is controlled by the
register (SC1CR).

—> Serial transmission mode

1/0 interface mode

UART mode : 8Bit length

: 9.Bit length

Wake up Function

I/O interface

serial control

9-Bit UART Othe

rmode

Interrupt when
data are received

Interrupt only
when RB8 =1

Don't care

Receiving control

Receive disable

Receive enable

Transmission data bit 8

Figure 3.10 (6) Serial Mode Control Register (Channel 1, SC1IMOD)
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7 6 5 4 3 2 1 i o
bit Symbol RB8 EVEN PE OERR PERR FERR SCLKS 10C
SC1CR .
Read/Write R R/W R (clear to Zero when read) R/W
(0055H) F— — . - ~ g " : - ~ : —
Atter reset 0 0 0 0 0 : 0 : 0
Received EParity EParity _ 0: SCLK1 0
data :0:0dd :addition : 1: error CJ_) i Baud rate
Bit8 i1:Even :0:Disablei.. i generator
Function : i1: Enable : N : . :1:8CLKT i1 SCLK1
: : Overrun : Parity : Framing-.: T
: : : : : :Pin input
1SS
| l ]

|—> Select I/0 interface input-clock (Note1)

Baud rate generate

SCLK1 Pin input

Note1:

Edge selection in SCLK pin input mode

Transmits and receives ( J_ )
data at raise edge of SCLK

Transmits and receives ( ~ y__)
data at fall edge of SCLK

Framing error flag
Parity error flag
Overrun error flag

lwhen read

J

Enable parity addition

Disable

Enable

ition / check of even parity

Odd Parity

Even Parity

Receiving data bit 8

Note : - As all error flags are cleared after reading, do not test only a single bit with a bit-
testing instruction.

Figure 3.10 (7) Serial Control Register (Channel 1, SC1CR)
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7 ¢ 6 i s i a4 i3 i 2 i 1 i o0

BR1CR |_bitSymbol _— { BRICK1 : BRICKO : BRIS3 : BR1S2 : BRIS1 : BRISO
(0057H)| Read/Write| RW RIW

After reset 0 C 0 ¢ 0 0 i 0 i 0. i-0

Fixat “0" :
x : : 00: ¢T0 (fe/d)

L 01: ¢T2 (f/16)
§10: ¢T8 (fc/64)
P11 ¢T32 (fe/256)

Function Setting of the Divided frequency

Setting of the divided frequency of baud rate
generator

0000 |16divided

to 2 to 15divisions
1111

00 | Internalclock ¢T0 (fc/4)

11 [Internal clock ¢T32 (fc/256)

Note: To use baud rate generator, set TRUN <PRRUN>to “1”, putting the prescaler in RUN
mode.

Figure 3.10(8). Baud Rate Generator Control Register (channel 0, BROCR)

7 6 5 4 3 21 0
TB7 : TB6 : TB5 | 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)

Figure 3.10 (9) Serial Transmission / Receiving Buffer Registers (channel 1, SC1BUF)

L~ . 5 Selectingtheinputclock of baud rate generator
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Port 6 Control Register L

7 ¢ 6 5 4 i 3 i 2 i 1 i 0
P6CRL |bit Symbol | P63C1  P63CO | P62C1 : P62CO : P6I1CI : PGICO i P6OCT | P6OCO
(0014H) Read/Write W W w w
Afterreset| 0 o f o < o i o { o .0 )i o0
00: PORT input 100: PORT input 100: PORT input 100; PORT input
Function |g1: pORT output §o1:P0RToutput EO1:PORToutput ;O1:PORToutput
10: PGO3 110: PGO2 110: PGO1 110: PG00
1M — 1 — 1 — 111: TXDO
|

Prohibit Read

modify write
——>Setting P60 as TxD0 output
00 [Portinput
01 | Port output
10 | PGOO.output
11 | TXDO (channel0) output
Port 7 Control Register H
7 i 6 i 5. i 40 i 3 i o2/ 9 1 i 0
P7CRH |bit Symbol { P76C1 i P76CO i P75CI L P75C0 © P7act | P74C0
(0017H) Read/Write w w w
After reset 0 0 0 0 0 0
;00: PORT input EOO: PORT input EOO: PORT input
Function 01: PORT output 01: PORT output 01: PORT output
;10: SCLK1 ;10:— ;10: TXD1
11— A — =

Prohibit Read
modify write

—>Setting P74 Txd 1 output

00 [Portinput

01 | Portoutput

10 [ TXD1 (channel1) output

Setting P76 as SCLK1 output

00 [Portinput

01 | Portoutput

10 [ SCLK1(channel1)output

Figure3.10 (10) Port 6, 7 Control Registers
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7 i 6 5 4 2 i1 i o

ODE | bitsymbol |~ . ODE1 | ODEQ

(0058H)| Read/write : R/W

After reset 0 0

! p74. i \P6O

Function ;O:CMOS go: cMO$

11:OPEN- i1: OPEN

Drain' /i Drain

|—> Setting P60 as Open-drain output
0 [CMOS output

1 | Open-drain output

7> Setting P74 as-Open-drain

0 [CMOS output

1/ | Open-drain output

Figure 3.10 (11) Serial Open Drain Enable Register. (ODE)
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3.10.2 Configuration

Figure 3.10 (12) shows the block diagram of the serial channel 0.

e Serial clock generation circuit ------------------------
1 1
i BROCR<_IB||‘0CK1.0> TOOTRG (Timer 0 comparator output) i
' r——q4----=-=------ 1 ' '
: : e :
1 .
pTo(fod) >l 5| (5| 2 | slocLK
972 (fc/16) 4> © s | v i
16T8 (fc/64) = — @ | © :
H ] (] e 1 w I
1732 (fc/256) -+ a ' !
1 | ! 1
! ! ! A ;
: L- Baudrate ----4 SCOMOD :
141 (fc/2) generator <SC1,0> !
i ;
1 1
1 I
1 1
b e DS
INTRXO INTTXO
Receive SCOMOD Serial’channel Transmission
counter <WU> —>|interrupt counter
(+16) control (+16)
RXDCLK ¥ A TXDCLK ¥ ]
SCOMOD ] .
<RXE >—>| Receive Transmission
control > control

SCOCR
<PE> <EVEN>

Parity control

RxDO

Receive buffer1(Shift register) |

(Shared by P61)

<>

| RB8 IReceive buffer2 (SCOBUF)

Thereisn'tin
channel 1

|| Error flag |

| s

Transmission buffer (SCOBUF)

TxDO

LI
SCOCR
<OERR><PERR><FERR>

vy

(Shared by P60)

Internal bus

Figure 3:10(12) 'Block Diagram of the Serial Channel 0
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Figure 3.10 (13) shows the block diagram of the serial channel 1.

F-======- Serial clock generation circuit -=--------------------- A

BR1CR<BR1CK1,0>  TOOTRG (Timer 0 comparator output)

I
i
i
T R :
. . H
i | = 1 ° UART ° H
:¢T0 (fc/4) > 5 © i - - L SIOCLK
19T2(fc16) > O (s | o o !
15T (fc/64) —>{ = ° i ° o !
| 1| e ! wn wn i
:¢T32 (fc/256) > » = ! !
1 ! 1 1
i |__Baudrate ___] te T T i
! SC1IMOD SC1MOD !
generator !
141 (fc/2) <sC1,0> <SM1,0> |
i li |
1 — 1
i <2 2 i
i o | /O interface mode |
s i
v ]
]
1
1
____________________________ [N
SC1MOD
<loC>
INTRXT-INTTX1
Receive SCIMODJ Serial channel Transmission
) ) counter < WU>-> _interrupt counter
Thereisn’tin (UART only +16) control (UART only = 16)
channel 0 RXDCLK ¥ A TXDCLK | A
-
SC1MOD Receive Transmission
<RXE>  control < > control
SCICR
<PE> <EVEN>
Parity control |
RxDO Receive buffer1(Shiftregister)
(Shared by P75)
| RB8 | Receive buffer2 (SC1BUF) | I Error flag | | TB8 | Transmission buffer (SC1BUF) l—)ElTxDO
T T 1 (Shared by P74)
SC1CR
<OQERR><PERR><FERR>
S Internal bus S

Figure 3.10 (13) Block Diagram of the Serial Channel 1
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@® Baud Rate Generator

Baud rate generator comprises 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, 4T0 (fc/4), 4T2 (fe/16), T8 (fc/64),
or 4 T32 (fc/256) 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/BR1CR<BROCK1, 0/BR1CK1, 0>.

The baud rate generator includes a 4-bit frequency divider, which divides
frequency by 2 to 16 values to determine the transfer rate:

How to calculate a transfer rate when the baud rate generator is used is
explained below.

® UART mode

Input clock of baud rate generator
Frequency divisor of baud rate generator

Transfer rate= +16

® I/0O interface mode

Input clock of baud rate generator

Transfer rate= ~
Frequency divisor of baud rate generator

The relation between the input clock and the source clock (fc) is as follows.
¢TO=fc/4
¢T2="1c/16
¢ T8 =fc/64
¢T32=1£c/256

Accordingly, when source clock fc is 12.288 MHz, input clock is 4T2 (fc/16), and

frequency divisor is 5, the transfer rate in UART mode becomes as follows:

fc/16

=16
5

Transfer rate=
=12.288 % 10%/16/5/16 =9600 (bps)

Table 3.10 (1) shows an example of the transfer rate in UART mode.

Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.10 (2)
shows an example of baud rate using timer 0.
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Table 3.10 (1) Selection of Transfer Rate (1) (When Baud Rate Generator Is Used)

Unit (Kbps)
feMHzL | vency o clock &8 (for6) (fored) (£e1256)
9.830400 2 76.800 19.200 4.800 1.200

T 4 38.400 9.600 2.400 0.600
T 8 19.200 4:800 1,200 0.300
T 0 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2.400 0.600
T A 19.200 4.800 1.200 0.300
14.745600 3 76.800 19.200 4.800 1.200
T 6 38.400 9.600 2.400 0.600
T C 19.200 4.800 1.200 0.300

Note:

Transfer rate in I/O interface mode'is 8 times as fast as the values
given in the above table!

Table 3.10 (2)Selection of Transfer Rate (1) (When timer 0 (input Clock ¢T1) is used

Unit (Kbps)
fc 12.288 12 9.8304 8 6.144
TREGO MHz MHz MHz MHz 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):

Transfer rate =

Input clock of timer 0

Note:

(When Timer 0 (input clock ¢T1) is used)

fc
TREGO'x8x 16
¢T1 = fC/S
¢T4 = fuz;
¢TI6 = fc/128

interface mode.

Timer 0 match detect signal cannot be used as the transfer clock in I/O
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®  Serial Clock Generation Circuit

This circuit generates the basic clock for transmitting and receiving data.

® J/O interface mode (channel 1 only)

When in SCLK output mode with the setting of SCICR<IOC >=%“0", the basic
clock will be generated by dividing by 2 the output of the baud rate generator
described before. When in SCLK input mode with the setting of SCICR<IOC> =
“1”, the rising edge or falling edge will be detected according to the setting of
SC1CR<SCLKC> register to generate the basic clock.

® Asynchronous Communication (UART) mode
According to the setting of SCOCR and SC1CR <SC1, 0>, the above baud rate
generator clock, internal clock ¢1 (500 K bps @ fc=16 MHz), or the match detect
signal from timer 0 will be selected to generate the basic clock SIOCLK:

®  Receiving Counter

The receiving counter is a 4-bit binary counter used in asynchronous
communication (UART) mode and counts up by SIOCLK clock. 16 pulses of
SIOCLK are used for receiving 1 bit of data, and the data bit is sampled three
times at 7th, 8th and 9th clock.

With the three samples, the received data is evaluated by the rule of majority.

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 that'the received data is “0”.

@  Receiving Control

® [/O interface mode (channel 1 only)

When in SCLK1 output mode with the setting of SCICR<IOC>=%“0”, RxD1
signal will be sampled at the rising edge of shift clock which is output to SCLK pin.

When in SCLK input mode with the setting SCICR<IOC> =“1” RxD1 signal
will be sampled at the rising edge or falling edge of SCLK input according to the
setting of SCICR<SCLKS > register.

® Asynchronous communication (UART) mode

The receiving control has a circuit for detecting the start bit by the rule of
majority. When two or more “0” are detected during 3 samples, it is recognized as
start bit and the receiving operation is started.

Data being received are also evaluated by the rule of majority.

®  Receiving Buffer

To prevent overrun error, the receiving buffer has a double buffer structure.
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Received data are stored one bit by one bit in the receiving buffer 1 (shift
register type). When 7-bit or 8-bit of data is stored in the receiving buffer 1, the
stored data are transferred to another receiving buffer 2 (SCOBUF/SC1BUF),
generating an interrupt INTRX0/INTRX1. The CPU reads only receiving buffer 2
(SCOBUF/SC1BUF). Even before the CPU reads the receiving buffer 2
(SCOBUF/SC1BUF), the received data can be stored in the receiving buffer 1.
However, unless the receiving buffer 2 (SCOBUF/SC1BUF) isread before all bits of
the next data are received by the receiving buffer 1, an overrun error occurs. If an
overrun error occurs, the contents of the receiving buffer 1 will be lost, although
the contents of the receiving buffer 2 and SCOCR<RB8> SC1CR<RB8>is 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<RB8>/SC1CR<RB8>.

When in 9-bit UART mode, the wake-up function of the slave controllers is
enabled by setting SCOMOD<WU>/SCIMOD<WU> to “1”, and interrupt
INTRX0/INTRX1 occurs only when SCOCR<RB8> /SC1ICR<RB8>is set to “1”.

®  Transmission Counter

Transmission counter is a 4-bit binary counter which is used in asynchronous
communication (UART) mode and, like a receiving counter, counts by SIOCLK
clock, generating TxDCLK every 16 clock pulses.

soo JLIL L LN NI A AN NN RA[NNDNT

1516 1 2 3. 45 6 7 8910 11 12 13 14 15 16 | 2

TXDCLK !
H

Figure 3.10(14) Generation of Transmission Clock
@  Transmission Controller

® [/O interface mode (channel 1 only)

In SCLK output mode with the setting of SCICR<IOC> =%“0”, the data in the
transmission buffer are output bit by bit to TxD1 pin at the rising edge of shift
clock which is output from SCLK1 pin.

In SCLK input/mode with the setting of SCICR<IOC> =%1", the data in the
transmission buffer are output bit by bit to TxD1 pin at the rising edge or falling
edge of SCLK input according to the setting of SCICR<SCLKC > register.

® Asynchronous communication (UART) mode

When transmission data are written in 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

Serial channel 0 has a CTS0 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 CTSO0 pin goes high, after completion of the current data send, data

send is halted until the CTSO0 pin goes low again. The INTTXO0 Interrupts are
generated, requests the next send data to the CPU.

Though there is no RTS pin, a handshake function can be easily configured

by setting any port assigned to the RTS function. The RTS should be output
“High” to request data send halt after data receive is completed by a software in
the RXD interrupt routine.

96C031 96C031
TxD RxD
CTS RTS (any port)
Sender Receiver

Figure 3.10(15) -Handshake Function

Timing to write J_I_ﬁﬁ S

transmission buffer
—— -ASendissuspended !
CTS | from (1) to (2).

Note 1:

Note 2:

13/ 14 15 16 1 2 3 14 15 16 1 2

3
smcm—&s——"""""""—n_"""""“_

TxDCLK — 1 >,

(¢

TxD ' \ start bit A bit0

010289

If the CTS signal falls during transmission, the next data is not sent after the
completion of the current transmission.
Transmission starts at the first T*xDCLK clock fall after the CTS signal falls.

Figure 3.10 (16) Timing of CTS (Clear to send)
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Transmission Buffer

Transmission buffer (SCOBUF/SC1BUF) shifts out and sends the transmission
data written from the CPU from the least significant bit (ILSB) in order, using
transmission shift clock TxDSFT which is generated by the transmission control.

When all bits are shifted out, the transmission buffer becomes empty and
generates INTTXO0/INTTX1 interrupt.

®  Parity Control Circuit

When serial channel control register SCOCR<PE >/SC1CR<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 mode. With SCOCR <EVEN> /SC1CR
<EVEN > register, even (odd) parity can be selected.

For transmission, parity is automatically generated according to the data
written in the transmission buffer SCOBUF/SC1BUF, and data are transmitted
after being stored in SCOBUF<TB7>/SC1BUF<TB7> when in 7-bit UART
mode while in SCOMOD <TB8> /SCIMOD <TB8> when in'8-bit UART mode.
<PE> and <EVEN> must be set before transmission data are written in the
transmission buffer.

For receiving, data are shifted in the receiving buffer 1, and parity is added
after the data are transferred in the receiving buffer 2 (SCOBUF/SC1BUF), and
then compared with SCOBUF<RB7>/SC1BUF<RB7> when in 7-bit UART
mode and with SCOMOD <RB8>/SC1MOD<RB8> when in 8-bit UART mode. If
they are not equal, a parity error occurs, and SCOCR<PERR>/SC1CR<PERR>
flag is set.

@©  Error Flag
Three error flags are provided to inerease 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 are
stored inreceiving buffer 2 (SCBUF0/1), an overrun error will occur.

2. Parity' error <PERR>

The parity generated for the data shifted in receiving buffer 2 (SCBUF0/1) is
compared with the parity bit received from RxD pin. If they are not equal, a parity
€rror 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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@ Generating Timing
1) UART mode

Receiving
Mode 9-Bit 8-Bit + parity 8-Bit, 7-Bit + parity, 7-Bit
. Center of last bit Center of last bit .
Interrupt timing (Bit8) (parity bit) Center of stop bit
F.rar_nmg error Center of stop bit
timing
. . Center oflast bit .
— o f
Parity error timing (parity bit) Center of stop bit
Overrun error Center of last bit Center of last bit .
n f
timing (Bit 8) (parity bit) Centes af5top bit
Transmitting
Mode 9-Bit 8-Bit + parity 8-Bit, 7-Bit + parity, 7-Bit
Interrupt timin Just before stopbitis < -
P 9 transmitted.

2)  I/O interface mode

Lo Immediately after.rise of last SCLK signal.
Transmission SCLK outputmode | | gee figure 3.10(19). )
Interrupt
. y Immediately-afterrise of last SCLK signal (rising mode), or
timing SCLKinputmode |\ jiately after fall in falling mode. (See figure 3.10 (20).)

L SCLK outbut d Timingused'to transfer received data to data receive buffer 2
Receiving OUTPUTMOGE "\ (cc1BUF) (thatis, immediately after last SCLK). (See figure 3.10 (21).)
Interrupt
timi P SCLK i t d Timing.used to transfer received data to data receive buffer 2

iming Input moge (SC1BUF) (that is, immediately after last SCLK). (See figure 3.10 (22).)
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3.10.3 Operational Description

(1)

Mode 0 (I/O interface mode)

This mode is used to increase the number of I/O pins of for transmitting or receiving
data to or from the external shifter register.
This mode includes SCLK output mode to output synchronous clock SCLK and SCLK
input mode to input external synchronous clock SCLK.

Output Input

extension extension

TMP96C031Z Shiftregister A | — TMP96C031Z Shiftregister| Al <«

B —_— B -

TxD Sl C|— RxD QH C| =—

D| — D| -=—

SCLK SCK E[— SCLK CLOCK E| =«

F| > F| =

Port RCK G| — Port SIL G| «—

Hf — H| =

TC74HC595 or TC74HC165 or
the like the like
Figure 3.10 (17) Example of SCLK Output Mode Connection

Output port Input port
extension extension

TMP96C031Z Shiftregister ) o| — | TMP96C031Z Shiftregister A <«

B|— B| =—

TxD Sl C|— RxD QH C| =—

Dl — D| =—

SCLK SCK E[ — SCLK CLOCK E| =

F{— F| =—

Port RCK G| — Port S/L G| =

H{ — H -~

TC74HC595 or TC74HC165 or
External clock— the like External clock —| the like

Figure 3.10 (18) Example of SCLK Input Mode Connection

96C031Z-136

2003-03-31



TOSHIBA TMP96C031Z

@ Transmission

In SCLK output mode, 8-bit data and synchronous clock are output from TxD
pin and SCLK pin, respectively, each time the CPU writes data in the
transmission buffer. When all data is output, INTES1<ITX1C> will be set to
generate INTTX1 interrupt.

Timingtowrite [l B

transmission {6
data N
SCLK output ~—t & LA L4 LA L A
TxD X bito X bit1 X \\ X bit6 X bit7z X
TXDSFT I-I I-I i I-I I-I I-I

—

ITX1C (INTTX1 («
interrupt request) )

Figure 3.10 (19) Transmitting Operation in /O Interface Mode (SCLK Output Mode)

In SCLK output mode, 8-bit data are output from TxD1 pin when SCLK input
becomes active while dataare written in the transmission buffer by CPU.
When all data are output, INTES1 <ITXIC> will be set to generate INTTX1

interrupt.

SCLK input

(SCLKIEP:O: Rising edge mode) I A I A |_5§J I A I A
Ty v v v v

SCLK input

(SCLKC = 1: Falling-edge'mode)

TxD X bit0 X — bit1 X;\ bit5 X bit6 X bit7 X

TXDSFT M |'|_‘( M M

—

ITX1C (INTTX1 )
interrupt request)

Figure 3.10 (20) Transmitting Operation in I/O Interface Mode (SCLK Input Mode)
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®  Receiving

In SCLK output mode, synchronous clock is outputted from SCLK pin and the
data are shifted in the receiving buffer 1 whenever the receive interrupt flag
INTES1<IRX1C> is cleared by reading the received data. When 8-bit data are
received, the data will be transferred in the receiving buffer 2 (SC1BUF) at the
timing shown below, and INTES1 <IRX1C > will be set again to generate INTRX1
interrupt.

IRX1C I =~ It {\

3

N
SCLK ~—t A LA LA LA LX

RxD bit 0 X bit1 )(bitz\ﬁ X bite X bit7 ¥
- : : : Generate
Timing to shift data in INTRX1

< rédiving sunic

Figure 3.10 (21) Receiving Operation-in I/O Interface Mode (SCLK Output Mode)

In SCLK input mode, the data is shifted in the receiving buffer 1 when SCLK
input becomes active while the receive interrupt flag INTES1 <IRX1C> is
cleared by reading the received data. When 8-bit data is received, the data will be
shifted in the receiving buffer 2 (SC1BUF) at the timing shown below, and INTES1
<IRX1C > will be set again to generate INTRX interrupt.

SCLKii t
(SCLKlgsz): Rising edge mode) I * I A I_“_A I A I A
| Yy ™y v v
SCLK input
(SCLKC = 1: Falling edge mode) «
RxD bito X bitt Xbit2, X bit6 X bit7 Y
n
imi i Generate
iTATﬁzgr;?esiCEf@data INTRXT > M
buffer 2

Figure 3.10/(22) Receiving Operation in I/O Interface Mode (SCLK Input Mode)

Note: For data receiving, the system must be placed in the receive enable state
(SCMOD <RXE>=“1")
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)

(3)

Mode 1 (7-bit UART Mode)

7-bit mode can be set by setting serial channel mode register SCOMOD <SM1,0> /
SC1IMOD<SM1, 0> to “01”.

In this mode, a parity bit can be added, and the addition of a parity bit can be enabled
or disabled by serial channel control register SCOCR<PE >/SC1CR<PE>, and even
parity or odd parity is selected by SCOCR <EVEN>/SC1CR<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.

\startX\bitOX 1 X 2 X 3 X 4 X 5 X 6 Xpe;/ﬁ{w’ stop““

~<—— Direction of transmission (transmission rate: 2400 bps @ fc=12.288 MHz)

76543210

P6CRL ¢ - - - - - - 11 Select P60 asthe TxD pin.
SCOMOD « X 0 - X 0101 Set7-bit UART mode.
SCOCR « X11XXXO00 Add an even parity.
BROCR « 0X 100101 Set transfer rate at 2400 bps.
TRUN ¢« XX1----- Startthe prescaler for the baud rate generator.
INTESO « 1 100 - - - - Enable INTTXO interrupt and set interrupt level 4.
SCOBUF « * * % * * % % Set data for transmission.

Note: X; Don’t care -; Nochange

Mode 2 (8-bit UART Mode)

8-bit UART mode can be specified by setting SCOMOD <SM1,0>/SC1MOD<SM1,
0> to “10”. In this mode, parity bit can be added, the addition of a parity bit is enabled
or disabled by SCOCR<PE >/SC1CR<PE>, and even parity or odd parity is selected by
SCOCR<EVEN>/SC1CR<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.

N foioX 1 X2 X3 X e X5 X o X7 XotVoor

~<—— Direction of transmission (transmission rate: 9600 bps @ fc = 12.288 MHz)
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Main setting
76543210
P6CRL ¢« - - --00 - - Select P61 (RxD) as the input pin.
SCOMOD « - 01 X100 1 Enable receiving in 8-bit UART mode.
SCOCR « X0 1XXXO00 Add an odd parity.
BROCR « 0 X 010101 Set transfer rate at 9600 bps.
TRUN ¢ XX1----- Start the prescaler for the’baud rate generator.
INTESO ¢« - - - -1100 Enable INTTXO 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:

Note: 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>/SCIMOD<SM 1,
0> to “11”. In this mode, parity bit cannot be added:

For transmission, the MSB (9th bit) is written in SCMOD < TB8 >, while in receiving
it is stored in SCCR<RB8>. | For writing and reading the buffer, the MSB is read or
written first then SCOBUF/SC1BUF.

Wake-up function

In 9-bit UART mode, the wake-up function of slave controllers is enabled by setting
SCOMOD <WU>/SCIMOD<WU > to “1”; The interrupt INTRX1/INTRXO occurs only
when<RB8>'= 1.

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 3.10 (23) Serial Link Using Wake-Up Function
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Protocol

)
)

Select the 9-bit UART mode for the master and slave controllers.

Set SCOMOD<WU>/SCIMOD<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 (bit 8) <TB8> is set to“1”.

\start,(bitOX 1 X 2 X 3 X 4 X 5 X - X S y Vv

Select code of slave controller 1

Each slave controller receives the above frame, and clears WUbit 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 >/SC1IMOD <WU > bit is cleared to “0”. The MSB (bit 8) <TB8>
is cleared to “0”.

\start,(bitoX 1 X 2 X 3 X 4 X s X . X ) )\bitsm....

Data 0

The other slave controllers (with the <WU > bit remaining at “1” ) ignore the
receiving data because their MSBs (bit 8 or <RB8>) are set to “0” to disable the
interrupt INTRXO0/INTRX1.

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 (fc/2) as the transfer clock.

el

TxD RxD

Master

TxD RxD TxD RxD
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.

® Setting the master controller

Main

P6BCRL ¢« - ---0011
INTESO « 11001101

SCOMOD « 10101110
SCOBUF « 00000001

INTTXO interrupt

SCOMOD « 0 ~ == = </- 2
SCOBUF(_********

Select P60 as TxD pinand P61 as RxD pin.
Enable INTTX0 and set the interrupt level 4.

Enable INTTXO0 and set the interrupt level 5.

® Setting the slave controller 2

Main

P6CRL ¢« == - -00
ODE XXXXXX

INTESO « 110111
SCOMOD « 0 0 1 1 141

1

N

INTRXO interrupt

Acc « SCOBUF
if Acc = Select code
Then SCOMOD4 ¢ - - =~

=N

Sets TB8to”0".
Set data for transmission.

Set’'41 (fc/2) as the transmission clock in 9-bit UART mode.
Set the select code for slave controller 1.

1
Select P61 as RxD pin and P60 as TxD pin (open drain
1 output).
0 Enable INTRX0 and INTTXO.
0 Set <WU> to “1” in the 9-bit UART transmission mode
with transfer clock ¢1 (fc/2).
- - - -  (Clear <WU>to “0".
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3.11 Analog/Digital Converter

TMP96C031Z contains a high-speed analog / digital converter (A/D converter) with 4-
channel analog input that features 6-bit successive approximation.

Figure 3.11 (1) shows the block diagram of the A/D converter. 4-channel analog input
pins (ANO to AN3) are shared by input-only port P5 and so can be used as input port.

Internal bus

@ N

A/D converter mode register (ADMOD)

ADCH |4 EOCF ADBF REPET SCAN ADCS  ADS

repeat yscan yspeed ystart

Decoder

end |busy
A/D converter |, INTAD

Channel select control circuit interrupt
Analog input
AN3 (P53) [ Multiplexer + A/D|conversion result register
AN2 (P52) [ (ADREGO to ADREG3)

o]

AN1(P51) [ -
ANO (P50) [

Verer [
D/A converter

Figure 3.11 (1) Block Diagram of A/D Converter

Note: To lower the power supply current in IDLE or STOP mode, depending on the timing,
standby mode can be entered with the internal comparator in enable state. Thus, stop
A/D conversion before executing the HALT instruction.
The ladder resistor between VREF- GND cannot be disconnected internally.
Therefore, IREF will flow regardless of the mode.
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3.11.1 Control Register

7 ¢ 6 i 05 o4 i3 i 2 i 10
bitSymbol | EOCF i ADBF i REPET { SCAN i ADCS i ADS : ADCH1/ i ADCHO
ADMOD | Read/Write R CORW 0 RW RIW RAW
(005EH) [ After reset o i o i o { o i 0o i o 0,0

1: Low Analog Input

1: END 1 BUSY :1:Repeat:1:Scan Channel Select

{1: START

F i : : :
unction :Mode Set : Mode Set : eed

H : : mode :

| | | | |

— ] |

> Analog input channel select
Normal Scan mode
00 ANO ANO
01 AN1 ANO—AN1
10 AN2 ANO—ANT-5AN2
11 AN3 ANO—AN1->AN2—AN3
L. A/D conversion start

1 |'Start A/Dconversion.

Note) Always “0” when datais read.

L s A/D conversion speed’selection

0 | A/D High speed conversion mode: 95 states =9.5 us (@20 MHz)

1 | A/DLow speed conversion mode : 190 states = 19 us (@20 MHz)

L » Specification of’/A/D scan mode

0| Fixed A/D-conversion channel mode

1 | A/D conversion channel scan mode
— > Selecting A/D repeat mode

0 | A/D conversion single mode

1 | A/D conversion repeat mode

L s A/Dconversion busy flag

0 | A/D conversion not busy

1 | A/D conversion busy

A/D conversion end flag

0 | A/D conversion not ended nor started

1 | A/D conversion ended

Figure 3.11(2) A/D Converter Mode Register (ADMOD)
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7 : 6 : 5 : 4 3 2 1 0
DREGO bit Symbol -
A -
Read/Write R
(0060H) e
After reset Undifined
Function Channel 0 of A/D conversion result register is stored.
Register for saving an A/D switch value for ANO
7 : 6 : 5 : 4 3 2 1 0
bit Symbol -
ADREG1 -
Read/Write R
(0061H) —
After reset Undifined
Function Channel 1 of A/D conversion result register is stored.
Register for saving an A/D switch'value for AN1
7 : 6 : 5 : 4 3 2 1 0
bit Symbol -
ADREG2 -
Read/Write R
(0062H) —
After reset Undifined
Function Channel 2 of A/D conversion result register is stored.
Register forsaving an'A/D switch'value for AN2
7 : 6 ; 5 : 4 3 2 1 0
bit Symbol -
ADREG3 -
Read/Write R
(0063H) o
After reset Undifined
Function Channel3 of A/D conversion result register is stored.

Reqgister for saving/an A/D switch value for AN3

Figure3:11(3) Register for saving an A/D switch value (ADREGO to 3)
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3.11.2 Operation

(1)

()

(3)

(4)

(5)

Analog Reference Voltage

High analog reference voltage is applied to the VREF pin.
The reference voltage between VREF and GND is divided by 64 using ladder
resistance, and compared with the analog input voltage for A/D conversion.

Analog Input Channels

Analog input channel is selected by ADMOD <ADCH1,0>. However in fixed analog
input mode, one channel is selected by ADMOD <ADCH1,0> among four pins: ANO to
ANS.

In analog input channel scan mode, the number of channels to be scanned from ANO
is specified by ADMOD<ADCH1,0>, such as AN0—AN1, ANO—AN1—-AN2, and
ANO—-AN1—-AN2—-AN3.

When reset, A/D conversion channel register will be initialized to
ADMOD<ADCH1,0> =00, so that ANO pin will be selected.

The pins which are not used as analog input channel can be used as ordinary input
port P5.

Starting A/D Conversion

A/D conversion starts when A/D conversion register ADMOD <ADS> is written “1”.
When A/D conversion starts, A/D conversion busy flag ADMOD<ADBF> which
indicates “A/D conversion is in progress” will be set to “1”.

A/D Conversion Mode

Both fixed A/D conversion channel mode and A/D conversion channel scan mode have
two conversion modes, i.e., single and repeat conversion modes.

In fixed channel repeat mode, conversion of specified one channel is executed
repeatedly.

In scan repeat mode, scanning from ANO, --- —-AN3 is executed repeatedly.

A/D conversion mode is selected by ADMOD <REPET, SCAN>.

When A/D conversion changes to the halt state of IDLE and STOP mode, even if in
A/D converting state, A/D converter immediately stops the operation. After releasing
the halt, the conversion does not restart.

A/D Conversion Speed Selection

There are two A/D conversion speed modes: high speed mode and low speed mode.
The selection is executed by ADMOD < ADCS> register.

When reset, ADMOD<ADCS> will be initialized to “0”, so that high speed
conversion mode will be selected.
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(6)

)

(8)

A/D Conversion End and Interrupt
® A/D conversion single mode

ADMOD<EOCF> for A/D conversion end will be set to “1”, ADMOD
< ADBF > flag will be reset to “0”, and INTAD interrupt will be enabled when A/D
conversion of specified channel ends in fixed conversion channel mode or when A/D
conversion of the last channel ends in channel scan mode.

Storing the A/D Conversion Result

The results of A/D conversion are stored in ADREGO0 to ADREGS3 registers for each
channel. In repeat mode, the registers are updated whenever conversion ends.
ADREGO to ADREGS3 are read-only registers.

Reading the A/D Conversion Result

The results of A/D conversion are stored in ADREGO0 to ADREG3 registers. When the
contents of one of ADREGO to ADREG3 registers are read, ADMOD<EOCF > will be
cleared to “0”.

Setting example: (D When the analog input voltage of the AN3 pin is A/D converted
and the result is stored in the memory address FF10H by A/D
interrupt INTAD routine

Main setting

INTEOAD « 1 100X X X X Enable INTAD and set interrupt level 4.
ADMOD «XX000111 Specify AN3-pin as an analog input channel and
starts A/D conversion in high speed mode.

INTAD.routine

A < ADREG3 The value in the ADREG3 is read into the
accumulator. Then the accumulator value is
(FF10H) <« A stored in memory at FF10H.

Setting example: @ When the analog input voltage of ANO to AN2 pin is A/D
converted in high speed conversion channel scan repeat mode.

INTEOAD (¢ 1.00 0 X X X X Disable INTAD.
ADMOD X X110110 Start the A/D conversion of analog input channels

ANO to AN2 in the high-speed scan repeat mode.
Note: X;Don’t care - ;No change
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3.12 Watchdog Timer (Runaway Detecting Timer)

TMP96C0317Z is containing watchdog timer of Runaway detcting.

The watchdog timer (WDT) is used to return the CPU to the 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 non-maskable interrupt
to notify the CPU of the malfunction, and outputs 0 externally from watchdog timer out
pin WDT to notify the peripheral devices of the malfunction.

Connecting the watchdog timer output to the reset pin internally forces a reset.
A built-in function is used to stop the WDT count at bus release request (BUSRQ).

3.12.1 Configuration
Figure 3.12 (1) shows the block diagram of the watchdog timer (WDT).

WOTOUT T >o——1 WbTOUT
RESET Internal reset  WWDMOD<RESET> .
INTWD . Watchdog timer
1 out control
WDMOD enable
<wpTP1,0>—>]| Selector T T
fcs4a  Reset

216/ fc
218 / fc
220/ fc
222 [/ fc

Watchdog timer Q
r 22-stage binary counter R S
’

T
reset i : Reset
WDMOD
BUSAK 3 <WDTE >
Reset

HALT
(Stop or Idle mode)

¢ (fc/2)
4EH B1H

Write Write

Watchdog timer
control register

5

Internal bus

Figure 3.12 (1) Block Diagram of Watchdog Timer
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The watchdog timer is a 22-stage binary counter which uses ¢(fc/2) as the input clock.
There are four outputs from the binary counter: 216/fc, 2181"(:, 220/fc, and 2%%/fc. Selecting
one of the outputs with the WDMOD register generates a watchdog interrupt, and
outputs watchdog timer out when an overflow occurs.

Since the watchdog timer out pin (WDTOUT) outputs “0” due to a watchdog timer
overflow, the peripheral devices can be reset.

Clearing the watchdog timer (by writing the clear code (4EH) to the WDCR) after
disabling it sets 0 output to 1. (Program example)

LDW (WDMOD),0B100H ; disables watchdog timer.
LD (WDCR), 4EH ; writes clear code.
SET 7,(WDMOD) ; enableswatchdog timer again.

In other words, the WDTOUT keeps outputting “0” until the clear code is written.

The watchdog timer out pin can also be connected to the reset pin internally. In this
case, the watchdog timer out pin (WDTOUT) outputs 0 at:
and resets itself.

The WDTOUT (also used as P67) is multiplexed with pin PG13; setting must be done
using the port 6 control register, PGCRH. (WDTOUT pin is set after reset.)

(¢

WDT Counter _ n X 22884587777 " X 0
1)

WDT Interrupt | | («

1)
Clear.code of write

WDT Clear
(Soft ware) (

WDTOUT | «

N

Figure 3.12 (2) Normal Mode

Over flow

WDT Counter ~_ n YO y

1

WDT Interrupt | | «

1

WDTOUT
(Internal Reset) |

Figure 3.12 (3) Reset Mode
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3.12.2 Control Registers

(1)

(2)

Watchdog timer WDT is controlled by two control registers WDMOD and WDCR.
Watchdog Timer Mode Register (WDMOD)
@  Setting the detecting time of watchdog timer <WDTP>

This 2-bit register is used to set the watchdog timer interrupt time for detecting
the runaway. This register is initialized to WDMOD<WDTP1, 0> =00 when
reset, and therefore 216/fc is set. (The number of states is approx. 32,768.)

@  Watchdog timer enable/disable control register’ <WDTE >

When reset, WDMOD <WDTE > is initialized to “1” enable the watchdog timer.

To disable, it is necessary to clear this bit t0“0” and write the disable code (B1H)
in 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 disable state to enable state by merely
setting <WDTE > to “1”.

®  Watchdog timer out reset connection <RESCR>

This register is used to connect the output of the watchdog timer with RESET
terminal, internally. Since WDMOD <RESCR >is initialized to 0 at reset, a reset
by the watchdog timer will not’be performed.

Watchdog Timer Control Register (WDCR)

This register is used to disable and clear of binary counter the watchdog timer
function.
® Disable control

By writting the disable code (B1H) in this WDCR register after clearing
WDMOD <WDTE > to “0”,the watchdog timer can be disabled.

WDMOD ¢ 0 = = = = = XX Clear WDMOD<WDTE >to “0".
WDCR ¢« 10110001 Write the disable code (B1H).

® Enable control
Set WDMOD <WDTE >to “1”.
®_Watchdog timer clear control

The binary counter can be cleared and resume counting by writing clear code
(4EH) into the WDCR register.

WOCR « 01001110 Write the clear code (4EH).
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7 ¢ 6 ¢ 5 i 4 i 3 i o2 i g 0
bitSymbol | WDTE | WDTP1 | WDTPO | WARM : HALTM1: HALTMO : RESCR : DRVE
WDMOD -
Read/Write RIW
(005CH) |— - - - - - - - - - - -
After reset i 0 0 0 0 0 0 0
WDT ;Select detecting timeéWarming EStandby mode 1 1
é {Uptime | ; :
control :00: 216/f¢ : P :00: RUN mode “Internally  : Drive the

Function

f01: 218/fc

1: Enable 110: 220/fc

111: 222/fc

£0: 214/fc
i1: 216/fc

501: STOP mode
;10: IDLE mode
i11: Don't care

{connects

EWDT outto

pinevenin
ESTOP mode
“the reset pin

—

|—> DRVE(explanation by stop mode)

—— Watchdog timer out control

Connects WDT out to'areset

Select the standby mode HALT instruction

RUN mode (Only the CPU stops)

Don‘tcare

—— > Select the detecting period of watchdog
timer

214/fc (approx. 0.8 ms @ 20 MHz)

216/fc (approx. 3.3 ms @ 20 MHz)

Select the detecting time of watchdog timer

216/fc (approx. 3.3 ms @ 20 MHz)

01 | 218/fc (approx. 13.1 ms @ 20 MHz)
10 | 220/fc (approx. 52.4ms @20MHz)
11 | 222/fc (approx. 209 ms @20MHz)
Watchdog timer Enable / Disable control

0 | Disable
...1 ..... Enab|e .................................................

Figure 3.12 (4) Watchdog Timer Mode Register
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7 5 4 3 2
bit Symbol -
WDCR -
Read/Write w
(005DH) |20
Aftter reset -
B1H : WDT disable code
4EH : WDT clear code
Function
L——— Disable/clear WDT
B1H Disable code
4EH Clear code
Others” | —
Figure 3.12 (5) Watchdog Timer Control Register
Port4 Function Register
7 5.0 4 3 2
bit Symbol | BUSWDT ! ' P43F PA2F | PAIF
PAFC Read/Write W W
(0010H) : A
After reset 0 : 0 0
Function [0: BUSRQ ' {0:PORT :0:PORT :0:PORT :0: PORT
DIS ‘I@ 1@ 1@ 1@
: BUSRQ CAS ; :
EN :
L—

|—> Explained in the section on port

4.

WDT at BUSRQ input

Counts up binary counter regardless

of input.

input.

Halts count by binary counter at

Figure 3.12 (6)
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3.12.3 Operation

The watchdog timer generates interrupt INTWD after the detecting time set in the
WDMOD <WDTP1, 0>register and outputs a low level signal. The watchdog timer
must be zero-cleared by software before an INTWD interrupt is generated. If the CPU
malfunctions (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) due to the INTWD Interrupt and
it is possible to return to normal operation by an anti-mulfunction 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 resetting is released.

The watchdog timer is reset and stopped in the IDLE and STOP modes. In the RUN
mode, the watchdog timer is enabled.

However, the function can be disabled when entering the RUN mode.

Example

@D Clear the binary counter

WOCR « 01001110 Write clear code (4EH).

@ Set the watchdog timer detecting time to 2181

WDMOD « 101 - - - XX

@ Disable the watchdog timer.

WDMOD « 0 = - =~ - X X Clear WDTE to “0”.
WDCR « 10110001 Write disable code (B1H).

@ Set IDLE mode.

WDMOD- « 0 - - =10 XX Disables WDT and sets IDLE mode.
WCR «10110001
Executes HALT command Set the standby mode

® Set the STOP mode (warming up time: 218/fc)

WDMOD ¢« - - -1 0.1 XX Set the STOP mode.
Executes HALT command. Execute HALT instruction. Set the standby
mode.

2)  Writing 1 to the PAFC <BUSWDT > register halts count by the WDT binary counter at
bus release due to the bus request signal, BUSRQ.
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3.13 Dynamic RAM (DRAM) Controller

The TMP96C031Z consists of a control circuit to refresh DRAM, an access circuit to
perform read/write, and an address decoder.
Figure 3.13 (1) shows a block diagram of the DRAM controller.

(CS3)
__Pa3[ ]«
(CS3/CAS) _
(CAS) Refresh Refresh Address
JE— r—1
P35 (RAS) [] Generator Counter Decoder
I
[
P63 (RFSH) |:|<—I | ] E
L{ Memory Access Arbitration
Generator Control
P71 (BMUX) [

Register

Internal Bus

250791

Figure 3.13 (1) _DRAM Controller Block Diagram
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3.13.1 Control Register
7 6 i 05 P4 P3P 2 o 0
B3CS | bitsymbol B3E ! B3SYS: B3CS (B3BUS : B3W1 : B3WO :B3CAS : SRFC
(006BH) | Readwrite W
After reset 0 : 0 0 D) 0 i 0 0 1
0:DIS  :1:SYSTEM:O: undefined: 0:16bit | 00:2WAIT 0:CS3  :0:Execute|
Function | 1:EN only  i1:Memory 1:8bit | O1:1WAIT 1:CAS -} self
Costart P 10:WAIT +n refresh
L 11:0WAIT i1:Release
= 1 |
CS3/CAS output control Control selt refresh
0 Output disable 0 Executeselfrefresh
1 Output enable 1 Release self refresh
—>(S3/CAS selection
<B3CAS> <B3E>=1 <B3E>=0
0 Output CS3 Disable CS37CAS
1 Output CAS outputs

— T —>WAIT insertioncontrol

<B3W1> | <B3wW0> Mode
0 2WAIT
TWAIT

1 0 TWAIT +n
1 1 OWAIT

Figure 3.13(2)  Chip Select Wait Control Register (B3CS)
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P4FC

7 i 6 i 5 i 4 i 3 i 2 i 1 i g

bit Symbol | BUSWDT i : P PA3F i PA2F i PAIF i PAOF
Read/Write w w
After reset 0 i H 0 i 0 P00 0

0: ; ; § { 0:PORT: 0:PORT | 0:PORT } 0:PORT
Function | BUSRQ | : § £1:C53 i 1:C52 | 1:C5T i 1:C50
DIS i ; § i JCAS: :

BUSRQ |
EN :

|—> Set port 4 output

0 Port output

1 CS0 to CS3/CAS loutput

- (Described in “3.12.2 Watchdog Timer")

Figure 3.13 (3) Port 4 Function Register
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7 i 6 ¢ 5 + 4 i 3 f 2 i 1 i 0
bit Symbol DMI__ i RS2 : RSt i RSO i RW2 . RWI i RWO : RC
c Read/Write R/W
DREFCR : : ; ; T ; :
After reset 0 : 0 : 0 i 0 P00 0 0 i 0
(004BH) : ;
Dummy  :Refresh cycleinsertioninterval  :Refresh cycle width :Refresh cycle
Function  [cycie : 000:  15states : 000: 2 states : 0:Not
0: Prohibit : 001:  31states : 001: 3states i inserted
1: Execute | 010:  62states 010: 4states "1 Inserted
: 011: 78 states 011: 5states :
100: 97 states 100: 6states
101: 109 states 101: 7 states
110: 124 states 110: 8states :
11: 154 states : 111:  9states :

L’ Refresh cycle control

0 | Do notinsert refresh cycle

1 | Insert refresh cycle

—>Refresh cycle width control

RW2 | RW1 | RWO Refresh cycle width
0 0 0 2 states
0 0 1 3 states
0 1 0 4 states
0 1 1 5 states
1 0 0 6 states
1 0 1 7 states
1 1 0 8 states
1 1 1 9 states

Refresh cycle insertion interval

See Table 3.13(2).

Dummy cycle control

0 [ Prohibit dummy cycle

1 | Execute dummy cycle

Figure 3.13(4) Refresh Control Register
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3.13.2 Operation Description

(1) Read/write control
The read/write controller outputs valid signals RAS and CAS to DRAM when address
space specified by the internal address decoder (chip select 3 CS3/CAS) is accessed.
In addition, a DMUX signal is output for row address/column address switching.
Figure 3.13 (6) shows the RAS, CAS, and DMUX output timing diagram during
memory access cycle.
T1 T2 T1 TW TW T2
S AWAWAW AW AW AW AWRAWAY AW AW RS AW R
S | \ / \ / \
AlE |\ A
ADOto 15 oo 3 oo 13)
A0 to 23 X :x
ADO to 15 Din Din
ADO to 15 { bout { Dout
R K X
RDAWR \ f \ '
RAS \ / \ [T
CAS \ \
DMUX
ayAt 0 Wait b) At 2-wait cycle
Figure 3.13(5). Memory Access Cycle Timing
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How to set the registers is described next.

D Setting the RAS, CAS, DMUX, and RFSH output

Figure 3.13 (2) shows the structure of the chip select wait control register B3CS.
B3CS<B3E> can be used to control the output of CS3/CAS and BECS<B3CAS>

can be used to control CAS selection.

(RAS) P35 [] o —RAS
(DMUX) P71 [ o —BMUX| DRAM |~ cs3
RFSH controller
(RFSH) P63 [] o]
FCR/FAC CAS
(CS3/CAS) P43 Y A
u ] cs3 —
B CI=77
Address | A8
T decoder | to A23
—
<B3E> | <B3w1> [ <B3WO> | <B3cAS>
0: DIS 00: 2WAIT 0: CS3
to CPU - <— 01 1WAIT 1: CAS
1: EN 10: TWAIT +n
11: OWAIT

B3CS register

Figure 3.13 (6) Relationship between Address Decoder and DRAM Controller

The RAS, CAS, DMUX, and RFSH signals must be set with the corresponding port
control register because they are multiplexed with P35, P43, P71, and P63

respectively.

@ Inserting WAIT

WAIT insertion during read/write control can be set with the register

B3CS<B3W1,0>.
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)

Refresh controller

The TMP96C031Z can output RAS/CAS used to refresh the DRAM. At the same time

the state signal RFSH which indicates a refresh cycle is output.

DRAM can be refreshed easily because RAS/CAS output frequency and pulse width

are programmable.

The refresh controller has the following features.

® Refresh mode: CAS before RAS interval refresh mode

CAS before RAS self refresh mode

® Refresh interval: 15 to 154 states (programmable)

® Refresh cycle width: 2 to 9 states (programmable)

® Dummy cycle can be generated

® Refresh cycle is asynchronous with CPU eperation cycle.

i) CAS before RAS interval refresh mode

The refresh interval and refresh width for CAS before RAS interval refresh mode
depends on the DRAM being used.

Therefore, TMP96C031Z enables the RAS and CAS output to be set with the
refresh controller register value according to the system clock and DRAM that are

being used.
Figure 3.13 (7) shows a timing example for CAS before RAS refresh cycle.

o W RS B\ (R0 [ Wy B W W W W W

" T\ T \ m
xS - T

2 states wide 3 states wide
a) When the refresh cycle width b) When the refresh cycle width
is set to 2 states is set to 3 states

Figure 3.13(7) Refresh Cycle Timing Example
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How to set the register is described next.
Figure 3.13 (4) shows the bit structure of the refresh control register DREFCR.

D Refresh cycle insertion interval

The insertion interval is set with the three bits DREFCR <RS2 to 0> according to
the system clock being used.

Example : When the system clock is 20 MHz and the DRAM refresh cycle is to be

1645, set these bits to “111”.
Table 3.13 Refresh Cycle Insertion Interval

Refresh Cycle Insertion Frequency (fosc)
Interval 12.5
RS2 | Rs1 | RS0 | (states) | 4MHz | 8MHz | 10MHz |/ 15> | 14MHz |16 MHz | 20 MHz
o | o [ o 15 7.5 375 |30 2.4 214 [ 188 | 15
0 0 1 31 | (55>| 755 62 496 | 443 388 | 3.
0 1 0 62 310 | (55| 124 992 | 886, 775 | 62
0 1 1 78 39.0 | 195 1248 [ /1114 | 975 | 78
1 0o | o 97 485 | 2825 | 194 1386 | 1213 | 97
1 0 1 109 | 545 | 2725 | 218° | 17.44 13.63 | 10.9
1 1 0 124 | 620 | 310 | 248 | 1984 | 1772 |(155)| 124
1 1 1 154 | 770|385 | 308 | 247 | 220 | 193

(Unit: us)
@ The three bits DREFCR<RW2 to 0> can be used to change the refresh cycle width
(RAS, CASoutput). (2to9 states)

@ Refresh cycle control
The refresh cycle can be disabled/enabled with the bit DREFCR<RC>.
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ii) CAS before RAS self refresh mode

This mode is used when CPU or DRAM control is halted with a HALT (IDLE,
STOP) instruction while refreshing with CAS before RAS interval refresh mode
(hereafter referred to as interval mode).

However, RFSH is not output. (“1” is output.)

Figure 3.13 (8) shows the self refresh mode timing diagram.

Warming up interval

o NUANANWAL | AU AN
RAs R gt u—
cas et —i— = \ /

H

HALT (STOP)
execution

Interval mode sequence

Self mode Interval mode —>
Figure 3.13 (8) Self Refresh Cycle Timing

This mode is executed as follows. First, the settings are made for normal interval
mode. Then B3CS<SRFC> is set to “0” just before a HALT instruction to perform
one normal refresh. Then the CAS pin and RAS pin are kept at low level and the self
refresh mode is entered. Set BSCS<SRFC> to “1” to cancel this mode and return to
normal CAS before RAS refresh mode. (The first CAS before RAS refresh is
performed immediately after cancellation because the refresh counter is cleared.)
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(3) DRAM initialize

The DRAM controller can generate consecutive CAS before RAS dummy cycles
necessary when using DRAM. This is executed by setting DREFCR<DMI > bit to “1”
and canceled by setting it to “0”. (The <RC> bit need not be changed.)

The dummy cycle width is fixed to 4 states.

Figure 3.13 (9) shows the CAS before RAS dummy cycle timing.

N AVAVAWAWAWAWRAW AW AW AW AVAWAWAWAY AW AW
X

WR /

RAS \ / \
s s
RFSH

Figure 3.13(9) CAS Before RAS Dummy Cycle Timing/(Fixed to 4 states)
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3.13.3 Priority

The DRAM refresh cycle may overlap with the DRAM read/write cycle because it is
not synchronized with the CPU operating cycle. In this case, the DRAM controller gives
priority to the cycle that starts operation first. If the priority is given to the refresh cycle,
a wait is automatically inserted in the memory access cycle. Figure 3.13 (10) shows the
timing in this case.

T1 T2 T1 T2 T1 T2
Xt NS A SN AN \S
CLK X X A A X X
ALE /TN \
ADO to 15 __C: C:
AOt023 )
RDAWR \ /
RAS \ / \ / \ /T
CcAs \ / \
Tout
DMUX
RFSH
Memory access cycle Refresh cycle Memory access cycle

Figure 3.13 (10) Timing Diagram when Refresh Cycle is Inserted in Memory
Access Cycle
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3.13.4 Connection Example
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4. Electrical Characteristics

4.1 Absolute Maximum Ratings (TMP96C0312)

Parameter Symbol Rating Unit

Power Supply voltage Vcc -0.5t06.5 Vv
Input voltage VIN -0.5toVec+0.5 Vv
Output Current (total) > 10L 100 mA
Output Current (total) > I0H - 100 mA
Power Dissipation (Ta=707C) PD 600 mW
Soldering Temperature (10s) T SOLDER 260 T
Storage temperature TSTG ~651to 150 T
Operating temperature TOPR -20to 70 T

Note : The absolute 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
absolute 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 absolute
maximum rating value will ever be exceeded.
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4.2 DC Characteristics (TMP96C03127)

Vce=5V+10%, Ta= -20to 70°C (Typical values are for Ta=25C and Vcc=5V.)

Parameter Symbol Test Condition Min Max Unit]

Input Low Voltage (ADO to 15) VIL -0.3 0.8 \Y
P2, P3, P4, P5, P6, P7, P8, P9 VIL1 -03 0.3 Vcc \
RESET,NMI,INTO VIL2 -03 0.25 Vcc \
AMB8/16 VIL3 —-0.3 0.3 \Y
X1 VIL4 —-03 0.2 Vcc \%
Input High Voltage (ADO to 15) VIH 2.2 Vec+0.3 Vv
P2, P3, P4, P5, P6, P7, P8, P9 VIH1 0.7 Vce Vec+0.3 \%
RESET, NMI, INTO VIH2 0.75 Vcc Vecc+0.3 \
AMS8/16 VIH3 Vee=0.3 Vee+0.3 Vv
X1 VIH4 0.8 Vcc Vece4+ 0.3 \Y
Output Low Voltage VOL IOL=1.6 mA 0:45 \Y
Output High Voltage VOH | OH = -400/xA 24 Vv

V OH1 IOH= -100 A 0.75Vcc \Y

V OH2 IOH=-20xA 0.9 Vcc \%
Darlington Drive Current I DAR VEXT=1.5V -1.0 -35 mA
(8 Output Pins max.) REXT=1.1kQ
Input Leakage Current I 0.0=Vin=Vcc 0.02(Typ) ) | £5 ZA
Output Leakage Current ILO 0.2=Vin=Vcc-0.2 0.05(Typ) /| £10 A
Operating Current (RUN) I cc t 0sc=20 MHz 30 /(Typ) |60 mA
IDLE 2.0 (Typ) |10 mA
STOP(Ta= -20t0 70C) 0.2=Vin=Vcc=0.2 0.2 (Typ) |50 LA
STOP(Ta=0to 50C) 0.2=Vin=Vcc~0.2 10 HA
Power Down Voltage VSTOP. {VIL2=0.2 Vcc, 2.0 6.0 \Y)
(@STOP, RAM Back up) VIH2=0.8 Vcc
RESET Pull Up Resistor RRST 50 150 kO
Pin Capacitance clo tosc=1MHz 10 pF
Schmitt Width V.TH 0.4 1.0 (Typ) \%
RESET, NMI, INTO (P50)
Programmable Pull Down Resistor | R KL 10 80 kQ
Programmable Pull Up Resistor RKH 50 150 kG

Note: I-DARis guaranteed for a total of up to 8 ports.
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4.3 ACElectrical Characteristics (TMP96C031ZF)

Vee=5V £10% , TA=-20t070C
(4 MHz to 20 MHz)

No Paramerer Symbol - Voriable 1_6 MMz 2_0 MHz Unit
Min Max Min | Max | Min | Max

1| Osc. Period (=x) tosc 50 250 62.5 50 ns

2| CLK width toik 2x-40 85 60 ns

3| A0 to 23 Valid — CLK Hold tAK 0.5x - 20 "1 5 ns
4| CLK Valid - A0 to 23 Hold tkA 1.5x-70 24 5 ns

5| A0 to 15 Valid — ALE fall tAL 0.5x - 15 16 10 ns

6| ALE fall > A0 to 15 Hold tLA 0.5x - 15 16 10 ns

7| ALE High width tL x—-40 23 10 ns

8| ALE fall > RDAWR fall tic 0.5x - 30 1 =5 ns
9| RDAWR rise — ALE rise teL 0.5x - 20 1 5 ns
10| A0 to 15 Valid — RD/WR fall tacL x-25 38 25 ns
11| A0 to 23 Valid — RD/WR fall tacH | 1.5x-50 44 25 ns
12| RDAWR rise = A0 to 23 Hold tcA 0.5x —20 11 5 ns
13| AQ to 15 Valid - D0 to 15 input tADL 3.0x-45 143 105 | ns
14| A0 to 23 Valid > D0 to 15 input tADH 3.5x-65 154 110 | ns
15| RDfall - D0 to 15 input tRD 2.0x-50 75 50 | ns
16|RD Low width tRR 2.0x =40 85 60 ns
17 | RDrise = D0 to 15 Hold tHR 0 0 0 ns
18| RDrise = A0 to 15 output tRAE x=15 48 35 ns
19| WR Low width tww | 2.0x-40 85 60 ns
20| DO to 15 Valid — WRrise tpw 2.0x-50 75 50 ns
21| WRrise —-D0to 15 Hold twp. | 0.5x-10 21 15 ns
22| A0 to 23 Valid -» WAIT input (\WAT )| tawh 3.5x =90 129 85 | ns
23| A0 to 15 Valid - WAIT input {"WAT. )| tawt 3.0x - 80 108 70 | ns
24| RDAWR fall 5WAIT Hold WA o) tew | 2.0x+0 125 100 ns
25| A0 to 23 Valid - PORT input tAPH 2.5x - 120 36 5] ns
26| A0 to 23 Valid - PORT Hold tapH2 | 2.5%+50 206 175 ns
27| WR rise — PORT Valid tcp 200 200 200 | ns
AC Measuring Conditions

® Output Level High 2.2V /Low 0.8V , CL50 pF
(However CL = 100 pF for ADO to AD15, AD to A23, ALE, RD, WR, HWR, CLK, CSO to CS3)
® Input Level High 2.4V /Low 0.45 V (ADO to AD15)
High 0.8 Vcc / Low 0.2 Vcc (Except for ADO to AD15)
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(1) Read Cycle
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(2) Write Cycle
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4.4 DRAM Control AC Characteristics (TMP96C03127)
Vee=5V £10% , TA=-20t070C
(4 MHz to 20 MHz)

No Parameter Symbol .Vonable 1_6 Mpa 2_0 MHz Unit
Min Max Min [ Max| Min | Max

1|RAS cycle time e 4X-10 240 190 ns

2|RAS fall > datainput tRAC 2X-50 75 50 | ns

3| CAS fall >data input tcAC 1X-42 20.5 8| ns

4|RAS high pulse width trRp 2X-40 85 60 ns

5| RAS low pulse width tRAS 2X-20 105 80 ns

6| CAS fall - RAS rise tRSH 1X-25 38 25 ns

7 |RAS fall — CAS rise tcsH 2X-20 105 80 ns

8| CAS low pulse width tcAs 1.5X-30 64 45 ns

9| RAS fall - CAS fall trRCD 1X-10 1X+10 53 73 40 60 | ns
10| CAS rise — RAS fall tCRp 1.5X-50 44 25 ns
11[RAS fall - A0-15 hold tRAH -30 -30 -30 ns
12| Ag 1o 15 valid = RAS fall tASRL 1X-10 53 40 ns
13| Ag 1o 23 valid - RAS fall tasrd | 1.5X-10 84 65 ns
14| WR fall > RAS rise tRWL 2X-50 75 50 ns
15| WR fall - CAS rise tewl 2X-50 75 50 ns
16| Data output — CAS fall setup tps 1X-30 33 20 ns
17| CAS fall - data output hold tpH 1.5X-50 44 25 ns
18| RAS fall - data output hold tOHR 2.5X-50 106 75 ns
19| WR fall - CAS fall setup twes 1X-30 33 20 ns
20| CAS fall - WR hold tweH 1X-30 33 20 ns
21| RAS fall - DMUX fall tRDM 0.5X-10 0.5X 21 31 15 25| ns
22| DMUX fall - CAS fall tcpm 0.5X [0.5X+10 31 41 25 35| ns
23| RAS fall - CAS rise tcpr*1 | 2X-50 75 50 ns
24| RAS rise = CAS fall trpc* | 1.5X-30 64 45 ns
25| CAS high pulse width tep* 1.5X-60 34 15 ns
26| CAS fall > RAS fall tesr* | 0:5X-10 21 15 ns
27 [RAS low pulse width trass*2| 2000X 125 100 4
28| RAS precharge time trps*2/ | 4X-50 200 150 ns
29[ CAS hold time teHs*2 -10 -10 -10 ns
30| RFSH fall — CAS fall tCEL* 1X-10 53 40 ns
31| CAS rise — RFSH rise tepH* [ 0.5X-10 21 15 ns

*1 CAS before RAS interval refresh mode

*2 CAS before RAS self-refresh mode

* Both refresh modes

AC Measuring Conditions

® OutputLevel : High2.2V/Low0.8V ,CL=50pF
(However CL =100 pFfor ADO to AD15, A0 to A23, RD, WR, HWR, R/W, RAS)
® InputLevel : “High 2.4V/Low 0.45V (ADO to AD15)

High 0.8 Vcc / Low 0.2 Vec (Except for ADO to AD15)
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Read/Write Access Cycle
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(2)

CAS before RAS interval refresh cycle
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45 A/D Conversion Characteristics
Vee=5V+10%  TA = —20to 70°C

Parameter Symbol Min Typ. Max Unit
Analog reference voltage VREF Vec-1.5 Ve
Analog reference voltage AGnD Vss Vss Y
Analog input voltage range VAN Vss Vec
Anlog current for analog reference voltage | Iger 0.5 1.5 mA

Error(Quantize
errorof = 0.5

Total error LSB not 2.0 LSB
included)
4.6 Serial Channel Timing - 1/0O Interface Mode
(1)  SCLK Input Mode Vee=5V+10% TA=-20to70°C
Parameter symbol Variable 16 MHz 20 MHz Unit
Min Max Min | Max [-Min | Max
SCLK cycle tscy 16X 1 0.8 “s
Output Data — Rising edge of SCLK toss | tscy/2 - 5X-—50 137 100 ns
SCLK rising edge— Output Data hold toHs 5X~100 212 150 ns
SCLK rising edge— Input Data hold tHsr 0 0 0 ns
SCLK rising edge— effective datainput tsrD tscy —5X=100 587 450 ns
(2) SCLK Output Mode
parameter symbol Variable 16 MHz 20 MHz Unit
Min Max Min [ Max | Min [ Max
SCLK cycle (programmable) tscy 16X 8192X 1 512 | 0.8 |409.6 | us
Output Data — SCLK rising edge toss |/ tscy — 2X - 150 725 550 ns
SCLK rising edge— Output Data hold toHs 2X - 80 45 20 ns
SCLK rising edge— Input Data hold thsr 0 0 0 ns
SCLK rising edge— effective data input tsrD tscy —2X - 150 725 550 ns

4.7 Timer/Counter Input Clock (T10, T14, TI5)
Vee=5V+10% TA= -20to 70°C

Variable 16 MHz 20 MHz .
Parameter Symbol Unit
Min Max Min Max Min Max
Clock Cycle tyck |8X+ 100 600 500 ns
Low level clock Pulse width tueke. | 4X+40 290 240 ns
Highlevel clock Pulse width tycky [4X +40 290 240 ns

4.8 -Interrupt Operation
Vce=5V+10% TA = -20to 70°C

Variable 16 MHz 20 MHz .
Parameter Symbol Unit
Min Max Min Max Min Max
NMI, INTO Low level Pulse width tiNTAL 4X 250 200 ns
NMI, INTO High level Pulse width tINTAH 4x 250 200 ns
INT1 1o INT7 Low level Pulse width tinteL [8X + 100 600 500 ns
INT1 to INT7 High level Pulse width tinTBH [8X + 100 600 500 ns
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4.9 Timing Chart for I/O Interface Mode
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4.10 Timing Chart for Bus Request/BUS Acknowledge

(Note 1)
h -
e X3¢ X X3¢ X X X
-
- < 1BRC ¢ ——=<1BRC
BUSRO USRQ CBAL
(¢ (¢ tcsAH
1 i 1 i
BUSAK i —
N r,r, /
> taBa teaa
—
ADO to AD15 SS _______________________
oo 8
_DMUX, (C/ e IR SN W=z ) DI 7
RDWR )1/
CS0to CS3/CAS— (/7 [~~~ - ~—"—""rq - o T TTTT T N
RAW, RAS, —SS_/ (Note 3) _\\_
Variable 16 MHz 20 MHz
Parameter Symbol Unit
Min Max Min | Max | Min | Max
BUSRQ set-up time for CLK tgre 120 120 120 ns
CLK— BUSAK fallingedge tesal 2.0x+ 120 214 220 ns
CLK— BUSAK rising edge tesaH 0.5x + 40 71 65 ns
QOutput Buffer is off to BUSAK i tABA 0 80 0 80 0 80 ns
BUSAK_} to Output Bufferis on. taan |0 80 o | 80| o | 8 | ns
Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ
isset'to “0” during “Wait” cycle.
Note 2 An internal programmable pull-down resistor must be connected.
Note 3 : 'An internal programmable pull-up resistor must be connected.
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4.11 Typical characteristics

Vee=5V, Ta=25°C, unless otherwise noted.

Vcc (V) ICC (mA)
5 30
4 et
20
3 ,-"
/ 10
2 _—
— ‘/
1 0
5 10 15 20 25 5 10 15 20 25
. fosc (MHz) . fosc (MHz2)
Figure 4.1 Vcc - fosc TYPICAL CURVE Figure 4.2 fosc—lcc TYPICAL CURVE®SC
|Cc(mA)
30
2 /
fosc:ZOMHZ
/ fosc = 10[MHz
10—
______——-———________-——-——- fosc =4 MHz
0
3 4 5 6
Figure 4.3 lcc=Vee TYPICAL CURVE Vee (V)
IoL (MA) 0 1 2 3 4 5 Vout (V)
40
-10 2
30 _—
/
-20
20
10 ,/ -30
o / -40
1 2 3 4 5 Vout V) lon (MA)
Figure 4.4 Vouyt - loL TYPICAL CURVE Figure 4.5 Vout - lon TYPICAL CURVE
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5. Table of Special Function Registers (SFRs)
(SFR ; Special Function Register)

The special function registers (SFRs) include the I/O ports and peripheral control
registers allocated to the 128-byte addresses from 000000H to 00007FH.

(1) TI/O port

(2) TI/O port control

(3) Timer control

(4) Pattern Generator control
(5) Watch Dog Timer control

(6) Serial Channel control

(7)  A/D converter control

(8) Interrupt control

(9) Chip Select / Wait control

(10) DRAM Control

Confiquration of the table

Symbol Name Address |7 i 6 : /{ F 10
.\ i [>bit symbol
\\ >Read / Write
\ ] >Initial value afrer reset
J >Remarks
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Table5 1/0O register address map

Address Name Address Name Address Name Address Name

000000H 20H| TRUN 40H [ MSARO 60H | ADREGO
1H 21H 41H [ MAMRO 61H| ADREG1
2H 22H| TREGO 42H | MSAR1 62H | ADREG2
3H 23H| TREG1 43H| MAMR1 63H| ADREG3
4H 24H| TO1MOD 44H | MSAR2 64H
5H 25H| TFFCR 45H [ MAMR2 65H
6H| P2 26H| TREG2 46H [ MSAR3 66H
7H|( P3 27H| TREG3 47H | MAMR3 67H
8H| P2CR 28H| T23MOD 48H 68H | BOCS
9H| P2FC 29H| TRDC 49H 69H | B1CS
AH| P3CRL 2AH 4AH 6AH|B2CS
BH| P3CRH 2BH 4BH| DREFCR 6BH(| B3CS
CH| P4 2CH 4CH|{ PGOREG 6CH
DH| P5 2DH 4DH|{PG1REG 6DH
EH 2EH 4EH|[PGO1CR 6EH
FH 2FH 4FH 6FH
10H| P4FC 30H| TREGAL 50H| SCOBUF 70H/| INTEO1
11H 31H| TREG4H 51H| SCOCR 71H|[INTE23
12H| P6 32H| TREG5L 52H| SCOMOD 72H| INTE45
13H| P7 33H| TREG5H 53H| BROCR 73H|[ INTE67
14H| P6CRL 34H| CAP1L 54H |'SC1BUF 74H| INTET10
15H| P7CRL 35H| CAPTH 55H{SC1CR 75H| INTET32
16H| P6CRH 36H| CAP2L 56H| SC1MOD 76H| INTET54
17H| P7CRH 37H| CAP2H 57H| BR1CR 77H| INTESO
18H 38H| T4AMOD 58H| ODE 78H| INTES1
19H 39H| TFF4CR 59H 79H | INTEAD
1AH 3AH|-T45CR 5AH 7AH| 1IMCO
1BH 3BH 5BH 7BH| IIMC1
1CH 3CH 5CH|{WDMOD 7CH| DMAOV
1DH 3DH 5DH|WDCR 7DH| DMA1V
1EH 3EH 5EH| ADMOD 7EH| DMA2V
1FH 3FH 5FH 7FH| DMA3V
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(1) /O Port
Symbol Name Address 7 6 5 4 3 2 : 1 0
P27 P26 P25 P24 | P23 P22 . P21 P20
* RIW
P2 PORT2 06H 0 0 0 0 0 0 0 0
Input mode
P35 P34 i P33 i “P32/ i P31 P30
*R/W
P3 PORT3 07H ] : ] ] : ] ] ]
Input mode (Pulled-up)
: (P43t Pa2 i [pad P40
R/W
P4 PORT4 0CH 1 0 : 1 1
Output mode
P53 P52 i1 P51 P50
P5 PORT5 ODH R
: Input mode
P67 P66 P65 P64 i P63 P62/ /i P61 P60
R/W
P6 PORT6 12H ] ] ] ] ] ] ] ]
Input mode
P76 P75 P74/ | P73 P72 i P71 P70
R/W
P7 PORT7 13H ] 1 1 ] 1 1 1
Input mode
Read/Write
R/W ; Eitherread orwrite is possible
R ; Only readis‘possible
W ; -Only write is possible

Prohibit RMW) ;. Prohibit Read Modify Write. (Cannot use the RES, SET, TEST, CHG, STCF,
EX,ADD, ADC,SUB, SBC,INC, DEC, RLC, RRC, RL, RR, SLA, SRA, SLL,
SRL, RLD, RRD, AND,; OR, or XOR instruction.)

*R/W

; RMW instructions are prohibited for controlling ON/OFF of the pull-up/pull-down
resistors.
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(2) 1/O Port Control (1/2)
Symbol Name Address 7 6 5 4 3 2 1 0
P27C P26C P25C P24C P23C P22C P21C P20C
Control | (Prohibit 0 0 0 : 0 0 : 0 0 0
RMW) < <Refertothe “"P2FC" > >
P27F P26F P25F i P24F i P23F i “P22F P21F P20F
Function | (Prohibit 0 0 : 0 : 0 : 0 : 0 : 0 0
RMW) P2FC/P2CR=00: 1IN, 01: OUT, 10:—, 11: A2310 16
P33C1 P33C0 P32C1 i P32C0,.l P31Ct. : P31C0 P30C1 P30C0
W
PORT3 0 H 0 0 : 0 0 H 0 0 : 0
P3CRL Control 0AH 00: PORT input 00: PORT input 00: PORT input 00: PORT input
Low 01: PORT output 01: PORT output 01: PORT output 01:/PORT output
(Prohibit 10: BUSAK 10: BUSRQ 10: — 10: TO5
RMW) 11: — 11— 11: — 11: HWR
RDEN : P35C1 : - P35C0 P34C1 | P34CO
w W
PORT3 0 o f 0 i 0 f o
P3CRH Control 0BH 1: pseudo 00: PORT input 00: PORT input
High SRAM 01: PORT output 01: PORT output
(Prohibit EN 10; RAS 10: NMI
RMW) ! Ny— 11: RW
BUSWDT : PA3F | PA2F i PAIF |  PAOF
W w
PORT4 10H 0 \ : 0 : 0 0 : 0
PAFC | Cunction 00: BUSRQ; T00: PORT :00: PORT :00: PORT :00: PORT
(Prohibit DIS/ {01:Cs3_ {01: G52 {01: CST  {01: TS0
01: BUSRQ: ICAS H :
RMW) EN :
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I/0 Port Control (2/2)
Symbol Name Address 7 6 5 4 3 2 1 0
P63C1 P63C0O P62C1 P62CO P61C1 P61CO P60C1 P60CO
PORT6 0o i o0 o i o 0 .0 0o : o
P6CRL Control 14H 00: PORT input 00: PORT input 00: PORT.input 00: PORT input
Low 01: PORT output 01: PORT output 01:PORT output 01: PORT output
(Prohibit 10: PGO3 10: PGO2 10:-PGO1 10: PGOO
RMW) 11: RFSH 11: — 11 — 11: TxDO
P67C1 : P67CO P66C1 . P66CO P65C1 .~ P65CO P64CT : P64CO
PORT6 1 1 o 0 o 0 0o 0
P6CRH Control 15H 00: PORT input 00: PORT input 00: PORT input 00: PORT input
High 01: PORT output 01: PORT output 01: PORT output 01: PORT output
(Prohibit 10: PG13 10: PG12 10: PG11 10:PG10
RMW) 11: WDTOUT 1: — 11: — 1 —
P73C1 : P73C0 P72C1/ . P72C0 P71C1 i/ /P71C0O P70C1 : P70C0
PORT7 0 0 0 i 0 0/ i 0 0 0
P7CRL Control 16H 00: PORT input 00: PORT input 00: PORT input 00: PORT input
Low 01: PORT output 01:-PORT output 01: PORT output 01: PORT output
(Prohibit 10: — 10: — 10: TO3 10: TO1
RMW) 11: — "M: — 11;: DMUX 11: TO4
: P76C1 P76C0 P75C1 P75C0 P74C1 P74C0
W
PORT7 0o Y 0o 0 0o i 0
P7CRH Control 17H 00: PORT input 00: PORT input 00: PORT input
High 01: PORT output 01: PORT output 01: PORT output
(Prohibit 10: SCLK1 10: — 10: TxD1
RMW) 11 = 11: — 11: —
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(3) Timer Control (1/2)
Symbol Name Address 7 6 5 4 3 2 1 0
PRRUN T4RUN T3RUN T2RUN T1RUN TORUN
. R/W
Timer RUN p : F
0 : 0 0 : 0 0 : 0
TRUN | Control 20H - y - y v )
Re Prescaler & Timer Run/Stop CONTROL
g 0: Stop & Clear
1 : Run{(Count up)
- 22H —
8 bit Timer .
TREGO . (Prohibit W
Register 0 -
RMW) Undifined
L 23H -
8 bit Timer i
TREG1 Register 1 (Prohibit \''
egister
9 RMW) Undifined
T10M1 T10MO PWMO1 PWMO0 T1CLK1 T1CLKO TOCLK1 TOCLKO
8 bit Timer R/W
24H ; ; T ;
Source . 0 : 0 0 : 0 : 0 : 0 0 : 0
TOIMOD| o | (Prohibit 55 g it Timer 00 - 00 : TOOTRG 00: 710
MODE RMW) 01: 16-bit Timer 01:26=1 pyym 01: 471 01: 4T1
10: 8-bit PPG 10:27= 1 cpije 104716 10: 474
11: 8-bitPWM 11:28<1 11: 47256 11:4T16
TFF3C1 TFF3CO0 TFE3IE TFF3IS TFF1C1 TFF1CO TFF1IE TFF1IS
8bit Timer w R/W w R/W
Tercr | FiP-Flop 25 — _ 0 0 i — : 0 0
Control 00: Invent TFF3 :i)q;TFF3  :0:Timer2 i~ 00:/Invent TFF1 ! 1.7FF1  :0: Timer0
01: Set TFF3 : : . ¢ 01:/Set TFF1 : : .
reg. 10: Clear TFF3 Invert :1:Timer3 : 10: Clear TFF1 Invert :1:Timer 1
11: Don'tcare Enable ! { 11: Don'tcare Enable !
8 bit Timer -
TREG2 . 26H w
Register 2 v
Undifined
8 bit Timer —
TREG3 . 27H w
Register 3 —
Undifined
T23M1 T23M0 PWM21, | PWM20 i T3CLK1 T3CLKO i T2CLK1 i T2CLKO
R/W
. 28H T T H T T
Timer 2,3 0 : 0 0 : 0 0 : 0 0 : 0
123MOD! || e Reg. 00: 8-bit Timer 00: = 00 : TO2TRG 00: =
(Prohibit | 01: 16-bit Timer 01:26-1 pwm 01: ¢T1 01: ¢T1
RMW) 10: 8-bit PPG 10:27-1 Cycle 10: ¢4T16 10: ¢4T4
11: 8-bit PWM 11:28-1 11: 47256 11:4T16
: 5 : TR2DE : TRODE
Timer Reg. RIW
Double 0 : 0
TRDC- | Buffer 29H = -
: TimerReg.
Control :
Reg : Double Buffer Control
: i 0: Double Buffer Disable
: 1: Double Buffer Enable
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Timer Control (2/2)
Symbol | Name Address 7 6 5 4 3 2 1 0
16 bit 30H -
TREGAL [Timer (Prohibit W
RegisterdL | RMW) Undifined
16 bit 31H -
TREG4H |Timer (Prohibit W
Register4dH| RMW) Undifined
16 bit 32H -
TREG5L |Timer (Prohibit W
Register5L | RMW) Undifined
16 bit 33H =
TREG5H |Timer (Prohibit W
Register5H| RMW) Undifined
capiL |CaPtUre 34H R
Register1L o
Undifined
cap1y |CaPtUre 35H R
Register1H —
Undifined
capyL |C3Pture 36H R
Register2L o
Undifined
capan |CaPtUre 37H R
Register2H o
Undifined
CAP2T5 EQ5T5 CAP1IN : CAP12M1.: CAP12MO : CLE T4CLK1 T4CLKO
16 bit RAW Vw RAW
Timer 4 0 : 0 : 0 0 : 0 : 0 0 : 0
TAMOD |Source 38H TFF5 INV.TRG 0:Soft- : _CaptureTimming : 1:UC4 Source Clock
CLK & 0 : TRG Disable : Capture :“ 00:Disable i Clear : 00:TI4
MODE 1 TRG Enable i 1:Don't,: 01:Ti4/ 1 TI51 Enable : 01:¢T1
: care - _10:Tl4 1 T4 ] i10:4T4
L OTT:TFF1 1 TFF1Y 11: 4T16
TFF5C1 TFF5CO CAP2T4 CAP1T4 EQ5T4 EQ4T4 TFF4C1 | TFFACO
16 bit W : RAY . W
) - : 0 0 : 0 : 0 -
Timer 4 :
TAFFCR | Elip-Flop 39H 00 : Invert TFF5 TFF4 Invert Trigger 00 : Invert TFF4
Control 01 :Set TFF5 0: Trigger Disable 01: Set TFF4
10 : Clear TFF5 1: Trigger Enable 10 : Clear TFF4
11: Don't care 11 : Don't care
- ' PGIT PGOT DB4EN
RW R/W R/W
74,75 D S S —
TA5CR 3AH Fixat“0" : : PG1shift @ PGOshift : :1: Double
Control : : . i : :
. trigger : trigger Buffer
:0: timer0,1 :0: timer2,3 : Enable
11 timerd i1 :timerd !
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(4) Pattern Generator
Symbol | Name | Address 7 6 : 5 4 3 2 : 1 0
PGO 4CH PG03 PG02 : PGO1 PG00 SA03 SA02 SA01 SA00
PGOREG . (Prohibit W R/W
Register -
9 RMWY) 0 0 : 0 0 Undefined
PG1 4DH PG13 PG12 PG11 PG10 SA13 SA12 SA11 SA10
PG1REG . (Prohibit W R/W
Register -
9 RMVY) 0 0 : 0 0 Undefined
PAT1 CCW1 PG1M PG1TE PATO CCWO0 PGOM PGOTE
RIW
PGO. 1 0 : 0 0 : 0 : 0 0 : 0 : 0
PGO1CR ! AEH | 0:8-bit  :0:Normal :0:4-bit :PG1trigger:0:8-bit :0:1step  :0:4-bit. :PGO
Contorol o N L = ot Excitation .
write i Rotation : Step linput : write : : Step strigger
1:4-bit i 1:Reverse i 1:8-bit ienable  1:4-bit E::;:tion £1:8-bit  finput
write | Rotation : Step i1: Enable Write |4 4 ) gten Step : enable
: : E i/ Excitation. 1: Enable
(5) Watch Dog Timer
Symbol | Name | Address 7 6 5 4 3 ; 2 § 1 0
WDTE WDTP1 WDTPO WARM_——HALTM1<: HALTMQ : RESCR DRVE
i R/W
Watch 1 ) 0 ¢ o i o f 0 0
WD- D'og 5CH : 00:216/f¢ i Warming Standby Mode i 1: Connect : 1: Drive
MOD | Timer 1: WDT 01: 218/fc “up Time 00: RUN Mode internally | the pin
Mode Enable : 10:.220/f¢ §0: 214/fc 01:STOP Mode WDTout : inSTOP
: 11:222/f¢ 1: 216/f¢ 10: IDLE Mode pinto mode
: 11: Don't care Reset Pin
Watch \_
Dog
Timer 5DH W
WDCR | Control Undefined
Register B1H: WDT Disable Code  4EH: WDT Clear Code
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(6) Serial Channel
Symbol | Name | Address 7 i 6 5 i 4 3 P2 é 1 i 0
. RB7 RB6 RB5 RB4 RB3 RB2 : RB1 RBO
serial TB7 TB6 TB5 | TB4 TB3 TB2 RB1 TBO
SCOBUF Chag';:c:r >0H R (Receiving)/W (Transmission)
Undefined : i
RB8 EVEN : PE OERR : PERR FERR. - : -
Seri R : R/IW R (Cleared to 0 by reading) 5 R/W
erial T N N N D T N
SCOCR | Channel 0| 51H ————— : : ' — —
Control Receiving :Parity L S 1iError o o Fixat Fix at
data bit8 :0: Odd :Parity i Overrun Parity i Framing "0" “0"
i1: Even : Enable !
TB8 CTSE RXE WU ; SM1 SMO SC1 SCO
RIW
) 0 i 0 : 0 § 0 ; 0 i 0 i 0 i 0
$CO- Serial Trans- i1: i Ak : 00: Unused £00: TOO Trigger
mop | Channel0 | 52H mission CTS ‘Receive  iWakKelup / i01: UART 7-bit £01: Baud rate
Mode databit8 : Enable! Enable: Enablei'10: UART 8-bit generator
: : A 7 11: UART 9-bit {1107 Internal clock ¢1
5 :11:Don't care
- BROCK1 BROCKO BROS3 BR0S2 BROS1 BROSO
R/W R/W
Baud Rate 0 0 : 0 0 ; 0 é 0 : 0
BROCR Control| >3H Fix at 00: ¢70 , (fe/4) Set frequency divisor
"o 01:4T2  (fc/16)
10:978  (fc/6a)” Otof
11: T32  (fc/256) : ("1" prohibited)
. RB7 RB6 RB5 : RB4 3 RB3 RB2 RB1 RBO
Serial TB7 86 TB5 B4 B3 TB2 RB1 TBO
SC1BUF | Channel 1 >4H R (Receiving) /W (Transmission)
Buffen -
Undefined
RB8 . EVEN) : PE OERR. : PERR @ FERR SCLKS : loC
R : R/W R (Cleared to 0 by reading) : R/W
Serial 0 ) S0 ) ) ) i
SC1CR | Channel 1 55H Receiving :Parity B 1: Error :0:SCLKT i1:Input
Control databit8 (0:0dd  iParity “overrun ] Parity : Framing | ( k) iSCLK1pin
51: Even ' Enableé i 1, SCLK
5 : ian)
TB8 : - RXE WU : SMI1 SMO SC1 SCO
R/W
Serial Undefined : 0 : 0 : 0 : 0 : 0 : 0 : 0
sC1- Channel 1 56H Trans- Fixat :i1: i 00: /O Interface : 00: TOO Trigger
MOD Mode mission : "0" EReceive Wake up i 01: UART 7-bit 01: Baud rate
data bit8 Enable:  Enable;  10: UART8-bit generator
: : : 11: UART 9-bit 10: Internal clock ¢1
11: Don't care
- BR1CK1 BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
R/W R/W
Baud Rate 0 0 : 0 0 : 0 : 0 : 0
BRICR Control| > Fix at 00: 470 (fe/4) Set frequency divisor
"o 01: T2 (fc/16)
10: 478 (fc/64) OtoF
11: 4732 (fc/256) : (“1” prohibited)
: : i ODE1 ODEQ
Serial RIW
ODE Open 58H 0 : 0
Drain 1:pP74 1:P60
Enable Open- Open-
drain drain
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(7) A/D Converter Control

Symbol | Name | Address 7 5 6

5 i 4 i 3 i 2

1 : 0

EOCF ADBF

REPET SCAN ADCS : ADS

ADCH1 ADCHO

A/D R

RW | RW | RIW

RIW

ADMOD |Converter 5EH 0 : 0

0 { 0 i 0o i o

0 : 0

Mode reg 1: END :1: BUSY

:1: Repeat :1:Scan i1: Slow 1. START
{ ModeSet: ModeSet: mode

Analog Input

A/D

Channel Select

ADREGO|Result 60H

R

Reg. 0

Undefined

A/D

ADREG1|Result 61H

R

Reg. 1

Undefined

A/D

ADREG2|Result 62H

R

Reg. 2

Undefined

A/D

ADREG3|Result 63H

R

Reg. 3

Undefined
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(8) Interrupt Control (1/2)
Symbol | Name | Address 7 | 6 | 5 | a 3 [ 2 | 1 ] o
INTerrupt INT1 INTO
INTEO1 | Enable P 70H 11C 11M2 1M1 11MO 10C 10M2 10M1 10MO
/1 (Prohibit RIW wW R/W Wi
RMW) 0 0 5 0 é 0 0 0 é 0 0
INTerrupt IN-B INTZ
INTE23 | Enable P 71H 13C 13M2 13M1 13MO 12C 12M2 12M1 12MO
23 (Prohibit R/W W RAV W
RMW) 0 0 : 0 : 0 0 0 : 0 0
INTerrupt INTS INT4
INTE45 | Enable P 72H 15C 15M2 © o I5M1 I5MO 14C 14M2 Po1am 14MO
s (Prohibit RW W RW W
RMW) 0 0 : 0 0 0 0 H 0 0
INTerruot INT7 INT6
INTE67 | Enable P 73H 17C I7ZM2 i 17M1 17MO 16C 16M2/ i . I6M1 16IM10
6/7 (Prohibit R/W i W i R/W i W
RMW) 0 0 : 0 ; 0 0 0 : 0 0
INTT1 (timer 1) INTTO (timer 0)
INTET10 :E"r:-;eb'lf:pt 74H IT1C ITIM2 ¢ ITIM1 IT1MO ITOC ITOM2. i/ ITOM1 ITOMO
Timer 1/0 (Prohibit R/W W R/W \\
RMW) 0 0 é 0 é 0 0 0 é 0 0
INTT3 (timer 3) INTT2 (timer 2)
INTerrupt
75H IT3C IT3M2 IT3M1 IT3MO 1IT2C 1T2M2 IT2M1 IT2MO0
INTET32 | Enable "
Timer 2/3 (Prohibit R/W W. RAW W
RMW) 0 0 é 0 é 0 0 0 é 0 0
INTerrupt INTTRS (TREGS) INTTR4 (TREG4)
P 76H IT5C IT5M2 IT5M1 IT5MO 1IT4C IT4M2 ITAM1 IT4AMO
INTET54 | Enable "
Treq 5/4 (Prohibit R/W W R/W W
9 RMW) 0 0. . o0 o 0 0 o0 0
INTTXO0 INTRX0
INTerrupt : :
77H ITX0C ITXOM2 ITXOM1 ITXOMO IRX0C IRXOM2 IRXOM1 IRXOMO
INTESO |Enable "
Serial 0 (Prohibit RAW W R/W W
RMW) 0 0 : 0 H 0 0 0 : 0
INTerruot INTTX1 INTRX1
INTES1 | Enable P 78H ITX1C ITXTM2 i ITX1MN ITX1MO IRX1C IRX1TM2 : IRX1M1 IRX1MO
serial 1 (Prohibit R/W _ \"Y} _ R/W . W
RMW) 0 0 : 0 : 0 0 0 : 0 0
INTAD
INTerrupt | 294 IADC _: IADM2 . JADM1 : IADMO
INTEAD | Enable - :
AD (Prohibit R/W : W
RMVIWV) 0 é 0 é 0 é 0
I | 1 I
) | I
1
|_> 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 (2/2)

Symbol | Name | Address 7 | 6 | s 4 | 3 -2 1T 1 1 o
DMA 0 _ ©DMAQ start vector _
DMAOV | request 7C|?i. DMAOV8 : DMAOV7 : DMAOV6 i DMAOV5 : DMAQOV4
Vector (Prohibit T ; L4 - ;
RMW) : : 0 : 0 2 0 : 0 : 0
OMIA 1 _ £DMIA start vector _
DMAT1V | request 7DH DMA1V8 : DMA1V7 .\ DMA1V6 : DMA1V5 : DMA1V4
Vector (Prohibit : : i : W i i
RMW) : : 0 : 0 X 0 : 0 : 0
DMA 2 : #DMA2 start vector _
DMA2V | request 7EH DMA2V8  DMA2V7 : DMA2V6 : DMA2V5 : DMA2V4
Vector (Prohibit . . w . :
RMW) : : 0 : 0 : 0 ) 0 : 0
DMA 3 : ;ADI\_/IA3 start vec_tor :
DMA3V | request 7FH : : DMA3V8 : DMA3V7 : DMA3V6 : DMA3V5 : DMA3V4
Vector (Prohibit : . W : .
RMW) : : 0 : 0 : 0 : 0 : 0
IIE ! I3E i 12IE, i MIE~ i NMEM / I0IE i, IOLE : NMIREE
i W
Interrupt 0 0 : 0 0 0 0 0
Input 1: INT4 1 INT3 1 INT2 1 INT1 0 INT1 1 INTO 0 INTO 1 Operate
1IMCO Mode 7AH input i input ; input ; input i rising ; input ; edge i evenat
Contorol 0 enable enable enable enable edge enable mode NMl rise
: : : 11: INTA1 : :1: INTO i edge
(Prohibit P falling Polevel i
RMW) : : : : edge : ! mode
f f f é i I7IE i I6IE_ I I5IE
Interrupt : : : : : W
Input 7BH : : : : H 0 : 0 : 0
MY Mode MUINTZ - 1:INTE i1:INTS
Contorol 1| (Prohibit ; : : : i input i input i input
RMW) : : : : i enable i enable : enable
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(9) Chip Select/Wait Control (1/2)

Symbol Name Address 7 6 5 4 3 2 1 0
BOE i BOSYS : BOARE : BOBUS : BOW1 i BOWO- - BEXW1 : BEXWO
BIOCkO H H = W H o =
CSWAT | esH |0 0 : 0 ¢ 0 : 0 i 0 i 0 : 0
BOCS | ol 0: CSODIS : 1: SYSTEM: 0: 7F00t0 :0: 16-bit i 00: 2WAIT ©00: 2WAIT
1: CSOEN : only i 7FFF  iq:8pit | “of:qwAIT E01: TWAIT
register | (Prohibit : i 1: Address i 10:1WAIT+n i 10:1WAIT+n
RMIW) : ;oarea { 1170WAIT f 11 OWAIT
specification
BIE i BI1SYS : BI1ARE : BI1BUS : BI1WI1 i / BIWO
Block 1 - - - W -
CSWAIT | 69H o0 ¢ o ¢ 0o i 0 i 0"i o
B1CS | 0: CSTDIS | :0:80to :
contro 1: CSTEN | . TFFF : : :
register (Prohibit : T i 1: Address T : T : — —
RMW) i area : : : :
specification H
B2E i B2SYS : B2ARE :. B2BUS’ i B2WI1 : B2WO
Block 2 - - ; v W ;
B2CS 0: CS2DIS : :0: 8000 to. : :
control 1: CS2EN | L 3FFFFF | ; ; :
register (Prohibit : T {1: Address 1 : T : — —
RMW) 5 NG : : :
D specification : H :
B3E : B3SYS i \B3ARE : B3BUS. . B3W1 : B3WO : B3CAS : SRFC
Block 3 =
CSCIJ\(;VAIT 6BH 0_5 o= L ¢ o o o 1
B3CS 0: CS3/CAS: £ 0: Undifined ! (0:CS3  [0:self
control % X 21 Address : i output I refresh
register (Prohibit | 1: CS3/CAS§ T area T T 11: CAS, exection
RMW) EN D specfication : RAS 1: Release
; : * i output :
Memory $23 ¢ S22 i s21/ /i1 \s20 i s19 i s18 : s17 i s16
MSARO Start 40H - - - R/W - - -
Address 1 : 1 : 1 : 1 : 1 : 1 : 1 : 1
Req. 0 A23to Al16
€g. Memory start address setting
Memory V20§ V19 tov18 P V17 P V16 1 VIS D V14te9 ! V8
Start R/W
g/leasko 0: Address A8 to A20 coparison is valid.
9- 1: Address A8 to A20 coparisonisinvalid.  (Specification bit by bit)
Memory S23 (i S22 i s21 i S20 i S19 i s18 i S17 i  S16
msari [t 42H : : - o - ~ -
Address 1 : 1 H 1 : 1 : 1 : 1 : 1 : 1
SN A231t0A16
€9. Memory start address setting
Memory V21 1 V20 ¢ V19 i V18 i V17 i V16 : V15t09 : V8
Start R/W
MAMR1 | Address 43H 1 : 1 : 1 : 1 : 1 : 1 : 1 : 1
';"easﬁ 0: Address A8 to A21 coparison is valid.
9- 1: Address A8 to A21 coparisonisinvalid.  (Specification bit by bit)
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(9) Chip Select/Wait Controller (2/2)
Symbol Name Address 7 6 5 4 : 3 2 1 : 0
Memory 523 522 521 $20 :  s19 518 $17_ . s16
Start R/W
MSARZ | 44H p 1 1 " ] ] 1
Req. 2 A23t0A16
€g- Memory start address setting
Memory V22 V21 V20 vig i VI8 V17 Vie | V15
Start R/W
Reas 2 0: Address A15 to A22 coparison is valid.
g- 1: Address A15 to A22 coparisonis invalid. (Specification bit by bit)
Memory 23 $22 1 s21 i 520 i -s19 i s18 i 817 i 16
Start R/W
MSAR3 Address 46H 1 1 1 1 : 1 1 1 1
Req. 3 A231t0 A16
€. Memory start address setting
Memory V22 V21 V20, i\ V19§ V18 i/ V17 Vie i V15
Start R/W
Reas 3 0: Address A15 to A22 coparison’isvalid.
9- 1: Address A15 to A22 coparison.isinvalid. (Specification bit by bit)
(10) DRAM Control
Symbol | Name Address 7 6 5 4 3 2 1 : 0
DM RS2 RS1 RSO i RwW2 RW1 RWO i RC
RIW
0 0 : 0 : 0 : 0 : 0 : 0 : 0
Dummy Refresh cycle insertion interval | Refresh cycleinsertioninterval i Refresh
cycle 000: 15states 000: 2states cycle
Refresh L :
0: Prohibit: 001: 31states 001: 3states :0: Not
DREFCR | Control 4BH : .
R 1:-Execute : 010: 62 states 010: 4states inserted
eg. : :
9 011: 78states 011: 5states :1: inserted
100: 97states 100: 6states :
101: 109 states 101: 7 states
110: 124 states 110: 8states
111: 154 states 111: 9states
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6. Port Section Equivalent Circuit Diagram
® Reading The Circuit Diagram

Basically, the gate symbols written are the same as those used for the standard
CMOS logic IC [7T4HCXX] 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 [DRIVE] is set to “1”, however, STOP
remains at “0”.

® The input protection resistans ranges from several tens of ohms to several hundreds
of ohms.

l PO (ADO to AD7), P1(AD8to 15, A8to.15), P2 (A16 to 23)

VCC
Output Data —— |B- P-ch
Output Enable ) [« N-ch
STOP
Input Data W S S -.EI /0
— i I>o]l< N-ch | Programmable
i i PullDown
i_ Jl Resistor
InputEnable /. TTTTTTTTTTTTT (only PORT2)
M RD, WR
VCC
Output Data

ouT
STOP
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W P30 to P33, P35

STOP

VCC
Output Data |
_____________ Programmable
' VCC i pull Up
Output Enable ) | >o ?:glcs'éc;(;’st -

A4 1 — 1 PORT A)
Input Data W D /0
Input Enable
M P61 to P67, P70 to P73, P75, P76
VCC
Output Data
e
Output Enable
STOP =4
Input Data Wy D Vo
Input Enable
Hl P50 (ANO/INTO)
Analog Input
Channel Select Do L
Analog Input |_¢J | [ ] Input
LY

Input Data <—0<]—°<:(:

i

o<} Input Enable

INTO 4—06—0@—

o< INTO Enable
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B P51 to P53 (AN1 to 3/INT1 to 3)

Analog Input
Channel Select Do

)
Analog Input | [ ] Input
|ﬁ+,—|

L 7T

Input Data <—°<]—°C(:—o<]— Input Enable
INTh ~————o_ <= o<}~ INTn Enable

H P60 (TXDO), P74 (TXD1)

veC
Output Data ?D@_l
Open Drain
Output Enable —D°_| N (S Programmable
STOP : VCC pullup
>0 | Resistor
Input Data W —— == ] o
Input Enable
B P34 (NMI/R/W)
VCC
Output Data _I
S VCC | Programmable
OutputEnable >0 1 Pull Up
P STOP = : I Resistor
e d

AW : /0
Input/Data ‘—°<]—°<]— <] Input Enable -
NMI (_G—O@— NMI Enable

96C031Z-194 2003-03-31



TOSHIBA TMP96C031Z

Bl P40 to P43 (CS0 to CS3/CAS)

VCC  pemoemeo -
:r vcc -EProgrammable
i PullU
Output Data Ei —H>0‘| : R:sistgr
S d
D Output
I—D°—Ij7
STOP —>o0—
M CLK
Output Enable ———— vCC VvCC
Internal CLK ,—D E‘T; ‘Ig
‘{ [ ] Output

STOP »—FDO_DO;—D e
Internal Reset - >o
Test Circuit

STOP

B AM8/16

:_—ﬁ—'\/w [ ] Input

B RESET

100kQ VCC

typ-\

Reset Input
Schmitt

WDTOUT
Reset Enable
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W X1, X2
Clock
! Oscillator - T
i W [ %2
High Frequency ! Sodb P-ch B_N'Ch ’ i
Oscillation Enable ! ’_I :
| i
i_ ______________________________ J: Wy D x1

B VREF

IRep = 0.5mA typ.

D VREF
: Ladder
Resistor
A /D Converter Note : In case stand by mode,
GND IRer currents go on flowing.
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7.
(1)

(2)

Points of Note and Restrictions
Special Expression

@ Explanation of a built-in I/O register : Register Symbol <Bit Symbol>
ex) TRUN<TORUN> --- Bit TORUN of Register TRUN

@ Read, Modify and Write Instruction

An instruction which CPU executes following by one instruction.
1. CPU reads data of the memory.

2. CPU modifies the data.

3. CPU writes the data to the same memory.

exl) SET 3,(TRUN) - set bit3 of TRUN

ex2) INC 1,(100H) --- increment the dataof 100H

® The representative Read, Modify and Write Instruction in the TLCS-900

SET imm,mem , RES imm,mem

CHG imm,mem , TSET imm, mem

INC imm,mem |, DEC imm, mem

RLD A, mem , ADD imm, reg
@ 1state

1 cycle clock divided by 2 oscillation frequency is called 1 state.
ex) The case of oscillation frequency is 20 MHz
2/20 MHz=100 ns=1 state

Care Points

@ AMS8/16 pin
Fix these pins Vo or GND unless changing voltage.

@ Warmingup Counter
The warmingup counter operates when the STOP mode is released even the system
which is used an external oscillator. As a result, it takes warming up time from
inputting the releasing request to outputting the system clock.

@ Programmable Pull Up/Down Resistance
The programmable pull up/down resistors can be selected ON/OFF by program
when they are used as the input ports. The case of they are used as the output ports,
they can not be selected ON/OFF by program.

@ Bus Releasing Function
Refer to the “Note about the Bus Release” in 3.5 Functions of Ports because the pin
state when the bus is released is written.
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® WatchDog Timer
The watch dog timer starts operation immediately after the reset is released.
When the watch dog timer is not used, set watch dog timer to disable.

® CPU (High Speed .DMA)
Only the “LDC cr, r”, “LDC r, cr” instruction can be used to access the control
register like transfer source address register (DMASn) in the CPU.

@ Releasing the HALT mode by requesting an interruption

Usually, interrupts can release all halts status. However, the interrupts = (NMI,
INTO), 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 X1) with
IDLE or STOP mode. (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 difficultly. The priority of this interrupt is
compare 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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