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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,
NMI2, 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 TMP95C063

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 TMP95C063

1. Part number

2. Package code and dimensions

Previous Part Number | Previous Package Code New Part Number | Néew Package Code

(in Body Text) (in Body Text)
TMP95C063F P-QFP144-2020-0.50 TMP95C063FG QFP144-P-2020-0.50
(Note) (Note)

- — TMP95C063DFG LQFP144-P-2020-0.50D
Note: Pb-containing variant not available.

*: 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 PRODUCTUSE
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 subject to 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 at the 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 information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA for-any infringements of patents or other rights of the third parties which may result from its
use: No license is granted by implication or otherwise under any 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 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.

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

QFP144-P-2020-0.50
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LQFP144-P-2020-0.50D
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TOSHIBA TMP95C063

CMOS 16-Bit Microcontroller

TMP95C063F
1. Outline and Features

TMP95CO63F was developed as a high-speed, advanced 16-bit microcontroller for a
range of mid- to large-scale equipment.

TMP95CO63F is presented in a 144-pin plastic flat package. Its features are as
follows.

(1) Original high-speed 16-bit CPU (900H__CPU)
® Instruction mnemonics upwardly compatible with TLCS-90/900
® 16M-byte linear address space
® General-purpose registers using register bank system
® 16-bit multiplication / division instructions, bit/transfer / arithmetic

instructions
® Micro DMA: four channels (640 ns/2 bytes at 25 MHz)

(2) Minimum instruction execution time; 160 ns (at 25 MHz)

(3) Internal RAM : No
Internal ROM : No

(4) External memory expansion
® Expandable to 16 Mbytes (common to programs and data)
® External data bus width selection pin (AMS8 /16)
® Can useboth 8- and 16-bit external buses
...dynamicdata bus sizing

(5) Internal DRAM controller: twochannels
® 2CAS/2WE selectable

(6) 8-bittimer/; : eightchannels

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.

95C063-1 2003-03-31
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(7)
(8)
9

(10)
(11)
(12)
(13)
(14)

(15)

(16)

16-bit timer : twochannels
Pattern generator : four bits, two channels

General-purpose serial interface : two channels
® Baud rate generated by external clock

10-bit AD converter : eightchannels
8-bit DA converter : two channels
Watchdog timer

Chip selector, wait controller : four blocks

Interrupt function

® CPU interrupts : 2 (software interrupt instructions; illegalinstructions)
® Internal interrupts: 22 (seven priority levels available)

® External interrupts: 11 (seven priority levels available)

Input / output ports
91 pins

Standby function
Three HALT modes (RUN, IDLE; STOP)

95C063-2 2003-03-31
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Figure 1 TMP95C0O63 Block Diagram
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TOSHIBA TMP95C063
2. Pin Assignment and Functions
2.1 Pin Assignment (Top view)
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Figure 2.1 Pin Assignment
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2.2 Pin Names and Functions

Table 2.2 shows the I/O pin names and their functions.

Table 2.2
Pin Name Pin Input/Output Function
Number | P P

D0 to D7 8 Input/Output | Data : Databus0to 7

P10to P17 8 Input/Output | Port 1: I/0 ports. Individual pins can'beset as inputs or outputs.

D8to D15 Input/Output | Data : Databus8to 15

P20 to P27 8 Output Port 2 : Output-only ports

A16to A23 Output Address : Address bus 16 to 23

A8to A15 8 Output Address : Address bus 8to 15

AOto A7 8 Output Address : Addressbus0to 7

RD 1 Output Read : Strobesignal to read external memory o
(Setting bit 0 of the P5 register (RDE) to “0*outputs RD even
when reading.internal areas.)

WR 1 Output Write : Strobe signal to write data of pins DO to 7.

P52 1 Input/Output | Port’52 : /O port (with pull-up)

HWR Output Upperwrite: Strobesignal for writing data of pins D8 to 15.

P53 1 Input/Output |Port 53 : I/0 port (with pull-up)

BUSRQ Input Input Bus request: Signal to request following pins set to high
impedance: DO to 15, A0 to 23, RD, WR, HWR, R/W, CS0, CS1, CS2,
CS3, RAS, CAS, and REFOUT (*). (for external DMAC)

P54 1 Input /Output|Port 54 : I/O port (with pull-up)

BUSAK Output Input Bus acknowledge: Signal to indicate following pins set to
high impedance’in response to BUSRQ signal: D0 to 15, A0 to 23,
RD,WR, HWR, RAW, CS0, CST, CS2, CS3, RAS, CAS, and REFOUT (*).
(for external DMAC)

P55 1 Input/Output | Port 55 :1/0 port (with pull-up)

RAW Output Read/write: “1” indicates read or dummy cycle; “0” indicates
write cycle.

P56 1 Output Port 56 : Output-only port

CS0 Output Chip select 0: Outputs 0 if address is within specified address
range.

P57 1 Output Port 57 : Output-only port

CS2 Output Chip select 2: Outputs 0 if address is within specified address
range.

Note :

The external DMA controller, which uses the BUSRQ and BUSAK pins, cannot access the internal

memory or internal I/O of TMP95C063.
* The DRAM control pins are high impedance only when bus release mode is set by the DRAM
controller. For details, see 3.7, Dynamic RAM (DRAM) Controller.
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TOSHIBA TMP95C063
Pin name Pin Input/Output Function
Number | "P P
P60 1 Output Port 60: Output-only port
Cs1 Output Chip select 1: Outputs 0 if address is within specified address
range.
RAS1 Output Low address strobe 1: Outputs RAS strobe for DRAM if address is
within specified address range.
P61 1 Output Port 61: Output-only port
CAS1 Output Column address strobe 1: Outputs 0 ifladdress is within specified
address range. (8-bit bus or 2WE mode)
WE1 Output Write enable 1: Outputswrite enable signal for DRAM. (2CAS
mode)
P62 1 Output Port 62: Output-onlyport
LCAS1 Output Lower column address strobe 1: Outputs lower CAS strobe for
DRAM if address is within-specified addressrange. (2CAS mode)
LW1 Output Lower write enable 1: Qutputs lower write enable signal for
DRAM. (2WE mode)
REFOUT1 Output Refresh out1: 0 indicates generation of refresh cycle. (8-bit bus
mode)
P63 1 Output Port 63:- Output-only port
UCAS1 Output Upper.column address'strobe-1: Outputs upper CAS strobe for
DRAM if address is within specified address range. (2CAS mode)
uwi1 Output Upper write enable 1: Outputs upper write enable signal for
DRAM. (2WE mode)
E1 Output Write enable 1: Outputs write enable signal for DRAM. (8-bit bus
mode)
P64 1 Output Port 64: Output-only port
CcSs3 Output Chip select 3: ‘Outputs 0 if address is within specified address
range.
RAS3 Output Low address strobe 3: Outputs RAS strobe for DRAM if address is
within specified address range.
P65 1 Output Port 65: Output-only port
CAS3 Output Column address strobe 3: Outputs CAS strobe for DRAM if
address'is within specified address range. (8-bit bus or 2WE mode)
E3 Output Write enable 3: Outputs write enable signal for DRAM. (2CAS
mode)
P66 1 Output Port 66: Output-only port
LCAS3 Output Lower column address strobe 3: Outputs lower CAS strobe for
DRAM if address is within specified address range. (2CAS mode)
LW3 Output Lower write enable 3: Outputs lower write enable signal for
DRAM. (2WE mode)
REFOUT3 Output Refresh out 3: 0 indicates generation of refresh cycle. (8-bit bus
mode)
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TOSHIBA TMP95C063
Pin name Pin Input/Output Function
Number P P

P67 1 Output Port 67: Output-only port

UCAS3 Output Upper column address strobe 3: Outputs uppen CAS strobe for
DRAM if address is within specified addressrange. (2CAS mode)

uws3 Output Upper write enable 3: Outputs upper write enable signal for
DRAM. (2WE mode)

WE3 Output Write enable 3: Outputs write enable signal for DRAM. (8-bit bus
mode)

P70 to P73 4 Input/Output | Ports 70 to 73: I/O ports. Individual pins can be set as inputs or
outputs. (with pull-up)

PGOO to PGO3 Output Pattern generator ports 00-03

P74 to P77 4 Input/Output | Ports 74 to 77: 1/0 ports. Individual pins can’be set asiinputs or
outputs. (with pull-up)

PG10to PG13 Output Pattern generator ports 10-13

P80 1 Input/Output | Port 80: 1/0O port (with pull-up)

BS Output Busstart: Indicatesstart of bus cycle.

P81 1 Input/Output | Port 81: 1/0port (with pull-up)

SCOUT Output System clock output: Outputs system clock (external clock divided
by 2)!

P82 1 Input/Output | Port 82:1/0 port (with.pull-up)

WAIT Input Wait: CPUbus wait request pin. /(1 + N or 0 + NWAIT mode)

P83 1 Input/Output | Port 83:/1/0 port (with pull-up)

NMI2 Input Non-maskable interrupt request pin 2: Falling-edge interrupt
request pin

P84 1 Input/Output |Port 84: 1/0 port (with pull-up)

INTO Input Interrupt request pin 0: Can be programmed for level or rising-
edge detection.

P85 1 Input/Output | Port 85: 1/0 port (with pull-up)

INT1 Input Interrupt request pin 1: Rising-edge interrupt request pin

P86 1 Input/Output{Port 86: 17O port (with pull-up)

INT2 Input Interrupt request pin 2: Rising-edge interrupt request pin

P87 1 Input/Output | Port 87:-1/0 port (with pull-up)

INT3 Input Interrupt request pin 3: Rising-edge interrupt request pin

P90 1 Input/Output [Port 90: 1/O port (with pull-up)

TIO Input Timer input 0: Timer 0 input

P91 1 Input/Output | Port 91: 1/O port (with pull-up)

TO1 Output Timer output 1: Timer 0 or 1 output

P92 1 Input/Output | Port 92: 1/0O port (with pull-up)

TI2 Input Timerinput 2: Timer 2 input

P93 1 Input/Output | Port 93: 1/0O port (with pull-up)

TO3 Output Timer output 3: Timer 2 or 3 output

P94 1 Input/Output | Port 94: 1/0 port (with pull-up)

Tl4 Input Timer input 4: Timer 4 input
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Pin name Pin Input/Output Function
Number P P
P95 1 Input/Output | Port 95: 1/0 port (with pull-up)
TO5 Output Timer output 5: Timer4or 5 output
P96 1 Input/Output | Port 96: 1/0 port (with pull-up)
TI6 Input Timer input 6: Timer 6 input
P97 1 Input/Output | Port 97: 1/0 port (with pull-up)
TO7 Output Timer output 7: Timer 6 or 7 output
PAO 1 Input/Output | Port AQ: I/O port (with pull-up)
TXDO Output Serial transmit data output 0
PA1 1 Input/Output | Port A1: I/O port (with pull-up)
RXDO Input Serial receive datainput 0
PA2 1 Input/Output | Port A2: I/0 port (with‘pull-up)
CTSO Input Serial data cleartosend 0
PA3 1 Input/Output | Port A3: I/0 port (with pull-up)
SCLKO Input/Output | Serial clock‘input/output 0
PA4 1 Input/Output | Port A4: I/O port(with pull-up)
TXD1 Output Serial data output 1
PAS5 1 Input/Output [ Port A5: 1/0-port (with pull-up)
RXD1 Input Serial datainput 1
PAG6 1 Input/Output | Port A6: I/O port (with pull-up)
CTS1 Input Serial data clear to send 1
PA7 1 Input/Output | Port A7: 1/0O port (with pull-up)
SCLK1 Input/Output | Serial clock input/output 1
PBO 1 Input/Output | Port BO: 1/0 port(with pull-up)
TI8 Input Timer input 8:-Used-as'count or capture trigger input for timer 8.
INT4 Input Interrupt request’pin 4: Can be programmed for rising- or falling-
edge detection.
PB1 1 Input/Output |PortB1: I/O port (with pull-up)
TI9 Input Timerinput9: Used as count or capture trigger input for timer 8.
INT5 Input Interrupt request pin 5: Rising-edge interrupt request pin
PB2 1 Input/Output|Port B2: I/O port (with pull-up)
TO8 Output Timer output 8: Timer 8 output pin
PB3 1 Input/Output | Port B3: 1/0 port (with pull-up)
TO9 Output Timer output 9: Timer 8 output pin
PB4 1 Input /Output | Port B4: 1/0 port (with pull-up)
TIA Input Timer input A: Used as count or capture trigger input for timer 9.
INT6 Input Interrupt request pin 6: Can be programmed for rising or falling
edge detection.
PB5 1 Input/Output | Port B5: 1/0 port (with pull-up)
TIB Input Timer input B: Used as count or capture trigger input for timer 9.
INT7 Input Interrupt request pin 7: Rising-edge interrupt request pin
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Pin Name Pin Input/Output Function
Number | P P

PB6 1 Input/Output | Port B6: 1/0 port (with pull-up)

TOA Output Timer output A: Timer 9 output pin

PB7 1 Input/Output | Port B7: 1/0 port (with pull-up)

TOB Output Timer output B: Timer 9 output pin

PCO to PC7 8 Input Input Port C: Input ports

ANO to AN7 Input Analog inputs: A/D converter/inputs

PDO 1 Input/Output | Port DO: I/O port (with pull-up)

Input Interrupt request pin 8: Rising-edge interrupt request pin

PD1to 4 Input/Output | Port D1 to D4: 1/O ports (with pull-up)

PEOto 7 Input/OQutput [ Port EO to E7: 1/0 ports (with pull-up)

DAREFH 1 Input Reference voltage input pin‘for D/A converter (H)

DAREFL 1 Input Reference voltage input pin for D/A converter(L)

DAOUTO 1 Output D/A output 0:/D/A converter 0 analog/current output pin

DAOUT1 1 Output D/A output 1:-D/A converter 1 analog current output pin

WDTOUT 1 Output Watchdog timer output pin

NMI 1 Input Non-maskable interrupt request pin: Falling-edge interrupt
request pin. Can also'be programmed as rising-edge interrupt
request pin.

CLK 1 Output Clock output: Outputs external input clock X1 divided by 4.
Pulledup during reset.

EA 1 Input Fixed to ground.

AMS8/16 1 Input Address mode: External data bus width selection pin. Setto 0
when using fixed-16-bit external bus or dual 8/16-bit external bus.
Set to 1 with-8-bit.external bus fixed.

RESET 1 Input Reset: Initializes LSI.
(with pull-up)

VREFH 1 Input Reference voltage input pin for A/D converter (H)

VREFL 1 Input Reference voltage input pin for A/D converter (L)

AVCC 1 A/D converter power supply pin

AVSS 1 A/D converter ground pin (0 V)

X1/X2 2 Input/Output | Oscillator connecting pins

DVCC 5 Power supply pin (+5 V)

DVSS 6 Ground pin (0 V)

Note 1 Apart from the RESET pin, the pull-up resistors can be disconnected by software.

Note 2

Connect all DVCC and AVCC pins to power supply and all DVSS and AVSS pins to GND.
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3. Operation

The following is a block-by-block description of the functions and basic operation of
TMP95C063.

Note that the description concludes with cautions and restrictions for each block in 7,
Usage Cautions and Restrictions.

3.1 CPU

TMP95C063 contains an advanced, high-speed 16-bit CPU (the 900H__CPU). The
CPU is described in the TLCS-900 CPU section in the previous chapter.

The following describes the CPU functions unique to TMP95C063 that are not
described in “TLCS-900 CPU”.

3.1.1  Reset Operation

At TMP95C063 reset, the power supply voltage must be within the operating range
and internal oscillation must be stable. Set the RESET input to 0 for at least ten system
clocks (= 10 states: 0.8 us for a 25-MHz clock).

When the reset is accepted, the CPU:

® Sets the program counter (PC) to the reset vector stored at addresses FFFFOOH to
FFFF02H.
PC(7:0) <« valueataddress FFFFOOH
PC (15:8) « value at address FFFF01H
PC(23:16) <« valueataddress FFFF02H

® Sets the stack pointer (XSP) to 100H

® Sets bits IFF2 to 0 of the status register (SR) to 111 (this sets the interrupt level
mask register to level 7).

® Sets the MAX bit of the status register (SR) to 1 (this sets maximum mode). (Note:
This product does not support minimum mode. Do not use the MIN instruction.)

® Clears bits RFP2 to 0 of the status register (SR) to 000 (this sets the register banks
to 0).

After reset is released, the CPU begins execution from the instruction at the location
specified in the PC. Other than the changes described above, reset does not alter any
internal CPU registers.

When reset is accepted, processing of the internal I/O, port, and other pins are as
follows:

® Initializes the internal I/O registers as per specifications.
® Sets port pins (including pins also used as internal I/O) to general-purpose input or
output mode.

® Sets the WDTOUT pin to 0 (watchdog timer is enabled after reset).
® Pulls up the clock pin to 1.
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3.1.2  External Data Bus Width Selection Pin (AM8/16)

After reset,TMP95C063 automatically operates in either 8 or 16-bit bus mode
depending on the AMS8/16 pin setting.

® For dual 8- and 16-bit external data bus, or fixed 16-bit external data bus operation
Set the AM8/16 pin to 0. Fixes port 1 (P1) to D8-15.
Note that the external data bus width is set by the chip select / wait control
register described in 3.6.1.

® For fixed 8-bit external data bus operation
Set the AM8/16 pin to 1. Sets port 1 (P1) to port mode.
The chip select / wait control register values described in 3.6.1 (<BOBUS>,
<B1BUS>, <B2BUS>, <B3BUS>, and <BEXBUS>) are ignored and the
device can only operate with an 8-bit external data bus.
However, when using the DRAM controller, it is necessary to set ' <B1BUS> and
<B3BUS>.

3.1.3  System Signals Output Function

TMP95C063F has the function to output system clock for CPU core and internal I/O
(SCOUT) and bus start signal which indicates start of bus cycle (BS) for synchronizing to
external circuit. SCOUT is the divided clock at the falling edge of external input clock
X1. Figure 3.1 shows the timing of BS, SCOUT. See Figure 3.6 (1), (2), (3) about the
timing inserting the wait.

~

5
o

rrle

Figure 3.1 Timing Chart of BS, SCOUT (0 WAIT)
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3.2 Memory Map
Figure 3.2 shows the TMP95C063 memory map.

000000H *
0000A0H Direct area (n)
00010QH [~~~~---=====-=====-------1 —*
64 Kbyte area(nn)
External memory
010000H
(16 Mbytes)

16 MByte area
(R)
(-R)
(R+)
(R +R8/16)
(R +d8/16)
(nnn)

FFFFOOHT "\/ector table (256 bytes) |
rtable {256 bytel)

FFFFFFH Y

=internal area)

Note: ~After reset, the stack pointer (XSP) is set to 100H.

Figure 3.2 Memory Map
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3.2.1

Operation at internal I/0 area access

TMP95C063 uses 160 bytes of address space (0H to 9FH) as an internal I/O area.
Internal I/O registers are mapped on this area.

Operation of the internal I/O area access is different from that of the other address
area access about following two points.

(1) In the internal I/O area access, RD and WR (HWR) strobe signals are nonactive
and fixed to high level.
However, in PSRAM mode set by P5 <RDE >register, RD strobe signal becomes
active also in the internal I/O area access. (See 3.5.3 Port5 (P52 to P57).)

(2) In the internal I/O area access, the number of waits becomes zero or one
depending on the internal state of the CPU. This wait can’t be controlled by chip
select / wait controller (see 3.6 Chip Select / Wait Controller). When the specified
address area overlaps with the internal I/O area, the operation as the internal I/O
area takes priority of the specified address area.

95C063-13 2003-03-31



TOSHIBA TMP95C063

3.3

Interrupts

TLCS-900 interrupts are controlled by the CPU interrupt mask flip-flops <IFF2 to
0> and the internal interrupt controller. Interrupts can come from a total of 35 sources
(one pin is used for an external interrupt and internal I/O interrupt.):

Interrupts from CPU itself: two (Software interrupt andillegal instructions)
Interrupts from external pins (NMI, NMI2, INTO0 to INT8): 11
Interrupts from internal I/0: 18

Interrupts from micro DMA: four

Individual interrupt vector numbers (fixed) are allocated to each interrupt source.
Six levels of priority (variable) can be allocated to‘'maskable interrupts. The priority of
non-maskable interrupts is fixed at “7” (the highest priority).

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

The CPU compares the priority value with the value of the CPU interrupt mask
register <IFF2 to 0>, and accepts the interrupt if the priority is higher or equal to the
value in the CPU interrupt mask register. However, software interrupts and illegal
instruction interrupts generated by the CPU are processed without comparison with the
IFF <2:0> value.

The value of the interrupt mask register <IFF2 to 0> can be modified using the EI
instruction (EI num sets IFF <2:0> tonum). For example, executing “EI 3” enables
acceptance of non-maskable interrupts and maskable interrupts with a priority of 3 or
higher set in the interrupt controller.

The DI instruction (sets IFF <2:0> to “7”) is operationally the same as specifying “EI
7”. As maskable interrupts have priorities in the range of 0 to 6, the DI instruction
disables acceptance of maskable interrupts. The EI instruction is valid immediately
after its execution. With the TLCS-90, the EI instruction becomes valid only after the
instruction following it is executed.

As well as the general-purpose interrupt processing mode described above, the TLCS-
900 also supports micro DMA processing mode. In micro DMA mode, the CPU transfers
data automatically, thus accelerating interrupt processing such as data transfer to, or
from, internal I/Os.

In addition to using an interrupt to start a micro DMA request, TMP95C063 also
supports the “software start function”, which start micro DMA requests by software.

Figure 3.3 (1) is a flowchart of overall interrupt processing.
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General
purpose
interrupt
processing

Qnterru pt processing)

:

Interrupt specified
by micro DMA start
vector?

Clear interrupt request
F-F

Read interrupt vector V
Clear interrupt request
F-F

Datatransfer by
micro DMA

PUSH PC

PUSH SR

SR<IFF2to 0>

« Accepted
interrupt level + 1

INTNEST«—INTNEST + 1

COUNT '« COUNT -1

PC « (FFFFOOH +V)

7

Interrupt/processing
program

RETI instruction

POP SR
POP PC
INTNEST<INTNEST = 1

COUNT =0

Ve
~ N\

YES

Micro DMA processing

TCinterrupt

generatedClear
vector register

( End )

Figure 3.3 (1) Interrupt Processing Flowchart
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3.3.1

General-Purpose Interrupt Processing

On receiving an interrupt, the CPU operates as follows
However, in the case of software interrupts and illegal instruction interrupts
generated by the CPU, the CPU skips (1) and (3) and executes steps (2), (4) and (5).

1) The CPU reads the interrupt vector from the interrupt controller. When more
than one interrupt with the same level is generated at the same time, the interrupt
controller generates an interrupt vector in accordance with the default priority
(the smaller the vector value, the higher the priority (fixed)), and clears the
interrupt request.

(2) The CPU pushes the program counter (PC) and status register (SR) onto the
stack (the area pointed to by XSP).

3) The CPU sets the interrupt mask register <IFF2 to 0> value to the level of the
received interrupt incremented by 1. If the received interrupt is a level 7
interrupt, the CPU does not increment the interrupt mask/register but sets it to

‘47”

(4) The CPU increments interrupt nesting counter INTNEST by 1.

(5) The CPU jumps to the address indicated by the data at address (FFFFOOH +
interrupt vector) and begins the interruptprocessing routine.
The following table shows the times required by this processing.

Stack Area Bus Width Interrupt Vgctor Number oflntgrrupt
Area Bus Width Processing Execution States
8 8 28
16 24
8 22
16 16 18

When interrupt processing is complete, the RETI instruction is executed to return
processing-to the main routine. Executing the RETI instruction restores the program
counter (PC) and status register (SR) from the stack, and decrements interrupt nesting
counter INTNEST by 1.

Non-maskable interrupts cannot be disabled by program. However, the program can
enable or disable maskable interrupts, and can set priorities individually for each
maskable interrupt source. The CPU accepts interrupt requests with a higher or equal
priority than the value of the CPU interrupt mask register <IFF2 to 0>. On accepting
an interrupt, the CPU sets the <IFF2 to 0> register to the received interrupt level
incremented by 1. This means that if an interrupt is generated with a higher priority
than the interrupt currently being processed, the CPU accepts the interrupt request for
the higher priority interrupt and nests processing.
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instruction.)Resetting initializes the CPU mask register <IFF2 to 0> to “7”. This
disables maskable interrupts.
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The area between addresses FFFFOOH and FFFFFF (256 bytes) in TMP95C063 is
assigned as the interrupt vector area.
The interrupt vector area varies with the product.

Table 3.3 (1) TMP95C063 Interrupt Table

Vector .
Ej:t]tl; Type Interrupt Request Source Vector "V* Rzgeéfgie é\f;;ovgi\fg
1 Reset, or SWI 0 instruction 0000 H|FFFFOOH -
2 SWI 1 instruction 0004 H|FFFFO4H -
3 INTUNDEF: lllegal instruction or SWI 2 0008H|FFFFO8H -
4 Non- [SWI 3 instruction 00O0OCH]|FFFFOCH -
5 |maskable |SWI 4 instruction 0010H|FFFF10OH -
6 SWI 5 instruction 0014H|FFFF14H -
7 SWI 6 instruction 0018 H|FFFF18H -
8 SWI 7 instruction 001CH|FFFF1CH -
9 NMI pin 0020H|FFFF20H -
10 INTWD: Watchdog timer or NMI2 pin 0024 H|{FFFF24H -
- (HDMA) - - -
11 INTO pin 0028 H|FFFF28H 0AH
12 INT1 pin 002CH|FFFF2CH 0OBH
13 INT2 pin 003 0H|FFFF30H OCH
14 INT3 pin 0034H|FFFF34H ODH
15 INT4 pin 003 8H|FFFF38H OEH
- (reserved) 003 CH|FFFF3CH -
16 INT5 pin 0040H|FFFF40H 10H
17 INT6 pin 0044H|FFFF44H 11H
18 INT7 pin 0048 H|FFFF48H 12H
19 INT8 pin 004 CH|FFFF4CH 13H
20 |Maskable |INTTO: 8-bittimer0 OO050H|FFFF50H 14H
21 INTT1: 8-bit timer 0054 H|FFFF54H 15H
22 INTT2: 8-bit timer2 0058 H|FFFF58H 16H
23 INTT3: 8-bittimer3 005CH|FFFF5CH 17H
24 INTT4: 8-bit timer 4 006 0H|FFFF60H 18H
25 INTT5: 8-bit timer 5 0064 H|FFFF64H 19H
26 INTT6: 8-bittimer 6 006 8H|FFFF68H 1AH
27 INTT7: 8-bittimer?7 006 CH|FFFF6CH 1BH
28 INTTR8: 16-bit timer 8 (TREGS) O07O0H|FFFF70H 1CH
29 INTTR9: 16-bit timer 8 (TREG9) 0074 H|FFFF74H 1DH
30 INTTRA: 16-bit timer 9 (TREGA) 0078 H|FFFF78H 1EH
31 INTTRB: 16-bittimer 9 (TREGB) 007 CH|FFFF7CH 1FH
32 INTRXO: Serial receive (channel.0) O0O8O0H|FFFF80H 20H
33 INTTXO: Setrial transmit (channel.0) 0084 H|FFFF84H 21H
34 INTRX1: Serial receive (channel.1) 0088 H|FFFF88H 22H
35 INTTX1: Serial transmit (channel.1) 008CH|FFFF8CH 23H
36 INTAD: A/D conversion complete 009 0H|FFFF90H 24H
37 INTTCO: Micro DMA complete (channel.0) 0094 H|FFFF94H -
38 INTTC1: Micro DMA complete (channel.1) 0098 H|FFFF98H -
39 INTTC2: Micro DMA complete (channel.2) 009 CH|FFFF9CH -
40 INTTC3: Micro DMA complete (channel.3) OO0OAOQOH|FFFFAQOH -
- Software Micro DMA - - 2FH
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Setting reset or interrupt vector

@ Reset vector

FFFFOOH PC(7:0)
FFFFO1H PC (15:8)

FFFFO2H | pC (23:16)
FFFFO3H XX

@ Interrupt vector (other than reset vector)

Vector reference +0 PC (7:0)
address
+1 [ PC(15:8)
+2 [ PC (23:16)
+3 XX XX: Don'tcare
(Setting example)

To define the reset vector asaddress 8100H, the NMI vector as address 9ABCH,
and the INTAD vector as address 123456 H;

ORG 8100H
LD A,B Note:
ORGand DL are assembler directives.
ORG  9ABCH ORG.: : For controlling location counter
LD B, C DL : Fordefining long word data (32 bits)
ORG /' 123456H
LD C A
ORG  OFFFFOOH
DL 008100H ; reset =8100H
ORG OFFFF20H
DL 009ABCH ; NMI=9ABCH
ORG OFFFFO0H
DL 123456H ; INTAD =123456H

95C063-19 2003-03-31



TOSHIBA TMP95C063

3.3.2

(1)

Micro DMA

In addition to conventional interrupt processing, TMP95C063 supports the micro
DMA function. For interrupt requests set for micro DMA, micro DMA processing is
performed at the highest priority for maskable interrupts (level 6), regardless of the
actual interrupt level set for the interrupt.

Because the function of micro DMA has been implemented with the cooperative
operation of CPU, when CPU is a state of stand-by by HALT instruction, the
requirement of micro DMA will be ignored (pending).

Micro DMA Operation

When an interrupt request occurs for an interrupt specified by the micro DMA start
vector register, micro DMA sends the micro DMA request to the CPU with the highest
priority for maskable interrupts (level 6), regardless of the actual interrupt level set for
the interrupt, and starts micro DMA. The micro DMA function has four channels. This
allows micro DMA to be set for up to four interrupts at the same time.

When micro DMA is accepted, the interrupt request F-F for the micro DMA channel
is cleared, data are automatically transferred from the transfer source address to the
transfer destination address (the addresses are set in the control register), and the
transfer count is decremented. If the decremented result is other than zero, micro DMA
processing terminates. If the decremented result is zero, the CPU sends a micro DMA
transfer end interrupt (INTTCn) to the interrupt controller, clears the micro DMA start
vector register to 0, disables the next micro DMA startup, and terminates micro DMA
processing.

If an interrupt request for the interrupt source used is received between the time that
the micro DMA start vector is cleared and the time that it is reset, the CPU performs
general-purpose processing at the specified interrupt level. Therefore, if the interrupt
source is only being used for starting micro DMA (not used as an interrupt), set the
interrupt level to zero.

When simultaneously using the same interrupt resource for both the micro DMA and
general-purpose interrupts as described above, set the level of the interrupt source used
to start micro DMA lower than the levels of all other interrupt sources. In this case, the
cause of general interrupt is limited to the edge interrupt.

Example’ : When using timers 0 to 3 for running micro DMA 0 to 3
Set the interrupt level of timers 0 to 3 to 1
Set other interrupt levels to 2 to 6
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Like other maskable interrupts, the priority of the micro DMA transfer end interrupt
is determined by the interrupt level and default priority.
If multiple-channel micro DMA requests occur at the same time, the priority is
determined by the channel numbers, not the interrupt levels. The lower the channel
number, the higher the priority. (CHO (high) — CH3 (low))

The transfer source and transfer destination addresses are set in 32-bit control
registers. However, as only 24-bit addresses are output, the address space available to
micro DMA is 16M bytes.

Three transfer modes are supported: 1-byte transfer; 1-word transfer (= two bytes),
and 4-byte transfer. For each transfer mode, it is possible to specify whether to
increment, decrement, or fix source and destination addresses after transfer. These
modes facilitate data transfer from I/O to memory, from memory to /O, and from I/O to
I/0. For transfer mode details, see “Transfer Mode Register Details” later in this
manual.

As a 16-bit transfer counter is used, micro DMA can perform a maximum of 65536
transfers (initializing the counter to 0000H specifies the maximum number of transfers).

The 26 interrupt sources with micro DMA start vectors (aslisted in Table 3.3 (1)) can
be used to start micro DMA processing. Together with the soft start function, this gives
a total of 27 different micro DMA triggers.

Figure 3.3.2 (1) shows the micro DMA cycle for 1-word transfer in transfer
destination address INC mode (the same apart from counter mode). (The conditions for
this cycle are based on a 16-bit bus, 0 waits, and transfer source / transfer destination
addresses both even-numbered values.).

one state | (Note 1) (Note 2)
« > A A
g Y

DM1 DM2 DM3 DM5 DMe6 DM7 Dm8

. WWW%WWWWWWW}
—\_ R

A0to 23 Next source destimation Next + 2

RD ’
WRAWR | [T
DOto 15 x putput

Figure 3.3.2 (1) Micro DMA Cycle Diagram

States 1-3 : Instruction fetch cycle (prefetches the next instruction code)
If the instruction cue buffer has three or more bytes of instruction code, the
cycles are dummy cycles.

States 4-5 : Micro DMA read cycles

State 6 : Dummy cycle (address bus remains the same as in state 5)

States 6-8 : Micro DMA write cycle
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Notel : Ifthe source address area uses an 8-bit bus, two states are added.

If also the source address area uses a 16-bit bus and the source address is an odd-
numbered address, two states are added.

Note2 : Ifthe destination address area uses an 8-bit bus, two states are added.

()

If also the destination address area uses a 16-bit bus and the destination address is
an odd-numbered address, two states are added.

Software Start Function

In addition to starting the micro DMA function by conventional interrupts,
TMP95C063 includes a micro DMA software start funetion that starts micro DMA on
the generation of the write cycle to the software DMA control register:

To trigger a software start, write the software micro DMA start vector “2FH” to the
micro DMA start vector register (DMAxV). Next, writing data to the software DMA
control register (SDMACRXx) (regardless of the write value) causes micro DMA for the
corresponding channel to run once. Writing again to the software DMA control register
triggers another software start, provided the micro DMA transfer counter is set to other
than “0”. (It is not necessary to set the software micro DMA start vector again.)

Note that software start requests are one-shot requests and are not held over. If write
cycle for the software DMA control register is generated when the software micro DMA
start vector is not set, setting the software micro DMA start vector at a later time does
not generate a software start.
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(3) Register Configuration (CPU Control Registers)

Channel 0
DMASO
DMADO
DMACO
DMAMO
Channel 1
DMAS1
DMAD1
DMAC1
DMAM1
Channel 2
DMAS?2
DMAD2
DMAC2
DMAM?2
Channel 3
DMAS3
DMAD3
DMAC3
DMAM3

|<—8 bit—

<——16 bit——

32 bit

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

Transfer mode register 0

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

Transfer mode register1

Transfer source address register 2
Transfer destination address register2
Transfer.counter register 2

Transfer mode register2

Transfer source address register 3
Transfer destination address register 3
Transfer counter register3

Transfer mode register 3

](Use lower 24 bits only)

(1to 65536)
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(4) Transfer Mode Register Details

(DMAMO to 3)
0 0 O Mode Note : When setting values in this register,
[ I N set the upper three bits to 0.
|
Executiontime : Minimum @ 25 MHz
ZZ: 0 = byte transfer, 1 = word transfer, l
2 = 4-byte transfer, 3 = reserved
0 00 Z Transfer destination address INC mode... For I/0 to memory, |8 states (640 ns)
(DMADN +) « (DMASN) @ byte / word transfer
DMACn«<DMACnh -1 12 states (960 ns)
if DMACN = 0, then INTTC generated @ 4-byte transfer
0012 Transfer destination address DEC mode... For /O to memory |- 8 states (640 -ns)
(DMADNR -) « (DMASN) @ byte/word transfer
DMACn«<DMACHh -1 12 states (960-ns)
if DMACn = 0, then INTTC generated @ 4-byte transfer
010 2 Transfer source address INC mode... For memory to I/O 8 states (640 ns)
(DMADN) < (DMASNh +) @ byte /word transfer
DMACNn«<DMACN -1 12 states (960 ns)
if DMACn = 0, then INTTC generated @ 4-byte transfer
011 2 Transfer source address DEC mode... For memory to I/O 8 states (640 ns)
(DMADN) « (DMASH =) @ byte / word transfer
DMACNn«<DMACN -1 12 states (960 ns)
if DMACNh = 0, then INTTC generated @ 4-byte transfer
100 Z Address fixed mode... For /O to 1/O 8 states (640 ns)
(DMADN) « (DMASN) @ byte /word transfer
DMACn«<DMACnH -1 12 states (960 ns)
if DMACn = 0, then INTTC generated @ 4-byte transfer
1010 Counter mode... Forinterrupt count 5 states (400 ns)
DMASN«<DMASNH +1
DMACn«<DMACnh - 1
if DMACh = 0, then INTTC generated
(1 state = 80 ns @ 25 MHz)
Notes: n: Corresponding micro DMA channels0-3

DMADn +/DMASn +: Post-increment (increment the register value after transfer)
DMADn -/ DMASh-: Post-decrement (decrement the register value after transfer)
In the above table, “I/O” refers to fixed addresses and “memory” refers to incremented or

deeremented addresses.

Do notuse undefined codes for transfer modes.
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3.3.3 Interrupt Controller Operation

Figure 3.3.3 (1) is a block diagram of the interrupt circuit. The left-hand side of the
diagram shows the interrupt controller circuit. The right-hand side shows the CPU
interrupt request signal circuit and the halt release circuit.

For each interrupt channel (24 channels in total), the interrupt controller has an
interrupt request flip-flop, an interrupt priority setting register, and a micro DMA start
vector register. The interrupt request flip-flop latches interrupt requests from
peripherals. The flip-flop is cleared to zero in the following cases: when reset occurs,
when the CPU reads the channel vector of an interrupt it has received, when the CPU
receives a micro DMA request (when micro DMA is set), and when an instruction that
clears the interrupt for that channel is executed (by writing "0" to the clear bit in the
interrupt priority setting register).

INTO interrupt request, set the register as shown below

For example, to cl

after executing th

Clears F-F to zero.

Reading the clear bit detects the state of the interrupt request flip-flop indicating the
interrupt request state for the interrupt channel.

The interrupt priority can be set independently for each interrupt source by writing
the priority to the interrupt priority setting register (eg, INTEOAD, INTE12). Six
interrupt priorities from 1 to 6 are provided. Setting “0™ (or “7”) disables the interrupt
request. The priority of non-maskable interrupts ('NMI' pin, watchdog timer) is fixed at
7. If interrupt requests with the same level are generated at the same time, the default
priority (the interrupt with the lowest priority or, in other words, the interrupt with the
lowest vector value) is used to determine which interrupt request to accept first.

The interrupt controller sends the request with the highest priority and its vector
address to the CPU. The CPU compares the value of the interrupt mask register in
status register <IFF2 to 0> with the priority of the request signal and accepts the
interrupt if'the level of the request signal is higher. The CPU sets the received priority
value incremented by 1 in status register <IFF2 to 0>. The CPU accepts only interrupt
requests with a priority equal to or higher than this value during processing of the
interrupt. On completion of interrupt processing (execution of the RETI instruction),
the CPU restores the interrupt mask register value saved on the stack (the value before
the interrupt) to CPU status register <IFF2 to 0>.

The interrupt controller also contains registers used to store the micro DMA start
vectors (4 channels). These registers are I/O registers. Writing the start vectors (see
Table 3.3 (1)) of the interrupt sources used to start micro DMA processing to the four
register channels sets the corresponding interrupt requests as micro DMA requests.
Before micro DMA processing, set values in the micro DMA parameter registers (eg,
DMAS, DMAD).
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(1

Interrupt priority setting register

(Read-modify-write is inhibited.)

Symbol | Address 7 6 5 4 3 2P 1 0
i INTAD i INTO
IADC : IADM2 : IADM1 : IADMO 10C 10M2 10M1 10MO
INTEOAD 70H RW W R W
0 0 H 0 0 0 0 H 0 0
INT2 INT1
12C 12M2 12M1 12MO 11C 11M2 1TV 11M0
INTE12 71H RIW W RIW v
0 0 : 0 0 0 0 i 0 0
INT4 INT3
INTE34 72H 14C 14M2 14M1 14MO 13C 13M2 13M1 130
R/W W R/W \W
0 0 i 0 0 0 0. i 0 0
INT6 INT5
16C 16M2 16M1 16MO I15C 15M2 I5M1 15M0
INTES6 73H RIW W RIW W
0 0 i 0 0 0 0 i 0 0
INT8 INT?Z
18C 18M12 18M 1 1I8M0 17C 17M2 171 1I7M0
INTE78 74H RIW W RIW W
0 0 : 0 0 0 0 0 0
i INTT1 (Timer1) : _ INTTO(TimerO) i
ITIC ¢ ITIM2 : ITIM1 @ ITIMO ITOC : ITOM2/: ITOM1 : ITOMO
INTETO1 75H RW " N ”
0 0 -0 0 0 0. : 0 0
INTT3 (Timer 3) INTT2 (Timer 2)
IT3C_ : IT3M2 : IT3M1 : IT3MO IT2C_ "+ IT2M2 : IT2M1 : 1T2MO
INTET23 | 76H TR Y W W
0 0 0 0 0 0 : 0 0
INTT5 (Timer 5) INTT4 (Timer 4)
IT5C . IT5M2  IT5M1 : IT5MO ITAC @ ITAM2 : ITAM1 : ITAMO
INTET45 77H R W RW. W
0 0 i 0 0 0 0 i 0 0
INTT7 (Timer 7) INTT6 (Timer 6)
IT7C T IT7M2 AIT7M1 i IT7MO IT6C : IT6M2 : IT6M1 : IT6MO
INTET67 78H RW W W W
0 i 0 i 0 0 0 { 0 { 0 0
__INTTRI(TREGY) _ __INTTR8(TREGS) _
IT9C i ITOM2 i IT9M1 @ ITOIMO IT8C : IT8M2 : IT8M1 : IT8BMO
INTET89 79H RW W RW . W
0 :{ 0 { 0 0 0O :{ o i 0 I 0
i INTTRB (TREGB) i _ INTTRA (TREGA) i
ITBC : ITBM2 : ITBM1 : ITBMO ITAC : ITAM2 : ITAM1 : ITAMO
INTETAB 7AH RW - W RW W
0 H 0 : 0 0 0 0 H 0 0
N Il l 11l T I
Lo [ o2 DoVi 1 xxM0 Function (Write)
0 0 0 Disables 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 Disables interrupt request.
L IxxC Function (Read) Function (Write)
0 No interrupt request Clears interrupt request flag.
1 Interruptrequest | ----- Don’t care-----

<«Interrupt source
«bit Symbol
«Read / Write

«Value after reset
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Symbol | Address 7 6 5 &4 3 2 1 0
INTTXO0 INTRX0
INTESO 7BH ITX0C ITXOM2 : ITXOM1 : ITXOMO | IRX0C IRXOM2 : IRXOM1 : IRXOMO
R/W W R/W W
0 0 i 0 { 0 0 0 { 0 0
_ INTTX1 _ ____INTRX1 _
ITX1C D ITXTM2 (D ITXTMT ¢ ITXTMO | IRX1C : IRXTM2 @ IRXTM1 #IRX1MO
INTES1 7CH : -
RIW ' R/W W
0 0 i 0 { 0 0 0 .0 0
i INT'_I'C1 i _ INT'_FCO i
INTETCO1 7DH ITC1C ITCIM2 : ITCIM1 : ITCIMO | ITCOC ITCOM2-: ITCOM1 : ITCOMO
RIW ' R/W W
0 0 ¢ 0 ¢ 0 0 0.+ 0 0
INTTC3 INTTC2
INTETC23 7EH ITC3C ITC3M2 : ITC3M1 : ITC3MO | ITC2C ITC2M2 : ITC2M1 : ITC2MO
RIW W RAW_ W
0 0 + 0 0 0 0 : 0 0
(2) External interrupt control
Interrupt input mode control register
7 6 5 4 3 2 1 0
1IMC bit Symbol NMI2E IWDTS 10IE IOLE NMIREE
(007FH) Read/Write W W W w w
Value after
reset 0 0 0 0 0
1:NMI2  [0: wDT_ [ 1: INTO 0: INTO 1: NMI
Input 1: NMI2 {Input edge also
. enable enable mode functions
Function 1: INTO
’ atrising
level d
mode edge
r—
Read-modify-write is inhibited. —#

Note : The INTO pin can also be used for standby
release (described below). When not using
this pin for standby release, set this register
to “0” tomaintain port functions during

standby.

|—> NMI rising edge enable

0 | Interrupt request generated on
falling edge

—_

Interrupt request generated on
rising or falling edge

INTO level enable

0 [ Rising edge detection interrupt

1 | Highlevel interrupt

INTO input enable (note)

0 |[INTOdisable (P84 function only)

1 | INTOinput enable

Watchdog timer NMI2 select

0 |Watchdogtimer

1 | NMI2

NMI2 Input enable

0 | NMI2 disable (P83 function only)

1 | NMI2 input enable
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Setting of External Interrupt Pin Functions

Interrupt | Pin Name Mode Setting Method
L IIMCKNMIREE> =0
NI o T\ bothfallingand |\, NMIREED = 1
rising edge —
NIVIT2 P83 U fallingedge |IIMC<IWDTS>=1, (NMI2E> =1
£ risingedge  |IIMCCIOLE> =0, <IOIE> =1
INTO P84
7\ Jevel IIMCKIOLED = 1, <IOIE> =1
INT1 P85 f rising edge S
INT2 P86 f rising edge S
INT3 P87 £ rising edge ——
f risingedge | T8MOD<CAP12M1,0>=0,00r0, 1i6r1, 1
INT4 PBO
“\_  falling edge . |T8MOD<CAP12M1,0>=1,0
INTS PB1 £ rising edge —&
f  risingedge.  |TIMOD<KCAP34M1,05=0,00r0, 10r 1, 1
INT6 PB4
"\_  fallingedge |TIMODKCAP34M1,05=1,0
g edg
INT7 PB5 £ rising edge _—
INT8 PDO £ rising edge _

95C063-29

2003-03-31



TOSHIBA TMP95C063

(3) Micro DMA start vector

This register assigns micro DMA processing to an interrupt source. The interrupt

source with a micro DMA start vector that matches the vector set in this register is
assigned as the micro DMA start source.
When the micro DMA transfer counter value reaches zero, the micro DMA transfer end
interrupt corresponding to the channel is sent to the interrupt controller, the micro
DMA start vector register is cleared, and the micro DMA start source of the channel is
cleared. Therefore, to continue micro DMA processing, set the micro DMA start vector
register again during the processing of the micro DMA transfer end interrupt.

If the same vector is set in the micro DMA start vector registers of more than one
channel, the channel with the lowest number has a higher priority.

Accordingly, if the same vector is set in the micro DMA start vector registers of two
channels, the interrupt generated in the channel with the lower number is executed
until the micro DMA transfer is complete. If the micro DMA start vector of this channel
is not set again, the next micro DMA is started for the channel with the higher number.
(micro DMA chaining)

Micro DMAO (Read-modify-write is inhibited.)
7 i 6 5 000 4 i 3/ 42 i1 i
DMAOV | bit Symbol DMAOVS5 i DMAOV4 : DMAOV3 i DMAOV2 | DMAOV1 i DMAOVO
(005AH) Read/Write A
Function [Selects interrupt source allocated to Micro DMA channel 0.
Micro DMA1 (Read-modify-write is inhibited.)
G 5 1 4“3 i 2 i 1 i 0
DMA1V |bit Symbol DMA1V5 | DMA1V4 i DMATV3 : DMA1V2 i DMA1V1 i DMATVO
(005BH) Read/Write W
Velgs gfer
Function [Selects interrupt source allocated to Micro DMA channel 1.
Micro DMA2 (Read-modify-write is inhibited.)
7,1 6 5 ¢ 4 i3 i 2 i1 i 0
DMA2V |bit Ssymbol DMA2V5 ; DMA2V4 | DMA2V3 ;| DMA2V2 | DMA2V1 ;| DMA2VO
(005CH) Read/Write w
Function |Selects interrupt source allocated to Micro DMA channel 2.
Micro DMA3 (Read-modify-write is inhibited.)
7 1 6 5 1 o4 i3 i 2 i1 10
DMA3V | bit symbol DMA3V5 : DMA3V4 | DMA3V3 ;| DMA3V2 | DMA3V1 ;| DMA3VO
(005DH) Read/Write w
Ve o o o i o 0o | o
Function |Selects interrupt source allocated to Micro DMA channel 3.
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(4)

Notes

The instruction execution unit and the bus interface unit of this CPU operate
independently. Therefore, immediately before an interrupt is generated, if the CPU
fetches an instruction that clears the corresponding interrupt request flag, the CPU may
execute the instruction that clears the interrupt request flag between accepting and
reading the interrupt vector.

To avoid the above problem, place instructions that clear interrupt request flags after
a Dl instruction. In the case of setting an interrupt enable again by EI instruction after
the execution of clearing instruction, execute EI instruction after clearing instruction
and following more than one instruction are executed. When EI instruction is placed
immediately after clearing instruction, an interrupt becomes enable before interrupt
request flags are cleared.

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

In addition, take care as the following three circuits are exceptional and demand
special attention.

INTO level mode INTO in level mode is not an edge-detect interrupt, so the interrupt request
flip-flop function.is.canceled. The peripheral interrupt request bypasses the S
input of the flip-flop, and acts as the Q output. Changing modes from edge to
level automatically clears the interrupt request flag.

INTAD The interrupt request flip-flop can only be cleared by reset or by reading the
A/D conversion result register, not by an instruction.

INTRX The(interrupt request flip-flop can only be cleared by reset or by reading the
serial channel receive buffer, not by an instruction.

Note : The following instructions or pin changes are equivalent to instructions that clear the
interrupt request flag.

INTO . Instructions that switch to level mode after an interrupt request is generated in
edge mode.
The pin input changes from high to low after an interrupt request is generated in
level mode. ("H" — “L")

INTAD : Instructionsthat read the A/D conversion result register.

INTRX  : Instructionsthat read the receive buffer.
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3.4 Standby Function

Executing the HALT instruction sets either RUN, IDLE, or STOP mode depending on
the content of WDMOD <HALTM1:0>.

(1) RUN : Haltsthe CPU only. Power dissipation remains almost unchanged.
(2) IDLE : Operatesonly the internal oscillator, while halts'all other circuits.
(3) STOP : Halts all internal circuits, including the internal oscillator.

These halt states are released depending on the mode. For details, see Table 3.4 (2).
(Note: Halt cannot be released by triggering micro DMA except for INTO,)

Example of releasing halt.

On execution of the HALT instruction, the device enters standby state in RUN mode.

Release halt using INTO.
Address :
8203H LD (IIMC), 04H ; Enables INTO input.
8206H LD (INTEOAD), 0O6H ;/Sets INTO to level 6
8209H El 5 - Sets CPU interruptacceptievelto 5.
820BH LD (WDMOD), 00H ; SetsRUN mode.
820EH HALT ; Halts CPU.
INTO A\ INTO interrupt processing

820FH LD, XX/ XX RETI
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(1)

RUN mode

Figure 3.4 (1) is the timing chart for releasing a halt in RUN mode using an

interrupt.

In RUN mode, the MCU internal system clock does not stop after the HALT
instruction is executed. Only CPU instruction execution stops. Therefore, the CPU
performs repeated dummy cycles until the halt state is released., In the halt state,
interrupt requests are sampled on the falling edge of the CLK signal.

The halt state can only be released by external interrupts (INT1 to 8, NMI2) in RUN

mode.

X1

CLK

A23to 0

D15to 0

g 3

NMI

INTO
(level)

INTOto 8
(rising edge)

INT4, 6
(falling edge)

Internal INT

_/

AYAY AV ARV WY AW

AYAY

RY,

AYA

X X xjg_\ / \
_ Next ,j,j Next + 2
N SO = S A S S 5 (s ' O
Tanw T
——
ot
A\
— |
|

)
HALT instruction-execution sequence

Interrupt response sequence

Figure 3.4 (1) TimingChart for Releasing Halt in RUN Mode Using Interrupt

180790
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(2) IDLE mode

Figure 3.4 (2) is the timing chart for releasing a halt in IDLE mode using an
interrupt.

In IDLE mode, the MCU internal system clock stops. Only the internal oscillator
functions. The CLK pin is fixed at “1”.

In the halt state, interrupt requests are sampled asynchronously to the system clock.
The release from the halt state (operation restart), however, is synchronized with the
clock.

In IDLE mode, interrupt requests other than external interrupts (NMI, INTO) are
disabled. (Note: The halt state in IDLE mode cannot be released by NMI2.)

S AW AW AW AW AW AW AW AW AW AWV aA W AW
ax _| | \ / T\ / \

A23t00 KX Next D) Nexf + 2

R e GO o ot S B EEEE SOF P S Y o
[ ; 1

RD
— ((
\A/R )
((
NMI oY
INTO N
(level) )
INTO (« A\
(rising edge) R
HALT instruction execution sequence Interrupt response sequence

151189

Figure 3.4 (2) Timing Chart for Releasing Halt in IDLE Mode Using Interrupt

95C063-34 2003-03-31



TOSHIBA TMP95C063

(3) STOPmode

Figure 3.4 (3) is the timing chart for releasing a halt in'STOP mode using an
interrupt.

In STOP mode, all internal circuits stop, including the internal oscillator. Also, in
STOP mode, all pins, apart from a few exceptions, are set to-high impedance and are
disconnected from the internal circuit of the MCU.

However, setting WDMOD <DRVE > in the internal I/O register to “1” specifies that
pins maintain the states prior to the halt. Reset clears the register to “0”.

When the CPU receives an interrupt request, the internal oscillator restarts. Then,
after the time set by the warm-up counter for the internal oscillation to stabilize, the
system clock starts its output. The WDMOD <WARM> bit sets the warm-up time.
Setting this bit to 0 specifies a warm-up time of 214 clock cycles; setting the bit to 1
specifies a warm-up time of 216 clock cycles. Resetclears WDMOD<WARM > to 0.

warm-up time

S AW AWRW AWRAW RS SR WAWAW RS AW AW R W

e 1 \ R e \ Imn

— {
A23t00 X Nelxt o Nexf + 2
= )
D15t00 —f——|-—4—{(data) ==} ~= 44+ L — — == 4 ——L — L (data} 4~ -+ -
— . ({
RD [ \ g 7 [
J— R (4
WR A L~ = )
{
NMI ' ol
N
INTO N g
(level) ) i
447)\
INTO (A
(rising edge) !
HALT instruction execution sequence Interrupt response sequence

151189

Figure 3.4 (3) Timing Chart for Releasing Halt in STOP Mode Using Interrupt
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STOP mode can only be released by an NMI pin or INTO pin interrupt, or by reset.
When STOP mode is released by other than reset, the system clock starts its output after
the time set by the warm-up counter for the internal oscillation to stabilize. When using

reset to release stop mode, input reset signals long enough for stable oscillation.

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

NMI2, 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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Figure 3.4 (1) Pin statesin STOP Mode
Pin Name Input/Output DRVE=0 DRVE =1
DO to D7 /0 HI-Z* HI-Z*
P10 to P17 (D8 to D15) Input mode (P10 to P17) HI-Z* HI-Z*
Output mode (P10 to P17) HI-Z* Output
I/0 (D8 to D15) HI-Z* HI-Z*
P20 to P27 (A16 to A23) Output HI-Z Output
A0 to A15 Output HI-Z Output
RD, WR Output HI-Z "
P52 to P55 B Input mode PU* PUA
(HWR, BUSRQ, BUSAK, R/W) Output mode PU* Output
P56, P57 (CSO, CS2) Output HI-2 Output
P60 to P67 (DRAM control signal) Output HI-Z Output
P70to P77 (PGOO to 03) Input mode PU* PUA
(PG10to 13) Output mode PU* Output
P80 to P82 Input mode PU* PUA
(BS, SCOUT, WAIT) Output mode PU* Output
P83 to P87 (NMI2, INTO to 3) Input mode PUA PUA
PDO (INT8) Output mode PUA Output
P90 to P97 Input mode PU* PUA
(Tl0,2,4,6,TO1,3,5,7) Outputmode PU* Output
PAOto PA7 Input mode PU* PUA
(TXD, RXD, CTS, SCLK) Outputmode PU* Output
PBO to PB7 Input mode PU* PUA
(TI8to B, TO8to B, INT4to 7) Qutput mode PU* Output
PCO to PC7 (ANO to 7) Input (PORT) Invalid Invalid
Input (ANO - AN7) © ©
PD1 to PD4 Input mode PU* PUA
Output mode PU* Output
PEO to PE7 Input mode PU* PUA
Output mode PU* Output
NMI Input valid valid
WDTOUT Output Output Output
CLK Output HI-2 "
RESET Input valid valid
AM (8/16) Input © ©
EA Input © ©
X1 Input Invalid Invalid
X2 Output " 1"
Output Maintains outputstates prior to a halt.
PU Programmable pull-up pin. During a halt, pulled up by setting.
* The input gateiis disabled.
No through current, even at high impedance.
An instruction to access the port register (Ex. P8) should not be placed before the HALT
instruction. There is possibility that the input gate is not disabled.
A When the pin is set to high impedance by disconnecting the pull-up resistor, the input
gate continues to operate. Therefore, fix the pin state to prevent current flow.
© Must be driven externally.
Valid Inputis valid.
Invalid Inputisinvalid. Asthe input gate is disabled, no through current.
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Table 3.4 (2) 1/0 Operation During Halt and Halt and Release

8-bit PWM timer
Operation | 16-bittimer
Block pattern generator
Serial interface
A/D converter
D/A converter

Watchdog timer
DRAM controller

Interrupt controller

Halt Mode RUN IDLE STOP
WDMOD ( HALTM1,0 ) 00 10 01

CPU Halt

/O Port e

8-bit timer

Halts

Interrupt mask and Interrupt request level = Interrupt request level *2 <
request level settings interrupt mask <IFF2-0> interrupt mask <IFF2-0>
Halt Mode RUN IDLE STOP RUN IDLE STOP
NMI © © ©*1 © © ©*
NMI2 © X X © X x
INTWD © x X © X X
Halt INTO © ©* O O O*
Release
Interrupt INT1-8 © x X x X x
Source
INTTO-7 © x X x X x
INTTR8-B © X X x X x
INTRXDO, 1 © X X X X X
INTTXDO, 1 © x X X X X
INTAD © X x X x X
RESET © © © ©
© After a halt is released, interrupt processing begins. (Reset initializes the LSI.)
© After a halt is released, processing begins from the next address following the
HALT instruction:
X : Cannotbe used torelease a halt.
*1,: Haltisreleased after the warm-up time has elapsed.
*2 : Sameasa Dlinstruction.
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3.5 Port Functions

TMP95C063 has a total of 91 I/O Port pins when the AM8/16 pin is “1”, and 83 I/O
Port pins when the AM8/16 pin is “0”.

In addition to Functioning as general-purpose I/O Ports, these pins are also used by
internal CPU and I/O Functions. Table 3.5 (1) lists pin Functions. Table 3.5 (2) lists

Port setting.
Table 3.5 (1) POrt FUNCHIONS ' | - nomammable plldunn esetor commocted
Port Name | Pin Name Num_ber /0 R I/0 Set_ting Pin'Name when u_sed by
of Pins Unit internal Function
1 P10 to P17 8 110 - bit D8to D15
Port 2 P20 to P27 8 Output | - (fixed) A16to A23
Port 5 P52 1 110 T bit HWR
P53 1 /0 0 bit BUSRQ
P54 1 o |1 bit BUSAK
P55 1 o |1 bit RAW
P56 1 Output | - (fixed) [«1)
P57 1 Output | - (fixed) CS2
Port6 |P60 1 Output /| = (fixed) CST/RAST
P61 1 Output | - (fixed) CAS1/WE1
P62 1 Output |- (fixed) LCAS1/LW1/REFOUT1
P63 1 Output- | - (fixed) UCAS1/UW1/WE1
P64 1 Output |- (fixed) CS3/RAS3
P65 1 Output | - (fixed) CAS3/WE3
P66 1 Output | - (fixed) LCAS3/LW3/REFOUT3
P67 1 Output | - (fixed) UCAS3/UW3/WE3
Port7 P70 to P77 8 /0 1 bit PG00 to 03,PG10to 13
Port8 P80 1 110 T bit BS
P81 1 I/0 T bit Scout
P82 1 110 T bit WAIT
P83 1 /0 T bit NMI2
P84 1 110 T bit INTO
P85 1 7/e] 0 bit INT1
P86 1 o 1 bit INT2
P87 1 /0 1 bit INT3
Port9 . P90 1 7o 1 bit TIO
P91 1 /0 0 bit TO1
P92 1 o |1 bit TI2
P93 1 /0 0 bit TO3
P94 1 110 T bit Ti4
P95 1 /0 0 bit TO5
P96 1 mw |1 bit TI6
P97 1 o |1 bit T07
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Table 3.5 (1) Port Functions

(R: 1 =programmable pull-up resistor attached

l =programmable pull-down resistor attached)

Port Name | Pin Name Num.ber /0 R I/0 Set.ting Pin.Name when u.sed by
of Pins Unit internal Function
PortA [PAOD 1 110 0 bit TXDO
PA1 1 I/0 T bit RXDO
PA2 1 I/0 1 bit CTS0
PA3 1 I/0 T bit SCLKO
PA4 1 110 0 bit TXD1
PA5 1 110 T bit RXD1
PAG 1 I/0 1 bit CTST
PA7 1 I/0 1 bit SCLK1
PortB [PBO 1 110 0 bit TI8/INT4
PB1 1 /0 T bit TI9/INT5
PB2 1 o |1 bit TO8
PB3 1 1/0 T bit TO9
PB4 1 110 0 bit TIA/INT6
PB5 1 110 T bit TIB/INT7
PB6 1 o |1 bit TOA
PB7 1 1/0 1 bit TOB
PortC |PCOtoPC7 8 Input | = (fixed) ANO to AN7
PortD (PDO 1 /0 1 bit INT8
PD1 to PD4 4 /0 1 bit
Port E PEO to PE7 8 170 T bit

95C063-40

2003-03-31



TOSHIBA TMP95C063
Table 3.5(2) 1/0O Port Setting
. . I/0 Register
Port Pin Name Port (I/0O) or Function pn T PnCR | PrFC
Port1 P1(0:7) Input Port X 0
(Note 1) Output Port X 1 -
D(8:15) X X
Port2 P2(0:7) |OutputPort X - 0
A(16:23) X 1
Port5 |RD RD Output only for External Access 1 - -
Always RD Output 0
P5(2:5) |InputPort(no pull-up) 0 0 0
Input Port (with pull-up) 1 0 0
Output Port X 1 0
P52 HER Output X 1 1
P53 BUSRQ Input (no pull-up) 0 0 1
BUSRQ Input (with pull-up) 1 0 1
P54 BUSAK Output X 1 1
P55 R/W Output X 1 1
P5(6:7) Output Port X 0
P56 CSO Output X - 1
P57 CS2 Output X 1
Port6 P6 (0 :5) Output Port X 0
(Note 2) |P60 CS1/RAST Output X 1
P61 CAS1/WE1 Output X 1
P62 LCAS1/LW1/REFOUT1 Output X 1
P63 UCAST/UW1 /WE7T Output X - 1
P64 CS3/RAS3 Qutput X 1
P65 CAS3 /WE3 OQutput X 1
P66 LCAS3/LW37/REFOUT3 Output X 1
P67 UCAS3 / UW3/WE3 Output X 1
Port7 P7 (0. 7). | Input Port (no pull-up) 0 0 0
Input Port (with pull-up) 1 0 0
Output Port X 1 0
PGn Output X 1 1

Note 1: Function is fixed according to Input to AM8 /16 pin.

Note 2: The Function of P60 or P64 (CS/RAS) is selected using B1CS or B3CS Register. For the

DRAM control Functions, see Table 3.7 (1) DRAM control pins.
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Table 3.5(2) 1/0O Port Setting
. . I/0 Register
Port Pin Name Port (I/0) or Function Pn 1 PncR | PnEC
Port8 P8(0:7) Input Port (no pull-up) 0 0 0
Input Port (with pull-up) 1 0 0
Output Port X 1 0
P80 BS Output X 1 1
P81 SCOUT Output X 1 1
P82 WAIT Input (no pull-up) 0 0
WAIT Input (with pull-up) 1 0
P83 NMI2 Input (no pull-up) 0 0
(Note 3) NMI2 Input (with pull-up) 1 0
P84 INTO Input (no pull-up) 0 0
(Note 3) INTO Input (with pull-up) 1 0 -
P85 INT1 Input (no pull-up) 0 0
INT1 Input (with pull-up) 0 0
P86 INT2 Input (no pull-up) 1 0
INT2 Input (with pull-up) 0 0
P87 INT3 Input (no pull-up) 1 0
INT3 Input (with pull-up) 1 0
Port9 P9(0:7) |InputPort(no pull-up) 0 0 0
Input Port (with pull-up) 1 0 0
Output Port X 1 0
P90 TIO Input (no pull-up) 0 0
TIO Input (with pull-up) 1 0
P92 TI2 Input (no pull-up) 0 0
TI2 Input (with pull-up) 1 0 -
P94 Tl4 Input (no/pull-up) 0 0
TI4 Input-(with pull-up) 1 0
P96 TI6 Input (no pull-up) 0 0
TI6 Input (with pull-up) 0 0
P91 TO1 Output X 0 1
P92 TO3 Output X 0 1
P95 TO5 Output X 0 1
P97 TO7 Output X 0 1
Note 3: When P83 /P84 pin is used as NMI2 £INTO pin, set IMC <IOIE> / <NMI2E > to “1".

(Input.enable)
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. . 1/0 Register
Port Pin Name Port (I/0O) or Function b | PnCR | PrFC
Port A PA(0:7) |InputPort(no pull-up) 0 0 0
Input Port (with pull-up) 1 0 0
Output Port X 1 0
PAO TXDO Output X 1 1
PA4 TXD1 Output X 1 1
PA1 RXDO Input (no pull-up) 0 0
RXDO Input (with pull-up) 1 0
PA5 RXD1 Input (no pull-up) 0 0
RXD1 Input (with pull-up) 1 0 -
PA2 CTS0 Input (no pull-up) 0 0
CTSO0 Input (with pull-up) 1 0
PAG CTS1 Input (no pull-up) 0 0
CTS1 Input (with pull-up) 1 0
PA3 SCLKO Output Port X 1 1
SCLKO Input Port (no pull-up) 0 0 0
SCLKO Input Port (with'pull-up) 1 0 0
PA7 SCLK10utput Port X 1 1
SCLK1Input Port (no pull-up) 0 0 0
SCLK1Input Port (with-pull-up) 1 0 0
PortB PB(0:7) |InputPort(no pull-up) 0 0 0
Input Port (with pull-up) 1 0 0
Output Port X 1 0
PBO TI8 /INT4 Input(no pull-up) 0 0
TI8 /INT4 Input (pull-up) 1 0
PB1 TI9 /INT5 Input (no pull-up) 0 0
TI9/INT5 Input (pull-up) 1 0 -
PB4 TIA7INT6 Input (no pull-up) 0 0
TIA7INT6 Input (pull-up) 1 0
PB5 TIB/INT7 Input (no pull-up) 0 0
TIB7INT7 Input (pull-up) 1 0
PB2 TO8 Output X 1 1
PB3 TO9 Output X 1 1
PB6 TOA Output X 1 1
PB7 TOB Output X 1 1
Port C PC(0:7) |InputPort X -
AN (0: 7)Input (Note 4) X
Port D PD(0:4) |Input(nopull-up) 0 0 0
Input (with|pull-up) 1 0 0
Output Port X 1 0
PortE PE(0:7) “{Input(no pull-up) 0 0 0
Input (with pull-up) 1 0 0
Output Port X 1 0
Note 4: Select the Input channels for the A/D converterin ADMOD2 <ADCHn>.
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3.5.1 Port 1 (P10 to P17)

Port 1 is an 8-bit general-purpose I/O Port. Bits can be individually set as either
Inputs or Outputs by control Register PICR. A reset clears all bits of the Output latches
in the Port 1 Register (P1) and P1CR Registers to “0”, setting Port 1 to an Input Port.

In addition to Functioning as a general-purpose I/O Port, Port 1 can-also Function as
data bus (D8 to 15).

TMP95C063 determines the Port Function and the data bus Function according to
the Input state of AM8/16 pin after reset. When AM8/16 is set to low level, the data bus
Functions. When AM8/16 is set to high level, the Port Functions. When using as the
data bus (AM8/16 =“0”), the bit of P1CR Register should not be set to 1.

reset
N\ H

1/0 control
» (per bit)
>3
o A

P1CR write
@
- 1,
@
o Output Port 11

latch W D
P10 to P17
- Output buffer (D8 to D15)
@©
c P1 erte
o 1
[} \I\‘_0__
@ \
- /I\I\I—CP;
- P1 read

Figure 3.5(1) Port1
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Port 1 Register
7 i 6 5 0+ 4 i3 i o2 i1 0
P1 bit Symbol [ P17 i P16 i P15 | P14  PI3 P12 P11 P10
(0001H Read/Write RIW
After reset input mode (all bits of output latches are cleared to zero)
Port 1 Control Register
7 i 6 5 ¢ o4 i3 i o2 i 0
P1CR |bit Symbol | P17C i P16C P15C P14C | P13C P12C P11C P10C
(0004H Read/Write w
After reset o i 0 o i o i o i o i o0 0
Function 0:IN 1:0UT
Read-modify-write is Port 1 function setting
prohibited for registers P1CR. ANISTE
PiCR 0
<PIXC>
data bus .
0 (D15 10 8) input port
1 Don't'set output port

Note: <PIXC>'isbit X of the P1CRregister.

3.5.2

Port 2 (P20 to P27)

Figure 3.5 (2) Port 1 Registers

Port 2 is an 8-bit general-purpose output-only port. A reset sets all bits of the output
latches in the port 2 register (P2) to “1” and all port pins output “1”.
In addition to functioning as a general-purpose output port, port 2 can also function as
address bus (A16 to 23). The port function'is specified by function register P2FC. Port
pins can be selected individually as either output ports or address bus pins.
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N\
reset (internal address bus (
wv
> ~
function control
@ (per bit)
-
[} .
- P2FC write s
/ B
(_B o %p t 2 LY N
utpu o port 2
< latch Al 2 - u P20 to P27
- & output buffer (A16 to A23)
[ .
- P2 write
c -1
I~ P2 read
Figure 3.5 (3) Port2
Port 2 Register
7 ¢ 6 i 5 a3 i 2 /va 1o
P2 bit Symbol [ P27 : P26 i P25 0 P24 P23 i P22 i P21 i P20
(0006H) | Read/Write RIW
After reset (all/bits of the output latches are set to “1")
Port 2 Function Register
7 ¢ 6 i 5 i a4 i 3 i 2 i 1 i 90
P2FC  |bit Symbol | P27F : P26F i P25F : P24F i P23F . P22F : P21F i P20OF
(0009H) )
Read/Write W
After reset LA R (O S el DA I S B S IS
Function 0: port-_1:address’bus (A23to A16)
Read-modify-writeis prohibited
for registers P2FC.
Figure 3.5 (4) Port 2 Registers
3.5.3 . Port5 (P52 to P57)

Port 5 isa 6-bit general-purpose I/O port. Bits can be individually set as either inputs
or-outputs by the P5CR control register and the P5FR function register. A reset sets
each output latch P57=%0", P50, P52 to P56 =“1", and clears all P5CR control register
and P5FR function register bits to “0”. A reset sets P52-55 to input mode with pull-up
resistors connected.

In addition to functioning as a general-purpose I/O port, port 5 also functions for CPU
control/status signal I/O and for chip select signal output.
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bus

data

Internal

0!

bus

data

Internal

reset

—

Direction
control

(on bit basis)

P5CR write

I3

function

control
(on bit basis)

)
P5FC write

¥
S

>0

,\

P-ch

programmable )
pull-up

output
latch

P5 write

Selector |[«e——|
)

el

S

L~
output
buffer

USAK, RAW

g
d

HWR, B

e

reset

1

Direction
control

(on bit basis)

P5 read

P5CR write

—

Function

control
(on bit basis)

P5FC write

R
S

>0

P-ch

[ ] P52(HWR)
P54(BUSAK)
P55(R/W)

programmable )
pull-up

output
latch

P5 write

:7

internal

i

P5 read

BUSRQ

Figure 3.5(5) Port5: P52to P55

[ ] P53 (BUSRQ)
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bus

reset

[

function

control

data

(on bit basis)
A

P5FC write

S

S

™~ H P56 (CSO)

output

Internal

latch
A

Selector |«

l/
output buffer

l_Vm >

P5 write

[9)]
%]
o

¢ !

bus

-1
\rl—<— P5 read

reset

"

function

control

data

(on bit basis)

A
PSFC write
R

n A
M

RN

n
output
latch

B
Tl

A
P5 write

Selector

CS2

Internal

¢

e
\li<— P5 read

> [ ] P57 (CS2)

output buffer

Figure 3.5(6) Port5: P56, P57
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Port 5 Register
7 6 5 o4 i3 i 2 i o
P5 bitSymbol | P57 P56 P55 : P54 i P53 P52 . RDE
(000DH) | Read/write RIW
output mode input mode (with pull-up)
After reset . g g : :
0o i1 (A S I RS BRI 1
|—> RD setting
0 | PSRAM mode
14—
Setting 0,also-outputs RD when
Port 5 Control Register aninternal area is-being read.
7 6 5 a4 i3 o2 o4 i
pscR | bitsymbol PsSC i PsaC (i P53C  P52C | :
(0010H) | Read/Write w
After reset 0 0 ; 0 0
Function 0:IN 1:0UT
L Input/output setting
0 |[input
1 |output
Port 5 Function Register
7§ el i s i a4 i3 2 i 0
PSEC | bitsymbol | PS7F i pseF i PSsF | Ps4F i pS3F PS2F |
(0011H) |Read/write W
After reset 0 0 0 0 0 : 0
Function [0:PORT /{0:PORT i0:PORT {0:PORT :0:PORT :0:PORT
1:C52 . i1:CS0  i1:RAW__ 1:BUSAK :1:BUSRQ :1:HWR
R

- Read-modify-write is
prohibited for registers
P5CR, P5FC.

- Read-modify-write is
prohibited for'controlling
ON/QFF of the pull-up
resistor for register P5.

BUSRQ setting
P5FC <P53F> 1

P5CR <P53C> 0

—> BUSAK setting
P5FC <P54F> 1
P5CR <P54C> 1

L > RAW setting
P5FC <P55F> 1
P5CR <P55C> 1

Figure 3.5(7) Port 5 Registers

L—— HWR setting

P5FC <P52F>

P5CR <P52C>
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354

Port 6 (P60 to P67)

Port 6 is an 8-bit general-purpose output-only port. A reset sets all bits of the output
latches of the port 6 register (P6) to “1”.

In addition to functioning as a general-purpose I/O port, port 6 has the chip select
signal output function (CS1, CS3) and DRAM control signal output function. The P6FC
function register sets the port functions. A reset clearsall P6FC register bits to “0” and
sets P60 to P67 to general-purpose output port mode.

Y
reset
= function
° control
(on bit basis)
© A
‘; P6FC write
his — S
_ outsput Als > [7]P60 (CST/RAST)
@ latch B o output buffer P61 (CAST/WET)
c ) ° P62 (LCAS1/LW1/REFOUTT)
= P6 write |_> P63 (UCAST/UWTAWET)
@ DRAM e
- Nt P64 (CS3/RAS3)
< b controlsigna P65 (CASIWES)
- f P6 read P66 (LCAS3/LW3/REFOUT3)
P67 (UCAS3/UW3/WE3)
N\

Figure 3.5 (8) Port6
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Port 6 Register

7 i 6 i 5 i o4 i o3 i 2 i .1 i 0
P6 bit Symbol | P67 i P66 P65 | P64 : P63 : P62 | PGl . P60
(0012H) Read/Write R/W
After reset R R
Port 6 Function Register
7 ¢ 6 i 5 i a4 i o3 i 2 i1 i 0
P6FC  |bit Symbol | P67F | Pe6F i PeSF : PeAF i Pe3F | PG62F i P6IF i PGOF
(0015H) Read/Write w
Afterreset| 0 i 0 i 0 i 0 i 0 i-0 = 0 1.0
Function 0:PORT 1: DRAM control'signal
Read-modify-write is 4‘
prohibited for registers
P6FC 0 | .Port (P60)
CST/RAST

0 |Port(P61)

CAS1/WEI1

0 | Port(P62)

LCAS1/LW1/REFOUT1

0 | Port(P63)

UCAS1/UW1/WE1

0 | Port (P64)

1 |CS3/RAS3

0 | Port(P65)

1 [CAS3/WE3

0 | Port (P66)

1 [LCAS3/LW3/REFOUT3

0 | Port(P67)

1 | UCAS3/UW3/WE3

Note: The chip select/wait controller register (BnCS) selects pin functions of P60 (CS1/RAS1)
and P64 (CS3 / RAS3). The memory access method automatically determines the
function of P61 to P63 and P65 to P67. (For details, see Table 3.7 (1) DRAM Pins.)

Figure 3.5(9) Port 6 Registers
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3.5.5 Port7(P70to P77)

Port 7 is an 8-bit I/O port. Bits can be individually set as either inputs or outputs. A
reset initializes the port as an input port with pull-up resistors, and sets all bits of the
output latches in the port 7 register (P7) to “1”. In addition to functioningas an I/O port,
port 7 also has the pattern generator output function (PGO,1). PGO is allocated to P70 to
P73 and PG1 is allocated to P74 to P77. Writing “1” to the corresponding bits of the port
7 control register (P7CR) and function register (P7FC) enables PG output. A reset clears
the function register (P7FC) to “0”, and sets all bits to port mode.

bus

data

Internal

reset

Direction
control
(on bit basis)

P7CR write

I —

function
control
(on bit basis)

P7FCwrite

A

PGO,1

S
output
latch

A

P7 write

AS

—>o—+——] g;P-ch
programmable
pull-up

> [ ] port7

selector

—

P7 read

S
B

(PG00 to PG13)

selector
A

Figure 3.5 (10) Port7
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Port 7 Register
7 5 o4 i3 i 1 0
P7 bitSymbol | P77 P75 i P74 i P73 i P72 P71 i P70
(0013H)
Read/Write RIW
input mode (with pull-up)
After reset : : :
1 (T T S R B 1 1
Port 7 Control Register
7 5 14 i3 2 110
P7CR | bitsymbol | P77C P7SC i P74aC | P73C i P72C P71C | . P70C
(0016H) ,
Read/Write w
Afterreset | 0 0 o i o 0 0 0
Function 0:IN 1: OUT

Port 7 input/output setting

0 |[input
1 |output
Port 7 Function Register
7 RIS N S R 1 o
P7FC bitSymbol | P77F PZ5F P74F P73F P72F P71F P70F
(0017H) .
Read/Write w
After reset 0 =0 f 0 f,0 P 0 o0 io0
Function 1:PG1-OUT 0:PORT  1:PGO-OUT

- Read-modify-write is
prohibited for registers
P7CR, P7FC.

- Read-modify-write is
prohibited for controlling
ON/OFF of the pull-up
resistor for register P7.

Port 7 function setting

0

general-purpose port

1

stepping motor control /
pattern generation port

Figure 3.5 (11) Port 7 Registers
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3.5.6

(1)

bus

data

Internal

Port 8 (P80 to P87)

Port 8 is a general-purpose 8-bit I/O port. Bits can be individually set as either inputs

or outputs. A reset initializes the port as an input port with pull-up resistors.

In

addition to functioning as I/O port pins, P80 can function for bus start (BS); and P81, for
system clock output (SCOUT), P82 for WAIT input (WAIT), P83 for non-maskable
interrupt input (NMI2), and P84-P87 for INTO-INTS inputs. | Writing “1” to the
corresponding bits of the port 8 function register enables the bus start and system clock
output functions. A reset clears the function register to “0” and sets all bits to port mode.

Port 8: P80, P81, and P82 (BS, SCOUT, WAIT)

reset

Direction

control

(on bit basis)
A

P8CR write

function

control
(on bit basis)

P8FC write

P

BS, SCOUT

S
output latch

(L

A
P8 write

<1

B

selector

S

“:I)P_ch @rogram mable )

ull-up

Yy
P8read

reset

selector

B

S /A

P80, P81
(BS, SCOUT)

Direction

control
(on bit basis)

A

P8CR write

P

S

output latch

P

o

P-ch [programmable
\Eull-up

P82

A

P8CR write

I/
output buffer

D (WAIT)

WAIT

internal

j—G—-
e =N

P8 read

Figure 3.5(12) Port8: P80, P81, and P82
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(2) Port8: P83 and P84 (NMI2, INTO)

{

reset

.

Direction

control
(on bit basis)

A
P8CR write

v

S

data bus

— ol s

programmable
ull-up

N [] P83 (NMI2)

output latch
A S B

P8 write

4 selector

P8 read Al

Internal

Y

{

falling edge
NMI2 Interrupt detection

IIMC<NMI2E>

(

reset

[

Direction

bus

control
(on bit basis)

A
P8CR write

v

S

data

ol i

programmable
ull-up

outputlatch
A

™ ] P84 (INTO)

P8 write 5B

ﬂ selector

Internal

Y

P8 read A

{

level/edge
INTO.Interrupt detection

T

HMC<IOIE> IIMC<IOLE>

Figure 3.5(13) Port8: P83 and P84
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(3) Port8: P85, P86, and P87 (INT1, 2, 3)

reset

o

Direction
control
(on bit basis)

y _{>°‘_I gP'Ch

P8CR write programmable
* ull-up

S M
INT1
output latch L= L] Egg E|NT23

A P87 (INT3)
P8 write S B

4 selector W

P8 read Al

data bus (

Internal

{

rising edge
INT1, 2, 3 Interrupt <———] detection

Figure 3.5 (14) Port 8: P85, P86, and P87
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Port 8 Register

7 i 6 i 5 i 4 i 3 i 2 i .1 i 0
P8 bit Symbol | P87 : P86 i P85 i Ps4 i P83 i P8 i P81 - P80
(0018H) Read/Write R/W
input mode
After reset : ; : " : : :
1 : 1 : 1 1 : 1 : 1 ] 1 : 1
Port 8 Control Register
7 ¢ 6 i 5 i 4 i 3 i 2 L7711 0
P8CR |bit Symbol | P87C i P86C : P8SC : PsaC | P83C /i PgaC : P8IC i P8OC
(001AH) Read/Write W
Afterreset| 0 i 0 i 0 i 0 i 0 i -0 i 0 i 0
Function 0:IN 1 0UT
|
T Port 8 input/output setting
0 [input
1 |output
Port 8 Function Register
7 1 6 i 5 i 4/ i 3/ % 2 i 1 i 0
P8FC bit Symbol © P8IF i P8OF
(001BH) [geagnwrite w
After reset 0 0
: i : : .0:PORT : 0: PORT
Function : : : : : :1:5COUT :1:BS
- Read-modify-write is
prohibited for registers
P8CR, P8FC.
- Read-modify-write is 0 | Port (P80)
prohibited for controlling 1 l8s
ON/OFF of the pull-up
resistor for register P8.

0 |Port(P81)
1 |ScouT

Note: When using P83 and P84 asthe NMI2 and INTO pins respectively, set PBCR<P83C> and <P84C> to
“0”, and IMC<NMI2E>and <IQIE> to “1".

Figure 3.5(15) Port 8 Registers
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3.5.7 Port9 (P90 to P97)

Port 9 is a general-purpose 8-bit I/O port. Bits can be individually set as either inputs
or outputs. A reset initializes the port as an input port with pull-up resistors. In
addition to functioning as an I/O port, port 9 has the clock input and output pin functions
for the 8-bit timers. Writing “1” to the corresponding bits of the port- 9 function register
(P9FC) enables the timer output functions. A reset clears the function register (P9FC)
to “0” and sets all bits to port mode.

reset
Direction
control
(on bit basis) {>C 'gP-ch /programmable
A ! \gull-up
PICR write
I
5 B P90 (T!
- output latch L7 D ng E—l—lg;
> A 3 P94 (T14)
o P9 write B P96 (TI6)
© ﬂ selector
+ P9 read A
© TIO
© TI2
_ T4
- 16 reset
c —
o Direction
@ control
- (on bit basis)
c A
- P9CR write
function
control
(on bit basis)
PIFC write
R ¢
s _L {>O I P-ch @Ltl)ﬁ;z;mmable )
output latch A S N
A selector P91 (TO1)
timer F/F OUT P9 write B v L] P93 (TO3)
TO1 :timer.1 P95 (TO5)
TO3: timer 3 P97 (TO7)
TOS :timer 5
TO7 : timer 7 B
-]
PQ\N g selector
N rea s A
[

Figure 3.5(16) Port9
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Port 9 Register
7 6 5 ¢ 4 i 3 2 1 0
P9 bit Symbol P97 P96 P95 P94 P93 P92 P91 P90
(0019H) Read/Write R/W
input mode (with pull-up)
After reset ] : ] i ] : : ] 4 :
Port 9 Control Register
7 6 5 4 3 1 2 1 i 0
P9CR bit Symbol P97C P96C P95C P94C P93C . P92C P91C . P90C
(001CH) Read/Write w
Afterreset | 0 0 o i 0o i 0ot 0 0 0
Function 0:IN 1:0UT
|
I—, Port 9 input/output setting
0 |input
Port 9 Function Register 1 _|output
7 6 5 4 3 1 2 10
P9FC bit Symbol P97F PO5F P93F : P91F
(001DH Read/Write W W w
After reset : 0 : 0 0
0: PORT 10 PORT 0: PORT 0: PORT
Function 14 107 H1:705 i1:T03 11: 701

- Read-modify-write is
prohibited for registers
PICR, P9FC.

- Read-modify-write is

prohibited for controlling

ON/OFF of the pull-up
resistor for register P9.

Note:

P91 timer 1 output setting

P9FC <P91F>

1

P9CR <P91C>

1

P93 timer 3 output setting

P9FC <P93F>

1

P9CR <P93C>

1

P95 timer 5 output setting

POFC <P95F>

1

P9CR <P95C>

1

P97 timer 7 output setting

POFC <P97F>

1

P9CR <P97C>

1

even when the pins are used as input port pins, for example, data are input to the 8-bit timer.

Figure 3.5(17) Port 9 Registers

As no port/function switching register is supported for the P90/TI0, P92/TI2, P94/T14, and P96/TI6 pins,
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3.5.8

(1)

Port A (PAOD to PA7)

Port A is a general-purpose 8-bit I/O port. Bits can be individually set as either
inputs or outputs. A reset initializes the port as an input port with pull-up resistors, and
sets all bits of the output latches in port A register (PA) to “1”.

In addition to functioning as an I/O port, port A also functions as the I/O port for serial
channels 0 and 1. Writing “1” to the corresponding bits of the port A function register
enables this function. A reset clears the function register to “0” and sets all bits to port
mode.

Port A: PAO and PA4 (TXD0O/TXD1)

In addition to functioning as I/O port pins, PAO and PA4 function asthe TXD output
pins for the serial channels.
PAO and PA4 have the programmable open drain function.

reset

Direction
control
(on bit basis)
A

PACR write

function
control
(on bit basis)

A

PAFC write

data bus

o

S programmable
outputlatch a5 ull-up

A ™ PAO (TXDO)
|

A selector 1> [ ] bAd (TXDT)

TxDO, TxD1 B can be set for

' opendrain

Internal

ODE<ODET1, 0>

—

S B

ﬂ selector

PA read A

Figure3.5(18) Port A: PAO and PA4
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(2) PortA: PA1andPA5 (RXDO,1)

In addition to functioning as I/O port pins, PA1 and PA5 function as the RXD input
pins for the serial channels.

™™ reset

Direction
control
(on bit basis)

X —{>O——| gp.ch Grogrammable )

PACR write pull-up

0
s M
PA1 (RXD
outpu; latch L R PAS %RXD?;
PA write 5
4 selector

data bus

B

Internal

PA read A

RxDO, RxD1

Figure 3.5 (19) Port A: PA1and PA5

(3) PortA: PA2and PAG6 (CTS0O/CTST)

In addition to functioning as I/Oport pins, ports A2 and A6 function as the CTS input
pins for the serial channels.

reset
(N
Direction
) control
S (on bit'basis)
o A
o PACR write —| >O-—| P-ch
p programmable
-(g ¥ ull-up
S
- output latch | | > 7] PA2, PAG (CTSO/CTST)
g A
o PA write —
cl
N ﬂ selector
20 PA read A

CTSO/CTST =

Figure 3.5 (20) Port A: PA2 and PA6
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(4) Ports A3 and A7 (SCLKO/SCLK1)

In addition to functioning as general-purpose I/O port pins, PA3 and PAT7 function as
the SCLK I/O pins for the serial channels.

reset

Direction
control
(on bit basis)
A

PACR write

function
control
(on bi’;basis)

PAFC write —1>0—] g"'c“
[programmable
S S pull-up
output latch | —>|A

d selector P {] PA3/(SCLKO)
PA write - PA7 (SCLK1)

SCLK OUT B

data bus

Internal

v
S B

ﬂ selector

g PA read A
SCLKIN =

Figure3.5(21) Port A: PA3 and PA7
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Port A Register
7 6 5 a4 i3 2 1 0
PA bit Symbol PA7 PA6 PAS i PA4 PA3 PA2 PA1 PAO
(001EH)
Read/Write RIW
input mode (with pull-up)
After reset : : :
1 1 1 g 1 1 1 1 1
Port A Control Register
7 6 5 1 o4 i3 2 1 0
PACR bit Symbol PA7C PA6C PASC | PA4C PA3C PA2C PA1C PAOC
(0080H) )
Read/Write w
After reset 0 0 0 o i /o 0 0 0
Function 0:IN 1:0UT
| |
T Port A input/output setting
0 [input
1 |output
Port A'Function Register
7 i o6 i 5 i a4l i o3 2 1 0
PAFC  [pitsymbol | PA7F | . PA4F PA3F PAOF
(0081H) : :
Read/Write w : H w w w
After reset 0 : 0 0 : 0
Function |0:PORT 10:PORT {0:PORT. 10: PORT
1:SCLK1 i1:TxD1- 14 5CLKO- : i1:TxDO

- Read-modify-write is
prohibited for registers
PACR, PAFC.

- Read-modify-write is
prohibited for controlling
ON/OFF of the pull-up
resistor for register PA.

> PA7 SCLK toutput setting

PAO TXDO output setting (Note)

PAFC <PAOF> 1

PACR <PAOC> 1

PA3 SCLKO output setting

PAFC <PA3F> 1

PACR <PA3C> 1

PAFC <PA7F>

1

PACR <PA7C>

1

PA4 TXD1 output setting (Note)

PAFC <PA4F> 1

PACR <PA4C> 1

Note : To set the TXD pins to open drain output, write “1” to bit 0 (for the TXDO pin) or bit 1 (for
the TXD1 pin) of the ODE register.
As no port/function switching register is supported for the PA1/RXD0 and PA5/RXD1
pins, even when the pins are used as input port pins, for example, data are input to SIO
as a serial receive data.

Figure 3.5 (22) Port A Registers
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3,59 PortB(PBOtoPB7)

Port B is a general-purpose 8-bit I/O port. Bits can be individually set as either inputs
or outputs. A reset initializes the port as an input port with pull-up resistors, and sets
all bits of the output latches in the port B register (PB) to “1”. In additionto functioning
as an I/O port, port B inputs the clock for 16-bit timers 8 and 9, and provides the output
for 16-bit timer flip-flops 8, 9, A, and B. Writing “1” to the corresponding bits of the port
B function register (PBFC) enables these functions. A reset clearsthe function register
(PBFC) to “0”, and sets all bits to port mode.

reset

T

(N
Direction
control
(on bit basis)
A “:I>P-ch
PBCR write
} programmable
S pull-up
I PBO (TIS/INT4)
latch
output ot L LIpg1 (Tis/nT)
A. S\ B PB4 (TIA/INT®6)
PB write PB5 (TIB/INT7)
selector
PB :’:ad
o T8 TI9 A
_2 TIA, TIB reset
m . .
+) Direction
@ control
o (on bit basis)
_ A
o PBCR write
c ¥
| function
v control
+ (on bit basis)
c
- A
PBFC write
D S Igp-ch [programmable
output latch &oull-up
A A S
PB write N 2 (T08)
selector PB2 (T
- L PB3 (TO9)
Timer F/F OUT B PB6 (TOA)
TOS8 : Timer 8 PB7 (TOB)
TO9 : Timer 8
TOA : Timer 9 B
TOB : Timer9
-1
N selector
PB read
Figure 3.5 (23) PortB: PBO-PB7
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Port B Register
7 i 6 i 5 i 4 i 3 i 2 i .1 i 0
PB bitSymbol | PB7 | PB6 . PBS . PB4 | PB3 : PB2 | PBL . PBO
(001FH) Read/Write R/IW
nput mode
After reset ] : : ] : : ] ]
Port B Control Register
7 ¢ 6 i 5 i 4 i 3 i 2 L7711 0
PBCR bt Symbol| PB7C i PB6C @ PBSC : PBAC | PB3C /i PB2C | PBIC @ PBOC
(0082H) Read/Write w
After reset 0 0 0 0 0 0 0 0
Function 0:IN 1 0UT
|
T Port B input/output setting
0 |input
1 output
Port B'Function Register
7 1 6 i 5 i 4/ i 3/ % 2 i 1 i 0
PBFC  |bit Symbol | PB7F : PB6F | PB3F . PB2F | | :
(0083H) [geaamvrite| w | w ow oW
After reset 0 0 0 0
0:PORT (0:PORT '} : .0:PORT :0:PORT
Function 11.708  i1:TOA 11:T09. i1:TO8

- Read-modify-write is
prohibited for registers
PBCR, PBFC.

- Read-modify-write is

L——— PB2 timer 8 output setting

prohibited for controlling

ON/OFF of the pull-up
resistor for register PB.

PBFC <PB2F>

1

PBCR <PB2C> 1
PB3 timer 9 output setting
PBFC <PB3F> 1
PBCR <PB3C> 1

PB6 timer A output setting

PBFC <PB6F> 1
PBCR <PB6C> 1
PB7 timer B output setting
PBFC <PB7F> 1
PBCR <PB7C> 1
Note: Asthere is no port/function switching register for the PB0O/TI8, PB1/T19, PB4/TIA, and PB5/TIB pins,
even when the pins are used as input port pins, for example, data are input to the 16-bit timer.
Figure 3.5 (24) Port B Registers
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3.5.10 Port C (PCO to PC7)
Port C is an 8-bit input-only port that shares pins with the analog inputs.

(N
Wy
3
“ A
o \[\I Dportc
) PCO to PC7
o port C read (ANO to AN7)
o
<
L
p conveter | |A/D | | channel
— ;] data converter selector
register
g AD read g
Figure 3.5 (25) Port C
Port C Register
7 i e i o\5 il a4 i o3 -2/ 0 1 i o
PC bitSymbol | PC7 i PC6 /i PC5 : PC& : PC3 i PC2 i PCl i PCO
(0084H) : : : : : : :
Read/Write R
After reset input mode

Note: Select the input channelsforthe A/D converterinA/D converter mode register ADMOD.

Figure 3.5(26). Port C Registers
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3.5.11 Port D (PDO to PD4) and Port E (PEO to PE7)

Ports D and E are respectively 5-bit and 8-bit general-purpose I/O ports. Bits can be
individually set as either inputs or outputs. A reset initializes the ports as input ports
with pull-up resistors. In addition to functioning as an I/O port, D0 also functions for the
INTS8 input.

(1) PortD: PDO(INTS8)

reset

o

Direction
control
(on bit basis)

A _{>0‘_| gP'Ch

PDCR write programmable
% pull-up

S M
PDO (INT
output latch L [.] PDO(INT8)

A
PD write S/ B

d

<N selector W

PD read Al

data bus 2

tern

(

rising edge
detection

INT8 Interrupt -——

Figure 3.5(27) PortD: PDO

(2) PortsD1toD4andEOtoE7

(

reset

Direction
control
(on bit basis)

T —|>O——| |:I>p_ch Grogrammable )

I-
PDCR write/PECR write putl-up

data bus

s ™
output latch L D EIED(; ‘:cg IEI?74

* S
PD write/PE write
4 selector

B

Internal

PD read/PE read A

Figure 3.5(28) Port D (PD1 to PD4) and Port E (PEO to PE7)
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Port D Register
7 i 6 i 5 i 4 i 3 i 2 1 0
PD bit Symbol : : . pPD4a : PD3 | PD2 PD1 PDO
(0085H) Read/Write R/W
input mode
After reset ] : : : ] :
Port D Control Register
7 ¢ 6 i 5 i a4 i 3 i 2 1 i 0
PDCR |bit symbol ' : i ppac | PD3C /iPD2C PDIC : PDOC
(0088H) Read/Write w
After reset 0 0 0 0 0
Function 0vIN 1:0UT
|
I—, Port D input/output setting
0 [input
1 |output
PortE Register
7 1 6 i 5 i 40 1 31 2 1 0
PE bit Symbol | PE7 | PE6 : PES i PE4  PE3 . PE2 PE1 PEO
(008AH) Read/Write RW
input mode
After reset ] 1 \ ] ] ] ] 1
Port E Control Register
75 6y 5 i 4 i 3 1 2 1 0
PECR |bit Symbol |/ PE7C /i PE6C : PESC i PE4C’ : PE3C PE2C PE1C PEOC
(008CH) Read/Write w
After reset o t o0 i o fe i 0 ioo0 0 0
Function 0:IN 1:0UT

- Read-modify-write is
prohibited for registers

PDCR/ PECR.

- Read-modify-write is

[

Port E input/output setting

prohibited for controlling

ON/OFF of the pull-up

resistor for registers

PD/PE.

Figure 3.5 (29) Port D, E Registers

0 [input

1 |output
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3.6 Chip Select/Wait Controller

TMP95C063 has an internal chip select/wait controller with a variable 4-block
address area that controls the chip select (CSO toCS3) and wait (WAIT) pins, as well as
the data bus size (8-bit or 16-bit).

TMP95C063 also has an external data bus size selection pin (AM8/16). (See 3.1.2,
External Data Bus Selection Pin.)

3.6.1 Control Registers

Table 3.6 (1) shows the control registers.

A block address area is controlled by the CS/wait control register (BOCS, B1CS,
B2CS, B3CS, BEXCS), the memory start address register, and memory address mask
register. (See 3.6.2, Specifying Address Areas.)

Table 3.6 (1) Chip Select/Wait Control Register

7 ¢ 6 i 5 i 4 [~ 3 i 2 i M (0
bitSymbol | BOE i — ! BOOM1 : BOOMO i BOBUS : BOW2 i/ BOW1 i BOWO
Read/Write w = W W W

BOCS | After reset 0 o= 0 : 0 H 0 : 0 : 0 : 0
(0090H) — : : o :
O:disable :  — ! (00: ROM/SRAM :0:16BIT : 000:2 WAIT 100: N WAIT
(No Function |[1: enable : i 01: PSRAM (1:8BIT . 001: 1 WAIT 101: —
RMW) : i 10: Don't Care : . 010: TWAIT+N 110: —

: i 11: Don'tCare : i 01M: QWAIT 1M1:  —
bit Symbol BIE : — : B1OMT : BIOMO : BT1BUS. : B1W2 : BIW1 : B1WO
Read/Write wooi = w POow w

(0%19‘:11) Afterreset| 0 : — o0 ¢ o0 : o0 : 0 : 0 | o0
. 0: disable : © 00:ROM/SRAM  :0:16BIT : 000: 2 WAIT 100: N WAIT

(No Function [1:enable :  — ' \: 01: PSRAM (1:8BIT ' 001: 1 WAIT 101: —

RMW) : . 10: DRAM X ©010: TWAIT+N 110:  —

: i 11: Don't Care : i 011: OWAIT 1M1 —
bit Symbol B2E- | B2M )i B20M2 i B20M1 ; B2BUS : B2W2 : B2W1 i B2WO
Read/Write W i oW W SOW W

B2CS ; : ; : : ; ;
(0092H) After reset 1 : 0 : 0 : 0 : 0 : 0 : 0 : 0
0: disable 10: 16M  : 00: ROM/SRAM :0:16BIT ' 000: 2 WAIT 100: N WAIT
(No Function |1: enable byte 01: PSRAM ;1:8BIT 001: 1 WAIT 101: —
RMW) i/ area : 10:Don'tCare : ©010: TWAIT+N 110:  —
i1:Sets 1 11: Don'tCare : ©011: OWAIT m: —
area. : : : : :
bit Symbol B3 i — ' B30M1 i B3OMO : B3BUS : B3W2 : B3W1 : B3WO
Read/Write W = w oW w
B3CS P : ; T T T T H
(0093H) Afterreset 0 : — : 0 H 0 : 0 : 0 : 0 : 0
. 0: disable i 00: ROM/SRAM :0:16BIT ' 000: 2 WAIT 100: N WAIT
(No Function |1:enable’: ——  :] 01:PSRAM :1:8BIT ' 001: 1 WAIT 101:  —
RMW) :  10: DRAM : © 010: TWAIT+N 110: —

: :_11: Don't Care . 011: OWAIT A
bit Symbol — i = i — i — ! BEXBUS : BEXW2 : BEXWI1 : BEXWO0
Read/Write e - - . W

(352(53) After reset - i - i = i = i 0 i 0 i 0 i 0
. : ; : :0:16BIT ' 000: 2 WAIT 100: N WAIT

(No Function - i = i = i — I1:8BIT : 001:1WAIT 101: —

RMW) : g : : ©010: TWAIT+N 110:  —

= = : : i 011: OWAIT 11 —

Note : Read-modify-write is prohibited for registers BOCS, B1CS, B2CS, B3CS and BEXCS.
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(1) Master Enable
Bit 7 of the control register (BOE, B1E, B2E, B3E) is the master enable/disable bit.
Set the bit to “0” to disable, or to “1” to enable the setting. A reset sets BOE, B1E, and
B3E to “0” (disabled), and sets B2E to “1” (enabled).
(2) DataBus Size Selection
Bit 3 of the control registers (BOBUS, B1BUS, B2BUS, B3BUS, and BEXBUS)
specifies the width of the data bus. Set “0” to access memory in 16-bit data bus mode, or
to “1” in 8-bit data bus mode. Note that this bit is valid only in 16-bit bus mode (when
the AMS8/16 pin is “0”). In 8-bit bus mode (when the AMS8/16 pin is “1”), memory access
to all address areas uses 8-bit data bus mode, regardless of the value of bit 3. (See 3.1.2,
External Data Bus Size Selection Pin.)
Note that when using CS1 and CS3 as DRAM, even when the AMS8/16 pin is “1”,
B1BUS and B3BUS must be set to “1”.
This way of changing the data bus size depending on the address being accessed is
called “dynamic bus sizing”. See 3.6 (2)for details of this bus operation.
Table 3.6 (2) Dynamic Bus Cycling
Operand Operand Start | Memory Data |' CPU Address CPU Data
Data Width Address Width D15 to D8 D7 to DO
8 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(even-numbered) 16 bits 2n+0 XXXXX b7 to b0
2n+1 8 bits 2n+1 XXXXX b7 to b0
(odd-numbered) 16 bits 2n+1 b7 to b0 XXXXX
16 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(even-numbered) 2n+1 XXXXX b15to b8
16 bits 2n+0 b15 to b8 b7 to b0
2n +1 8 bits 2n +1 XXXXX b7 to b0
(odd-numbered) 2n+2 XXXXX b15 to b8
16 bits 2n +1 b7 to b0 XXXXX
2n +2 XXXXX b15 to b8
32 bits 2n'+0 8 bits 2n+0 XXXXX b7 to b0
(even-numbered) 2n +1 XXXXX b15to b8
2n +2 XXXXX b23tob16
2n +3 XXXXX b31to b24
16 bits 2n+0 b15 to b8 b7 to b0
2n +2 b31to b24 b23tob16
2n+1 8 bits 2n+1 XXXXX b7 to b0
(odd-numbered) 2n+2 XXXXX b15to b8
2n+3 XXXXX b23tob16
2n+4 XXXXX b31to b24
16 bits 2n +1 b7 to b0 XXXXX
2n +2 b23tob16 b15 to b8
2n+4 XXXXX b31to b24
xxxxx : During aread,indicates that businput data are ignored; during a write, indicates that the bus

is set to high impedance and that the bus write strobe signal remains inactive.
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(3)

Wait Control

Bits 2, 1, and 0 of the control register (BOW2-1-0, B1IW2-:1-0, B2W2:1-0, B3W2-1.0,
BEXW2-:1:0) specify the number of waits. Setting these bits to “000” inserts a wait of
two states, irrespective of the WAIT pin state. Setting these bits to “001” inserts a wait
of one state, irrespective of the WAIT pin state. Setting to “010” samples the state of the
WAIT pin after inserting a wait of one state. If the WAIT pin is low, the wait continues
and the bus cycle is extended until the pin goes high. Setting to “011” ends the bus cycle
without a wait, regardless of the WAIT pin state. Setting to “100” continuously samples
the WAIT pin state and inserts a wait if the pin is low, extending the bus cycle until the
pin goes high. Figure 3.6 (1), (2), (3) shows the timing setting to 0+ N wait in the case of
N=1, 2, 3. The WAIT pin status is sampled at the falling edge of SCOUT. See
“Chapter3 TLCS-900 CPU Figure 7 (1) to (5)” setting<BxW2 - 1 - 0>except 0+ N wait.
A reset clears these bits to “000” (two-wait mode).

Note : Ifacontention between DRAM access and refreshing occurs when using DRAM,
the length of the refresh cycle is added to the set number of wait states.

a A AT
Aot0A23:x€ : : :
w0 | o

s
SCOUT__fl \ I \__
WAT T TN

:Sam[:aling: !

Figure 3.6 (1) 0+ N WAIT Read / Write Cycle (N =0)

-

u

:

Agto Apz _x

€l
g
e
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/

SLtle
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T

w
0
O
c
pur
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2

>

—

—
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Figure 3.6 (2) 0+ N WAIT Read / Write Cycle (N=1)
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a A A A T
o
R | LT
s T
O LA
VY Y | W

Figure 3.6 (3) 0+ N WAIT Read / Write Cycle (N = 2)

(4) ROM/PSRAM/DRAM Selection

Bits 5 and 4 of the control register (BOOM1-0, B10OM1-0, B20OM1-0, B30M1-0) select
the memory to be accessed. Figure 3.6 (4) shows the waveforms for ROM mode and
PSRAM mode. (For details of DRAM mode, see 3.7, DRAM Controller.)

Setting these bits to “00” accesses memory by outputting the ROM mode chip select
waveforms; setting them to “01” accesses memory by outputting the PSRAM mode chip
select waveforms.

Setting to “10” (CS1 and CS3 only), together with the DRAM controller settings,
accesses memory by outputting the RAS waveforms for DRAM. A reset clears the bits to

“00”.
N AVAYAYRUAWAWATAT AW AWAN
ck | X X A X A X
Apto A3 CS area CShrea
CSO0to CS3 —
(ROM mode)
CS0to CS3
(PSR:M mode) \ /__\ /
ROAVR | ] \ / /

Figure 3.6 (4) Chip Select (CS0 to CS3) Timing (ROM Mode and PSRAM Mode)
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(5)

(6)

3.6.2

Bus Size and Wait Control Outside CS0 to CS3 Area

The BEXCS register controls the bus size and wait when locations outside the CS0 to
CS3 address areas are accessed. This register contains no master enable bit; the register
settings are always enabled for access to areas outside CS0 to CS3. The bit meanings are
the same as for CS0 to CS3.

Accessing 16M-byte Area/Address Setting Area

Setting B2CS<B2M > to “0” selects CS2 with a 16 M-byte address area (000080H to
FFFFFFH). Setting B2CS<B2M > to “1” selects CS2 with the address area specified by
memory start address register MSAR2 and memory address mask register MAMR2, as
in the case of CS0 and CS1. A reset clears this bit to “0”.

Address area specification

An address area is specified by the corresponding memory start address register
(MSARO, MSAR1, MSAR2, MSAR3) and address mask register (MAMRO, MAMRI1,
MAMR2, MAMRS3). At each bus cycle, the chip select controller compares the address on
the bus with the value in the memory start address register. When the address is
compared, the value of the address mask register specifies which bits of the comparison
result to ignore. If the result of the comparison is'a match, this indicates an access to the
specified area. If the block is enabled (BOE-B3E =“1"), the corresponding chip select pin
(CS0 to CS3) outputs a low strobe signal. If address area settings overlap, the block with
the smallest CS number is'selected. This applies even if CS2 is set to 16 Mbytes.

When the set address area overlaps with the internal I/O area, the functions as the
internal I/O area take priority of the set address area.

A8toA23
2\
A23 .
)
A22 |
A21 '
[ >0
A20 —{ P
A19 J[>Do
——— D= |=—=
& —)DDO_'—DE» S0
A17 —{ o]
= — D= |
—>

A15 [ o——
Al14to9 Do
A8 f Do

O 00 00 0 O

vIv]v[v[v]v]y[v s[s[ss[s[s[s]s BOCS <BOE>

20|19/18|17[16{15| 13| 8 23|22(21|20]19(18|17|16

Memory address mask register Memory start address register

Figure 3.6 (5) CSO Address Decoder Block Diagram
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A8to A23
AN
A23 ]
A22 ;
A21 ;DDD)
A20 ') (Lo
A19 D _I—
4)DE>O_|—3}>CS1
T/
A18 D[)o
A17 ; Do—|
— >
A16 ) {0
A15to 9 DE>O 1
A8 (IB o
O 0 0 0 0O O O
v[vv]v]v]v]y]v s[sTsfs[s[s[s]s BICS <BI1E>
21(20{19(18/|17|16|%2| 8 23|22|21(20[19]|18(17(16
Memory address mask register Memory start address register
Figure 3.6 (6) CS1 Address Decoder Block Diagram
A8 1o A23
A23
)] >0
A22 S
)
A21 - Do
A20 "DDO_|
) 1 53, C53
219 —)gDO [ ©>C%2,CS3
)
A18 d DOJ
A17 'D[)c
A16 D |
A15 | D)
0000000 6 B2CS <B2E>
VIVIV|VIVIV]|V|V S[S[S[S[S|[S|[S|S B3CS <B3E>
22(21|20]|19(18|17|16|15 23]22|21(20{19|18|17(16
Memory address mask register Memory start address register

Figure 3.6 (7) CS2 and CS3 Address Decoder Block Diagram
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(1) Memory Start Address Registers and Memory Address Mask Registers
Memory address register (CS0 to CS3)
7 ¢ e i s i o4 i 3 2 1 0
MSARO | MSAR1 | bitSymbol | s23 522 s21 1 s20 i s19 18 $17 $16
(0094H) | (0096H) |Read/Write RIW
MSAR2 | MSAR3 | Afterreset 1 1 1 1 1 / 1 1 1
(0098H) | (009AH) | Function Sets start addresses forA23.to A16:
l_, Sets CSO to CS3 start addresses.
Table 3.6 (3) Memory Start Address Registers
Memory address mask register (CS0)
7 6 5 4, 1 3 b2 1o
bit Symbol | V20 V19 V18 V17§ V16 (i VA5 [ V1409 i V8
MAMRO | Read/Write R/W
(0095H) [ After reset 1 1 1 (AR S CO NS I S I
Function 0: enable compare_ 1: mask compare
|_> Controls data comparison with CS0
addresses A8 to A20.
Memory address mask register (CST)
701 s a3 i o2 i 4 i
bit Symbol | V21 V20 V19 w18, 1 V17 i V16 VI5to9 ! V8
MAMR1 |Read/Write RAW
(0097H) | Afterreset 1 1 P A T
Function 0:enable compare 1: mask compare
1
L, Controls data comparison with CST
addresses A8 to A20.
Memory address mask registers (CS2 and CS3)
7 Ve ios a4 i3 i o2 b1 i
bit Symbol | V22 V21 V20 1 V19 i VI8 i V17 1 V16 i V15
MAMR2 | MAMR3 |Read/Write RIW
(0099H) | (009BH) | After reset 1 1 1 P P P P o
Function 0: enable compare 1: mask compare

|_, Controls data comparison with
CS2, CS3 addresses A15 to A22.

Table 3.6 (4) Memory Address Mask Registers
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MSARO to MSAR3 <S23> to <S16> correspond to addresses A23 to A16. S15, S14
to S9, and S8, which correspond to A15, A14 to A9, and A8 respectively, default to “0”.
MAMRO<V20> to <V8> enable or mask the comparison of the MSARO value and the
corresponding address. <V20> to <V8> correspond to <S20> to <S16>, 515,514 to
59, and S8. V21, V22, and V23, which correspond to <S21>, <S22>, and <S23>,
default to “0”, meaning that comparison is always enabled for these bits.

“Comparison enabled/masked” means that (for the CSO registers MSARO and
MAMRO, for example):

If <V16> is set to “1” to mask comparison, then:

The comparison between the <S16> value and address A16 is masked and the
<S16> valueis ignored.

If <V16> is set to “0” to enable comparison, then:

The comparison between the <S16> value and address A16-is enabled. Only if
the <S16> value and A16 value match, CSO0 is enabled.

The same procedure applies for CS1, CS2, and CS3.

After a reset, MSARO, MSAR1, MSAR2, and MSAR3 are set to “FFH”; MAMRO,
MAMRI1, MAMR2, and MAMR3 are set to “FFH”; bits' BOE, B1E, and B3E of the
control register are reset to “0” to disable CS0, CS1, and CS3; B2M is cleared to “0”;
B2E is set to “1”; and
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(2) Setting Start Addresses

The address decoder outputs CS based on the specified start address and area size.

Since only the upper 8 bits of the start address (A16 to A23) are decoded, as shown in
the block diagram below, the start address is set in 64 K-byte steps.

That is, the DRAM start address is set to any 64 K-byte boundary, starting from
000000H.

However, note that the start address changes depending on the MAMR setting.

Start addresses Start address register values (MSARO to 3)

address
0000004 000000y ......... 004
010000y ....... 01

unit: 64 Kbytes (

020000y ....... ./ 024
030000y /.cvuoe.. 03H
0400004 . w.... 04y
050000 . :....... 05H
0600005 . +....... 064
to to
FFOOO0H ......... FFH

Figure 3.6 (8) Start Address Settings
(3) Setting Address Areas

The address areas are specified by setting the memory address mask registers
(MAMRO to 3).

As shown in the address decoder block diagrams (Figure 3.6 (2) to (4)), the address
areas for which the chip select signals are output can be specified by enabling or
masking comparison of the A8 to A20 (for CS0), A8 to A21 (for CS1), and A15 to A22 (for

CS2 and CS3).
size
= 256 | 512 | 32K | 64K [ 128K | 256K 512K | 1M | 2M | 4M | 8M
cso O O O @ @) O O O O
cs1 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 O O

Table 3.6 (5) Chip Select and Area Size
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(4) Setting Procedure

(D Set the memory start address register (MSAR).
Set the area start address.

@ Set the memory address mask register MAMR).
Set the area.

@ Set the control register (BnCS).
Set the bus size, number of waits, and area enable/disable.

Example :

Set the CS0 area as 010000 to 01FFFFy (64 Kbytes), a 16-bit bus, and zero waits:

MSARO=01g ...... start address 010000fg
MAMRO=07g ..... address area 64 Kbytes
BOCS=83g ........ 16-bit bus, zero waits, CS0 enabled, ROM mode access
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3.7 Dynamic RAM (DRAM) Controller

TMP95C063 incorporates a 2-channel DRAM controller for interface with X 8/16-bit
DRAM. The DRAM controller consists of a control circuit to refresh the DRAM , an
access circuit for reading and writing , and a row/ column address multiplexer.

1) Refresh mode
CAS before RAS refreshing

2) Refresh interval
Programmable (31-195 states)

3) Refresh cycle width
Programmable (2-9 states)

4) Two mapping areas
CS1 and CS3

5) Address mapping size
CS1 area : 256-4 Mbytes
CS3 area : 32 Kbytes-8 Mbytes

6) Memory access mode
2CAS/2WE selectable

7) Memory access address length
8-11 bits selectable

8) Wait control
In accordance with CS/WAIT controller setting

9) Arbitration of refresh/access contention
Refresh has higher priority. Wait states are automatically inserted in the access
cycle.
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Control Register
7 6 5 4 3 2 1 0
bit Symbol DMI1 RS12 RS11__: RS10 RW12_} RWI11_ I RWI0 RC1
DREFCR Read/Write R/W
After reset 0 0 0 0 i 0 0 0 0
(009CH) : : :
dummy  :refresh cycle insertion interval :refresh cycle width irefresh cycle
Function  |cycle : 000:  31states : 000: 2 states 10 :ng refresh
0:no : 001: 62 states 001: 3states Locycle
disable : 010: 78 states 010: 4 states i1 :refresh
T:dummy i 011: 97 states 011:  5states L ocycle
cycle 100: 109 states 100: 6 states
101: 124 states 101: 7 states
110: 154 states 110: 8states
11: 195 states 111:  9states
Refresh cycle control
0 | norefresh cycle
1 | refresh cycle
—>Refresh cycle width control
RW12 | RW11 [ RW10 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 intervals
See Table3.7(3)

Dummy cycle control

0 [ no dummy cycle

1 | dummy cycle

Figure 3.7 (1) (a) Refresh Control Register
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Don't use RMW instructions for DMEMCR1.
7 i 6 i 5 i 4 i 3 : 2 i A i 0
bit Symbol [ SRFC1 i MACS1 : BRM1 i MACM1 i MUXE1 { MUXW11: MUXW10 MACI
Read/Write w : R/W
DMEMCRI Afterreset | 1 © 0 ¢ 0 ¢ 0o : 0 I 0 F 0 i 0
(009DH) :

Self- Memory :Busrelease i Memory : Address EMuItip|ex address length Memory
refresh S access i mode control : access control : multiplexing :  00: 8 bit * access control
Functions [0:self- :0:2CAS  :0:release :0:normal :0:disable : g7: 9pit £0: disable
refresh : : i £ 10: 10 bit 5
1:self- i1:2WE  i1:not i1:slow i1: enable LA Thit i1: enable
refresh : i release : : :
release : :

—

|—>Memory access control
0 disable

1 enable

—>Multiplex address length control
(valid onlywhen MUXE1 = "1")

MUXW11[MUXW10| Multiplex address length

0 0 8bit
0 1 9 bit
1 0 10 bit
1 1 11 bit

———>Address multiplex control

0 disable

1 enable

F————>Nemory access control

0 normal access mode

1 slow access mode

Bus release mode control

0 | Alsoreleases DRAM control signals.

1 Does not release DRAM control signals.

Memory access (*)
0 [2CAS

1 2WE

Self-refresh control

0 |self-refresh

* <MACS1> isvalid only with a 16-bit bus. 1 |self-refresh release

Figure 3.7 (1) (b) DRAM Memory Access Control Register
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Control register

DREFCR3
(009EH)

7 6 5 4 3 2 1 0
bit Symbol DMI3 RS32 RS31 R$30 RW32 1 RW31 _: RW30 RC3
Read/Write R/IW
After reset 0 0 0 0 0 0 0 0
Dummy  iRefresh cycle insertioninterval  :Refresh cycle width iRefresh cycle
Functions  |cycle : 000:  31states : 000: 2 states : 0: no'refresh
0:no 001:  62states 001: 3states L cycle
dummy 010:  78states 010: 4states i1 : refresh
cycle 011: 97 states 011:  5states L ocycle
1: dummy 100: 109 states 100: 6 states
cycle : 101: 124 states 101: 7 states
110: 154 states 110: 8states
11: 195 states 111:  9states
Refresh cycle control
0 | norefresh cycle
1 | refresh cycle
—>Refresh cycle width control
RW32 | RW31 [ RW30 Refresh cycle width
0 0 0 2 states
0 0 1 3states
0 1 0 4 states
0 1 1 5states
1 0 0 6 states
1 0 1 7 states
1 1 0 8 states
1 1 1 9 states

See Table 3.7 (3).

Dummy cycle control

Refresh cycle insertion interval

0 [ no dummy cycle

1 | dummy cycle

Figure 3.7 (2) (a) Refresh Control Register
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DMEMCR3
(009FH)

Don’t use RMW instructions for DMEMCR1.

7 6 5 : 4 3 : 2 1 : 0
bitSymbol | SRFC3 i MACS3 BRM3 : MACM3 : MUXE3 : MUXW31: MUXW30 ; » MAC3
Read/Write w : R/W
After reset 1 P00 0 0 ; 0 0 //t 0 0

Self-refresh Memory Bus release Memory EAddress EMuItipIex address length Memory
0: self- S access imode control | access control i multiplexing :  00:. 8bit : access control
Functions refresh  10:2CAS  [0:release :0:normal  :0: disable 01: 9bit :0: disable
1: self- $1:2WE  i1:not i1:slow i1: enable 10: 10 bit i1: enable
refresh  : release : ST bt :
release :

|—>Memory access control
0 disable
1 enable

—>Multiplex address length control
(valid only when MUXE3 = “1")

MUXW31[MUXW30| Multiplex address length
0 0 8 bit
0 1 9 bit
1 0 10 bit
1 1 11 bit

———>Address multiplex control

0

disable

1

enable

————>Memory access control

0

normal access mode

1

slow access mode

Bus release mode control

0 | Alsoreleases DRAM control signal.

1 Does not release DRAM control signal.
Memory access (*)
0 |2CAS

1 2WE

* <MACS3> isvalid only with a 16-bit bus.

Self-refresh control

0

self-refresh

1

self-refresh release

Figure 3.7 (2) (b) DRAM Memory Access Control Register
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(1)

Description of Operation

TMP95C063 has a two-channel (DRAM1, DRAMS3) internal DRAM controller. The
two channels are normally linked to CS1 and CS3 of the CS wait controller. The DRAM
controller generates the DRAM access cycle. The two channels are independent and can
use different access modes. The DRAM signals share pins with port-6 (for details on
setting the pins to DRAM pins, see 3.5.4, Port 6). The access mode automatically
determines the function of the shared pins. Table 3.7 (1) shows the shared pins. As both
channels operate identically, the following describes channel 1 (DRAM1) only.

Memory Access Control

Setting DMEMCR1 <MAC1 > to “1” enables access control. If the area set as the CS1
area in the CS wait controller is accessed when access control is enabled; a valid signal is
output to DRAM in accordance with the DRAM memory access control register setting.
The access cycle (bus cycle, number of waits) at this time depends on the CSI area
setting in the CS wait controller.

If the bus size is 16 bits, the specified area is accessed using either the 2CAS (RAS,
UCAS, LCAS, WE) or the 2WE mode (RAS, CAS, UW, LW), depending on the
DMEMCR1<MACS1> setting. If <MACS1> isset to “0”, the 2CAS mode is used. If
<MACS1> is set to “1”, the 2WE mode is used. A reset clears <MACS1> to “0”,
specifying the 2CAS mode.

When the bus size is 8 bits, the specified area is accessed by the RAS, CAS, and WE
signals regardless of the <MACS1> setting.

To facilitate the connection with low-speed DRAM, the DRAM controller accelerates
the rising of the RAS signal when a wait is inserted, and extends the RAS pre-charge
time (RAS high width). Slow access mode is set by DMEMCR1<MACM1>. A reset
clears <MACH1 > to “0” and sets nermal:mode.

The internal address multiplexer outputs the row/column address from A0-A11l
during the access cycle. The DMEMCR <MUXE> bit specifies whether or not to
multiplex addresses, and DMEMCR <MUXWQO, 1> specifies the multiplexed address
width. Note, however, that the multiplexed address lines depend on the bus size: 8-bit
or 16-bit. Table 3.7 (2) shows the correspondence between the multiplexed address

width and access bus size.
Figures 3.7 (3) and 3.7 (4) are the access timing charts.
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Table 3.7 (1) DRAM Pins
. Mode 8-Bit Bus — 1o Blf_
Pin Name 2CASMode | 2WE Mode
P60 (CS1/RAST) RAST RAST RAST
s (e B e (o o
e e e D
P63 (UCASTUWIWET) | wET | UCAST | oW1
e e e S
i S B o e
e e st R
e i S e (77, L P Ly
Table 3.7 (2) Address Multiplexing
Column Address
Row Address 8BIT 9BIT 10BIT MBIT [ Mdres rongth
8 16 8 16 8 16 8 16 | access bus size
(setinthe CS
A0 A8 - A9 - A10 - A1 - wait controller)
Al A9 A9 A10 A0 A1 AM A12 A12
A2 A10 A10 A11 A1 A12 A12 A13 A13
A3 A1 A11 A12 A12 A13 A13 A14 A14
Ad A12 A12 A13 A13 A14 A14 A15 A15
A5 A13 A13 A14 A14 A15 A15 A16 A16
A6 A14 A14 A15 A15 A16 A16 A17 A17
A7 A15 A15 A16 A16 A17 A17 A18 A18
A8 - A16 A17 A7 A18 A18 A19 A19
A9 - - - A18 A19 A19 A20 A20
A10 - - - - - A20 A21 A21
Al - - - - - - - A22
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Figure 3.7 (3) (@) DRAM Access Timing (2CAS Mode and Read Cycle)
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Figure 3.7 (3) (b) DRAM Access Timing (2CAS Mode and Word Access)
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Figure 3.7 (3) (c) DRAM Access Timing (2CAS Mode, Write Cycle, and Byte Access)
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Figure 3.7 (4) (a) DRAM Access Timing 2WE Mode and Read Cycle)
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I aUAUaUalalal

Alto 11 c<cglumn row column row
RAS \ T\
CAS \ /

uw, LW \ /__
RD

D8to15'———————--—-( dataout:ut)—-———

DOto7 =====F==—==< Hataoutput === ==

Figure 3.7 (4) (b) DRAM Access Timing 2WE Mode, Write Cycle, and Word Access)
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Figure 3.7 (4) c DRAM Access Timing (2WE Mode, Write Cycle, and Byte Access)
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(2) Refresh Controller Block

TMP95C063 outputs the RAS / CAS (LCAS / UCAS) signals, which can be used for
refreshing DRAM. When using an 8-bit bus, the device also outputs state signal
REFOUT to indicate a refresh cycle.

As the output cycle and pulse width of the RAS / CAS (LCAS / UCAS) output can be
set by program, the DRAM refresh is easily realized.

The refresh controller block has the following features.

® Refresh modes: CAS-before-RAS interval refresh mode;
CAS-before-RAS self-refresh mode

® Refresh interval: 31-195 states (programmable)

® Refresh cycle width : 2-9 states (programmable)

® Dummy cycles can be generated.

® The refresh cycle is asynchronous to the CPU operating cycle.

i) CAS-before-RAS interval refresh mode

The refresh interval and the refresh cycle width in the CAS-before-RAS interval
refresh mode vary according tothe DRAM being used.

The refresh interval and' the refresh cycle width in' TMP95C063 can be set in
accordance with the system clock and type of DRAM used, by modifying the value of
the refresh control register.

Figure 3.7 (5) shows examples of CAS-before-RAS refresh cycle timings.

X1

ANETACAVAYS (VAVAVAVANATA VA

Ras — —

CAS = /_ - /_
(LCAS/UCAS)
REFOUT

(only with 8-bit /_ /_

bus)

(m/uﬂwE) I2-statg widtlh I3-statle widtlh

a) With refresh cycle width set b) With refresh cycle width set
to 2 states to 3 states

Figure 3.7 (5) Refresh Cycle Timing Examples
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The following describes how to set the registers.
Figure 3.7 (1) (a) shows the bit configuration of refresh control register DREFCRL1.

D Refresh cycle insertion interval

Bit 3 of the DREFCR1 <RS12 to 10> register is used to set the insertion interval
in accordance with the system clock used.

Example: When using the system clock at 25 MHz, set this bit to “111” to set the
DRAM refresh cycle to 15.6 us.

Table 3.7 (3) Refresh Cycle Insertion Interval

Refresh Cycle 'If:‘sfef:\i/:? Frequency (fosc)
RS12 | RS11 | RS10 | (States) | 8 MHz | 10 MHz [12.5MHz| 14 MHz | 16 MHz | 20 MHz | 25 MHz
0 0 0 31 7.55 6.2 4.96 4.43 3.88 341 2.5
0 1 62 |55 | 124 9.92 8.86 7.75 6.2 5.0

0
0 1 0 78 19.5 1248 | 1114 | 975 )| 78 6.2
0 1 1 97 2425 | 19.4 13.86 | /1213 | 9.7 7.7

1 0 0 109 27.25 |/ 21.8 | 17.44 13.63 | 109 8.7
1 0 1 124 31.0 248 | 1984 | 1772 |55 | 124 9.9
1 1 0 154 385 308 | 247 22.0 19.3 12.3
1 1 1 195 48751390 | 31.2 27.86 | 24.4 195 |56

(Unit: us)
@ Refresh Cycle Width

Bit 3 of the DREFCR<RW12 to 10> register can vary the refresh cycle width
(RAS, CAS low output width). (2-9 states)

@ Refresh cycle control

Manipulating the bits of the DREFCR<RC1> register enables or disables the
refresh cycle.

ii). CAS-before-RAS self-refresh mode

This mode is used when the clock supplied to the DRAM controller is stopped by a
HALT instruction (IDLE, STOP) while refreshing using the CAS-before-RAS interval
refresh mode.

Figure 3.7 (6) is the timing chart for self-refresh mode.
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(3)

warm-up time

SAVAV AVAV AW AT SIS AVAVAWAY AVAV AVAV AVAV

S\
. | L
|/

) ) )

| o -

) )
HALT (STOP)

execution

sequence

interval
refresh mode

self-refresh mode interval refresh mode —>

Figure 3.7 (6) Self-Refresh Cycle Timing

To refresh DRAM in CAS-before-RAS self-refresh mode, first, set DRAM to CAS-
before-RAS interval refresh mode. Then, before entering the HALT instruction, set
DMEMCR1<SRFC1> to “0” to execute a single CAS-before-RAS interval refresh.
Then, the CAS and RAS pins maintain their low levels, and CAS-before-RAS self-
refresh mode starts. When the HALT is released and the clock is supplied to the
DRAM controller, DMEMCR1 <SRFC1> is automatically set to“1” and CAS-before-
RAS self-refresh mode is released. After the release, be sure to execute a single CAS-
before-RAS interval refresh to return to interval refresh mode. (Note that when a
HALT is released by a reset, the 1/0 registers are initialized; therefore, the CAS-
before-RAS interval refresh/is not executed.)

After setting DMEMCR1<SRFC1> to “0”, execute any instruction, such as a
NOP instruction, then execute a HALT instruction.

DRAM Initialization

The DRAM controller can generate the continuous CAS-before-RAS dummy cycles
required when using DRAM. Setting the DREFCR1<DMI1 > bit to “1” generates the
dummy cycles. Dummy cycle generation-is released by writing “0” to <DMI1>
(including a write due to a reset), by enabling refresh cycle insertion
(DREFCR1<RC1>=%1"), or by enabling access control (DMEMCR1<MAC1>=“1").

When dummy cycle generation is released by enabling refresh cycle insertion or by
enabling access control, the <DMI1 > bit is not cleared to zero. The dummy cycle width
isfixed to 4 states; the interval, to 6 states.

Figure 3.7 (7) is the timing chart for the generation of CAS-before-RAS dummy
cycles.
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AN AN AVATAVAVAVAYAYAVAVATAVAVAVAY S

REFOUT

(4)

(5)

Figure 3.7 (7) CAS-Before-RAS Dummy Cycle Timing
Priorities

As the DRAM refresh cycle is asynchronous to the CPU operating cycle, the refresh
cycle may overlap with DRAM read and write cycles. If an overlap occurs, the DRAM
controller gives priority to the cycle that started first. If the refresh cycle is given
priority, the DRAM controller automatically inserts wait states in the memory access
cycle until the refresh cycle completes:

Bus Release Mode

TMP95C063 has a bus release function. Select the mode for the DRAM control pins
using DMEMCR1<BRM1>. Set either to release mode (set to high impedance) in the
same way as other pins, or to non-release mode (remain active when the bus is released).
The latter mode only supports output of refresh cycles. For details on the states of the
other pins when the busis released, see 3.15 (2), Pin States at Bus Release.

(i) DRAM Control Pin Release Mode (DMEMCR1<BRM1> =0)

When the bus release request pin (BUSRQ) is set to active (low), TMP95C063
acknowledges a bus release request. When the current bus cycle (including a DRAM
access cycle) completes, TMP95C063 first sets the DRAM control pins to high, then
turns the output buffer off to set the pins to high impedance. As the refresh cycle is
asynchronous to the access cycle, when a refresh request is generated and has to wait
because of contention with an access cycle preceding the timing of a bus release
request, the refresh cycle is generated and the bus release timing is delayed until the
refresh cycle completes.

The refresh counter continues to count when the bus is released. Only one refresh
request generated during the bus release is held. The refresh cycle is generated
immediately upon return of the bus mastership to TMP95C063 at bus release
completion.

As the bus release request and the refresh counter are asynchronous to the bus
cycle, in this mode, refresh cycles must be generated by the external bus master
during bus release.
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(ii)DRAM Control Pin Non-Release Mode (DMEMCR1<BRM1> = "1")

This mode is valid when DRAM is not accessed by the external bus master during

bus release. When this mode is set, the DRAM pins do not release the bus when a bus
release request occurs. The pins continue to operate but support refresh cycles only.

However, all other pins are released. Unlike mode (i), the bus release timing is not
affected by refresh requests.

A reset clears DMECR1 <BRM1 > to “0” selecting DRAM control pin release mode.

(6) Notes

When refresh and access contend, the WR and HWR pins are set to active and output
refresh signals. (Figure 3.7 (8))
TMP95C063F does not support DRAM set to write-per-bit mode at timing (a) in
Figure 3.7 (8).

X1

Address

REFOUT

RAS

CAS

N/

IL

N\

N\

[\ N\

Ll

)\ Row Adyd

XCqumn/
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1

1/

%

[\
—
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o« /
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« / |

]

77

WR/HWR

Data

width-control

Figure 3.7 (8) Timings for Refresh and Access Contention
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(7) Connection Example

Connection Example (1)

8-Bit Bus Configuration

TMP95C063 DRAM
DO0to 7 K /01to8
RD OF
(P63) WET WE
(P60) RAST RAS
(P61) CAST CAS
AOto8 AO0to8

Connection Example (2)

16-Bit Bus Configuration (2CASMode)

TMP95C063 DRAM
DO to 15 1/0 1to 16
RD OF
(P61) WET WE
(P62) LCAST LCAS
(P63) UCAST UCAS
(P60) RAST RAS
Alto9 AO0to 8

Connection Example (3)

16-Bit Bus Configuration (2WE Mode)

TMP95C063 DRAM
DO to 15 I/O 1to 16
RD OE
(P63) LW1 W
(P62) UWT oW
(P61) CAST CAS
(P60) RAST RAS
Al1to9 A0to 8
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3.8 8-Bit Timers

TMP95C063 incorporates eight 8-bit timers (timers 0 to 7). Each timer can operate
independently or be cascaded to form four 16-bit timers. The 8-bit timers have the
following four operating modes.

* 8-bitinterval timer mode (8 channels) The above two modes can be combined
(for example, four 8-bit timers and
two 16-bit timers)

* 8-bit programmable square wave (PPG : variable cycle, variable duty) output mode

* 16-bit interval timer mode (4 channels)

(4 channels)
* 8-bit PWM (pulse width modulation: variable duty at fixed cycle) output mode
(4 channels)

Figure 3.8 (1) is a block diagram for 8-bit timers'(timers 0, 1).

Timers 2 and 3, timers 4 and 5, and timers 6 and 7 have the same circuit
configuration as timers 0 and 1.

Each interval timer consists of an 8-bit up-counter, an 8-bit comparator, and an 8-bit
timer register. One timer flip-flop each (TFF1, TFF3, TFF5, and TFF7) is provided for
the timer pairs: timers 0 and 1, timers 2 and 3, timers 4 and 5, and timers 6 and 7.

Of the input clock sources for interval timers, the ¢T1, ¢T4, ¢4T16, and ¢T256
internal clocks are obtained from the 9-bit prescaler shown in Figure 3.8 (2).

The 8-bit timer operating mode and the timer flip-flopsare controlled by nine control
registers (T01MOD, T23MOD, T45MOD, T67MOD, T02FFCR, T46FFCR, T8RUN,
T16RUN, and TRDC)
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@®  Prescaler

The input to the 9-bit prescaler is the CPU fundamental clock (fc) divided by
four (fc/4). The prescaler generates an input clock for the 8-bit timers, the 16-bit
timer/event counters, and baud rate generator, for example.

The 8-bit timers can use the following four clock signals: ¢T1, 4T4, 4T16, and
¢ T256.

To set the prescaler to count or stop, use timer control register
T16RUN<PRRUN>. Setting TIGRUN<PRRUN> to “1” starts the count.
Clearing <PRRUN> to “0” clears and stops the prescaler. Resetting clears
<PRRUN > to “0”, and clears and stops the prescaler.

Interval
Inpu fc 25 MHz
clock
¢T1 (8/fc) 320 ns
#T4 (32/fc) 1.28 us
$T16 (128/fc) 512 us
$T256 (2048/fc) 81.92 us

4T2. 4T8 4T32
$TO  ¢T1 T 4T4 T¢T16 $T256
001 2 3 4 5 6 7 8
oscillator | ¢
circuit ‘ ¢ 9-bit prescaler
Trun/stop & clear
41
1/2 T16RUN<PRRUN>

v — LI L L L L
Affc

g1 —1 [ S L
4T4 L

Figure 3.8 (2) Prescaler
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Up-counter

The up-counter is an 8-bit binary counter that counts up using the input clock
specified by timer 0 and 1 mode registers TOIMOD, T23MOD, T45MOD, and
T67MOD.

The timer 0, 2, 4, and 6 input clocks are selected from internal clocks ¢T1, ¢T4,
and ¢T16, and from external clocks output from pins T10, T12, T14, and T16 in
accordance with the TO1MOD, T23MOD, T47TMOD, and T67MOD settings.

The timer 1, 3, 5, and 7 input clocks vary according to the operating mode.
When the up-counter is set to 16-bit timer mode, timer 0, 2, 4, and 6 overflow
output is used as an input clock.

When the up-counter is set to other than 16-bit timer mode, two further settings
are available: internal clocks ¢T1, ¢T16, or ¢T256 based on the TO1MOD,
T23MOD, T45MOD, and T67MOD settings, and timer 0, 2, 4 and 6 comparator
output (match detect).

Example : IfTO1IMOD<TO01M1,0> is set to “01”, the timer 0 overflow output is
used as the timer 1 input clock (16-bit timer mode).
If TO1IMOD7,6 is “00” and TO1MODS3,2 is “01”, ¢T1 is used as the
timer 1 input clock (8-bit timer mode).

The TO1MOD, T23MOD, T45MOD, and T67MOD registers also set the
operating mode. A reset setsthe up-counter to 8-bit timer mode.

To control the count, stop, and clear functions of each up-counter interval timer,
use timer control register TSRUN. A reset clears all up-counters and stops the
timers.

Timer registers

The timer registers are 8-bit registers for setting interval times. When the
setting of timer registers TREGO-7 matches the up-counter value, the comparator
match detect signal becomes-active. If “O0H” is set, the match detect signal is
activated when the up-counter overflows.

Timer registers TREGO, 2, 4, and 6 have a double-buffer configuration and are
paired with a register buffer.

TREGO, 2,4 and 6 enable or disable the double-buffer using timer register
double-buffer control register TRDC <TR0/2/4/6DE>. Setting <TR0/2/4/6DE >
to “0” disables the double-buffer; setting <TR0/2/4/6DE> to “1” enables the
double-buffer.

With the double-buffer enabled, data are transferred from the register buffer to
the timer register at a 2" —1 overflow in pulse width modulation (PWM) mode, or
at an interval comparison match in programmable pulse generation (PPG) mode.
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A reset initializes <TR0/2/4/6DE> to “0”, disabling the double-buffer. When
using the double-buffer, first write data to the timer register and set
<TRO0/2/4/6DE > to “1”, then write the following data to the register buffer.

up-counter

timer register 0/2/4/6

)

_G: PPG | interval match detect
PWM 2" —1 overflow

. . selector
shift trigger TREG 0/2/4/6 WR
|
register buffer 0/2/4/6 | _‘
write < TRO/2/4/6DE >
internal bus

Figure 3.8 (3) Timer Register 0/2/4/6 Configuration

Note: The timer register and register buffer are allocated to the same address in memory.
When <TR0/2/4/6DE >-is set to “0”, the same value is written to both the register buffer
and the timer register. When <TRO0/2/4/6DE> is set to “1”, the value is written to the
register bufferonly.

The timer registers are allocated in memory as follows.

TREGO :
TREG1 :
TREG2 :
TREGS :

000022H
000023H
000026H
000027H

TREG4 :
TREGS :
TREGS :
TREGT7 :

000029H
00002AH
00002DH
00002EH

All registers are write-only; cannot read data from them.

As the initial values are undefined, when using an 8-bit timer, be sure to write

values.
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TO1TMOD
(0024H)

7 e o5 b4 i3 b2 i
bitSymbol | TOIM1 : TOIMO : PWMO1 : PWMOO : TICLK1 i T1CLKO : TOCLK1 i TOCLKO
Read/Write RIW : RIW RIW f RIW
After reset 0 i 0 o ¢ 0 i 0 0 i 0

00: 8 bit Timer 00: - i 00: TOOTRG i 00:TIO
. 01: 16 bit Timer 01:26—1PWM | 01:¢T1 EofvgT
Function . : :
10: 8 bit PPG 10: 27 -1 interval 10: ¢4T16 10:¢T74
11: 8 bit PWM 11:28-1 © 11: ¢T256 L 119716
| |
]

|—>Timer 0 input clock

00

External clock TIO

01

Internal clock/$T1

10

Internal clock ¢T4

1N

Internal clock 4 T16

L— Timer 1 input clock

TOTMOD7, 67+ 01

TO1TMOD7,6=01

00

Timer 0. comparator

output

01

Internal clock ¢T1

10

Internal clock 4T16

M

Internal clock $T256

Timer 0 overflow
output

(16-bit timer mode)

PWMO interval selection

(Except for PWM mode, don’t care)

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

Timer 0 and 1 operating mode selection

00

8-bit timer x 2 (timers 0,1)

01

16-bit timer

10

8-bit programmable square wave output

1

8-bit timer (timer 1)

8-bit PWM output (timer 0) +

Figure 3.8 (4) Timer 0/1 Mode Register (TO1MOD)
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T23MOD
(0028H)

7 e o5 o4 i3 b2 i g
bitSymbol | T23M1 | T23MO : PWM21 : PWM20 : T3CLK1 : T3CLKO : T2CLK1 i T2CLKO
Read/Write RIW : RIW RIW Z RIW
Afterreset | 0 | 0 0O ¢ 0 { 0 i 0 i 0 .

00: 8bitTimer | 00: - . 00: TO2TRG © 00;TI2
Function | ©01: 16 bitTimer 01:26—1 PWM : 01: 4Tt L 01:gT1
10: 8 bit PPG 10:27-1 interval i 10: ¢T16 L 10: 474
11: 8 bit PWM 11:28-1 i 11: gT256 L1 4T16
| |

|
|-> Timer 2\input clock

00

External clock TI2

01

Internal clock ¢T1

10

Internal clock ¢ T4

1

Internal clock ¢T16

—> Timer 3 input<clock

T23MOD7, 6+ 01

T23MOD7,6=01

00

Timer 2 comparator

output

01

Internal clock ¢T1

10

Internal clock 4T16

11

Internal clock 4T256

Timer 2 overflow
output

(16-bit timer mode)

PWM2 interval selection
(Except for PWM mode, don't care)

00 _
01 261
10 27 -1
1 281

Timer 2 and 3 operating mode selection

00

8-bit timer x 2 (timers 2, 3)

01

16-bit timer

10

8-bit programmable square wave output

1

8-bit timer (timer 3)

8-bit PWM output (timer 2) +

Figure 3.8 (5) Timer 0/1 Mode Register (T23MOD)
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T45MOD
(002BH)

7 ¢+ e o5 iooa i3 b2 g
bitSymbol | T45M1 | T45MO : PWM41 : PWMA40 : T5CLK1 i T5CLKO : TACLK1 i T4CLKO
Read/Write RIW : RIW RIW ; RIW
After reset 0 i 0 0 { 0 { 0 i 0 i 0

00: 8 bit Timer 00: - : 00: TOATRG : 00:Tl4
. 01: 16 bit Timer 01:26—1PWM | 01:¢T1 EofvgT
Function i X : :
10: 8 bit PPG 10: 27 - 1 interval : 10: ¢T16 : 10: 474
11: 8 bit PWM 11: 28 -1 i 11: 47256 L1716
| |
1

|—>Timer 4 input clock

00 |-External clock TI4

01/ Internal clock/¢T1

10-{Internal clock ¢ T4

11| Internal clock ¢T16

> Timer 5 input clock

T45MOD7, 6+ 01

T45MOD7,6=01

00 | Timer4 comparator

output

01 [Internal clock ¢T1

10 | Internal clock ¢T16

11 | Internal clock ¢T256

Timer 4 overflow
output

(16-bit timer mode)

PWM4 interval seiection

(Except for PWM mode, don't care)

00 —_—
01 261
10 27 -1
11 281

Timer 4 and 5 operating mode selection

00 | 8-bittimerx 2 (timers4,5)

01 | 16-bittimer

10 | 8-bit programmable square wave output

8-bit timer (timer 5)

11 | 8-bit PWM output (timer 4) +

Figure 3.8 (6) Timer 4/5 Mode Register (T45MOD)
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T67MOD
(002FH)

7 ¢+ e o5 iooa i3 b2 g
bitSymbol | T67M1 : T67MO : PWM61 : PWM60 : T7CLK1 i T7CLKO : T6CLK1 i T6CLKO
Read/Write RIW : RIW RIW ; RIW
After reset 0 i 0 0 ¢ 0 i 0 f 0 i 0

00: 8 bit Timer 00: - i 00: TO6TRG i 00:TI6
. 01: 16 bit Timer 01:26—1PWM | 01:¢T1 EofvgT
Function i X : :
10: 8 bit PPG 10: 27 - 1 interval : 10: ¢T16 : 10: 474
11: 8 bit PWM 11: 28 -1 i 11: 47256 L1716
| |
1

|—>Timer 6 input clock

00 |-External clock TI6

01/ Internal clock/¢T1

10-{Internal clock ¢ T4

11| Internal clock ¢T16

> Timer 7 input clock

T67MOD7, 6+ 01

T67MOD7,6=01

00 | Timer 6 comparator

output

01 [Internal clock ¢T1

10 | Internal clock ¢T16

11 | Internal clock ¢T256

Timer 6 overflow
output

(16-bit timer mode)

PWMS6 interval seiection

(Except for PWM mode, don't care)

00 —_—
01 261
10 27 -1
11 281

Timer 6 and 7 operating mode selection

00 | 8-bittimerx 2 (timers6, 7)

01 | 16-bittimer

10 | 8-bit programmable square wave output

8-bit timer (timer 7)

11 | 8-bit PWM output (timer 6) +

Figure 3.8 (7) Timer 6/7 Mode Register (T67MOD)
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TFE3 TEE1
| T 1
7 i 6 o5 o4 i3 o2 i 1l o
bitSymbol | FF3C1 : FF3CO i FF3IE : FF3IS i FFIC1 : FF1CO i FF1IE & FF1IS
TO2FFCR| Read/write w : RIW : W : RIW
(0025H) F— —_——— —
After reset - 0 : 0 - 0 -0
00: Invert TFF3 i 1: :0:Inverts © 00: Invert TFF1 . i 1: 0: Inverts
01:Set TFF3  (TFF3 iby8bit : 01:Set TFF1 - iTFF1 by 8-bit
10: Clear TFF3 ilnvert  itimer2. i 10:Clear TFF1 fnvert “timer 0.
Function | 11:Don’tcare iEnable :1:Inverts | 11: Don'tcare ‘Enable > i1:Inverts
: ‘bytimer ! i by timer
i3, : d i
[ | |
I

L> Timer flip-flop TFF1'inversion signal'selection
(Except for 8-bit timer mode, don't care)

0 | Inverts by timer 0.

1 | Inverts by timer 1.

—> Timer flip-flop TFF1.inversion
0 | Disable

1 | Enable

—> Timerflip-flop TFF1 control

00 | Inverts'TFF1 value (software inversion).

01 [Sets TFF1to “1”.

10 | Clears TFF1to “0".

11 | Don't care
(Alwaysread as “11")

——— > Timer flip-flop TFF3 inversion signal selection
(Except for 8-bit timer mode, don't care)

0 [ Inverts by timer 2.

1 | Inverts by timer 3.

Timer flip-flop TFF3 inversion
0 | Disable

1 | Enable

Timer flip-flop TFF3 control

00 | Inverts TFF3 value (software inversion).

01 | Sets TFF3to “1".
10 [Clear TFF3to “0”.

11 [ Don't care
(Always read as “11")

Figure 3.8 (8) 8-Bit Timer Flip-Flop Control Register (TO2FFCR)
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TFE7 TFES |
| T
7 i 6 o5 o4 i3 o2 i 1l o
bitSymbol | FF7C1 : FF7CO i FF7IE : FF7IS i FF5C1 : FF5C0 : FFSIE & FF5IS
T46FFCR| Read/write w : RIW : W : RIW
(002CH) I— v a— —
After reset - 0 : 0 - P00
00: Invert TFF7 i1 :0:Inverts © 00: Invert TFF5 . i1 0: Inverts
01:Set TFF7  iTFF7 iby8-bit : 01:Set TFF5 - iTFF5 “by 8-bit
10: Clear TFF7 ilnvert  itimer®. i 10:Clear TFF5 fnvert “timer 4.
Function | 11:Don’tcare iEnable :1:Inverts | 11: Don'tcare ‘Enable > i1:Inverts
: ‘bytimer ! i by timer
A B
[ | |
I

L> Timer flip-flop TFF5‘inversion signal'selection
(Except for 8-bit timer mode, don't care)

0 | Inverts by timer 4.

1 | Inverts by timer5.

—> Timer flip-flop TFF5.inversion
0 | Disable

1 | Enable

—> Timerflip-flop TFF5 control

00 | Inverts TFF5 value (software inversion).

01 [Sets TFF5to “1”.

10 | Clears TFF5to “0".

11 | Don't care
(Alwaysread as “11")

——— > Timer flip-flop TFF7 inversion signal selection
(Except for 8-bit timer mode, don't care)

0 | Inverts by timer 6.

1 | Inverts by timer 7.

Timer flip-flop TFF7 inversion
0 | Disable

1 | Enable

Timer flip-flop TFF7 control

00 | Inverts TFF7 value (software inversion).

01 | Sets TFF7to "1".
10 [Clear TFF7 to “0".

11 [ Don't care
(Always read as “11")

Figure 3.8 (9) 8-Bit Timer Flip-Flop Control Register (T46FFCR)
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8- bit Timers (4,5,6,7)

8-bit Timers (0, 1, 2, 3)

[ [ [
7 1 6 i o5 i a4 i 3 2 153 o
bitSymbol | TZRUN i T6RUN : TSRUN : T4RUN i T3RUN i T2RUN : T1RUN /i TORUN
T8RUN | Read/write : RIW
(0020H) After reset 0 0 0 0 0 0 0 0
Prescaler & Timer Run/ Stop Control
Function 0: Stop & Clear
1: Run (Count up)

L

er 0 operation

Stop and clear

Count up

—>Timer 1 operation

Stop and clear

Countup

—>Timer 2 operation

Stop and clear

Countup

———>Timer 3 operation

Stop and clear

Countup

Timer 4 operation

Stop and clear

Countup

Timer 5 operation

0 [Stopand clear
1 |[Countup

Timer 6 operation
0 |Stopand clear
1 | Countup

Timer 7 operation
0 [Stopand clear
1 | Countup

Figure 3.8 (10) 8-Bit Timer Operation Control Register (TBRUN)
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7 ¢ e s ioa4a i3 i o2 i1 i
bit Symbol | PRRUN i i TORUN @ T8RUN i : ; :
T16RUN| Readmwrite| RW © RW | RW
(003BH) I tter reset 0 P00
Prescaler & Timer Run/Stop CONTROL
Function 0: Stop & Clear
1: Run (Count up)
16-bit timer (timer 8) operation
0 | Stop and clear
1| Count up
16-bit timer (timer 9) operation
0 [Stop and clear
1 | Countup
Prescaleroperation
0 |Stopandclear
1/ | Count up
Figure 3.8 (11) 16-Bit Timer Operation Control Register (T16RUN)
7 i 6 i 5 iva i3 -2 i1 oo
bit Symbol ! TR6DE : TR4DE.: TR2DE : TRODE
TRZDC Read/Write RIW
‘|H - H H H ! H H
(0021H) After reset : ; : : 0 d 0 : 0 : 0
Function : : : {,0: Duble Buffer Disable
1:-Duble Buffer Enable

P

|—>Timer register 0 double-buffer control

0 | Disable

1 |Enable

—>Timer register 2 double-buffer control

0 | Disable

1 | Enable

—> Timer register 4 double-buffer control

0 | Disable

1 | Enable

—— > Timer register 6 double-buffer control

0 | Disable

1 | Enable

Figure 3.8 (12) Timer Register Double-Buffer Control Register (TRDC)
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Comparator

The comparator compares the up-counter value with the timer register value. If
the values match, the comparator clears the up-counter to-0-and generates an
interrupt (INTTO to 7). If the timer flip-flop invert is enabled at this time, the
comparator inverts the timer flip-flop value.

Timer flip-flops (timer F/F)

Each interval timer match detect signal (comparator output) inverts the timer
flip-flops and outputs the values to timer output pins TO1 (also used as P91), TO3
(also used as P93), TO5 (also used as P95), and TO7 (also used as P97).

One timer flip-flop is provided for a timer pair: TFF1 for timer pair 0,1; TFF3
for pair 2,3; TFF5 for pair 4,5; and TFF7 for pair 6,7. TFF1 is output to pin TO1,
TFF3 to pin TO3, TFF5 to pin TO5, and TFF7 to pin TO7.
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The following explains the operation of the 8-bit timers.

(1) 8-bit Timer Mode

Eight interval timers 0 to 7 can be used independently as 8-bit interval timers. Asall
the timers operate the same, the following describes timer 1 only.

@  Generating a fixed-interval interrupt

When using timer 1 to generate a timer 1 interrupt (INTT1) for each fixed
interval, first halt timer 1, then set the operating mode, input clock, and interval
in TO1IMOD and TREG1. Next, enable INTT1, and start timer 1 counting.

Example : Ifatimer 1 interrupt is required every 32 us at fc=25 MHz, set the
registers in the following order:

MSB

LSB

76543210

Note: X;Don’tcare

[TBRUN ¢ - - - -
TOIMOD « 00X X0 1-

—; Nochange

For input clock selection, see the following table.

Table 3.8(1) Selecting Interrupt Interval and

--0- Stops timer 1 and clears it to “0”.
Sets 8-bit timer mode and setsthe input clock to 4T1
(0.32 us at fc =25 MHz).

the Input Clock Using 8-Bit Timer

TREGIT <« 01100100 Sets 32us + ¢T1=100 (64H).in the timer register.
INTETO1 ¢« 1101 ~-- - - Sets INTT1'to level 5.

TSBRUN ¢ - - - - - - 1/- Starts timer 1 counting.

TIBRUN « 1 X --X XXX

Input Clock Interruptinterval (at fc = 25 MHz) Resolution
¢T1 (8/fc) 0.32us to 81.92 us 0.32 us
T4 (32/fc) 128 us to 327.7 us 1.28 us
¢T16 (128/fc) 512 us to 1.311ms 5.12 us
$T256 (2048/fc) 81.92 us to 20.97 ms 81.92 us
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@  Generating a square wave with a 50%-duty cycle

Invert the timer flip-flop at fixed intervals and output the timer flip-flop values
to the timer output pin (TO1).

Example : To output a square wave from pin TO1 with an interval of 1.92 us at
fc=25 MHz, set the registers in the following order. Use either timer
0 or 1. The example shows the register settings for timer 1.

MSB LSB
76543210
TBRUN ¢ =—-X-=---90 - Stops timer 1and clearsitto 0.
TOIMOD « 00XXO01-- Sets 8-bittimer mode and sets the-input clock to ¢T1.
TREGT « 00000011 Sets 1.92 us + ¢T1 + 2 =3inthe timerregister.
TO2FFCR ¢« - ---1011 Clears TFF1to 0'and sets it to invert on a match detect
signal from timer 1.
PI9CR « XXXX--1- Sets P91 to TO1.
POFC « XXXX-X1X
TSBRUN ¢ - - - - - - 1- Starts timer 1 counting.
TIBRUN ¢« 1 X --XXXX
Note: X;Don’tcare - ; No change
AL I I SN e I G O P I I I
T8RUN |
BIT7 to 2

up BIT1 [ 1 ? [ | | l
counter

pro___ 0 [ L2 [3 L%\q L2 |3 Jo] 1 2 3 Lo
compsratr M Ay ri M
comparator output &_I
(match detect) rl rl
INTT1 Qm / (| 1
up-counter
clear LL{{ " "
TFF1 \‘ i i
f | —
TO1 / AN [

0.96 ysatfc=25MHz i

Figure 3.8 (13) Square Wave (50% Duty) Output Timing Chart
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@  Setting timer 1 to count up at timer 0 match output

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

comparator timer 0 |-| |-|

match output
timer 0 up-counter 1X2X3X4X5X1X2X3X4X5X1X2X3X:
(when TREGO =5)

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

timer 1 match output

Figure'3.8 (14)

@  Output invert by software

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

For example, writing “00” to TO2FFCR<FF1C1, 0> inverts the TFF1 value;
writing “00” to TO2FFCR<FF3C1, 0> inverts the TFF3 value.

®  Timer flip-flop (timer F/F) initialization

The timer flip-flop value can be initialized to “0” or “1” independently of timer
operation.
For example, to set TFF1 to 0, write “10” to TO2FFCR<FF1C1, 0>. To set TFF1
to 1, write “01” to TO2FFCR<FF3C1,0>.

Note ;: The timer flip-flop or timer register value cannot be read.
(2) 16-Bit Timer Mode

Timers 0 and 1, 2 and 3,4 and 5, or 6 and 7 can be paired to configure 16-bit interval
timers.

As timers 0 and 1, 2 and 3, 4 and 5, and 6 and 7 operate the same, the following
describes timers 0 and 1 only.

To cascade-connect timers 0 and 1 and configure a 16-bit interval timer, set mode
register TOIMOD <T01M1, 0> to “01”.
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When setting 16-bit timer mode, the input clock for timer 1 is provided by the
overflow output of timer 0, irrespective of the clock control register TCLK setting.

Table 3.8 (2) Selection of 16-Bit Timeréllnt(i:(rrupt) Interval and
oc

Input
Input Clock Interrupt Interval (fc =25 MHz) Resolution
¢T1 (8/fc) 0.32us to 20.971ms 032 us
¢T4 (32/fc) 1.28 us to 83.885ms 1.28 us
$T16 (128/fc) 5.12 us to 335.539ms 5:12 us

To set the timer interrupt interval, set the lower eight bits in timer register TREGO
and the upper eight bits in TREG1. Be sure to set TREGO first (as entering data in
TREGO temporarily disables the compare, while entering data in TREG1 starts the
compare).

Setting Example : To generate interrupt INTT1 every 0.32 s at fc=25 MHz, set the
following values in timer registers TREGO and TREG1:
Using ¢T16 (= 5.12 us at 25 MHz) as a timer input clock,
0.32s+5.12 xs=62500=F424H
Therefore, set TREG1 to F4H, and TREGO0 to 24H.

A match between up-counter UC1 and TREG1 at comparator timing triggers the
timer 1 comparator to generate a match detect signal. When comparator match detect
signals for both timer 0‘and timer 1 are generated, up-counter 0 and up-counter 1 are
cleared to 0 and interrupt INTT1 only is generated. When invert is enabled, the value of
timer flip-flop TFF1 is inverted.

Timer 0 Timer 1
INTTO TO1 Match Value INT T1 TO1 Match Value
16-bit timer mode no interrupt output TREGO interrupt output TREG1+28
. generated disabled timer 1 generated enabled + TREGO
timer 1 counts up . .
ontimer0overflow continues (full 16 bits)
counting up
at match
8-bit timer mode interrupt output TREGO interrupt output TREG 1+
. generated enabled clear at generated enabled TREGO
timer 1 counts up . )
on timer 0 match ( t!mer Oor ) match (t!mer Oor ) (product)
timer 1 timer 1
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Example : When TREG1=04H, and TREGO=80H :

up-counter values 0400H
(uc1, UCo) 0000H 0080H 0180H 0280H 0380H 0480H
timer 0 comparator " "

match detect signal

interrupt INTT1

timer output TO1 X invert

Figure 3.8 (15) Timer Output for 16-Bit Timer Mode
(3) 8-Bit Programmable Pulse Generation Output Mode

Timers 0, 2, 4, or 6 can output variable frequencies and square waves (pulses) with
variable duty. The output pulse can be set to either active low or active high.

Timers 1, 3, 5, and 7 cannot be used in this mode.

Timer 0 outputs from pin TO1 (also used as P91), timer 2 outputs from pin TO3 (also
used as P93), timer 4 outputs from TO5 (also used as P95), and timer 6 outputs from TO7
(also used as P97).

Astimers 0, 2,4, and 6 operate the same, the following describes timer 0 only.

AL Al

match between TREG1 ﬂ H

and UCO (INTT1) / \ )

TREGO |
D E—
TREG1

match between TREGO
and UCO (INTTO)

A/’\

TO1 —_—
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T8RUNO TO1
pinTIO — ) T
$T1 — 8-bit
¢T16 — selector up-counter UCO
$T256 —> TFF
invert
INTTO
v
comparator - comparator INTT1
= = N
TREGO
= O~
selector - -
TREGO-WR — shift trigger
| register buffer TREG1
TRDC
internal bus

Figure 3.8 (16) 8-Bit PPG Output Mode Block Diagram

Enabling the TREGO double-buffer in this mode shifts the register buffer value to
TREGO when TREG1 matches UCO.
Using the double-buffer facilitates output of waveforms with a low duty ratio (when

changing the duty).
match with TREGO " "
(up-counter=Qy) (up-counter = Q)
match with TREG1 /H
shift from register buffer
~ \Y} ~
TREGO 1 A 2

(compare value)

77

Q2 X Q3

register buffer

shift to register buffer

Register Buffer Operation
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Example : Output a 1/4-duty 78.125 kHz-pulse (at fc=25 MHz)

[ L T TT

|<—12 8 ,uS_>|

Determine the set value in the timer register.
Setting the frequency to 78.125 kHz generates a square wave with a cycle of
t=1/78.125 kHz=12.8 us.
Using ¢T1=0.32 us (at fc=25 MHz) results in:
12.8 15 +0.32 us=40
Accordingly, set timer register 1 (TREG1) to TREG1=40=28H.
Next, set the duty to 1/4 as follows: t X 1/4=12.8 us X 1/4=3.2 us
Accordingly, set timer register 0 (TREGO0) to TREG0O=10=0AH.

MSB LSB

« 76543210
T8RUN ¢ - - - - - - 00 Stopstimers 0 and. 1, and/clearthem to 0.
TIGRUN « 0 X - - X X X X
TOIMOD « 10X X 0101 Sets 8-bit PPG' mode and sets the input clock to ¢T1.
TO2FFCR¢ - - - - 01 1 x Sets TFF1 and enablesiinvert.

T—» Setting to ”10" obtains a negative logic output wave.

TREGO « 00001010 Writes 0AH.
TREG1T « 00101000 Writes 28H.
POICR &« X X XX~ -1 - Sets P91 to TO1.
POFC <« X XXX --1X
T8RUN « =~ - == = 11 Starts timers 0 and 1 counting.
TI6RUN « 1.X - - X X X X
Note : X ; Don’t care - ;No change
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(4) 8-Bit Pulse Width Modulation (PWM) Output Mode

Only timers 0, 2, 4, and 6 support this mode, which allows up to two pulse width
modulation outputs with 8-bit resolution.

For timer 0, PWM is output to pin TO1 (also used as P91). For timers 2, 4, and 6,
PWM is output to pins TO3 (also used as P93), TO5 (also used as P95), and TO7 (also
used as P97) respectively.

Timers 1, 3,5, and 7 can be used as 8-bit timers.

Astimers 0, 2, 4, and 6 operate the same, the following describes timer 0 only.

Timer output is inverted when the up-counter UCO setting and the timer register
TREG setting match, or when 2" —1 (T01MOD specifies one of n=6, n="7, or n=8)
counter overflow occurs. The up-counter UCOQ is cleared by the 2™ — 1 counter overflow.

In 8-bit PWM output mode, the following conditions must be satisfied:

(timer register setting) < (2n— 1 counter overflow settin)
(timer register setting) + 0

match between TREGO /ﬂ /" "

and up-counter 0 ( (
2n-1
overflow /'" _ /‘“
(interrupt INTTO) \ ( \ (
TO1 X A}
| L trwm !—I

]
(PWM interval)
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T8RUN<TORUN 101
TIO — :
$T1 —_— 8-bit | T
¢T4 — 5| selector > up-counter UCO clear
$T16 —> TFF
TO1TMOD<TOCLK1, 0> N1 invert
Y overflow
V| control
\7
comparator
=~
o INTTO
L TREGO
=
selector
TREGO-WR —> shift trigger
F register buffer

TRDC<TRODE>

internal bus

Figure 3.8 (17) 8-Bit PWM Output Mode Block Diagram

Enabling the TREGO double-buffer in this mode shifts the register buffer value to
TREGO when 2™ — 1 overflow is detected.

Using the double-buffer facilitates output of waveforms with a low duty ratio (when

changing the duty).
match with TREGO " "
(up-counter =Qq) (up-counter=Qy)
2n -1
fl
overiow (shift from register buffer
A
TREGO Q1 Q2

(compare value)

77

. @ A
register buffer

Q3

shift to register buffer

Register Buffer Operation
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Example : Output the following PWM waveform to pin TO1 using timer 0 for fc=25
MHz:

28.8 us
<5

|
11 I

<— 40.64 ys —

To realize a PWM interval of 40.64 s using ¢T1=0.32 us (atfc=25 MHz)
40.64 45 +0.32 4s=127=2"—-1

Accordingly, set n="17.

As the low-level interval is 28.8 us, at 4T1=0.32 s,

set 28.8 4s + 0.32 xs=90=5AH in TREGO

MSB LSB
76543210
T8RUN ¢ - - - - - - - 0 Stops timer 0 and clears.itto 0.
TOIMOD « 1110--01 Sets to 8-bit PWM mode (interval = 27 — 1) and sets the
input clock to-¢T1.

TO2FFCR ¢« - ---101X Clears TFF1 and sets to invert enable.
TREGO « 01011010 Writes 5AH.
P9CR « XXXX--1-= Sets P91 to TO1.
P9FC « XXXX -+ ~1X
TBRUN ¢ - - - = == - 1 Starts timer 0 counting.

TIGRUN « 1 X - =X XXX

Note : X ; Don’t care -;No change

Table 3.8 (3) Setting PWM Interval and 2" - 1 Counter

PWM Interval (at fc =25 MHz)
¢T1 ¢T4 $T16
26 -1 20.2 us (49.6 kHz) 80.6 us (12.4kHz) 322.6 s (3.1 kHz)
27 -1 40:6 us | (24.6 kHz) 162.6 us (6.2 kHz) 650.2 us (1.5 kHz)
281 81.6us (12.3kHz) 326.4 us (3.1 kHz) 1.31 ms (0.8 kHz)
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(5) Table 3.8 (4) shows the settings for all 8-bit timer modes.
Table 3.8 (4) Setting Register for All Timer Modes
Mode lIJppe: Z;mir Llowe:;'llmekr Invert Select
s om | oo | e | o
(for 8-bit Itr'ner c; eh Is) (123M) (PWM2) (T3CLK) (T2CLK) (FF3IS)
or 8-bit timer x 2 channels (T45M) (PWM4) o) Sl (FF5IS)
(T67M) (PWM6) (FF71S)
(T7CLK) (T6CLK)
16-bit timer 01 _ _ ( external, > _
(full 16 bits) x 1ch $71,4,16
8-bit timer
(8-bit x 8-bit mode x 1ch) 00 _ 00 external, 0:lower timer
(inputs lower timer comparator $T1,4,16 1: upper timer
output to upper timer)
8-bit timer x 2ch 00 - (471,16,.256) ( external, > & Iower’u.mer
$#T1,4,16 1: upper timer
8-bit PPG x 1ch 10 - - ( external, > -
$T1,4/16
8-bit PWM x 1ch (lower) 1" " | (4T1, 16, 256) < external, >
8-bit timer x 1ch (upper) (e piL A5, $T1,4,16 -
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3.9 16-Bit Timers

TMP95C063 incorporates two multi-function 16-bit timer/event counters (timers 8
and 9).

* 16-bit interval timer mode

* 16-bit event counter mode

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

* Pulse width modulation (PWM) mode

* Time differential measurement mode

The timer/event counters have a 16-bit up-counter, two 16-bit timer registers (one
with a double-buffer configuration), two 16-bit capture registers, two comparators,
capture input control, and timer flip-flops and accompanying F/F control circuit.

The timer/event counter is controlled by four control registers:” TSMOD/T9MOD,
T8FFCR/T9FFCR, T16RUN, and T89CR.

Figure 3.9 (1) is a block diagram of a 16-bit timer/event counter (timer 8). Timer 9
has the same circuit configuration.
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7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i Q0
T8MOD | bit Symbol | CAP2T9 i EQIT9 i CAPIIN :CAP12M1:CAP12MO: CLE | T8CLK1 : T8CLKO

(0038H)[readnwrite RIW Cow RIW W .y
After reset 0 ) 1 0 T o o 0 5
TFF9inverttrigger  :0: Soft-  iCapturetiming T.UC8 | Timer8source dock

. . Capture :00: Disable i Clear / .

. 0: Disable trigger . domt | NTaatrisingedge i (Enable : 00,Ti8
Function | 1. Enaple trigger F care i01:Tigr  T9p £01:gTH
Atloading :At match i INTaatrisingedge ! 5101 T4
of up- ‘between : (10: gt T8y : B

: : _ D11 gT16
counter  :up- : INT4 at falling edge :
valueto icounter TR TRRI
CAP2 ‘and TREG9: INT4 at rising edge

— > Timer 8 input clock

00 |External input.clock(TI8)

11 | ¢T16 (128/fc)

L~ o Up-counter UC8clear

0 |Disables up-counter clear.

1) |Clears by match with TREG9.

Figure 3.9(2) 16-Bit Timer Mode Control Register (TBMOD) (1/2)
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T8MOD
(0038H)

7 ¢ 6 {5 i1 a4 i 3 i 2 I 1 i 9
bit Symbol | CAP2T9  EQ9T9 | CAP1IN iCAP12M1:CAPI2MO: CLE | T8CLK1  T8CLKO
Read/Write RIW W RIW CORW RIW
After reset o i o i 1 i o i o i o i o o0

TFF9 invert trigger :0: Soft- :Capture timing i1:UC8 . Timer 8source clock
. . Capture :00: Disable i Clear 500-T|8
) 0: Disable trigger i dont | NTaatrisingedge i (Enable | 7
Function | 4. Enable trigger e 01:TBY TI9p § L 012 gTH
At loading !At match i INTAatrisingedge ! 10: ¢T4

;10:TI8‘|‘ TI8 |

fup- b AP
:otjjr?ter ;u:lfween : INT4 at falling edge WV ¢T16
valueto icounter (M TERY TRRTL
CAP2 ‘and TREGY INT4 at rising edge
| ] | |
—> Timer 8 capture timing
Capture control INT8 control
00 |[Capturedisable
....... INT4
01 CAP1 on TI8 rising generated on
CAP2 on TI9 rising TI8 rising v
CAP1 on TI8 rising|! N T 4
10 generated on
CAP2 on TI8 falling TI8 falling RS
CAP1 on TFF1 rising|! N T 4
17 generated on
CAP2 on TFF1 falling  |TI8 rising g

L~ — » Software capture

0 |Loadsup-counter 8 value to CAP1.

1 [Always read as

"1".

Timer flip-flop 9 invert trigger (TFF9)

0 |Triggerdisable (invert disabled)

1 |Trigger enable (invert enabled)

CAP2T9 : Atloading of up-counter value to CAP2
EQ9T9 : Atmatch between up-counter and TREG9Y

Figure 3.9 (3) 16-Bit Timer Control Register (TBMOD) (2/2)
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7 ¢ 6 {5 i1 a4 i 3 i 2 I 1 i 9
T8FFCR |bit Symbol | TFFOC1 | TFFICO | CAP2T8 i CAP1T8 : EQYT8 : EQ8T8 : TFF8C1  TFF8CO
(0039H) [ peadwrite w P RW i RW I RW i RW w
After reset - 0 0 0 0 -
00: Invert TFF9 ETFF8inverttrigger EOO:Invert TFF8
01: Set TFF9 0 Disable trigger (017 Set TFF8
Function |10: Clear TFF9 :1: Enable trigger i10: Clear TFF8
11:don't care ‘Atloading ‘At loading :At match At match 11+ don't care
*Always read as " 11" :of up- :of up- ibetween :betyaen i%Always read as “11”
icounter icounter iup- tup- :
ivalueto ivalueto icounter /jcounter
CAP2  iCAP1 :and TREG9 {and TREGS
| I |

]

|—> Timer flip-flop 8 (TFF8) control

00| Inverts TFF8 value (software invert).

11 |Don’tcare (Alwaysread as “11")

—> Timer flip-flop 8 (TFF8) invert trigger

0 |Triggerdisable (invert disabled)

1 |Trigger enable (invert enabled)

CAP2T8 : Atloading of up-counter value to CAP2
CAP1T8 : Atloading of up-counter value to CAP1
EQ9T8 : Atmatch between up-counter and TREG9
EQ8T8 : Atmatch between up-counter and TREGS8

Timer flip-flop 9 (TFF9) control

00 [Inverts TFF9 value (software invert).

11 |Don’t care (Alwaysread as “11")

Figure 3.9 (4) 16-Bit Timer 8 F/F Control (T8FFCR)
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7 ¢ 6 s L a4 i 3 i 2 1 1 i Q9
TIMOD | bit Symbol | CAP4TB : EQBTB i CAP1IN :CAP12M1:CAP12MO: CLE : T9CLK1 : T9ICLKO

(0048H)|peadnrite RIW LW RIW . RW MY
After reset 0o i 0 1 o i 0 i 0 0. 0

TEFB invert trigger :0: Soft-  :capturetiming (1: U9 | Timer 9 source clock

o ) i Capture }00: Disable i Clear /A 00 TIA

_ 0: Disable trigger 1 don't i INT6 atrising edge ! Enable |\ 77/
Function |4. Enable trigger A care 01: TIAT TIB} L0 ¢TI
Atloading :At match : . INTéatrisingedge 100474
: : “0:TIAY TIAY : :

of up- :between _
counter  ‘up- INT6 at falling edge

valueto icounter i HSTRRIY TRRT
CAP4 :and TREGB: { INTG atrising edge

D111 4T16

——> Timer 9 input clock

00 |External input.clock (TIA)

11 | ¢T16 (128/fc)

L~ o Up-counter UC9 clear

0 |Disables up-counter clear.

1) |Clears by match with TREGB.

Figure 3.9 (5) 16-Bit Timer Mode Control Register (TOMOD) (1/2)
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7 ¢ 6 i 5 i 4 i 3 2 P 0
TOMOD |bit Symbol | CAP4TB | EQBTB : CAP3IN :CAP34M1:CAP34MO: CLE : T9CLK1 | T9CLKO
(0048H) [geagwrite RIW Poow RIW i RW RIW
After reset o { o i 1 i 0 { 0 i 0 0. i\ .0
TFFB invert trigger :0: Soft- Capture timing i1: UC9 i Timer 9 source clock
. . :  Capture :00: Disable i Clear / .
' 0: Disable trigger 51-don’t © INT6 at rising edge . Enable 00: TIA
Function |1. Enable trigger are [onTAT  TBY § 5012 4T
Atloading :At match i INTéatrisingedge 10: ¢T4
ofup- Ebetween $10: TIAT TIA| 11'¢T16
counter Eup- : INT6 at falling edge : )
valueto icounter SMETERIT O TRRTY :
CAP4 ‘and TREGB: : INT®6 at rising edge
| ] | |
—> Timer 9 capture timing
Capture control INTA control
0 |Capturedisable /| I N T 6
0 CAP1 on TIA rising [generated
1 fei —
CAP2onTIBrising  |ONTIATsing 4
CAP1 on TIA rising|l N T 6
10 generated on
CAP2 on TIA falling TIA falling _
CAP1 on TFF1 rising{l N T 6
11 ] generated on
CAP2 on TFF1 falling  |TIA rising
L~ — » Software capture
0 |Atloading of up-counter 9 value to CAP1
1 |Alwaysread as “1”
Invert trigger of timer flip-flop B (TFFB)
0 |Triggerdisable (invert disabled)
1 |Trigger enable (invert enabled)

CAPATB : Atloading of up-counter value to CAP2

EQBTB

Figure 3.9 (6) 16-Bit Timer Control

: At match between up-counter and TREGB

Register (TO9MOD) (2/2)
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TOFFCR
(0049H)

7 ¢ 6 {5 i1 a4 i 3 i 2 I 1 i 9
bit Symbol | TFFBC1 | TFFBCO | CAPATA i CAP3TA : EQBTA | EQATA | TFFAC!  TFFACO
Read/Write w RW | RW ! RW | RW w
After reset - 0 0 0 0 -

00: Invert TFFB ETFFA invert trigger ;00: Invert _TFFA
01:Set  TFFB {0: Disable trigger 01<Set " TFFA
Function |10:Clear TFFB :1: Enable trigger i10: Clear TFFA

11: don’t care

*Always read as “11”

‘Atloading At loading :Atmatch At match ;11 don’t care
iofup- ‘of up-
icounter  icounter
ivalueto ivalueto
:CAP4 :CAP3

: ‘between
ébetween ‘up- i*Always read as " 11"
:up- icounter
icounter  “and :
:and TREGB:TREGA . :
I

]

CAPATA :
CAP3TA:
EQBTA
EQATA :

—> Timer

|—> Timer flip-flop A (TFFA) control

Inverts TFFA value(software invert).

Don't care (Alwaysread as “11")

flip-flop A (TFFA) invert trigger

Trigger disable (invert disabled)

Trigger enable (invert enabled)

Atloading of up-counter value to CAP4
At loading of up-counter value to CAP3

7 Atmatch between up-counter and TREGB

At'match between up-counter and TREGA

Timer flip-flop B (TFFB) control

Inverts TFFB value (software invert).

Don't care (Always read as “11")

Figure 3.9(7) 16-Bit Timer 9 F/F Control (T9FFCR)
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7 6 5 . 4 i 3 2 1 0
T89CR |bit Symbol | _ \ PGIT PGOT : DBAEN : DBSEN
(003AH) Read/Write R/W 5 : R/W
After reset 0 0 _ 0 0 0
Fixed to PG1shift  PGOshift . Double:buffer
ey trigger trigger : i
. 0 : 0:8-bit timer 0:8-bit timer {0y Disable
Function |* Always : trigger3 © trigger1. :1:‘Enable
read as : P {timers2,3)! (timers0.1) ' tREGA TREG8
“qm : B 1.6-bit HH 1'6-bit fdouble- ;double-
t”.“er t"_ner ‘buffer ‘ buffer
trigger v trigger
(timer9) | (timer8) :
I
|-> Double-buffer control
0 [Disable
1 |Enable
DBAEN-: TREGA double-buffer
DB8EN : TREG8 double-buffer
Figure 3.9 (8) 16-Bit Timer (8/9) Control Register (TB9CR)
7 ¢ 6 | s a 1 3 2 1 1 i 0
T16RUN |bit Symbol | PRRUN : ©T9RUN | T8RUN : :
(003BH) Read/Write RW R/W R/W
After reset 0 0 0 : :
Prescaler & Timer Run/Stop CONTROL
Function 0: Stop & Clear
1: Run(Count up)
|-> 16-bit timer (timer 8) operation
0 |Stopand clear
1 |[Countup
L > 16-bit timer (timer 9) operation

0 |Stopandclear

1 |Countup

Prescaler operation

0 |Stop andclear

1 |Countup

Figure 3.9 (9) 16-Bit Timer Operation Control Register (T16RUN)
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@

Up-counter

The up-counter is a 16-bit binary counter that counts up using the input clock
specified by 16-bit timer mode control registers TSMOD<T8CLK1, 0> and
TO9MOD <T9CLK1,0>.

The input clock is selected from internal clocks ¢T1, 4T4, and ¢T16 output from
the 9-bit prescaler (shared with the 8-bit timers), or the external clocks output
from pin TI8 (also used as PB0/INT4) and pin TIA (alsoused as PB4/INT6). A reset
initializes <T8CLK1, 0>/ <T9CLK1, 0> to “00”, selecting an external input
clock on pin TI8/TIA as the input clock.

To control the count, stop, and clear functions for the counter, use timer control
register TIGRUN <T8RUN, T9RUN >.

If up-counter clearing is enabled, up-counter UC8/9 is cleared to 0 when up-
counter UC8/9 matches timer register TREG9/B. The clear enable/disable is set
with TSMOD <CLE > and TOMOD <CLE >.

When clear disable is set, the counter operates as a free-running counter.

Timer registers

Each timer has two internal 16-bit registers for setting counter values. When
the value set in the timer register matches the value of the up-counter UC8/9, the
comparator match detect signal is activated.

Data set to timer register TREG8, TREG9/A, or TREGB uses the 2-byte data
load instruction, or the 1-byte data load instruction twice; first to write data to the
lower eight bits, then to write data to the upper eight bits.

TREG 8 TREG 9
upper eight bits | lower eight bits upper eight bits | lower eight bits
00003 1H 000030H 000033H 000032H
TREG A TREGB
uppereight bits | lower eight bits upper eight bits | lower eight bits
000041H 000040H 000043H 000042H

Timer registers TREG8 and TREGA have a double-buffer configuration and are
paired with a register buffer. Timer registers TREG8/A enable/disable the double-
buffer function using timer control register TSOCR<DB8EN, DBAEN >. Setting
<DBS8EN, DBAEN > to 0 disables the double-buffer; setting <DB8EN, DBAEN >
to 1 enables the double-buffer.
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With the double-buffer enabled, data are transmitted from the register buffer to
the timer register at a match between up-counter UC8/9 and timer register
TREGY/B.

A reset initializes TSICR<DB8EN, DBAEN> to “0”, /disabling the double-
buffer. When using the double-buffer, write data to the timer register and set
<DBSEN, DBAEN > to “1”, then write the next data to'the register buffer.

TREG8/TREGA and the register buffer are allocated to the same addresses in
memory (000030H, 000031H/000040H, 000041H).

When <DB8EN, DBAEN > is set to “0”, the same value is written to TREG8
and TREGA and to their respective register buffers.  When <DB8EN, DBAEN >
is set to “1”, the value is written to the register buffers only. Therefore, disable the
register buffers before writing the initial values to the timer registers.

As the timer registers are undefined after a reset, be sure to write data to the
upper and lower registers before using the timers.

@ Captureregister

The capture register is a 16-bit register for latching the up-counter value.

When reading the capture register, use the 2-byte data load instruction, or the
1-byte data load instruction twice; first to read data from the lower eight bits, then
to read data from the upper eight bits.

CAP 1 CAP 2
upper eight bits | lower eight bits upper.eight bits | lower eight bits
000035H 000034H 000037H 000036H
CAP3 CAP4
upper eight bits | lower eight bits upper eight bits | lower eight bits
000045H 000044H 000047H 000046H

@ Capture input control

The capture input control circuit controls the timing to latch the up-counter
UC8/9 value to capture registers CAP1, CAP2/3, and CAP4.

Set the capture register latch timing using TSMOD<CAP12M1, 0> /
TIMOD<CAP34M1,0>.

* When TSMOD <CAP12M1,0>/T9IMOD <CAP34M1,0> = “007,

the capture function is disabled. Resetting disables the capture function.

95C063-130 2003-03-31



TOSHIBA TMP95C063

* When TSMOD <CAP12M1, 0>/T9MOD <CAP34M1, 0> = “01”

On the TI8 (also used as PBO/INT4) /TIA (also used as PB4/INT6) input rising
edge, the up-counter value is loaded to capture register CAP1/CAP3. On the
TI9 (also used as PB1/INT5)/TIB (also used as PB5/INT7) input rising edge, the
up-counter value is loaded to capture register CAP2/CAP4. (Time differential
measurement)

* When TSMOD <CAP12M1, 0>/T9MOD<CAP34M1,0> = “10”

On the TI8/TIA input rising edge, the up-counter value is loaded to capture
register CAP1/CAP3. On the input falling edge, the up-counter value is loaded
to capture register CAP2/CAP4. In this mode only, interrupt INT4/6 is
generated on a falling edge. (Pulse width measurement)

* When TSMOD<CAP12M1, 0>/T9MOD <CAP34M1, 0> = “11”

On the timer flip-flop TFF1 rising edge, the up-counter value is loaded to
capture register CAP1/CAP3. On the falling edge, the up-counter value is
loaded to capture register CAP2/CAP4.

The up-counter value can also be loaded to a capture register on a software
request. When “0” is written to TSMOD <CAP1IN>/T9MOD <CAP3IN >, the
up-counter value at that time is loaded to capture register CAP1/3. The
prescaler must be set to RUN (set TIGRUN <PRRUN > to “1”).

® Comparator

A 16-bit comparator compares the up-counter UC8/UC9 value with the value
set in the' timer register (TREG8, TREG9/TREGA, or TREGB) to detect a match.

On detection of a match; the comparator generates interrupt INTTRS,
INTTR9/INTRRA, or INTTRB.

Only a match with TREG9/B clears up-counter UC8/9. (Setting
T8MOD <CLE >/T9IMOD < CLE > to “0” disables UC8/9 clearing.)

®  Timer flip-flop TFF8/TFFA

This flip-flop is inverted by a match detect signal from the comparator and a
latch signal tothe capture register.

Enable or disable the invert for each interrupt source using TSFFCR<CAP2TS,
CAPIT8,EQ9T8, EQ8T8>/TIFFCR<CAPATA, CAP3TA, EQBTA,EQATA>.

To invert TFF8/A, write “00” to TSFFCR <TFF8C1, 0> / T9FFCR <TFFACI1,
0>. Writing “01” sets TFF8/A to 1; “10” clears TFF8/A to 0.

The TFF8/A value can be output to timer output pin TO8 (also used as
PB2)/TOA (also used as PB6).
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@  Timer flip-flop TFFO/TFFB

This flip-flop is inverted by a match detect signal between up-counter UC8/9
and timer register TREG9/B, and a latch signal to capture register CAP2/4.

Enable or disable the invert for each interrupt source using TSMOD <CAP2T9,
EQ9T9>/TIMOD <CAPATB, EQBTB>.

To invert TFF9/B, write “00” to TSFFCR<TFF9C1, 0> / T9FFCR<TFFBCI1,
0>. Writing “01” sets TFF9/B to 1; “10” clears TFF9/B to 0.

The TFF9/B value can be output to timer output pin TO9 (also used as PB3)/
TOB (also used as PB7).

(1) 16-Bit Timer Mode

Timers 8 and 9 operate independently. As both timers operate the same, the
following describes timer 8 only.

Example : Generate fixed-interval interrupts

Set an interval time in timer register TREG9 and generate interrupt INTTR9.

76543210
TIBRUN « - X - 0 X X X X Stop timer 8.
INTET89 « 11001000 Enables INTTR9 (set to level 4) and disables INTTRS.
T8FFCR « 11000011 Disables trigger.
T8MOD <« 00 1 0 01 ** Sets input clock to an internal clock, and disables
(**=01, 10, 11) capture function.
TREG9  « * ® % % &k % % * Setsinterval time.
* (K Kk %k ok % % (16 bits)
TI6RUN « 1 X - 1.X X X X Starts timer 8.
Note: X;Don’t care -;No _change

(2) 16-Bit Event Counter Mode

Setting external clock TI8/TIA as an input clock in 16-bit timer mode results in an
event counter. To obtain a counter value, load the counter value into a capture register
using “software capture” and read the captured value from the capture register.

The counter countsup at the TI8/TIA input rising edge.

The TI8/TIA pin is alsoused as PB0, INT4/PB4, INT6.

Astimers 8 and 9 operate the same, the following describes timer 8 only.
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T16RUN
PBCR
INTET89
T8FFCR
T8MOD
TREGY

* ot

O

T16RUN

1

=N
>x< W

N
>x o

(o=

X % % O P O
X % ¥ O P O

Stop s timer 8.

Sets PBO to input mode.

Enables INTTR9 (level 4) and.disables INTTRS.
Disables trigger.

Sets input clock to TI8.

Sets the count (16 bits).

Starts timer 8.

Note: Set the prescaler to RUN when using a 16-bit counter as’an event counter.

(3) 16-Bit Programmable Pulse Generation (PPG) Output Mode

As timers 8 and 9 operate the same, the following describes timer 8 only.

To enter PPG mode, set the device to invert timer flip-flop TFF8 and output the TFF8
value from the TO8 pin (also used as PB2) at a match between up-counter UC8 and the
TREGS8/TREG9 register value.

The following condition must be satisfied: (TREGS8 setting) < (TREG9 setting).

T16RUN <«
TREG8  «
TREGY «
T89CR  «
T8FEFCR <
T8MOD «
PBCR «

O % % % ¥ 1 N
X % ¥ % % X O
X% % % % 1 O
Xk % % O S

001

* % % % X W
® % % H XN

X% %K DX
= % % % % X O

1 %%

(** =01, 10, 11)

PBFC «X-XX-
TI6RUN- « 1 X - 1.X

Note : X ; Don’t care

Match with TREGS
(interrupt INTTR8)

1.__
1XX
XXX

j

Stops timer 8.
Sets the duty. (16'bits)

Setstheinterval. (16 bits)

Enables TREG8 double-buffer.

(Duty/interval modified by interrupt INTTR9)

Sets TFF8 to invert at detection of a match with
TREGS8 or TREGY. Sets TFF8 initial value to “0”.

Sets the input clock to the internal clock, and disable
the capture function.

Allocates PB2 to TOS8.

Starts timer 8.

-; No change

Match with TTREG9
(interrupt INTTR9)

I

Pin TO8

ouUu

Figure 3.9 (10) Programmable Pulse Generation (PPG) Output Waveform

95C063-133 2003-03-31



TOSHIBA TMP95C063

Enabling the TREG8 double-buffer in this mode shifts the value of register buffer 8 to
TREG8 when TREG9 matches UC8. Using the double-buffer facilitates output of
waveforms with a low duty ratio.

match with TREGS up-counter=Qq ﬂ up-counter=Q>

tch with TREG9
matchwi [ shiftto TREGS
TREGS8
(compare value) Q1 \X Q2
register buffer Q2 X Qs

TREGS8 write

Figure 3.9 (11) Register Buffer Operation

The following is a block diagram of this mode.

TIBRUN<TBRUN> 108 (PPG output) TO9
i
¢11—> 16-bit up-counter F/F F/E
selector clear
;ﬁ‘g—» ucs (TFF8) (TFF9)
T8MOD
<T8CLK1,0>
AV
match
16-bit comparator 16-bit comparator | match
PAN 4\
TREG8
PAN
selector
TREG8-WR —>
register buffer 8 TREGY
T89CR<DB8EN>
4 T /T
S internal bus S

Figure 3.9 (12) 16-Bit PPG Mode Block Diagram
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(4) Capture Function Application Example

Astimers 8 and 9 operate the same, the following describes timer 8 only.

The following features of the 16-bit timer can be enabled or disabled as required:
loading of up-counter UC8 value to capture registers CAP1 and CAP2, inversion of
timer flip/flop TFF8 on a match detect signal from comparators CP8 and CP9, and
outputting of TFF8 to pin TO8. Many functions can be obtained by combining these
features with interrupts. For example:

@

® 0 0

)

One-shot pulse output from the external trigger pulse
Frequency measurement
Pulse width measurement
Time differential measurement
One-shot pulse output from external trigger pulse

Set up-counter UC8 to free-running using internal clock input. Input the
external trigger pulse from pin TI8, and load the up-counter value to capture
register CAP1 on the TI8 input rising edge (set TSMOD<CAP12M1,0> to “01”).
On the TI8 input rising edge, add the value of capture register CAP1 at interrupt
INT4 (c) to the delay time (d), and set timer register TREGS8 to the sum of these
values (¢ + d). Add the pulse width of the one-shot pulse (p) to TREGS8, and set
TREG9 to the result (¢ + d + p).. On interrupt INT4, set register
TS8FFCR<EQIT8, EQ8T8> to "enable the inversion of timer flip-flop TFF8 only
when the up-counter matches with TREG8 or TREG9". On interrupt INTTRO,
disable the inversion of timer flip-flop TFF8.

(r Sets counter to free-running.

count clock J]I”;lrlml_____ﬂnmm__m__ml"ﬂ__-

(internal-clock)

c+d c+d+p

TI8 input l l

(external trigger pulse)

|§ loading to capture register 1 (CAP1)
i INT4 generation

1
1
1
i i
match with TREG8 : /ﬂ :
I ! 1 .
: invert i 7 INTTR9 genefation
, | enable : /ﬂ i
Match with TREG9 ' : !
1 H 1 H
| Disable invert on \ i ;r:\v:t:;ce |
iloading to CAP1 1
timer output pin TO8 4 |
I 1 H
| delay time i pulsewidth !
< 1 4

(d) (p)

Figure 3.9 (13) One-Shot Pulse Output (With Delay)
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Setting Example : On pin TI8, output a 2ms one-shot pulse with a 3ms-delay after
an external trigger pulse.

Main setting Sets to free-running.
— — Sets to countat ¢T1.
T8MOD ¢« - -101001
T Loads to CAP1 at TI8.inputrising edge.

T8FFCR« 11000010

| I
Clears TFF8 to 0.
Disables TFF8 invert.

PBCR ¢ - - - - = 1 - - l

PBFC « X -XX-1XX J Allocates PB2 to TO8.

INTE45 ¢« - - --1100 Enables INT4 and disables INTTR8 and INTTR9.
INTET89¢« 10001000

| TI6RUN « 1 X -1 X X X X Starts timer 8.

Settings at INT4

TREG8 <« CAP1+3ms/g4T1
TREG9 ¢ TREG4+2ms/4T1
T8FFCR ¢ - - - - 11 - -
EnablesTFF8 invert on match with TREG8 or TREG9.

| INTET89¢« 11 0/0 - - - - Enables INTTRO.

Settings at INTTR9

T8FFCR ¢ - == - 00 - -

Disables TFF8 invert on match with TREGS or TREG9.
INTET89¢ 1000 - - - - Disables INTTR9.
Note: X; Don’t care -; No change

If delay time is not required, invert timer flip-flop TFF8 by loading to capture
register 1 (CAP1). Set timer register TREG9 to the sum of the one-shot pulse
width (p) and the value of CAP1 at interrupt INT4 (c¢) (¢ + p). Enable TFF8 invert
on match between TREG9 and up-counter UC8. On interrupt INTTR9, disable the
timer flip-flop TFF8 invert.
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count clock """""" """"" "I"""I
C

(internal clock) C+p

TI8 input

(external trigger pulse) —1 Loads to capture register CAP1

INT4 generation

Loads tocapture register

1
1 1
1 1
| ~INTTR9 generation 1 APZ:
match with TREG9 1 /" i
: ]
] ! [
I invertenable ( i I
1 ! 1
timer output pin TO8 \i i
1
/1 pulsewidth | 7
enable invert at loading ! () : Disables’invert to prevent invert on
to CAP1 loading'to CAP2.

Figure 3.9 (14) One-Shot Pulse Output (No Delay)
@  Frequency measurement

This mode is used to measure the frequency of the external clock. Input the
external clock on pin TI8 and measure its frequency with ‘the 8-bit timers (timers
0,1) and the 16-bit timer/event counter (timer 8).

Set the TI8 input as the timer 8 input clock, and load the value of up-counter
UCS8 to capture register CAP1 when timer flip/flop TFF1 of the 8-bit timer (timer
0,1) rises, and to capture register CAP2 when timer flip/flop TFF1 falls.

The frequency is 'determined from the difference between capture registers
CAP1 and CAP2 at the 8-bit timer interrupts (INTTO or INTT1).

count clock """""" Jm.".".

(T|8 input) c1 c2

TFF1 i : ! !_
i ' i !
C1 i " c1 '
loading to CAP1 | . :
. ! '

: [[ c2 | fl 2

loading to CAP2 | !
1 1

INTTO /INTT1 \h h l

Figure 3.9 (15) Frequency Measurement

For example, if TFF1 is set to “1” for 0.5 s by the 8-bit timers, and the difference
between CAP1 and CAP2 is 100, the frequency is 100 + 0.5 [s]=200 [Hz].
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®

Pulse width measurement

This mode is used for measuring the “high” level width of an external pulse.
Input the external pulse through pin TI8 and set the 16-bit timer/event counter to
free-running count-up using an internal clock. Load the up-counter UC8 value
into capture register CAP1 and CAP2 on the rising and falling edge respectively of
the external pulse. Interrupt INT4 is generated on the falling edge of pin TI8.

The pulse width can now be determined according to the difference between
CAP1 and CAP2, and the internal clock interval.

For example, if the difference between CAP1 and CAP2 is 100 and the internal
clock interval is 0.8 us, the pulse width is 100 X 0.8 s =80 us.

count clock “.".".Im

(internal clock) C2

TI8 (external pulse) ] |
1
i " C1
1

loading to CAP1

loading to CAP2 \ !

INT4

Note:

E

| ——
0
N

— p— T
0
N

Figure 3.9.(16) Pulse Width Measurement

Only in pulse width measurement mode where TSMOD <CAP12M1,0> = “10”, external
interrupt INT4 is generated at the falling edge of pin TI8. In other modes, external
interrupt INT4 is generated at the rising edge;

Determine the “low” level width at the second INT4 using the difference between
the value of C2 at the first interrupt and the value of C1 at the second interrupt.

Time differential measurement

This mode measures the time difference between the rising edge of the external
pulses input to pins TI8 and TI9.

Set the 16-bit timer/event counter (timer 8) to free-running count-up using an
internal clock. When a rising edge is detected in the pulse on pin TI8, the up-
counter UC8 value is loaded into capture register CAP1 and interrupt INT4 is
generated.

Similarly, when a rising edge is detected in the pulse on pin TI9, the up-counter
UC8 value is loaded into capture register CAP2 and interrupt INT5 is generated.

When the up-counter values are loaded to CAP1 and CAP2, the time difference
can be determined from the difference between CAP1 and CAP2.
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count clock """"" —_—— __Jl"."."."_ _____

(internal clock) c1 Cc2

41

TI8 input 1
/( |
1
TI9 input \I..I
1
!
1
1
1

loading to CAP2 \

INT4 | \ E
N

loading to CAP1 /\

1
1
1
1

INTS :
! time difference
1

Figure 3.9 (17) Time Differential Measurement
(5) Phase Output Mode

Set the up-counter UC8/9 to free-running and output a signal with any phase
differential. Astimers 8 and 9 operate the same, the following describes timer 8 only.
A match between up-counter UC8 and TREG8 or TREG9 inverts TFF8 or TFF9

respectively, and outputs the invert values to TO8 and TO9 respectively.

counter
(free-running)

match with TREGS8 /ﬂ |-| |-| |-|
match with TREG9 [/ﬂ |-| |-|

TO8 —

TO9

Figure 3.9 (18) Phase Output

The following table shows the interval (counter overflow time) of the above waveform

output.
20 MHz 25 MHz
$T1 26.214 ms 2097 ms
T4 104.856 ms 83.88 ms
¢T16 419.424 ms 335.54 ms
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3.10 Pattern Generator/Stepping Motor Control

TMP95C063 incorporates a 4-bit, 2-channel pattern generator/stepping motor control
port (PG), linked with the 8-bit and 16-bit timers. PG shares pins-with port 7 (an 8-bit
I/0 port). The two channels are PG0 and PG1.

The PGO (channel 0) output is driven by 8-bit timers 0 and 1, or by 16-bit timer 8. The
PG1 (channel 1) output is driven by 8-bit timers 2 and 3, or by 16-bit timer 9.

The PGO1CR control register controls PG. Operation can be set to either pattern
generation mode or stepping motor control mode.

The PG output shares pins with port 7, and any port 7 bit can be set for PG output.

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

As both channels operate identically apart from the differences shown below, the
following describes channel 0 (PGO) only.

Difference between PGO and PG1

PGO PG1
Timer triager sianal From either 8-bit timer From either 8-bit timer
9gersig 0,1, or 16-bit timer 8 2,3, or 16-bit timer 9
~ ]
b7 P73/PGO3
L PECS L] (P77/PG13)
1-2 excitation A Tor2
1] e
excitation
b3 SA03
, A
I ¥
n| bé PGO2 ] P72/PG02
t (P76/PG12)

A hol (ro
¢ ¥ et Ve
: b2 SA02 Im ¢ it
a A o) |8 o

¥
'l bs

PGO1 P71/PGO1
b N (P75/PG11)
u ; A
S
b1 SAO1
A
b4 !
PG00 [] P70/PG0O
) (P74/PG10)
b 1]
0 SAQ00
N A

Figure 3.10 (1) Pattern Generator/Stepping Motor Control Block Diagram
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7 6 5 i 4 i 3 i 2 i 1 i 0
PGO1CR |bit Symbol | PAT1 CCW1 i PGIM | PGITE | PATO | CCWO i 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 :PG1mode PG1trigger:PGOwrite :PGO :PGO mode PGO trigger
mode irotation  {(excitation)input imode rotation  (excitation)input
0:8bit (4IrEHON o oither1 EMAPIE o gpit  (AIrECON g gither 1 NaPIE
Function write i0: normal : or2exci 0:disable : write :0:normal i/ or2exci:0:disable
1:4bit  i1: reverse .tat|on . i1:enable 1 4 bit 1 reverse tatioh . EI:enabIe
. : 11:1-2exci : : . : M:1-2exc
write . : Poowrite : . :
tation : : : i | tation
I I I I |

—> PGO.trigger input enable

0 | Disablestriggerinputto PGO block.

1 Enables trigger input to PGO block.

————> PGO operating mode setting

0 1 or 2 excitation (full-step)

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

PGO (stepping motor control) rotation direction
control

0 Normal /PG mode

1 Reverse

PGO write mode setting
0 | 8-bitwrite

4-bit write/PG mode (write to shift alternate
register only)

Figure 3.10 (2) (a) Pattern Generator Control Register (PGO1CR)
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7 6 5 4 3 2 1 P00
PGO1CR |bit Symbol | PAT1 ccwi PGIM PGI1TE PATO 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 PGimode PG1 :PGO write :PGO :PGO mode :PGO
mode irotation  {(excitation)itrigger  imode rotation  (excitation):trigger
0:8bit  (IrECHON g.gither1 HPPUL g gpit  rECUON Tigigither g (MPUL
Function write i0: normal : or2exci: ¢ write :0:normal % or2exci:
A L i tation i0:disable i, , . L i_tation :0: disable
I 4b.'t 10 reverse (1:1-2exci i1: enable §I' 4b.'t i1: rgverse i1:1-2exci :1: enable
write - . : 1 write B :
: tation ! : tation
I I I I |

> PG1triggerinput enable

Disables trigger input to the PG1 block.

1 Enables trigger input to the PG1 block.

————> PG1 operating mode setting

1 or 2 excitation (full-step)

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

PG1 (stepping motor control) rotation direction
control

Normal/PG mode

1 Reverse

PG1 write mode setting
8-bit write

4-bit write/PG mode (write to shift alternate
register only)

Figure 3.10 (2) (b) Pattern Generator Control Register (PGO1CR)
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7 ¢ 6 i 5 4 1 3 i o2 i 0
PGOREG |bit symbol| PG03 i PGO2 : PGO1 PG00 | SA03 SA02 ©  SAO1 SA00
(004CH) Read/Write w R/W
After reset 0 0 : 0 0 Undefined

Function

Pattern generator 0 (PG0) output
latch register

(Can be read by reading port (P7)

set for PG output.

EShift alternate register 0
iRegister for PG mode (4-bit write)

Don't use RMW
instructions.

Figure 3.10 (3) Pattern Generator 0 Register (PGOREG)

7 { 6 i 5 4 3 F R/ A0 P00
PG1REG |bit Symbol | PG13 | PG12 | PGI1 PG10 SA13 SA12 i SA11 SA10
(004DH) Read/Write w R/W
After reset 0 0 0 0 Undefined

Function

latch register

set for PG output.

Pattern generator 1 (PG1) output

(Can be read by reading port (P7)

:Shift alternate register 1
iRegister for PG mode (4-bit write)

Don't use RMW
instructions.

Figure 3.10 (4) Pattern Generator 1 Register (PG1REG)
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7 ¢ 6 5 I 4 i 3 1L 2 i P
T89CR | bit Symbol - © PGIT i PGOT . DBAEN : DBSEN
(003AH) [readrwrite | R/W R/ W
After reset 0 0 0 0 0
Fixedto G1shifttriggelPGOshift  : Double-buffer
"0". 0:8-bittimer itrigger : 0: Disable
*Always ! trigger3  [0:8-bittimer :-1: Enable
Function readas : i (timers2,3): trigger1| [
"0". 1:16-bit timer (timers0,): TREGA | TREG8
: trigger 1:16-bittimer: gouble- . double-
i (umer9) i trigger “i'byffer : buffer
: . (timer8) ! :
| | I |

—> Double-buffer control

0 Disable

DBAEN : TREGA double-buffer
DBS8EN : TREG8 double-buffer

——— > PGOsshift trigger select

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

1 16-bit timer trigger (timer 8)

PG1 shift trigger select

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

1 16-bit timer trigger (timer 9)

When writing to other bits, always write “0” to this
bit.

Figure 3.1045) 16-Bit Timer Trigger Control Register (TBICR)
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(1)

8-bit timers >
(timers 0, 1) Ls{a .
select —=| PGO | Port70t073
16-bittimers — 18 ? >
. <PGOT>
8-bit timers >
(timers 2, 3) _)_|—> A =
PG1 Port74to 77
Select —>
16-bit timer 9 BS —
<PGI1T>

Figure 3.10 (6) Connections Between Timers and Pattern Generator

Pattern Generation Mode

Setting the <PATO0> bit of PGO1CR to “1” sets PG to pattern generation mode. In
this mode, the CPU can only write to the shift alternate register: Therefore, by writing
to the PG during processing of interrupts from the shift trigger timer, a pattern is output
in real time in sync with the timer.

In pattern generation mode, set the <PGOM > bit of PGO1CR to “1”, the <CCW0>
bit of PGO1CR to “0”, and the <PGOTE > bit of PGO1CR to “1”.

As the PG outputs to port 7, and the port 7 bits can be individually switched between
port and function operation by the port 7 function register PTFC, any port pin can be set
for PG output. Figure 3.10 (7) is a block diagram of this mode.

Trigger signal/timer I-I I-I I-I I—I

interrupt from timer write data to SA03-00 at tim
( interrupt 4y ( | ( 1
Shift alternate register n-‘|’\ X n . \ X n+1 ,\ X n+2 , \ X n+3
output \\ shift data from SA03-00 t‘&\ \\
PG03-00
Pattern generator register X n-1 X n X n+1 X n+2

output

Example of Pattern Generation Mode Timing
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"N t
Shift alternate register PGO3 D(P|:§703?;
, T
|
SAO03
BUS3 |
i ]
th PGO2
¢ PGO2 [ 1p72)
r T
a I
i
< SAQ2
d| BUS2
2 |
! !
PGO1
i PGO1 D(P71)
s T
AO01
BUS1 > |0
1
PG00
PG00 D(P?O)
T
|
SAQ0
BUSO
Y,

Figure 3,10 (7) Block Diagram of Pattern Generation Mode (PGO0)

Shifted by shifttrigger from timer

In pattern generation mode, writing to the output latch by hardware is disabled.
Otherwise, operation is the same as 1-2 excitation in stepping motor control mode.
Accordingly, when writing data after a shift due to a trigger signal from the timer, the

data must be written before the next trigger signal.
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(2) Stepping Motor Control Mode
D  4-phase, 1 or 2 excitation

Figures 3.10 (8) and (9) show the channel 0 (PGO) output waveforms for 4-phase,
1 excitation, and 4-phase, 2 excitation.

N o IRy IR ) M ) B » Iy o I |
bG00 (P70) b4 b7 [o6 |bs b4 [ 1
b601 (P71) bs b4 b7 [o6  |b5 [
PG02 (P72) b6 | b5 b4 b7 [bs ]
PGO3 (P73) b7 b& b3 ba b7 [ 1

A

initial value PGOREG « 0100 x x X x

Note: bn is the initial value for PGOREG <--b7 b6 b5 b4 x x x x.

1.. Normal

trigger signal

e | N NN § NN | SO BN ) B s
PGO1 (P71) gt’S_lm—' b7 b4 bS [ 1
PG02 (P72) b6_| b7 b4 b [bs ]
PGO3 (P73) b7 b4 b3 [oe o7 [

}

initial value PGOREG « 0100x X X x

2. Reverse

Note: bn is the initial value for PGOREG <--b7 b6 b5 b4 x x x x. 010289

Figure 3.10 (8) 4-Phase, 1 Excitation Output Waveform (Normal/Reverse)
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trigger signal
from timer

PG00 (P70)

PGO1 (P71)

PG02 (P72)

PGO3 (P73)

.

b6 | b5 b4 |
b5 b4 [b7 b6 | b5 |
bs_l b5 b4 |b7 b6 |
b7 b6 | b5 b4 | b7

initial value PGOREG « 1100 x x X X

Figure 3.10 (9) 4-Phase, 2 Excitation Output Waveform (Normal)

The output latch of PGO (also used as P7) is shifted on the rising edge of the trigger

signal from the timer and output to the port.

The PGO1CR<CCWO0> bit sets the shift direction. Setting CCWO0 to "0" sets the
normal direction (PG00 --> PGO1 --> PG02 --> PGO03); setting to "1" sets the reverse

direction (PG00 <-- PGO01 <-- PG02 <--PGO03).

Setting one bit only to "1" when initializing ‘PG results in 4-phase, 1 excitation.
Setting two consecutive bits to "'1" results in 4-phase, 2 excitation. When a 4-phase, 1 or
2 excitation waveform is output, the shift alternate register is ignored.

Figure 3.10 (10) is a block diagram of 4-phase, 1 or 2 excitation (normal).

wnwCco —U3~Dc+ 33—

shift alternate register

PGO output latch

[AT ]

[ 1PGO3 (P73)

[ 1rG02 (P72)

b7 PGO3
b3
SA03
AL
b6 PGO2
b2
SA02
AL
b> PGO1
b1
SAO1
AL
b¢ PG00
bo SA00 t |

[1rGo1 (P71)

[ 1PGOO (P70)

AL Indicates shifting on the rising edge
of the trigger signal from the timer.

Figure 3.10 (10) Block Diagram of 4-Phase, 1 or 2 Excitation (Normal)

95C063-148

2003-03-31



TOSHIBA TMP95C063

@  4-phase, 1-2 excitation

Figure 3.10 (11) shows the channel 0 (PG0) output waveforms for 4-phase, 1-2
excitation.

PR | [ [ [ [ [1 I

PGOO (P70) bd bo |07 b3 b6 {b2 b5 b1
PGO1 (P71) b bt ba b0 b7 b3 b6 | b2
PG02 (P72) o6 |b2 b5 b1 b4 b0 b7 b3
PGO3 (P73) b7 b3 b6 [ b2 b5 b1 b4 bo

&

initial value PGOREG « 11001000
Note : bnisthe initial value for PGOREG «~b7 b6 b5b4 b3 b2 b1 b0.

@' Normal

LA | [ I [ I [ [

PGOO (P70) b bt b5 b2 S b3 b7 | bo
PGO1 (P71) b> b2 | b6 b3 b7 | bo b4 b1
PG02 (P72) bg b3 b7 b0 b4 b1 bS b2
PGO3 (P73) b7 | bo b4 b1 b5 b2 [b6 b3

:

initial value PGOREG « 11001000

Note : bnisthe initial value for PGOREG « b7 b6 b5 b4 x x x x.

@ Reverse

Figure 3.10 (11) 4-Phase, 1-2 Excitation Output Waveform (Normal/ Reverse)
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The initial values to be set for 4-phase 1-2 excitation are as follows:

When the initial values b7 b6 b5 b4 b3 b2 b1 b0

are arranged as

b7 b3.b6 b2 b5 b1 b4 b0

set three consecutive bits to 1 and the rest to 0 (positive logic).” For example,
setting b7, b3, and b6 to 1 results in “11001000B” and the output waveform shown
in Figure 3.10 (11) is obtained.

To output a negative logic waveform, invert the “1”s and “0”s of the initial
value. For example, to reverse the logic of the waveform output in Figure 3.10
(11), set the initial value to “00110111”.

The PGO output latch (also used as P7) and the shift alternate register for the
pattern generator (SA0) are shifted and output to the port on the rising edge of the
trigger signal from the timer. PGO1CR<CCWO0> sets the shift direction.

Figure 3.10 (12) is a block diagram of 4-phase, 1-2 excitation (normal).

PGO output latch

b7 shift alternate register | AL
PGO3 PGO3 (P73)
| )
AL
b3 SAD3
) AL
b6 !
PGO02 PG02 (P72)
i | A
n 1y
)? P2 T sa02
7 ) AL
a |
L2 PGO1 PGO1 (P71)
s | A
AL
b SA01
) AL
I
b4 PG00 PG00 (P70)
| A
AL
b0 SAQ0
A

-rl— Indicates shifting on the rising edge
of a trigger signal from the timer.

Figure 3.10 (12) 4-Phase, 1-2 Excitation (Normal)

95C063-150

2003-03-31




TOSHIBA

TMP95C063

Example

T8RUN
TO1MOD
TO2FFCR
TREGO
P7CR
P7FC
PGO1CR
PGOREG
T8RUN «
T16RUN <«

L S S R T S

Note : X ; Don’t care

: To drive a stepping motor from channel 0 (PGO0) with 4-phase, 1-2

excitation (normal) using timer 0, set the registers as follows.

76543210
- X - === - 0 Stops timer 0 and clears to zero.
00XX--01 Sets to 8-bit timer mode, inputsclock 4T1:
XXX01010 Clears TFF1 and enablesinversion'trigger from timer 0.
ok ok ok ok ok ok % Sets cycle in timer register.
--=-=-1111 Sets P70-P73 to output mode.
----1111 Sets P70-P73 to PG outputs.
- =-=-=-0011 Sets PGO to 4-phase, 1-2 excitation, normal direction.
11001000 Sets the initial value.
——————— 1 Starts timer 0.
1X--XXXX
- ; No change

(3) Trigger Signal from Timer

The trigger signals from the timers used by the PG differ from the trigger signals for
timer flip-flop (TFF1, 3, 8, 9, A, B) inversion. Figure 3.10 (1) shows the differences in
trigger signal timing for all 8-bit timer operating modes.

Table 3.10 (1) ' Trigger Signal Selection

Invert TFF1

Shift PG

8-bit timer mode

Selected by
TO2FFCR<FF1/S>at
match between up-

Timing same as at left

counter and TREGO or
TREG1
At match bgtween up-
e counter an
16'21';3?” TREGO/TREGT (up- Timing same as at left
countervalue =
TREG1* 28 + TREGO)
At match between up- | At match between up-
PPG output mode | counter and TREGO or counter and TREG1
up-counter and TREG1 (PPG cycle)
At match between up- . .
PWM output . No trigger signal for
counter and TREGO; ;
mode PWM cycle PG shift generated

Note : To shift PG, set TO2FFCR<FF1IE> = “1” to enable TFF1 inversion.

PG can synchronize with 16-bit timers T8 and T9. However, the 16-bit timer only
outputs a PG shift trigger signal when the UC8/9 value matches TREG9/B value. When
using a trigger signal from T8, set either TSFFCR<EQ9T8> or TSMOD <EQ9T9 > to
“1” to generate a trigger at a match with TREG9. When using a trigger signal from TA,
set TOFFCR<EQBTA > to “1” to generate a trigger at a match with TREGB.
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(4)

PG and Timer Output Application

As described in (3), Trigger Signal from Timer, the PG shift'and TFF invert timing
depend on the timer mode. The following is an application example for operating the PG

with an 8-bit timer in PPG output mode.

When driving a stepping motor, a sync signal is often required at the excitation

switching to align each phase value (PG output). For this purpose, this application uses

port 7 as the stepping motor control port and outputs a syne clock to TO1 (also used as

Pa1).

TO1 (P91) I_I

PG00 (P70)

PGO1 (P71)

TREG1

M M

TREGO

PG02 (P72) |
PGO3 (P73) |

1

Figure 3.10 (13) 4-Phase, 1 Excitation Output Waveform

Setting example:

T8RUN
TO1MOD
TO2FFCR
TREGO
TREG1
PI9CR
POFC
P7CR
P7FC
PGO1CR
PGOREG
T8RUN
T16RUN

Note: X;

76543210

R

4

1

/1) 5 2
I
I
I
I
% O -

Don’t care

* o
* % X B O

N -~ S SN N
L S N

-
-

-;No change

Stops timers 0 and 1, and clears to zero.

Sets timers 0 and 1to PPG mode, inputs clock ¢T1.

Setsto " 1" to enable TFF1 inversion.
Sets TO1 duty.
Sets TO1 cycle.

SetsP91asTO1 pin.

Sets P70 to P73 as PGO pins.

Sets PGO to 4-phase, 1 excitation.
Sets initial value.
Starts timers 0 and 1.
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3.11 Serial Channel

TMP95C063 features two built-in serial input/output channels.
The serial channel operating modes are as follows:
* I/O interface mode —— Mode 0 :For receiving and transmitting I/O
data for I/O extension, and for

receiving and transmitting
synchronous I/O data signals (SCLK).

* Universal asynchronous

" . Mode 1; 7-bit transmit/receive data
receiver transmitter { Mode 2 : 8-bit transmit/receive data
(UART) mode

Mode 3 : 9-bit transmit/receive data

Parity bits can be added in modes 1 and 2. Mode3 has a wake-up function to start
slave controllers using serially linked master controllers (multi-controller system).
Figure 3.11 (1) shows the data formats (for one frame) in each mode.

* Mode 0 (I/O interface mode)

.....

«— transfer direction

* Mode 1(7-bit UART mode)
””\startl(bitOX 1 X 2 X 3
”"\startAbitOX 1 X 2 X 3

* Mode 2 (8-bit UART mode)

COGX
XX
P\ D0
COGX
e
e

“Nuare oo} T Y2 X

* Mode3(9-bit UART mode)

\sort fmoX = X7 Y
\sort {5 X7 Y

If bit8 =1, address (select code)
If bit8 =0, data

Figure 3.11 (1) Data Formats
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Serial channel buffer registers temporarily hold data to be transmitted or received
(full-duplex), allowing independent transmission and reception.

Note that in I/O interface mode, the serial clock (SCLK) is shared between reception
and transmission (half-duplex).

The buffer register for reception features a double-buffer configuration to prevent
overrun error; an extra frame holds data until the data are read by the CPU. That is, a
receive buffer holds the data already received, while the buffer register receives the next
frame of data.

By using CTS and RTS (as no RTS pin is provided, a pin in any port must be

controlled by software), it is possible to halt data transmission until the CPU reads the
data received after each frame (handshake function).

In UART mode, a check function prevents data receive operations from starting due
to erroneous start bits being generated by noise or other interference on the line. The
channel starts receiving data only when the start bit is detected as normal in at least
two of three samplings.

When the transmit buffer is empty, an INTTX interrupt is generated to request the
CPU to supply the next data to transmit. When the receive buffer has data to be read by
the CPU, an INTRX interrupt is generated.

When an overrun error, parity error, or framing error is detected at data reception,
the corresponding flag <OERR;, PERR, FERR> is set in the control register
(SCOCR/SC1CR) of the relevant serial channel.

Serial channels 0 and 1 have.a dedicated baud rate generator, which can set any baud
rate by dividing the frequency of internal input clocks (¢T0, T2, ¢T8, and ¢T32) from
the 9-bit prescaler (shared with 8/16 bit timers) by a value between 1 and 16.

In addition to the clock from the internal baud rate generator, an arbitrary baud rate
can be obtained from the external clock input (SCLK). Moreover, in I/O interface mode,
a sync signal (SCLK) can be input and data transfer performed using this external clock.

3.11.1 Control Registers

Each serial channel is controlled by three control registers (SCOCR, SCOMOD, and
BROCR for channel 0). Transmit/receive data are stored in a register in each channel
(SCOBUF for channel 0).
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7 ¢ 6 | 5 4 | 3 2 1 0
s o bit Symbol TB8 CTSE RXE wu SMi1 SMO SC1 SCO
COMOD -
Read/Write RIW
(0052H) |— - - - - - - - -
After reset | Undefined : 0 : 0 0 : 0 0 0 : 0
Transmit Hand Receive EWake-up fSeriaI transfer mode ESeriaI transfer clock
data bit 8: shake  control ifunction  ;00: /O interface {UART)
ifunction :0: receive :0:disable : mode 100:/TO2 trigger
i control disable :1:enable :01:7-bit UART.modei01: baud rate
Function (0:CTS  i1: receive : :10: 8-bit UART mode - _generator
i disable: enable : :11: 9-bit UART mode :10: internal clock @1
:1: CTS : : 11: external clock
enable : : i (SCLKO)
| | |
|—> Serial transfer clock (UART)
00 |Timer 2 match detect signal
01 [Baud rate generator
10 |Internal clock @1
11 [Externalclock (SCLKO)
——> Serial transfer mode
00 | I/O interface mode
01
10 |UART mode : g-bit
11 9-bit
—

Wake-up function

9-bit UART
o | Interruptif receive

1 [Interrupt only when
RB8=1

Other modes

Don’t care

Receive control

0 |Receivedisable

1 |Receive enable

Handshake function (CTS pin) enable

o |Disable (transmission always
enabled)

1 |Enable

Note :SC1MOD (56H) is provided for channel 1.
Figure 3.11(2) Serial Mode Control Register (SCOMOD, Channel 0)

Transmit data bit 8
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A - T N O - O R T R
bitSymbol | RB8 : EVEN : PE i OERR i PERR : FERR : SCLKS i 10C
(gggi:ﬁ) Read/Write R RIW R (Cleared to “0” when read.) RIW
After reset P00 i 0 o0 0 o0 io0io0
Receive EParity EParity 0:'SCLKO
) : : e : . : ‘0: Baud rate
databit8 0: Odd :addition 1: Error : (J_D :
: : . : : +~ generaton
. : : : : : : 1: SCLKO pin
Function : :1: enable : o - : . v 1:SCLKO :
: : : Overrun  : Parity : Framing . : i input
(L)
| | I |
| |

I/0 interface input clock select

0 [Baud rategenerator

1 |SCLKO pininput

Edge select in SCLKO input operations

Data transmit/receive ( J_ )
at' SCLKO rising edge

Data transmit/receive ( { )
at SCLKO falling edge

Cleared to “0”

——— Framing error flag L
when read.

———> Parity error flag
——— > Overrunerror flag J

Parity addition enable
0 [Disable

1 [Enable

Even parity addition/check
0 [Odd parity

1 | Even parity

Receive data bit 8

Note : SC1CR (55H) is provided for channel 1.
As the error flags are all cleared after reading, when testing with a bit test instruction,

test more than'just a single bit.

Figure 3.11(3). Serial Control Register (SCOCR, Channel 0)
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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) Read/write RIW

Afterreset | 0 S0 0 0 0 i 0_.:i-0

: 00: 470 (4/fc) :

01: ¢T2 (16/fc) Sets divisor.
§10: ¢T8(64/f¢)

© 111 ¢T32(256/f¢)

Function | Fixedto |
"0” i H

Sets baud rate generator divisor.

0000 |Divide by 16

to Divide by 2 to-15
1111

L————————> Baud rate generator input clock select

00 | Internalclock ¢T0 (4/fc)

11 [Internal clock ¢T32 (256/fc)

Note :BR1CR (57H) is provided for channel 1.
To use the baud rate generator, set TI6GRUN<PRRUN> to “1” and run the prescaler.
The baud rate generatorfrequency can be divided-by.1in UART mode only. Do not use this
setting in I/0 interface mode.
Don‘t read from or write to BROCR register during sending or receiving.

Figure 3.11.(4) Baud Rate Generator Control Register (BROCR, Channel 0)

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

SCOBUF

50H
— 7 6 5 4 3 2 1 0

RB7 | RB6/:'RB5 : RB4 : RB3 : RB2 : RB1 : RBO | (receive)

Figure 3.11(5) Serial Transmit/Receive Register (SCOBUF, Channel 0)
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7 6 5 a4 | 3 i 2 1 0
. o bit Symbol TB8 CTSE RXE WU © SM1 : SMO sC1 SCO
C1MOD -
Read/Write RIW
(0056H) |—; — P — - ———
After reset | Undefined : 0 0 0 0 0 0 0
Transmit Handshake fReceive EWake-up fSeriaItransfer mode ESeriaItransfer clock
data bit 8 : function  :control Jfunction  :00: VO interfacemode  (UART)
: control :0: receive :0: disable (01 7-bitUART mode / /:00:/TO2 trigger
10: CTS disable :1: enable :10: 8-bitUART mode | “:01: baud rate generator
Function disable | 1: receive ! 112 9-bit UART mode . 110: internal clock ®1
11: CTS {  enable : : 111 external clock SCLK1
i enable: :
| |
|—> Serial transfer clock (UART)
00 |Timer 2 match detect signal
01 [Baud rate generator
10 |Internal clock @1
11 [Externalclock SCLK1
——> Serial transfer mode
00 | I/O interface mode
01 7-bit
10 |UART mode : g-bit
11 £ 9-bit
—— > Wake-up function
9-bit UART Other modes
0 [Interruptif receive
1 |Interrupt only Don’t care
when RB8 =1

Figure 3.11(6) Serial Mode Control Register (SC1MOD, Channel 1)

Receive control

Receive disable

Receive enable

Handshake function (CTS pin) enable

enabled)

Enable

Disable (transmission always

Transmit data bit 8
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7 ¢ 6 ¢ 5 i 4 i 3 i 2 i 1 i 0
bit Symbol RB8 : EVEN : PE i OERR : PERR i FERR i SCLKS : 10C
SC1CR . : : :
Read/Write R : R/W i R{(Clearedto “0" whenread.) : R/W
(0055H) .. - N - N -~ N - H -~ M - . -~
After reset : 0 0 : 0 0 : 0 0, i 0
Receive EParity EParity : 0: SCLK1 O Baud
databit8:0: Odd addition : 1: Error H CJ_) i rate
{1:Even :0: disable - : . genera
Function 1 enable Overrun Parity raming 1:'SCLK1 tor
i : : : £1: SCLK1
(1> i pin
: { input
l l | l ]

|—> 170 interface input clock select

0 [Baud rate generator

1 |SCLK1 pin input

—> Edge selectin SCLK1 input operations

Data transmit/receive ( J_ )
0 at SCLK1 rising edge
Data transmit/receive ( ~ }__)
! at SCLK1 falling edge
L > Frarmng error flag lCIeared t0 0"
—————> Parity error flag

when read
——— > Overrunerror flag )

Parity addition enable

0 |Disable

1 |Enable

Even parity addition/check
0 |Odd parity

1 |Even parity

Receive data bit 8

Note :As the error flags are all cleared after reading, when testing with a bit test instruction,
test more than just a single bit.

Figure 3.11(7) Serial Control Register (SC1CR, Channel 1)

95C063-159 2003-03-31



TOSHIBA TMP95C063

7 ¢ 6 i s i a4 i3 i 2 i 1 i o0
bit Symbol : : BRICK1 : BR1CKO : BR1S3 : BR1S2 : BRIS1 : BR1S0
BR1CR ; ; - - - : :
(0057H)| Read/write : g R/W

Afterreset | 0 S0 0 0 0 i 0_.:i-0

: 00: 470 (4/fc)
Fixed to 01: ¢T2 (16/fc)
U :10: T8 (64/fC)
: © 112 $T32 (256/¢)

. Sets divisor.
Function

Baud rate generator divisor setting

0000 |Divide by 16

0010 |Divideby2to 15

L——————>» Baud rate generator input clock selection

00 | Internalclock ¢T0 (4/fc)

11 [Internal clock ¢T32 (256/fc)

Note : To use the baud rate generator, set TIGRUN<PRRUN> to “1” and run the prescaler.
The baud rate generator frequency can be divided by 1in UART mode only. Do not use
this setting.in 1/0 interface mode.

Don’t read from or write to BR1CR register during sending or receiving.

Figure 3.11(8) Baud Rate Generator Control Register (BR1CR, Channel 1)

7 6 5 4 3 2 1 0
TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO | (transmit)

SC1BUF
(0054H)

7 6 5 4 3 2 1 0
RB7 : RB6,: RB5 i RB4 i RB3 | RB2 | RB1 : RBO | (receive)

Figure 3.11(9) Serial Transmit/Receive Buffer Register (SC1BUF, Channel 1)
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7 6 4 | 3 2 1 0

PAFC | bitSymbol | PA7F PA4F | PA3F PAOF
(0081H)| Read/write w Wi W w
After reset 0 : : 0 0 : : 0

. 0: PORT { 0: PORT i 0: PORT i 0:PORT

Function H : : : :
1: SCLK1 : {1:TxD1  1:SCLKO : “1:.TxDO

Don’t use RMW
instructions.

—— > Sets PA3 to SCLK output.

L Sets PAO to TxDO output.

0 /| Port output

1 | TxDO (channel-0) output

0 [Port output

1+{SCLKO (channel 0) output

Sets PA4 to TxD 1 output.

0| Portoutput

1 | TXD1 (channel 1) output

Sets PA7 to SCLK1 output.

0_|Port output

1 [SCLK1 (channel 1) output

Figure 3.11 (10). Port A Function Register (PAFC)

7 6 4 3 2 1 0
ODE | bitSymbol \_\ ODE1 ODEO
(0058H)| Read/write : R
After reset 0 0
© PA4 i PAO
Function go: CMOS go: cMOS
:1: OPEN :1: OPEN
Drain : Drain
]

|—> Sets PAO to open drain output.
0 [CMOS output

1 | Open drain output

...... PUNGEIY

arain output.

1 [Opendrain output

Figure 3.11(11) Port A Open Drain Enable Register (ODE)
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3.11.2 Configuration

Figure 3.11 (12) is a block diagram of serial channel 0. Serialchannel 1 has the same
circuit configuration.

r---- Serial clock generator circuit -=------=-=====---------n

' external clock (SCLKO) '

1 1

1 TO2TRG [

i BROCﬁf B_R_O_C_K_1_' ?_>_ . (timer 2 comparator output) i

i i <BR0OS3: 0>i g UART i

l4TO —1>| & ! L | mode | s | SIOCLK

| gT2 —P> & E ¢ L :

L g18 — § ! 8 ¢ l

L4732 —| © : $ !

! 1 1 r 1

! ! ! K :

] | __baudrate ___] * f ]

' generator SCOMOD ]

41 (fc2) <sC1,0> SCOMOD '

! s <smM1,0> !

1 € 1

! & I/Ointerface’ !

! 2 ¢ mode !

1 1
SCLKO inpuf 1+ Q :
(alsousedas | H
PA3) - MV gyl C: N0 2 H

SCOCR
<10C>
SCLKO [,
output (also INTRXO INTTXO
used as PA3) ‘f f
receive counter SCOMOD | serial channel transmit counter
(16in UART <WU>'—| interrupt (16in UART
mode only) control mode only)
RXDCLK ¥ A TXDCLK ¥ ]
SCOMOD . |~ ] | <
< RXE >-> receive ransmit
coltrol < > control CTSO
SCOCR (also used as
<PE> <EVEN> PA2)
* * SCOMOD<CTSE>
parity control

RxDOEI——>| receive buffer 1 (shift register) |

(also used
as PA1) { }
| RB8 I RB8 receive buffer 2 (SCOBUF) || error flag | TB8 |transmit buffer '—>|:| TxDO
T 1 (also used as PAO)

SCOCR
<OERR><PERR><FERR>

vy

S internal bus S

Figure 3.11(12) Serial Channel 0 Block Diagram
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@ Baud rate generator

The baud rate generator is a circuit to generate the transmission clock signals
that control the serial channel transmission rate.

The baud rate generator input clock is one of ¢ T0 (4/fc), 4 T2 (16/fc), 4T8 (64/fc),
or 4 T32 (256/fc) from the 9-bit prescaler that the baud rate generator shares with
the timers.

Bits 5 and 4 <BROCK1, 0>/<BR1CK1, 0> of the baud rate generator control
register (BROCR/BR1CR) select the input clock.

The baud rate generator features a built-in 4-bit divider. Set the transmission
rate by dividing the frequency by 1 to 16 using the divider.

Baud rates using the baud rate generator are determined as follows:

* UART mode

Baud Rate — baud rate generator input clock

"~ baud rate generator divisor

* I/O interface mode drat NI
Baud Rate — 22ud rate generator input cloc

baud rate generator divisor

+16

The relationship between the input clock and the source clock (fe) is:

$TO = 4/fc
$T2 = 16/fc
$T8 = 64/fc

$T32 = 256/fc

Accordingly,with the source clock set to 12.288 MHz, when ¢T2 (16/fc) is
selected asinput clock'and the divisor is 5, the baud rate in UART mode is:

Baud Rate= L516 =16

=12.288%10%+16+5+16=9600 (bps)
Table 3.11 (1) shows examples of the baud rates in UART mode.
In UART mode, the serial channels use 8-bit timer 2 to obtain the baud rate.
Table 3.11 (2) shows examples of baud rates using timer 2.
Moreover, the external clock input can also be used as the serial clock. The baud
rate in this case is determined as follows.

Baud rate = external clock input +16
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Table 3.11 (1) UART Mode Baud Rate Selection (1) (Using Baud Rate Generator)

Unit: Kbps
feIMHz] | piyisor bt Clock (ﬁ% (1¢61;1%c) (6¢4T/?c) (2¢516??1<2c)
9.830400 2 76.800 19.200 4.800 1.200

) 4 38.400 9.600 2.400 0.600
1 8 19.200 4.800 1,200 0.300
T 16 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2.400 0.600
1 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
1 C 19.200 4,800 1.200 0.300

Note :In I/O interface mode, the transmission rate is eight times the values shown-in this table.

Table 3.11(2) UART Mode Baud Rate Selection (2) (Using Timer 2 Input Clock ¢T1)

Unit: Kbps
fc 12.288 12 9.8304 8 6.144
TREG2 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

Baud rate calculation (using timer 2):

. fe
T teim=———
ransmission ra TREG2X8x 16
(Where timer 2 input clock is ¢ T1)
Input clocks for timer 0
¢T1 = 8/fc
¢T4 = 32/fc

4T16 = 128/fc

Note :In I/O interface mode, the timer 2 match signal cannot be used as a transmission clock.
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@  Serial clock generator circuit

This circuit generates the transmit/receive basic clock.

In I/O Interface mode

In SCLK output mode where SCOCR/SC1CR<IOC> is set to "0", the basic
clock (SIOCLK) is generated by dividing the output of the baud rate generator
by 2.

In SCLK input mode where SCOCR/SC1CR<IOC> is set to "1", the basic
clock is derived from the rising or falling edge of the SCLK input, as determined
by the setting of the SCOCR/SC1CR <SCLKS> register.

In universal asynchronous receiver transmitter(UART) mode

Basic clock SIOCLK is selected from one of the following depending on the
setting of the <SC1,0> bits of the SCOMOD or SCIMOD register: the clock
from the baud rate generator, internal clock ¢1 (500K bps @ fe=16M Hz), a
match detect signal from timer 2, or an external clock.

@  Receive counter

The receive counter is a 4-bit binary counter that counts by the SIOCLK clock

and is used in universal asynchronous receiver transmitter (UART) mode. Sixteen

cycles of SIOCLK are used to receive one bit of data. The data are sampled three
times: atthe 7th, 8th, and 9th clock cycles.

The data received are checked by the majority rule applied to the three samples.
For example, if the sampled data bits are 1, 0, 1 at the 7th, 8th, and 9th clock

cycles respectively, the data are determined as “1”. If the samplings are 0, 0, 1, the
data received are'determined as “0”.

@ Receivecontrol section

In I/O Interface mode

In SCLK output mode where SCOCR/SC1CR<IOC> is set to “0”, the RxD0/1
pin is sampled at the rising edge of the shift clock output on the SCLKO0/1 pin.

In SCLK input mode where SCOCR/SC1CR<IOC> is set to “1”, the RxD0/1
pin is sampled at the rising or falling edge of SCLK input as determined by the
setting of the SCOCR/SC1CR <SCLKS> register.

In universal asynchronous receiver transmitter (UART) mode

The receive control section has a circuit for detecting the start bit by the
majority rule. If two or more Os are detected among three samples, the circuit
recognizes the bit as a start bit and begins receiving. Data being received are
also checked by the majority rule.
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Receive buffer

The receive buffer has a double-buffer configuration to prevent overrun error.
Receive buffer 1 (a shift register buffer) stores the data received bit by bit. When
the receive buffer contains seven or eight bits of data, the data are transferred to
receive buffer 2 (SCOBUF/SC1BUF), generating interrupt INTRX0/INTRX1.

The CPU reads only receive buffer 2 (SCOBUF/SC1BUF). Data can be stored in
receive buffer 1 even before the CPU reads receive buffer 2.

However, receive buffer 2 must be read before all bits of the next data unit are
received by buffer 1. Otherwise, an overrun error occurs and the contents of
receive buffer 1 are lost, although the contents of receive buffer 2 and
SCOCR<RB8>/SC1CR<RB8> are preserved. Reading receive buffer 2
(SCOBUF/SC1BUF) clears interrupt request flags INTRX0<IRX0C> and
INTRX1<IRX1C>.

In 8-bit UART mode with parity added, the parity bit is stored in
SCOCR<RB8>/SC1CR<RB8>. In 9-bit UART mode, the MSB is stored in
SCOCR<RB8>/SC1CR<RB8>.

Setting SCOMOD <WU >/SCIMOD<WU > to “1”in9-bit UART mode enables
the slave controller wake-up. Only when SCOCR<RB8>/SC1CR<RB8> is set to
1, interrupt INTRX0/INTRX1 is generated:

Transmit counter

The transmit counteris a 4-bit binary counter for use in universal asynchronous
receiver transmitter (UART) mode. Like the receive counter, the transmit counter
counts by the SIOCLK clock, generating transmission clock TxDCLK every 16
clock cycles.

sock LA AL NI NN ANTR[0

15 164 2 3 4.5 6.7 8 9 10 11 12 13 14 15 16 1 2

Figure 3.11(13) Transmission Clock Generation
Transmit control section

* InT/O interface mode

In SCLK output mode where SCOCR/SC1CR<IOC> is set to “0”, the data in
the transmit buffer is output bit by bit to the TxDO0/1 pin at the rising edge of the
shift clock output on the SCLKO0/1 pin.

In SCLK input mode where SCOCR/SC1CR<IOC> is set to “1”, the data in
the transmit buffer is output bit by bit to the TxD0/1 pin at the rising or falling
edge of SCLK input as determined by the setting of the
SCOCR/SC1CR<SCLKS > register.
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In universal asynchronous receiver transmitter (UART) mode
When the CPU writes data in the transmit buffer, transmission begins from the
next rising edge of the TxDCLK, generating transmission shift clock TxDSFT.

Handshake Function

The serial channels use the CTS pin to transmit data in units of frames, thus
preventing an overrun error. Use SCOMOD/SCIMOD<CTSE> to enable or
disable the handshake function.

When CTS goes high, data transmission is halted after the completion of the
current transmission and is not restarted until CTS returns to low. An INTTXO0
interrupt is generated to request the CPU for the next data to transmit. When the

CPU writes the data to the transmit buffer, processing enters standby mode.

An RTS pin is not provided, but a handshake function can easily be configured if
the receiver sets any port assigned to the RTS function to high (in the receive
interrupt routine) after data receive, and requests the transmitter to temporarily
halt transmission.

95C063 95C063
TxD RxD
cTS RTS(any port)
transmitter receiver

Figure 3.11 (14) Handshake Function
Timing for writing data J_I—‘(' 4

to transmit buffer
____=ATransmission is £
CTS | halted here.

13 14 1516 1 2 3 14 15 16 1 2

3
SIOCLK —ss—" LI "—;3—" | N | |
___%f r] [(§ r]

¥ 17

TxDCLK

(¢

TxD ' \ start bit A bit0

010289

(=)

Note : @ When the CTS signal rises during transmission, transmission of the next data frame
halts after transmission of the current data frame is complete.
2) Transmission begins at the first TxDCLK clock falling edge after the CTS signal falls.

-

Figure 3.11(15) CTS (Clear to Send) Signal Timing
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Transmit buffer

Transmit buffer (SCOBUF/SC1BUF) shifts out and transmits the transmit data
written by the CPU, beginning with the least significant bit, using the
transmission shift clock (TxDSFT) generated by the transmission control section.
When all bits are shifted out, the empty transmit buffer generates interrupt
INTTXO0/INTTX1.

Parity control circuit

When serial channel control register SCOCR<PE>/SC1CR<PE > is set to “1”,
data are transmitted and received with parity. However, parity can be added only
in 7-bit or 8-bit UART mode. The SCOCR<EVEN>/SC1CR<EVEN > register
selects even/odd parity.

At transmission, the parity control circuit automatically generates parity
according to the data written in the transmit buffer (SCOBUF/SC1BUF). In 7-bit
UART mode, the parity bit is stored in SCOBUF <TB7>/SC1BUF <TB7 > prior to
transmission. In 8-bit UART mode, parity is stored in ' SCOMOD<TB8>/
SC1IMOD <TB8> prior to transmission. Set both <PE> and <EVEN> before
writing the transmit data in the transmit buffer.

At receiving, data are first shifted into receive buffer 1. The parity control
circuit automatically generates parity according to the data transferred to receive
buffer 2 (SCOBUF/SC1BUF). ' In 7-bit UART mode, the generated parity is
compared with the received parity in SCOBUF <RB7>/SC1BUF <RB7>. In 8-bit
UART mode, the generated parity is compared with the received parity in
SCOCR<RB8>/SCLCR<RB8>. If the parities differ, a parity error occurs and
the SCOCR<PERR>/SC1CR<PERR> flagis set.

Error flags

Three error flags improve the reliability of data reception.

. Overrun error <OERR>

When all bits of the next data frame have been received in receive buffer 1 while
valid data are stored in receive buffer 2 (SCBUF0/1), an overrun error occurs.

- Parity error <PERR>

The parity generated according to the data shifted into receive buffer 2
(SCBUF0/1) is compared with the parity bit received from the RxD pin. If the
parities are not equal, a parity error occurs.

. Framing error <FERR>

The stop bit of data received is sampled three times around the center. If the
majority of the samples are “0”, a framing error occurs.

95C063-168 2003-03-31



TOSHIBA

TMP95C063

@ signal Generation Timing

1) In UART Mode

Receive

Mode

9 Bit

8 Bit + Parity

8 Bit, 7 Bit + Parity, 7 Bit

Interrupt
generation timing

Center of last bit
(bit 8)

Center of last bit
(parity bit)

Center of stop bit

Framing error
generation timing

Center of stop bit

Parity error

Center oflast bit

generation timing

stop bit issent

generation timing (parity bit)
Overrun error Center of last bit Center of last bit .
n f
generation timing (bit 8) (parity bit) Centey g stop bit
Transmit
Mode 9 Bit 8 Bit + Parity 8Bit, 7 Bit + Parity, 7 Bit
Interrupt Immediately before

270289

2) Inl/O Interface Mode

Transmission
interrupt
generation timing

SCLK output mode

I(mn)w)ediately after rise of last SCLK signal (See Figure 3.11
19

SCLK input mode

Immediately after rise of last SCLK signal (rising mode),
immediately after fall in falling mode (See Figure 3.11 (20))

Receive interrupt
generation timing

SCLK output mode

When received data are transferred to receive buffer 2
(SCOBUF/SC1BUF) (immediately after final SCLK)
(See Figure 3.11 (21))

SCLK input mode

When received data are transferred to receive buffer 2
(SCOBUF/SC1BUF) (immediately after final SCLK)
(See Figure 3.11 (22))
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3.11.3 Operation

(1)

Mode 0 (I/O Interface Mode)

This mode is used to increase the number of I/O pins for transmitting or receiving
data to an external shift register or other external destinations.
This mode consists of SCLK output mode for outputting a synchronous clock (SCLK), and SCLK

input mode for inputting a synchronous clock (SCLK) from an external source.

Output extension

TMP95C063

Input extension

TxD

SCLK

Port

shift register p
B
Sl C
D
SCK E
F
RCK G
H

AR REER

TMP95C063

RxD

SCLK

Port

shift register” —a
B
QH C
D
CLocK E
F
S/L G
H

Pttt

eg, TC74HC595

eg, TC74HC165

Figure 3.11(16) Example of SCLK Output Mode Connection

Output extension

TMP95C063

TxD

Input extension

SCLK

Port

shift register

A
B
S| C
D
SCK E
F
RCK G
H

SEARERR

TMP95C063

RxD

SCLK

Port

shift register  p
B
QH C
D
CLOCK E
F
S/L G
H

Attt

eg, TC74HC595

L external clock

eg, TC74HC165

L external clock

Figure 3.11 (17) Example of SCLK Input Mode Connection
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@  Transmission

In SCLK output mode, each time the CPU transmits data to the transmit buffer,
eight data bits are output from the TxD0/1 pin, and a synchronous clock signal is
output from the SCLKO0/1 pin. When all data are output, INTESO<ITX0C> /
INTES1 <ITX1C> is set, generating interrupt INTTX0/1.

Timing for wriﬁ_ngJ-*\ (

transmit data N\
1 &1 1 1 i1 i
SCLK output T LT L A LA 1 A L A
TxDO0/1 X bito X bit1 X N X bite X bitz X
TxDSFT [ § — M M
ITXOCATX1C { [

(INTTX0/1 request)

Figure 3.11 (18) Data Transmission in /0O Interface Mode (SCLK Output Mode)

In SCLK input mode, 8-bit data are output from TxDO0/1 pin when SCLK input
becomes active while data are written in the transmission buffer by CPU.
When all data are output, INTESO<ITX0C>/INTES1<ITX1C> is set,

generating interrupt INTTXO0/1.

SCLK input
SCLKS =0 : LA L_A
gising-edge mode) I A I A L“’J
el v vy v v
alling-edge mode)

TxDO0/1 X bit0 X bit1 X_i,: bit5 X bit6 Xbit7 X

i
TxDSFT I-I I-I_(’(, I-I I-I
ITXOCATX1C « |

17

(INTTXO0/1 request)

Figure 3.11(19) Data Transmission in I/O Interface Mode (SCLK Input Mode)
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@  Receiving

In SCLK output mode, whenever the CPU reads the received data and clears the
receive interrupt flag INTESO <IRX0C >/INTES1 <IRX1C >; a synchronous clock
is output from the SCLKO0/1 pin and the next data frame is shifted to receive buffer
1. When an 8-bit data frame has been received, it is transferred to receive buffer 2
(SCOBUF/SC1BUF), and INTESO<IRXO0C>/INTES1<IRX1C> is set again,
generating interrupt INTRX0/1.

IRXOC/IRX1C l ~ (¢ {
A " )
SCLK output ~—-t A L4 LssJ L4 X
RxDO0/1 bit 0 X bit1 Xbitz\ﬁ X bite X bit7 Y
Timing for shifting INTRX0/1~—~
data to receive generation M
buffer 2

Figure 3.11(20) Data Receive in 1/O Interface Mode (SCLK Output Mode)

In SCLK input mode, if SCLK is input after the CPU reads the received data
and clears the receive interrupt flag INTESO <IRX0C >/INTES1<IRX1C>, the
next data frame is shifted into receive buffer 1. When an 8-bit data frame is
received, the data are shifted to receive buffer 2 (SCOBUF/SC1BUF) and
INTESOLIRXO0C>/INTES1<IRX1C> is set again, generating interrupt

INTRXO0/1.
SCLK input
SCLKS =0 : rising-
(edge mode)rISIng I A I A L“_A I A I A
SCLK nput SN 2 N e 2
(SCLKS =1 : falling-
edge mode) «

RxDO/1 bita . X bit1 Xbit2, X bit6 X bit7 Y

7 INTRX0/1

Timing for shifting
data to receive
buffer 2

generation™ I

Figure 3.11(21) Data Receive in I/O Interface Mode (SCLK Input Mode)

Note: Toreceive data in either SCLK input mode or SCLK output mode, first
enable receive (SCOMOD/SCIMOD <RXE> = “1”).
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)

(3)

Mode 1 (7-bit UART mode)

Setting the serial channel mode register SCOMOD <SM1,0>/SC1MOD<SM1,0> to
“01” specifies 7-bit UART mode.

A parity bit can be added in this mode. Enable or disable the addition of a parity bit
by the serial channel control register SCOCR<PE>/SC1CR<PE> bit. With <PE>
set to “1” (parity enabled), select even or odd parity using SCOCR<EVEN>/SC1CR
<EVEN>.

Example: When data are transmitted in the following format, the control registers

are set as follows. The example shows channel 0.

I“.\startl(bitOX 1 X 2 X 3 X 4 X 5 X 6 X,f;’ﬁ{’yst:o”“

<«— transmission direction (transmission rate:~2400 bps @ fc=12.288 MHz)

PACR € === m - - L} sets PAQ as TxDO pin.

PAFC ¢ --X---X1

SCOMOD « X 0 - X 0101 Sets 7-bit UART mode.

SCOCR « X11XXXD00 Adds even parity.

BROCR « 0X100101 Sets transmission rate to 2400bps.

TI6RUN « 1 X - - = - - - Starts prescaler for baud rate generator.

INTESO « 1100 - - - - Enables interrupt INTTX0 and sets interrupt level 4.
SCOBUF « * * ® * % * % * Sets transmit data.

Note: X; Don’t care - ;" No change

Mode 2 (8-bit UART mode)

Setting serial channel mode register SCOMOD <SM1,0>/SC1MOD <SM1,0> to “10”
selects 8-bit UART mode. A parity bit can'be added in this mode. Enable or disable the
addition of a parity bit by the serial channel control register SCOCR<PE>/SC1CR
<PE> bit. With <PE> set to “1” (parity enabled), select even or odd parity using
SCOCR<EVEN>/SC1ICR<EVEN>.

Example : When data are transmitted in the following format, the control registers
are set as follows. The example shows channel 0.

e o GG e e

~«——— transmission direction (transmission rate : 9600 bps @ fc = 12.288 MHz)
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Main routine settings:

PACR ¢ - - - - - - 0 - Sets PA1 (RxD0) as input pin.

SCOMOD « - 01 X1001 Sets 8-bit UART mode and enables reception:
SCOCR «X01XXXO00 Adds odd parity.

BROCR « 0 X 010101 Sets transmission rate to 9600bps.

TIBRUN « 1 X - - = - - - Starts prescaler for baud rate generator.

INTESO ¢« - - - -1100 Enables interrupt INTRXO0 and sets interrupt level 4.

Interrupt routine processing example:

Acc « SCOCR AND 00011100 } Checks for errors.
if Acc # 0 then ERROR
Acc « SCOBUF Reads data received.

Note: X;Don’t care - ;No change

(4) Mode 3 (9-bit UART mode)

Setting the serial channel mode register SCOMOD <SM1,0>/ SC1IMOD <SM1,0> to
“11” selects 9-bit UART mode. A parity bit cannot be added in this mode.

At transmission, the most significant bit (9th bit) is written to <TB8> of the serial
channel mode register. At receiving, the most significant bit is saved in <RB8> of the
serial channel control register.

When data are written to or read from the buffer, the most significant bit is always
read or written first, followed by the SCOBUF/SC1BUF register.

Wake-Up Function

In 9-bit UART mode, select the slave controller wake-up function by setting
SCOMOD<WU >/SCIMOD <WU>to “1”. Interrupt INTRX0/INTRX1 is generated
only when <RB8> issetto 1.

TxD RxD TxD RxD TxD RxD TxD RxD

master slave 1 slave 2 slave 3

Note : Set, in the ODE register, the TxD pin of the slave controller to open drain output mode.
Figure 3.11(22) Serial Link with Wake-Up Function
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Protocol

@
)

Configure the master controller and all slave controllers to 9-bit UART mode.

Set the SCOMOD <WU >/SC1MOD <WU > bit of each slave controller to “1” to
enable data reception.

The master controller transmits one frame with the most significant bit (bit 8)
<TB8> set to “1”. This frame contains the 8-bit select code of a slave controller.

" Nare o T X2 Y Y Y N XY s Ve

slave controller select code 1

The slave controllers receive the above data frame. The slave controller whose
select code matches the select code in the data frame received clears its WU bit to
0.

The master controller transmits data frames with most significant bit (bit 8)
<TB8> set to “0” to the specified slave controller (the controller whose
SCOMOD <WU >/SC1IMOD<WU > bit is cleared to 0).

D € ©) 6 3 63 &% G2 N e

data 0

The slave controllers not specified (the controllers whose <WU > bit is set to
“1”) ignore the received data as interrupt INTRX0/INTRX1 is not generated when
the most significant bit (bit 8) <RB8> remains cleared to 0 (when data are
transmitted).

The specified slave controller (the slave controller whose <WU> bit is set to
“0”) can transmit data informing the master controller of the termination of a
transmission.
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Setting example: : When linking two slave controllers serially with the master
controller using internal clock ¢1 as the transmission clock.

)

TxD RxD

master

TxD RxD TxD RxD
slave 1 slave 2
Select code Select code
00000001 00001010

As serial channels 0 and 1 have the same operation in this mode, the following

describes channel 0 only.

* Setting of master controller

Main routine :

PACR ¢ - - - - - - 01

PAFC ¢« -XX--XX
INTESO « 1100110

SCOMOD « 1 010111
SCOBUF « 0000000

INTTXO interrupt routine:

SCOMOD « 0 - - |- ==
SCOBUF € % &/ % s #

1 } Sets PAQ as TxD pin, and-PA1 as RxD pin.

1 Enables interrupt INTTX0 and sets interrupt level to 4.
Enables interrupt INTRX0and sets interrupt level to 5.

0 Sets to 9-bit UART mode and sets 41 as transmission clock.

1 Sets select code forslave controller 1.

= Sets TB8 t10/0:

* Sets transmit'data.

* Setting of slave controller 2

Main routine :

PACR — ¢ - = - - - - 0
PAFC. ¢« - XX --XX
ODE X X XXX
INTESO.« 1101111
SCOMOD « 0 0 1 T 1

Interrupt INTRXO routine :

Acc « SCOBUF
if Acc = selectcode
Then SCOMOD4 « - - - 0

Sets PAO as TxD pin (open drain output), and PA1 as RxD pin.

Enables INTTX0 and INTRXO.
Sets to 9-bit UART mode, sets 41 2/fc) as transmission clock,
and sets <WU> to "1".

=Y - SN N

- - - -  C(Clears <WU>1t00.
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3.12 Analog/Digital Converter

TMP95C063 incorporates a 10-bit successive approximation-type analog/digital
converter (A/D converter) with 8-channel analog input.

Figure 3.12 (1) is a block diagram of the A/D converter. The 8-channel analog input
pins (AN7 to ANO) are shared by input-only port C and can thus be used as input port

pins.
S internal bus S
-~ A/D converter mode register (ADMOD1,2) ~=~=~~---=-~~=77
! !
' EOCF ADBF REPET SCAN SPEED “ ADS ||
L APCH 20 VREFON )" Ao e b
nd |busy [repeat |scan | [speed 1start
A/D conv r
a 0 <o .erte? > INTAD
a  AN7 O channel select control circuit interrupt
a aAN6e[F—=> m
é ANS5 [1—] lIJ
AN4 [ ¥ . :
? AN3 [— ’I( A/D Conversion Result register
n  AN2[— p (ADREGO0/4 to 3/7)
P AN1O—{ | Y
U anoF—| e
t X
e
r

o\

VREFH [} g
D/A converter,
VREFL [T

Figure 3.12 (1) Block Diagram of A/D Converter

Note 1 : Because this A/D converter does not include an internal sample and hold circuit,
for A/D conversion of high-frequency signals, connect an external sample and hold
circuit.

Note 2: 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. ADMOD
<SPEED1, 2> set the “00”.

95C063-177 2003-03-31



TOSHIBA TMP95C063
7 L 6 s o4 i3 i 02 1
o bitSymbol | EOCF i ADBF i REPET i SCAN i ADS
ADMOD1 - : : :
Read/Write R : R/W R/W
(005EH) : : .
After reset 0 : 0 H 0 : 0 0
iScanmode : :
AD AD Repeat specification§ AD :
conversion :conversion :mode 10: conver i conversion :
complete BUSY flag éspecificationé sion Estart :
flag : : ¢ channel : :
: : : fixed :
Function i1:conver :0:single 11: conver
: : i mode : :
1:complete; sionin i mode i1:conver : i sionstart:
: progress 1 : repeat sion EAIways readé
! mode channel éas "o". :
scan :
: i mode : :
] | ]
— ]
L—> A/D conversion start
0 |—
1| Starts A/D conversion.
Note : Always readas "0”.
L A/D scan mode‘specification
0 | A/D conversionchannel fixed mode
1 | A/D conversion channel scan mode
— > A/Drepeat mode setting
0 [A/Dsingleconversion mode
1 [A/Drepeat conversion mode
L > A/Dconversion BUSY flag
07 JYA/D conversion halted
1. | A/D conversion in progress
A/D conversion complete flag
0 |[Before or during A/D conversion
1 | A/D conversion complete
Figure 3.12(2-1) A/D Control Register
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7 ¢ 6 i s i o4 i3 i o2 i o1 i 9
o bit Symbol | VREFON : . SPEED1 : SPEEDO : . ADCH2 : ADCH1 : ADCHO
ADMOD2 .
Read/Write R/W
(005FH) : g .
After reset 1 0 : 0 0 0 : 0
Ladder Conversion speed Analog input channelselect
resistance : 00: 160 states :
ON/OFF 01: 320 sstates
10 : 640 states
11: 1280 states
Function
Analog input channel select
<SCAN>
0 1
<ADCH2,1,0>
000 ANO ANO
001 AN1 ANO—AN1
010 AN2 ANO—AN1—->AN2
011 AN3 ANO—AN1—>AN2—AN3
100 AN4 AN4
101 AN5 AN4—ANS
110 ANG6 AN4—AN5—ANG6
111 AN7 AN4—AN5—AN6—AN7

A/D conversion speed select

00 160 states (12.8 us @25 MHz)
01 320 states (25.6 us @25 MHz)
10 | 640 states (51.2 us @25 MHz)
1 1280 states (102.4 x5 @25 MHz)

Ladder resistance on/off selection
(See note below)

0 Ladder resistance off
1 Ladder resistance on
Note: Set the <VREFON> bit to “1”

before starting conversion (write
“1" to ADMOD1<ADS>).

Figure 3.12 (2-2) A/D Control Register
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A - T O O - T O O T O
ARRESH) - [ bitsymbol [ ADROT © ADR0O ' ' ' ' i
Read/Write R
After reset Undefined 1 1 1 1 1 1
Function | Storeslower two bits of ANO or AN4 conversion result.
7 ¢ 6 i 5 i 4 i 3 /21 10
A'(D()%%?OH‘)‘H bitSymbol | ADR0O9 : ADRO8 : ADRO7 : ADRO6 : ADRO5 : ADRO4 : ADRO3 : ADRO2
Read/Write R
After reset Undefined
Function | Storesupper eight bits of ANQ or AN4 conversion result:
A T A S - T R T A S A
A%%%Egﬁ?l' bit Symbol [ ADR11 | ADR10 ' Z ' : '
Read/Write R
After reset Undefined 1 1 1 1 1 1
Function | Storeslower two bits of AN1.or AN5 conversionresult.
A S T T - T N T T I
AI(D()%%%H?H bitSymbol | ADR19 : ADR18 : ADR17 : ADR16 i ADR15 : ADR14 ! ADRI3 : ADR12
Read/Write R
After reset Undefined
Function’ | Stores upper.eight bits of AN1 or AN5'conversion result.

Note : Channels ANO and AN4 share conversion result register ADREG04; AN1 and AN5
share ADREG15; AN2 and AN6 share ADREG26; and AN3 and AN7 share ADREG37.

MSB LSB
9 8 7.65 4 3 210
Channel X conversion result | | I | | | | | | | |
| I | |
ADREGXH ¢ ¢ ADREGXL
7.6 54 3 2 10 7 6 543 210

ESSENEENRE

-

Always read as “1".

Figure 3.12 (3-1) A/D Conversion Result Registers (ADREGO04, 15)
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7 ¢ 6 s i 4 i 3 2 1 0
A(%%E%?L bit Symbol | ADR21 ! ADR20 ' j
Read/Write R
After reset Undefined 1 1 1 : 1 1 1
Function | Storeslower two bits of AN2 or AN6 conversion result.
7 ¢ 6 i 5 i 4 i 3 /21 10
A'&)%%GSZH?H bitSymbol | ADR29 i ADR28 : ADR27 : ADR26 : ADR25 : ADR24 : ADR23 : ADR22
Read/Write R
After reset Undefined
Function | Storesupper eight bits of AN2 or AN6 conversion result:
7 ¢ 6 ¢ 5 i (41 3 2 1 0
ARRECE]" [[bitsymbol | ADR3T | ADR30 | : ]
Read/Write R
After reset Undefined 1 1 1 : 1 1 1
Function | Storeslower two bits of AN3 or AN7 conversionresult.
A S T T - T N T T I
A'(Do%%g%"' bit Symbol | ADR39 : ADR38 : ADR37 : ADR36 i ADR35 : ADR34 ! ADR33 : ADR32
Read/Write R
After reset Undefined
Function’ | Stores upper.eight bits of AN3 or AN7 conversion result.
MSB LSB
9 8.7-6.5 432 10
Channel X conversion result| | | | | I | | | | |
| | | |
ADREGXH ¢ l‘ ADREGXL
7.6 5 4 3 2 1 0 7 6 5 4 3 2 0
-
Alwaysread as “1”.
Figure 3.12 (3-2) _A/D Conversion Result Registers (ADREG26, 37)
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3.12.1 Operation

(1)

(2)

(3)

(4)

Analog Reference Voltage

A high analog reference voltage is applied to the VREFH pin; a low analog reference
voltage to the VREFL pin.

The reference voltage, the difference between VREFH and VREFL, is divided by 1024
using a ladder resistor. This voltage is compared with the analog input voltage for A/D
conversion.

To turn the switch between VREFH and VREFL off, write “0” to the
ADMOD2<VREFON > bit.

To start A/D conversion from the off state, first write “1” to <VREFON >, then to
ADMOD1<ADS>.

Analog Input Channels

Analog input channel selection dependson the operating mode of the A/D converter.

In analog input channel fixed mode,, ADMOD2<ADCHZ2,1,0> selects one channel
among pins ANO to AN7 (eight pins).

In analog input channel scan mode, ADMOD2<ADCH2,1,0 > selects the number of
channels to scan. Possible selections are:- ANO only, ANO — AN1, ANO - AN1 — AN2,
ANO—AN1—->AN2—>AN3,AN4only,AN4 —-AN5,AN4—AN5—>AN6,or AN4—>AN5—
ANG6 — ANT.

At reset, A/D conversion register ADMOD2<ADCH2,1,0> is initialized to “0007,
selecting pin ANO for the A/D converter input.

Pins not used as analog input channels can be used as standard port C input pins.

Starting A/D Conversion

To start A/Dconversion, write “1”in A/D conversion start register ADMOD1<ADS>.
When A/D conversion starts, A/D conversion BUSY flag ADMOD1 <ADBF> is set to
“1”, indicating A/D conversion isin progress.

Don’t set ADMOD1<ADS> to “1” during a conversion. When ADMOD1<ADS> is
written “1” during A/D conversion, the conversion is finished halfway and new A/D
conversion is started. In the case of conversion channel scan mode, the conversion
channel returns to channel 0 and new conversion is started.

A/D Conversion Modes

There are two A/D conversion modes: A/D conversion channel fixed/scan mode and
single/repeat conversion mode.

In conversion channel fixed repeat mode, one specified channel is converted
repeatedly.

In conversion channel scan repeat mode, the channels are scanned repeatedly. Select
the A/D conversion mode using ADMOD1 <REPET, SCAN>.
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(5)

(6)

)

(8)

A/D Conversion Speed Selection

There are four A/D conversion speeds. Select the speed using the
ADMOD2<SPEED1,0>.

Atreset, ADMOD2<SPEED1,0> is initialized to “00”, selecting a conversion time of
160 states (12.8 us @ 25 MHz).

A/D Conversion End and Interrupt
® In A/D single conversion mode

When A/D conversion ends, the ADMOD1 <EOCF > flag is set to “1” to indicate
that A/D conversion is complete, the ADMOD1 <ADBF > flag is cleared to “0”, and
an INTAD interrupt is generated. In A/D conversion channel fixed mode, A/D
conversion ends when conversion of the specified channel is'complete; in A/D
conversion channel scan mode, A/D conversion ends when conversion of the final
channel is complete.

® In A/D repeat conversion mode

A/D conversion end interrupt INTAD cannot be used in repeat mode for either
conversion channel fixed mode or conversion channel scan mode. Ensure that the
INTEOAD register interrupt request level is always set to “000” to disable
interrupt requests.

To end operations-in repeat mode, write “0” to the ADMOD1<REPET >
register. This ends repeat mode when the conversion currently in progress is
complete.

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.

Storing A/D Conversion Result

Channels ANO and AN4 share conversion result register ADREG04; AN1 and AN5S
share ADREG15; AN2 and AN6 share ADREG26; and AN3 and AN7 share ADREG37.

Note that it is impossible to identify the channel whose conversion results are
currently being stored in the register. In repeat mode, the registers are updated when
each conversion is complete.

Registers ADREG04-37 are read-only.

Reading A/D Conversion Result

Registers ADREG04 to ADRED37 store the A/D conversion result.

Reading any lower 2-bit register ADREGxxL in ADREGxx (xx: 04 - 37), clears
INTEOAD <IADC>and ADMOD<EOCF> to 0. Simply reading upper 8-bit register
ADREGxxH does not clear <IADC>and <EOCF>.
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Setting example : ® Convert the analog input voltage on pin A3 to digital in 160-
state mode, and transfer the result to memory address

0100H in the INTAD interrupt routine.

Main routine setting :

INTEOAD « 1100 - - - - Enables INTAD and sets level 4.
ADMOD2 « 1 X00XO011 Sets analog input channel to pin AN3 and starts
|[ADMOD1  « X X 00 X 1XX A/D conversion in“160-state mode.

Interrupt routine processing example :

WA « ADREG37 Reads ADREG37L and ADREG37Hvalues to WA
(16 bits).

WA >> 6 Right-shifts WA six times and zero-fillsupper bits.

(000100H)« WA Writes contents of WA to-memory address 0100H.

@ Repeatedly convert the analog input voltages on pins AN4, AN5, ANG,
and AN7 in 320-state in channel scan repeat mode.

INTEOAD « 1000 - - < - Disables INTAD.
ADMOD2 « 1 X 010111 Starts A/D.conversion of analog input channels

ADMOD1 « X X11X100 AN4 to AN7 inscan repeat mode.

Note: X;Don’t care -;No change

95C063-184 2003-03-31



TOSHIBA TMP95C063

3.13 8-Bit Voltage Output-Type D/A Converter

TMP95C063 incorporates a 2-channel, 8-bit resolution D/A converter with the
following features.

* R-2R-type 8-bit resolution D/A converter with two internal channels
* Registers DAREGO and DAREGT1 to control the analog voltage output

Figure 3.13 (1) is a block diagram of the D/A converter.

) internal bus )
reset |_, ﬁ
D/A converter
DAREG1 (_| DAREGO 4_|_| control circuit
! v [] DAREFH
- <DAODR>
LN 8-bitD/A
—|/ converter D DAOUTO
Y <DA1DR> EI AU
I/ converter
A | | DAREFL

Figure 3.13 (1) D/A Converter Block Diagram
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DADRV
(004FH)

DAREGO
(004AH)

(No
RMW)

DAREG1
(004BH)

(No
RMW)

D/A converter drive register

7 6 5 4 3 2 1 0

bit Symbol — — — — — — DA1DR DAODR
Read/Write RIW
After reset 0
0:OutputsOV.
Function 1:Outputs register
conversion value.
|—>D/A output drive setting
0 | Outputs O V.
', | outputs register
conversion value.
D/A conversion register 0 -
7 6 5 4 3 2 1 0
bit Symbol —
Read/Write w
After reset Undefined
Function Starts D/A conversion-at register write, outputs to DAOQUTO:
D/A conversion register 1 B
7 6 5 4 3 2 1 0
bit Symbol —
Read/Write w
After reset Undefined
Function Starts D/A conversion at a register write, outputs to DAOUT1.

¥

These registers are used for the D/A converter digital input data. The relationship
between the register values and the output voltages is as follows: output voltage V
= (DAREFH - DAREFL) x N/256 (where N is the register value).

Note 1:If the HALT instruction-is released, the D/A converter outputs the pre-HALT voltage.
In" HALT modes-other than STOP, the D/A converter continues to output the
conversion voltage as specified by the value in the registers regardless of the HALT
instruction.

Note 2: Read-modify-write is prohibited for registers DAREGO, DAREG1.

Figure 3.13 (2) D/A Converter Registers
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3.13.1 Operation

When D/A converter drive register DADRV<DAI1DR, DAODR> is set to “1”, the
internal D/A converter converts digital values in D/A converter registers DAREG1 or
DAREGO to analog values, and outputs these values as voltages from pins DAOUT1 and
DAOUTO. Figure 3.13 (2) shows the relationship between input data and output
voltage.

As a reset clears <DA1DR> and <DAODR> to “0”, DAOUT1 and DAOUTO pins
output OV. After a reset, DAREG1 and DAREGO are undefined. To output the relevant
analog value using the D/A converter, write input data in DAREG1 and DAREGO, then
write “1” to the DADRV bit of the channel to be used.' Be sure to write data to DAREG1
and DAREGO first. If, after a reset, DADRV is set to “1” before the input data are
written to DAREG1 and DAREGO, DAREG1 and DAREGO are undefined, and the
converter outputs undefined analog values.

If the HALT instruction is executed after specifying STOP mode
(WDMOD<HALTM1,0> = “01”), the DAOUTO0/DAOUT1 pin outputs 0V regardless of
the DADRYV or DAREG setting.

Example: Set DAREFH =Vce, DAREFL=GND.

76543210 _
DAREG1T « 11111111 Writes FFH. DAOUT1 =Vcex ggg = Ve
DAREGO « 1000 0/0°0 0 Writes 80K DAOUTO=Vcex 25~ = V€
DADRV X X X XX Xx11 Outputs DAOUT1/DAOUTO.
DAREG1 <10 000000 Writes 80H. Outputs Vcc/2 to DAOUT1.
DAREGO ¢ 11111111 Writes FFH. Outputs Vccto DAOUTO.
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3.14 Watchdog Timer (Runaway Detection Timer)

TMP95C063 incorporates a watchdog timer for detecting runaways.
The watchdog timer (WDT) returns the CPU to its normal state after the watchdog
timer detects the start of a CPU malfunction (runaway) due to noise, for example. When
the watchdog timer detects a runaway, it generates a non-maskable interrupt to notify
the CPU of the runaway and outputs a “0” signal from the watchdog timer out pin

(WDTOUT) to notify any peripheral devices of the runaway.

Connecting the watchdog timer output to the RESET pin (within the chip) forces a

reset.

3.14.1 Configuration

Figure 3.14 (1) is a block diagram of the watchdog timer (WDT).

WDTOUT

enable

INTWD ’
I
WDMOD—>]
<WDTP1,0>—>| Selector

216/fc
218/ fe
20/ fc
222/fc

4 (2/fc)—> 22-step binary counter for

watchdog timer

Q
R S

reset %

watchdog timer output

reset
WDMOD

} <WDTE >
reset
HALT instruction
(STOP or
IDLE mode AZH BTH
executing) write write
watchdogtimer control
register
\ internal bus )

control
4/fc reset

Figure 3.14 (1) Watchdog Timer Block Diagram

[>o—11 WbTOUT
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The watchdog timer is a 22-step binary counter, which uses ¢ (2/fc) as the input clock.

The WDMOD register selects the output of one of four binary counters: 216/fc, 218/fc,
Zzo/fc, or 222/fc. Overflow from the selected counter generates a watchdog timer
interrupt and outputs a signal to the watchdog timer out pin.

As a result of watchdog timer overflow, the watchdog timer out pin (WDTOUT)
outputs “0”, which can be used as a reset signal for peripheral devices.

First disabling and then clearing the watchdog timer (writing the clear code (4EH) to
the WDCR register) sets the WDTOUT pin to “1”. In normal mode, the WDOUT pin
continually outputs “0” until the clear code is written to the WDCR register.

The watchdog timer output can also be connected to the RESET pin internally. In
this case, the watchdog timer out pin (WDTOUT) outputs “0” for 8-20 states (640 ns - 1.6
#s @ 25 MHz), resetting itself at the same time.

WDT counter __n X /696056587777 K « X 0
1
WDT interrupt I I «
clear code \';vrite
WDT clear
(software) 4
WDTOUT pin [ «

3

Figure 3.14(2) Normal Mode

overflow

WDT counter n )% «

1

WDT interrupt | | («

1

« [

);
|

8-20 states (640 ns-1.6 s @ 25 MHz)

WDTOUT pin
(internal reset) |

Figure 3.14 (3) Reset Mode
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3.14.2 Control Registers

The watchdog timer (WDT) is controlled by two control registers: WDMOD and
WDCR.

(1) Watchdog Timer Mode Register WDMOD
@  Setting watchdog timer detection time <WDTP>

This 2-bit register is used to set the watchdog timer interrupt time for detecting
runaways. At reset, this register is initialized to “00” (WDMOD <WDTP1,0> is
set to “00”), setting a detection time of 216/fc [s]. (The number of states is
approximately 32,768.)

@  Watchdog timer enable/disable control <WDTE >

At reset, the WDMOD <WDTE > bitis initialized to “1”, enabling the watchdog
timer.

Disabling the watchdog timer requires both clearing WDTE to 0 and writing
disable code B1H in the WDCR register. This two-step process makes it difficult
for a runaway to disable the watchdog timer.

To return from the disable state to the enable state; simply set the <WDTE >
bit to “1”.

@ Connection of watchdog timer output to reset pin <RESCR>

This register determines whether or not the watchdog timer resets itself after a
runaway is detected.

At reset, WDMOD <RESCR > is initialized to 0, and the watchdog timer will
thereforenot trigger a reset.

(2) Watchdog Timer Control Register WDCR

This register is used to disable the watchdog timer functions and to clear the binary
counter.

* Disable control

After clearing the WDMOD <WDTE > register to 0, writing the disable code
“B1H”to the WDCR register disables the watchdog timer. However, the binary
counter continues its operation also after the watchdog timer was disabled.

WDMOD « 0 - - = = - X X Clears WDTE to 0.
[WDCR «10110001 Writes disable code B1H.
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Enable control

Set WDMOD <WDTE > to 1.

Clear the binary counter before setting the watchdog timer enable. The binary
counter continues to count up also after setting the watchdog timer disable, so if
the watchdog timer is set enable without clearing the binary counter, the
watchdog timer out (WDTOUT) signal is output at a different timing from the
detecting time which is selected by WDMOD < WDTP1, 0> register.

Clear control

Writing clear code 4EH to the WDCR register clears the binary counter and
resumes the count.

WCR « 01001110 Writes clear code 4EH:

The binary counter is cleared when the clear/code is written, when reset, and
when the device enters standby state in IDLE or STOP mode by execution of the
HALT instruction.

In the case of using the watchdog timer as an interval timer, clear the binary
counter in the watchdog timer interrupt sequence. If the binary counter is not
cleared in the interrupt sequence; it is cleared by an overflow after it counted up
until 22-stage.
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7 i 6 o5 io4 i3 o2 i g i 9
bitSymbol | WDTE | WDTP1 | WDTPO | WARM : HALTM1: HALTMO : RESCR : DRVE
WDMOD -
Read/Write RIW
(006EH) |F— - - - - ~ - - . ~ g - . — . -
After reset 1o o0 i o0 i 0 i o0 i 0 i 0 i 0
WDT EWDTdetectlontlme select ! ‘Warm- -up Standby mode 1 E‘I:Drives
control : H
: : ; Yint ;
:00: 216/fc ;t'me :00: RUN mode Ly
[01: 218/fc 5 101: STOPmode | /e
Function |1:enable %' 10: 214/fc T \WDTOUT
110: 220/fc : 16 :10: IDLE mode L :
: 11:216/fc ! pinto RESET!
$11: 222/fc : i11: Don’t care N :
; : ; Lpin.
i |

I_) DREVE (See description of STOP. mode in the
section.on standby function.)

L—>_ Controls watchdog timer output.

1 | Connects WDTOUT pin to reset pin.

——> Selects standby mode by HALT instruction
00 [ RUN mode (halts CPU only)

11 | Don'tcare

——> Selects warm-up time on return from STOP
mode.

0 [ 214/fc (approximately 655 us @ 25 MHz)

1 | 216/fc (approximately 2.6 ms @ 25 MHz)

Selects watchdog timer detection time.
00 | 216/fc (approximately 2.6 ms @ 25 MHz)

11 | 222/f¢ (approximately 168 ms @25 MHz)

Controls watchdog timer enable/disable.
0 [ Disable

1 | Enable

Figure 3.14 (4) Watchdog Timer Mode Register
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bit Symbol

WDCR

Read/Write

(006FH)

After reset

Function

B1H : WDT disable code

4EH : WDT clear code

L—> Disablesand clears WDT.

B1H Disable code

Others —

Figure 3.14 (5) Watchdog Timer Control Register
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3.14.3 Operation

After the detection time set by the WDMOD <WDTP1,0> register is reached, the
watchdog timer generates interrupt INTWD and outputs a low signal to the watchdog
timer out pin WDTOUT. The binary counter for the watchdog timer must be cleared to 0
by software (instruction) before INTWD is generated. If the CPU malfunctions
(runaway) due to causes such as noise and does not execute'an instruction to clear the
binary counter, the binary counter overflows and generates INTWD.

The CPU interprets INTWD as a malfunction detection signal, which can be used to
start the malfunction recovery program to return the system to normal. A CPU
malfunction can also be fixed by connecting the watchdog timer output to a reset pin for
peripheral devices.

The watchdog timer begins operating immediately on release of the watchdog timer
reset.

The watchdog timer is reset and halted in IDLE and STOP modes. The watchdog
counter continues counting during bus release (BUSAK = low).

The watchdog timer operates in RUN mode; it can be disabled when RUN mode is
entered.

Examples:

@ Clear the binary counter.
WDCR « 01001110 Writesclearcode (4EH).

@ Set the watchdog timer detection time to 218/fc.
WDMOD « 1 0 1 - =~ XX

@ Disable the watchdog timer.

WDMOD « 0 = = = — - X X Clears WDTE to “0”.
WDCR « 10110001 Writesdisable code (B1H).

@ Select IDLE mode.
WDMOD « 0 — — - 1 0 X X Disables WDT and set IDLE mode.
WDCR-«10110001
Executes HALT instruction. Sets to standby mode.

® Select STOP mode. (Warm-up time 219/fc)
WDMOD ¢« — = =1 0. 1 X'X Setsto STOP mode.
Executes HALT instruction. Sets to standby mode.

Note: X ; Don'tcare —; Nochange
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3.15 Bus Release Function

TMP95C063 has a bus request pin (BUSRQ, also used as P53) for releasing the bus,
and a bus acknowledge pin (BUSAK, also used as P54). Set these pins using P5CR and
P5FC.

3.15.1 Operation

When “0” is input to the BUSRQ pin, TMP95C063 acknowledges a bus release
request. When the current bus cycle ends, TMP95C063 sets the address bus (A23-A0)
and the bus control signals (RD, WR, HWR, R/W, CS0-CS3) simultaneously to high, sets
these signals and the output buffer for the data bus (D15 - D0) to off; and sets the
BUSAK pin to low, indicating that the bus is released.

For the bus release timing when the DRAM controller is in use, and for the states of
the DRAM-dedicated pins, See 3.7.5, Bus Release Mode.

During bus release, TMP95C063 disables all access to the internal I/O registers,
although the internal I/O functions are not affected. Asthe watchdog timer continues to
count up during bus release, when using the bus release function, set the runaway
detection time in accordance with the bus release time.

3.15.2 Pin States at Bus Release

Table 3.15 lists pin states when the bus is released.

Table 3.15 Pin State at Bus Release
Pin Name
Port Mode Function Mode
D7 to DO At high impedance
P17 to P10 No change At high impedance
(D15 to D8)
P27 to P20 No change At high impedance (first set to high)
(A23 to A16)
A15to AQ At high impedance (first set to high)
RD
WR
P52 (HWR) No change Set output buffer off (first set to
P55 (RAW) high). Internal pull-up resistors are
added regardless of output latch
values.
P64 (CS3) No change At high impedance (first set to high)
P57 (CS2)
P60 (CS1)
P56 (CSO)

For P61 to P63 and P65 to P67, see 3.7.5, Bus Release Mode.
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4. Electrical Characteristics

4.1 Absolute Maximum Ratings

Parameter Symbol Rating Unit

Supply voltage Ve -0.5t06.5 Y
Input voltage VIN -0.5to Vcc+0:5 \Y
Output current (total) > 10L 120 mA
Output current (total) > 10H -120 mA
Power dissipation (Ta = 70°C) PD 600 mw
Soldering temperature (10 s) TSOLDER 260 °C
Storage temperature TSTG -65t0 150 °C
Operating temperature TOPR -20t0 70 °C

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.

4.2 DC Electrical Characteristics

Vee=5V+10%, TA= -20to 70°C (8 to 25 MHz)
(Typ values are for Ta=25°Cand Vcc=5V)

Parameter Symbol Test Condition Min Max Unit

Input Low Voltage (DO to 15) VIL —-03 0.8 \Y
P5, P7, P8, P9, PA, PB, PC, PD, PE VIL1 -03 0.3 Vcc \Y
RESET, NMI, INTO to 3,INT8,NMI2 | VIL2 -0.3 0.25 Vcc VvV
EA, AM8/16 VILE3 -03 0.3 \Y
X1 VIL4 -0.3 0.2Vcc \
iR Veisee oot e | T B 5y Veeros i
P5, P7, P8, P9, PA, PB, PC, PD, PE VIH1 0.7 Vcc Vec+0.3 \Y
RESET, NMI, INTO to 3,INT8,NMI2 |V IH2 0.75 Vcc Vcc+0.3 \
EA, AM8/16 VIH3 Vee-0.3 Vec+0.3 Vv
X1 V IH4 0.8Vcc Vec+0.3 \"
St Tow VoRses? 7| T e R | R v
Sutut Figh Vaitage e P T S R R =

V OH1 IOH= -100 A 0.75 Vcc \Y

V OH2 OH= -20 A 0.9 Vcc \Y
Sariinaion Brive Earrane | AR T R e gl S
(8 Output Pins max.) REXT=1.1kQ
| TR | 665 tivey Y
Output Leakage Current I'LO 0.2=Vin=Vcc-0.2 0.05(Typ) |10 LA
Sierating Corant oy T DX D I 55| g .
IDLE 3.5(Typ) |10 mA
STOP(Ta= - 20 to 70°C) 0.2=Vin=Vcc-0.2 0.5 (Typ) 50 LA
STOP (Ta =0 to 50°C) 0.2=Vin=Vcc-0.2 10 MA
v Bwn Veitage | vErsE Vi zEE e o | . v
(at STOP) VIH2=0.8 Vcc
RESET Pull Up Resistance R RST 50 150 kG
T | ¢ Y T R | R S
| G R T v
RESET, NMI, INTO to 3,INT8, NMI2
Suiiln Redictanca™ L R 557 e T
Note: IDAR guarantees driving of up to eight output port pins between any two Vee pins.
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4.3 ACElectrical Characteristics
Vee=5V £10%, TA= -201to 70°C
(8 MHz to 25 MHz)
No Parameter Symbol - Variable 2_0 2 2_5 MHz Unit
Min Max Min | Max [ Min | Max
1| Oscillation cycle ( =x) tosc 40 125 50 40 ns
2| Clock pulse width toik 2x-40 60 40 ns
3| A0 to A23 valid— clock hold tAK 0.5x-20 5 0 ns
4| Clock valid— A0 to A23 hold tKA 1.5x - 60 5 0 ns
5| AQ to A23 valid—> RD/WR fall tAC 1.0x-20 30 20 ns
6| RD/WR rise— A0 to A23 hold tca 0.5x - 20 5 0 ns
7| A0 to A23 valid— D0 to D15 input tAD 3.5x-40 135 100 | ns
8|RD fall-> D0 to D15 input trRD 2.5x - 45 80 55| ns
9|RD Low pulse width tRR 2.5x-40 85 60 ns
10| RD rise— D0 to D15 hold tHR 0 0 0 ns
11|WR Low pulse width tww 2.5x - 40 85 60 ns
12| D0 to D15 valid— WR rise tpw 2.0x=40 60 40 ns
13| WR rise D0 to D15 hold twp 0.5x-10 15 10 ns
14| A0 to A23 valid—> WAIT input (1 +nwam | taw 3.5x-90 85 50 ns
A0 to A23 valid—> WAIT input ©+nwam [taw 1.5x-40 35 20| ns
15| RDAWR fall>WAIT hold a+Nwam [tew 2.5x+0 125 100 ns
RD/WR fall>WAIT hold ©+NWAT) | tew 0.5x+0 25 20 ns
16| AQ to 23 valid— PORT input tAPH 2.5x=90 35 10| ns
17| AO to 23 valid— PORT holt tapH2 |12.5x+50 175 150 ns
18| WR rise— PORT valid tcp 200 200 200 | ns
19| CS Low pulse width (PSRAM mode€)/ |tce 3x-40 110 80 ns
20| CSfall-> D0 to 15 input(PSRAM mood) | tcea 3x=60 90 60| ns
21| Address setup time (PSRAM mode) tpasc | 0.5x-15 10 5 ns
22| CS precharge time (PSRAM mode) tpp 1x—10 40 30 ns
23| RDAWR fall — BS fall 1RB 0.5x 25 20 ns
24| AQ to A23 valid — BS fall tAB 1:5x — 20 55 40 ns
25| BS rise > A0 to A23valid tBA 0.5x + 15 40 35| ns
26 [ SCOUT rise — BSAall tsB 1x + 30 80 70| ns
27|SCOUT fall - WAIT input ({ N WA towy 60 60 60 ns
28| SCOUT Low pulse width tscL 1x=20 30 20 ns
29| SCOUT High pulse width tscH 1x-20 30 20 ns
AC measuring conditions
® Outputlevel : High2.2V /Low 0.8V ,CL=50pF

(Note that for DO to D15, A0 to A23, RD, WR, HWR, and CLK, CL = 100 pF, and for SCOUT, CL = 30pF)

® Inputlevel : High2.4V

/Low 0.45V (DO to D15)

High0.8Vcc  /Low 0.2 Vcc (except for DO to D15)
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(1) Read cycle

X1

tok

CLK

C0t03  \

(ROM/SRAM LN

A0 to 23 §><"‘
7N\

mode)

BS

SCouT

Port Input

X
3

DOto 15 .

CS0to 3
(PSRAM mode)
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(2) Write cycle

X1

tCLK

CLK

tka

AOto 23

. CS0to3
(ROM/SRAM

mode)

BS

SCOUT

tscL Y

Port Output

WR, HWR

IICSER N SN S < Doto1s

7#
ér-

2
N
t1s
(e}

>

¥

CS0to3
(PSRAM mode) :

N

‘teE |

95C063-199

2003-03-31



TOSHIBA

TMP95C063

4.4 DRAM Control AC Electrical Characteristics

Vee=5V £10%, TA= -20to 70°C
(8 MHz to 25 MHz)

Variable 20 MHz 25 MHz .
No Parameter Symbol Min Max Min T faxdvin | Max Unit

1|RAS cycle time tRC 4x 200 160 ns

2| RAS access time tRAC 3X-50 100 70 | ns

3| CAS access time teAC 1.5X<35 40 25 | ns

4| Column address access time tAA 2.5X-55 70 45 | ns

5| Input data hold time torr 0 0 0 ns

6| RAS precharge time trp 1.5X-10 65 50 ns

7| RAS pulse width tRAS 2.5X-30 95 70 ns

8| RAS hold time tRSH 1X-15 35 25 ns

9| CAS hold time tesH 3X-35 115 85 ns
10| CAS pulse width tcAs 1.5X-15 65 45 ns
11| RAS to CAS delay time tReD 1.5X-40 1,5X 35 75 20 60 | ns
12| RAS column address delay time tRAD 0.5X-5|0.5X'+20| 20 45 15 40 | ns
13| CAS to RAS precharge time tcrP 1X-35 15 5 ns
14| CAS precharge time tcpD 2.5X-35 90 65 ns
15[ Row address setup time tASR 0.5X-15 10 5 ns
16 [ Row address hold time tRAH 0.5X-5 20 15 ns
17 [ Column address setup time tasc 1X-25 25 15 ns
18| Column address hold time tcaH 2X-50 50 30 ns
19| Column address RAS read time tRAL 2X-45 55 35 ns
20| Write command CAS read time towi 2.0X-35 65 45 ns
21| Data output setup time tbs 0.5X-15 10 5 ns
22| Data output hold time tpH 2X-35 65 45 ns
23| Write command setup time twcs 0.5X-20 5 0 ns
24| CAS hold time (CAS-before-RAS) tCHR* 1 2X-50 50 30 ns
25| RAS precharge CAS active time trpC* 1.5X-30 45 30 ns
26| CAS setup time (CAS-before-RAS) tesR* 0.5X-10 15 10 ns
27 RAS precharge time (self-refresh) tRPS*2 4X%-20 180 140 ns
28| CAS hold time (self-refresh) tCHS*2 0 0 0 ns
29| Refresh setup time teFL* 1X-5 45 35 ns
30| Refresh hold time teEH* 1X-10 40 30 ns
31| Write command pulse width twp 2.0x-40 60 40 ns
32| Write command hold time twel 1.5x-40 35 20 ns

*1 CAS-before-RAS interval refresh mode

*2 CAS-before-RAS self-refresh mode

* CAS-before-RAS interval refresh and self-refresh modes

AC measuring conditions

® Outputlevel : High2.2V~ /Low0.8V ,CL=50pF o
(Note that for DO'to D15, A0 to /A23, RD, WR, HWR, and R/W, CL = 100 pF)
® Inputlevel : High2.4V /Low 0.45V (DO to D15)
High 0.8 Vce.  /Low 0.2 Vcc (except for DO to D15)
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Read/Write Access Cycle
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Note 1: Here, CASincludes LCAS and UCAS.

Note 2: Here, WE includes LW and UW.
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(2) CAS-before-RAS Interval Refresh Cycle

trp | trAsS "
RAST, 3 1 "\ * \

l«— tRPC —> t
l«—tcpD —»| ['CSR tcHR

Note: ; |

CAST,3 / \ /|t \
< tCFL —>

REFOUT

1
(3) CAS-before-RAS Self-Refresh Cycle

trps ' trPs '
— + ~';
RAS1T, 3 / kf

l«— tRPC —>

~—1tcPD —— (tcj, —H<1cHs
Note: e
CAST,3 / \

Note : Here, CAS includes LCAS and UCAS.

"4l

. 2N

g~
-~

45 A/D Converter Characteristics

Vec=5V 1 10%, TA= — 20 to 70°C (8 to 25 MHz)

Parameter Symbol Min Typ. Max Unit
Analog reference voltage (+) VREFH Vce0.2V Vce Vce
Analog reference voltage (-) VREFL Vss Vss Vss+0.2V Vv
Analog input voltage VAIN VREFL VREFH
Analog reference voltage power |
supply current REF
= + 9 =

Vec=5V£10% <VBEFON>=1 |\ peri o) 0.5 1.5 mA

Vcc=5V+10% <VREFON>=0 0.02 5.0 A

Vee=5V£10% | Total tolerance J(C&g\rlgrl;sclgn 3.0 16 LSB

Note 1: 1ILSB=(VREFH - VREFL)/2"10[V]
Note 2: Power supply current ICC from the'digital power supply includes the power supply from the AVCC pin.

4.6 SerialChannel Timing

(1) - SCLKinput mode (/O interface mode) Vce=5V*10%, TA = - 20 to 70°C (8 to 25 MHz)
Parameter Symbol - Variable 2_0 MHz 2_5 MHz Unit
Min Max Min [ Max | Min | Max
SCLK cycle tscy 16X 0.8 0.64 U
Output Data — SCLK rise toss |tscy/2-5X-50 100 70 ns
SCLK rise— Output Data hold | tons 5X -100 150 100 ns
SCLK rise— Input Data hold tHSR 0 0 0 ns
SCLK rise— valid data input tsRD tscy — 5X -100 450 340 | ns
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(2)  SCLK output mode (I/O interface mode) Vec=5V +10%, TA= -20to 70°C (8 to 25 MHz)
Parameter Symbol - Variable _20 idlacs _25 s Unit
Min Max Min | Max [ Min | Max
SCLK cycle (programmable) tscy 16X 8192X 0.8 | 409.6 | 0.64 | 327.6 | i
Output Data = SCLK rise toss | tscy—2X-150 550 410 ns
SCLK rise— Output Data halt toHs 2X - 80 20 0 ns
SCLK rise— Input Data halt tusr 0 0 0 ns
SCLK rise— valid datainput tsrD tscy — 2X - 150 550 410 ns
(3) SCLKinput mode (UART mode) Vee=5V *10%, TA= =20t0 70C (8 to 25 MHz)
Parameter Symbol - Variable .20 fAHz .25 MHz Unit
Min Max Min |- Max [ Min | Max
SCLK cycle tscy a4X +20 220 180 ns
SCLK low-level pulse width tseyL 2X+5 105 85 ns
SCLK high-level pulse width tscyH 2X +5 105 85 ns
4.7 Event Counter (TIO, TI2, TI4, TI6, TI8, TI9, TIA, TIB)
Vee=5V£10%, TA= - 20t0 70°C (8t0 25 MHz)
Parameter symbol .Variable . 20 MHz ' 25 VHz Unit
Min Max Min Max Min Max
Clock cycle tyvek  |8X+ 100 500 420 ns
Clock low-level pulse width tyckl | 4X +40 240 200 ns
Clock high-level pulse width tyckd | 4X+40 240 200 ns
4.8 Interrupt Operation
Vee=5V+10%,TA= -20t0 70°C (8 to 25 MHz)
parameter symbol Variable 20 MHz 25 MHz Unit
Min Max Min Max Min Max
INMVIT, NMI2, INTO to 3,8 low-level pulse width tNTAL 4X 200 160 ns
INMVIT, NMI2, INTO to 3,8 high-level pulsewidth | tiyTaH 4X 200 160 ns
INT4 to INT7 low-level pulse width tinTeL{8X +.100 500 420 ns
INT4 to INT7 high-level pulse width tinteH-|8X + 100 500 420 ns

49 D/A Conversion Characteristics (Unless otherwise specified, Vcc =5V, Vss =DAREFL=0V)
Vec=5V+10% TA = —20t0 70C

f =8to 25 MHz
Parameter Symbol Condition Min Typ Max Unit

Analog reference voltage DAREFH 4.0 Ve y

Analog reference voltage DAREFL Vss Vss

Resolution 8 BIT
Total tolerance Conversion R=1MQ (See note 1) 7.0 LSB
tolerance R =5MQ (See note 1) 45 LSB

R =10 MQ (See note 1) 4.0 LSB

Differential linear error 2.0 LSB

Note : “R” is the load resistance on the D/A converter output pin.
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4.10 1/O Interface Mode Timing Diagram
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4.11 Bus Request/Bus Acknowledge Timing

(Note)
XL K X X X X
7 A 7 -
tBRC t
~ tceaL = BRC
BUSRQ \
85 5 £ Ypman
BUSAK /
- 5
> . teaa
—
DO to D15 W Syata P S U g <
| S—
______ _ss._________________ —
A0 to A23 SV N
N
I r—
RD, WR SS_/ | TN N § U7 N 7
CS0t0 €83, ———————F(—F1—=—=——=— e ~—
R/W, RAS, SS_/ \
CAS
Variable 20 MHz 25 MHz
Parameter Symbol Unit
Min Max Min | Max | Min | Max
BUSRQ setup time for CLK tgRre 120 120 120 ns
CLK—BUSAK fall tegaL 2.0x+ 120 220 200 ns
CLK—BUSAK rise tcpaH 0.5x +40 65 60 ns
Time from output buffer offuntil BUSAK fall tABA 0 80 0 80 0 80 ns
Time from BUSAK rise until output buffer on teaa 0 80 0 80 0 80 ns

Note: When bus release is requested with BUSRQ cleared to 0, that request cannot be granted until the
previous bus cycle is terminated by a WAIT, and the WAIT is released.
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5. List of Special Function Registers
(SFR ; Special Function Register)

The special function registers control the input/output ports and peripheral
components. Registers are allocated to 128 bytes within the address range from
000000H to 00007FH.

(1) Input/output port

(2) Input/output port control
(3) Timer control

(4) Pattern generator

(5) Watchdog timer control
(6) Serial channel control

(7) A/D converter control

(8) Interrupt control

(9) Chip select/wait controller
(10) DRAM controller

(11) D/A converter control

Table configuration

Symbol Name Address |7 16 i [ 1110
0.\l i |- bit symbol
\\ — Read / Write
H — Initial value at reset
// —> Remarks
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Table 5 1/0 Register Address Map

Address Register Name | Address | Register Name | Address | Register Name | Address

00000000H 20H| T8RUN 40H| TREGAL 60H [ ADREGO4L
1H| P1 1H| TRDC 1H| TREGAH 1H| ADREG04H
2H 2H| TREGO 2H| TREGBL 2H| ADREG15L
3H 3H| TREG1 3H| TREGBH 3H| ADREG15H
4H| P1CR 4H| TOTMOD 4H| CAP3L 4H| ADREG26L
5H 5H| TO2FFCR 5H| CAP3H 5H| ADREG26H
6H| P2 6H | TREG2 6H | CAPAL 6H| ADREG37L
7H 7H| TREG3 7H| CAP4H 7H| ADREG37H
8H 8H| T23MOD 8H| T9MOD 8H
9H | P2FC 9H | TREG4 9H [ TOFFCR 9H
AH AH| TREGS AH| DAREGO AH ['SDMACRO
BH BH| T45MOD BH | DAREG1 BH| SDMACR1
CH CH| T46FFCR CH| PGOREG CH| SDMACR2
DH|P5 DH| TREG6 DH|PG1REG DH| SDMACR3
EH EH| TREG7 EH{PGO1CR EH|WDMOD
FH FH| T67MOD FH | DADRV FH|WDCR
10H| P5CR 30H| TREG8L 50H| SCOBUF 70H| INTEOAD
1H| PSFC 1H| TREG8H 1H| SCOCR TH[INTE12
2H| P6 2H| TREGIOL 2H|[SCOMOD 2H| INTE34
3H| P7 3H| TREG9H 3H| BROCR 3H|[INTE56
4H 4H| CAPIL 4H|SC1BUF 4H| INTE78
5H| P6FC 5H| CAPTH 5H| SC1CR 5H| INTETO1
6H| P7CR 6H| CAP2L 6H|[SC1IMOD 6H| INTET23
7H| P7FC 7H| CAP2H 7H|BR1CR 7H| INTET45
8H| P8 8H| T8BMIOD 8H| ODE 8H| INTET67
9H| P9 9H | T8FFCR 9H 9H|[ INTET89
AH| P8CR AH| T89CR AH| DMAQOV AH|INTETAB
BH| P8FC BH| T16RUN BH|DMA1V BH| INTESO
CH| P9CR CH CH| DMA2vV CH|INTES1
DH | P9FC DH DH| DMA3V DH| INTETCO1
EH| PA EH EH| ADMOD1 EH| INTETC23
FH| PB FH FH|[ ADMOD2 FH| IIMC
80H| PACR 90H| BOCS
1H| PAFC 1H|[B1CS
2H| PBCR 2H| B2CS
3H{.PBFC 3H|B3CS
4H|'PC 4H [ MSARO
5H| PD 5H| MAMRO
6H 6H| MSAR1
7H 7H| MAMR1
8H|PDCR 8H| MSAR2
9H 9H | MAMR2
AH|PE AH|[ MSAR3
BH BH| MAMR3
CH| PECR CH| DREFCR1
DH DH| DMEMCR1
EH EH| DREFCR3
FH [ BEXCS FH| DMEMCR3
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(1)  Input/Output Ports
Symbol | Name Address 7 5 6 5 4 5 3 2 0
P17 : P16 P15 P14 i P13 P12 P11 i P10
P1 PORT1 01H RIW
Input mode
0 i 0 0 0 i 0 0 : 0
P27 i P26 P25 P24 i P23 P22 P21 i P20
P2 PORT2 06H RIW
QOutput mode
1 : 1 1 1 : 1 1 1
P57 : P56 P55 P54 : P53 P52 RDE
P5 PORTS5 ODH *RIW
Output mode Input mode (With pull-up) -
0 : 1 1 : 1 : 1 : 1 3 1
P67 : P66 P65 P64 i P63 : P62 P61 : P60
P6 PORT6 12H R/W.
Output mode
1 : 1 1 1 : 1 1 : 1
P77 ! P76 P75 P74 i P73 P72 P71V I P70
P7 PORT7 13H FR/AW
Input mode (With pull-up)
1 : 1 1 : 1 : 1 : 1 : 1
P87 . P86 P85 P84 i P83 P82 P81 ! P80
P8 PORT8 18H *RAW
Input mode (With pull-up)
1 : 1 1 : 1 : 1 : 1 : 1
P97 | P96 P95 P94 i P93 P92 P91 i P90
P9 PORT9 19H *RAW
Input mode (With pull-up)
1 ; 1 1 : 1 { 1 i 1 : 1
PA7 i PAG PAS5 PA4. : PA3 PA2 PA1T : PAO
PA PORTA 1EH *RIW
Input mode (With pull-up)
1 : 1 1 : 1 : 1 : 1 : 1
PB7 —+ / PB6 PB5 PB4 : PB3 PB2 PB1 : PBO
PB PORTB 1FH *R/W
Input mode (With pull-up)
1 ! 1 1 : 1 ! 1 : 1 : 1
PC7 i PCh PC5 PC4 | PC3 PC2 PC1 i PCO
PC PORTC 84H R
Input mode
PD4 : PD3 PD2 PD1 PDO
PD PORTD 85H *RIW
Input mode (With pull-up)
1 : 1 : 1 : 1 1
PE7 PE6 PE5 PE4 : PE3 PE2 PE1 PEO
PE PORTE 8AH *R/W
] Ir]put mode (V_Vith pull-up). i
1 : 1 1 : 1 : 1 : 1 1 : 1

Note: When RDE is cleared to 0, the “RD” strobe is output from the “RD” pin (for PSRAM) even when

accessing an internal address. If RDE remains set to 1, the “RD” strobe is output only when
accessing an external address.

Read/Write
R/W

; Read/Write

R ;

Read only

W ; Write only

NoRMW ; Prohibit Read Modify Write. (Cannot use the RES, SET, TSET, CHG, STCF, EX,
ADD, ADC, SUB, SBC, INC, DEC, RLC, RRC, RL, RR, SLA, SRA, SLL, SRL, RLD,
RRD, AND, OR, or XOR instructions.)

*R/W

; RMW instructions are prohibited for controlling ON/OFF of the pull-up resistors.
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(2) Input/Output Port Control (1)
Symbol | Name | Address 7 6 5 : 4 : 3 : 2 1 0
P17C P16C P15C P14C P13C | P12C P11C P10C
PORT1 04H W
P1CR - - - -
Control 0 0 0 H 0 : 0 H 0 0 H 0
(No RMW) 0:IN 1:0UT
P27F P26F P25F P24F | “P23F P22F P21F P20F
PORT2 09H W
P2FC . - - -
Function 1 1 1 : 1 : 1 : 1 1 1
(No RMW) 0:PORT  1:A23toA16
P55C P54C P53C P52C
PORT5 10H W
P5CR - - -
Control 0 : 0 : 0 H 0
(No RMW) 0:IN 1:0UT
P57F P56F PS5F :  P54F P53F P52F
11H W
PORTS - - -
P5FC . 0 : 0 : 0 : 0 : 0 : 0
Function : : H : 1
0:PORT :0:PORT :0:PORT. :0:PORT :0:PORT :0:PORT
(NoRMW)[1:C52  :1:CS0 1 RAW_ :i1:BUSAK :1:BUSRQ i1:HWR
P67F : P6GF i  P65F i PGAF i PB3F /! ‘P62F P61F P6OF
PORT6 15H W
P6FC . - - - -
Function 0 0 0 : 0 : 0 : 0 0 : 0
(No RMW) 0: PORT 1.: DRAM control signal
16H P77C P76C P75C P74C P73C P72C P71C P70C
PORT7 W
P7CR - - .
Control 0 0 0 : 0 : 0 : 0 0 0
(No RMW) 0:IN 1:0UT
P77F P76F P75F . ! \P74F i P73F | P72F P71F P70F
PORT7 17H W
P7FC ) - - - - -
Function 0 : 0 : 0 : 0 : 0 : 0 0 : 0
(N6 RMW) 0:PORT 1:PG1-0UT 0:PORT 1:PGO-OUT
P87C P86C i P85C P84C P83C P82C P81C P8OC
PORTS 1AH W
P8CR - -
Control 0 0 0 : 0 0 0 0 : 0
(No RMW) 0:IN 1:0UT
: P81F : P8OF
1BH 5 w oW
PORT8 - -
P8FC { : : 0 : 0
Function : H H
: EO:PORT EOZPORT
(No RMW) : 1:SCOUT :1:BS
P97C P96C P95C P94C i P93C P92C : P91C i P90C
PORT9 1CH W
P9CR - .
Control 0 0 0 : 0 : 0 0 0 : 0
(No RMW) 0:IN 1:0UT
PO7F © P9SF © PO3F P91F
1DH w W w W
PORT9 :
POFC . 0 : 0 0 0
Function ; : ;
0:PORT :0: PORT :0: PORT :0: PORT
(No RMW)|[ 1:T07 {1:705 {1:703 {1:701
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Symbol | Name | Address 7 6 5 4 3 2 1 0
PA7C PA6C PA5C PAA4C PA3C PA2C PAIC | PAOC
PACR |PORTA 80H W
Control 0 0 0 : 0 : 0 0 0 0
(No RMW) 0:IN 1:0UT
PA7F PA4F PA3F PAOF
PAFC |PORTA 81H w W W W
Function 0 ; 0 H 0 : 0
(No RMW)| 0 : PORT {0:PORT {0:PORT {0:PORT
1:SCLK1 {1:TxD1  i1:SCLKO {1:TxDO
PB7C PB6C PB5C i PB4AC : PB3C PB2C PB1IC | PBOC
PBCR |PORTB 82H W
Control 0 0 0 : 0 H 0 0 0 0
(No RMW) 0:IN 1:0UT
PB7F PB6F i PB3F PB2F
PBFC | PORTB 83H w W W W
Function 0 0 H 0 i 0
(No RMW)| 0 : PORT : PORT Y0:PORT :0:PORT
1:TOB : TOA 11:7T09 i1:T08 !
PD4C PD3C PD2C PDIC : PDOC
PDCR |PORTD 88H W
Control 0 0 : 0 : 0 : 0
(No RMW) 01N 1:0UT
PE7C PE6C PE5C PEAC i PE3C/ /i |PE2C i PEIC | PEOC
PECR |PORTE 8CH W
Control 0 0 0 H 0 H 0 0 0 0
(No RMW) 0:IN 1:0UT
95C063-210 2003-03-31




TOSHIBA TMP95C063
(3) Timer Control (1)
Symbol | Name | Address 7 i 6 5 4 i3 ) 1 0
P7ZRUN i P6RUN TS5RUN : T4RUN : T3RUN T2RUN TIRUN : TORUN
T8RUN 8 bit Timer 20H 0 : 0 0 : 0 : 0 : 0 0 : 0
Control 8 Bit Timer Run/Stop CONTROL
0: Stop &Clear
1: Run(Countup)
TREGO SRT .Ts L:re[: 22H W
9 (No RMW) Undefined
TREGT 8Rbe't |Ts ;':re; 23H W
9 (No RMW) Undefined
TO1M1 TO1MO PWMO1 PWMO00 T1CLK1 T1CLKO TOCLK1 TOCLKO
8 bit Timer RIW
T01 0,1 0 : 0 0 : 0 0 : 0 0 : 0
MOD Source 244 00: 8bit Timer 00: - : 00 : TOOTRG 00: TIO input
CLK & 01: 16 bit Timer 01:26-1 PWM 01:4T1 01:4T1
MODE 10: 8bitPPG 10:27-1 cyde i 10: 4T16 10: 4T4
(No RMW) 11: 8bitPWM 11:28-1 P 11:4T256 11: 4716
TFF3C1 TFF3CO TFF3IE TFF3IS TFF1C1 TFF1CO TFF1IE TFF1IS
W R/AW : W R/W
T02 8bitTimer| 25H - : 0 : 0 : = : 0 : 0
FECR Flip-Flop 00:Invert TFF3 1= TFF3" :1: Inverted: 00 : Invert TFF1 (1: TFF1 i1: Inverted
Control 01:SetTFF3 i lnvert i bytimer: 01: Set TFF1 i Invert i bytimer
10 : Clear TFF3 Enable | 3 : 10 :/Clear TFF1 Enable : 1
(No RMW) 11: Don'tcare : 11: Don'tcare :
- 26H -
mecz (15T m
9 (No RMW) Undefined
- 27H L
recs | m
9 (No RMW) Undefined
T23M1 T23M0 PWM21 PWM20 T3CLK1 T3CLKO T2CLK1 T2CLKO
- R/W
gg'”'mer 0o o 0. . o0 0o I o 0o 0
T23 | 00: 8bitTimer 00/ - : 00 : TO2TRG 00: TI2
Source 28H S
MOD CLK & 01: 16 bit Timer 01: 26-1PWM 01:¢T1 01:¢T1
10: 8bitPPG 10: 27-1c¢ycle : 10: ¢T16 10: ¢T4
MODE 11: 8bit PWM 11: 28-1 g 11: 47256 11:4T16
(No RMW) :
TR6DE TRADE TR2DE TRODE
Timer Reg. RIW
Double 0 0 : 0 ; 0
TRDC |Buffer 21H 0: Double Buffer
Control Disable
Reg. 1: Double Buffer
Enable
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Timer Control (2)
Symbol | Name Address 7 6 5 4 3 2 1 0
TREG4 SRZ'tiTS ;:’re; 29H W
9 (No RMW) Undefined
TREGS BRTt;;r:resr 2AH W
9 (No RMW) Undefined
T45M 1 T45M0 PWM41 PWMA40 i T5CLK1 T5CLKO T4CLK1 T4CLKO
8 bit Timer R/W
Tas |45 0 i 0 0 : 0 : 0 : 0 0 : 0
Mop | Seuree 2BH 00: 8bitTimer 00: - 00: TO4TRG 00:Tl4 input
CLK & 01: 16 bit Timer 01:26—1 i 012 4T1 01:¢T1
MODE 10: 8bitPPG 10:27-1 (oo 10: ¢T16 10: ¢T4
(No RMW) 11: 8bitPWM 11:28-1 11: 47256 11:.4T16
TFF7C1 TFF7C0 TFF7IE TEF7IS TFF5C1 TFF5C0 TFF5IE TFF5IS
W RAW W RIW
146 8 bit Timer 2CH - : 0 : 0 : - : 0 : 0
FFCR Flip-Flop 00: Invert TFF7  i1: TFF7 1 : Invertedg 00 : Invert TFF5 1 : TFF5 1 : Inverted
Control 01:Set TFF7 Invert : “bytimer: 01:Set TFF5 Invert : bytimer
10: Clear TFF7 Enable 7 : 10 : Clear TFF5 Enable 5
(No RMW) 11: Don'tcare : 11 Don't care :
- 2DH _
e m
9 (No RMW) Undefined
. 2EH _
e (oIS w
9 (No RMW) Undefined
T67M1 T67MO PWM61 PWM60 | T7CLK1 T7CLKO T6CLK1 T6CLKO
- RIW
2:'”""6' 0 0 0 0. 0 I 0 0 : 0
T67 |, 00> 8bit Timer 00: /= 00 : TO6TRG 00:TI6
Source 2FH A Nh
MOD CLK & 01.:16 bit Timer 01: 26=1PWM 01:¢T1 01:¢T1
10 :-8bit PPG 10127 -1 cycle 10: 4T16 10: ¢T4
MODE 11: 8bit PWM 11 281 11: 47256 11: 4T16
(No RMW)
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Timer Control (3)
Symbol | Name Address 7 6 5 4 3 2 1 0
16 bit -
TREGSL |Timer 30H W
Register8L [(No RMW) Undefined
16 bit -
TREGS8H |Timer 31H W
Register8H [(No RMW) Undefined
16 bit -
TREGIL |Timer 32H W
Register9L |(No RMW) Undefined
16 bit £
TREG9H |Timer 33H W
Register9H [(No RMW)] Undefined
2 e :
9 Undefined
CAP1H ::p?;':r | 3 R
9 Undefined
CAP2L ;:pit;;em 36H R
9 Undefined
CAP2H ;:pit;frm 37H R
9 Undefined
CAP2T9 EQ9T9 CAP1IN CAP12M1.: CAP12MO : CLE T8CLK1 T8CLKO
16 bit R/W W : R/W
Timer 8 0 ; 0 : 1 0 i 0 ; 0 0 é 0
T8MOD |Source 38H TFF9 INV. TRG : Capture Timming Source Clock
CLK & 0: TRG Disable i 0:Soft- i< 00:Disable 00:TI8
MODE 17 TRG Enable : Capture.: 01:TI8/ 7TI9T :1:UC8 01:¢T1
i 1:Don't = 10:TI8 TTI8 | Clear : 10:¢T4
(No RMW) care 11 :TFF1. T TFF1 | Enable 1: ¢T1§
TFF9C1 TFF9CO CAP2T8 CAP1T8 EQI9T8 EQ8T8 TFF8C1 TFF8CO
W 3 R/W W
16 bit - : 0 0 0 0 -
TS8FFCR Timer 8 39H 00 : Invert TFF9 TFF8 Invert Trigger 00 : Invert TFF8
Flip-Flop 01:Set TFF9 0: Trigger Disable 01:Set TFF8
Control 10 : Clear TFF9 1: Trigger Enable 10 : Clear TFF8
11: Don't care 11 : Don't care
(No RMW)
- PG1T PGOT DBAEN DB8EN
R/W R/W
0 H 0 H 0 : 0 : 0
TBICR | o 29 | 3AH iPG1shift :PGOshift 1: Double
antro Fixed to :trigger itrigger : Buffer
“o" : 0:timer2,3 10:timer0,1 ! Enable
i1:timer9 i1:timer8 :
PRRUN i ———_  T9RUN T8RUN e~
16 bit 0 H H 0 0
T16RUN |Timer 3BH Prescaler & 16 Bit Timer
Control Run/Stop control
0 : Stop & Clear
1: Run (Count Up)
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Timer Control (4)
Symbol | Name Address 7 6 5 4 3 2 1 0
16 bit -
TREGAL [Timer 40H W
RegisterAL [(No RMW) Undefined
16 bit -
TREGAH [Timer 41H W
RegisterAH [(No RMW) Undefined
16 bit -
TREGBL |Timer 42H w
RegisterBL |(No RMW) Undefined
16 bit V4
TREGBH [Timer 43H W
RegisterBH |(No RMW) Undefined
capaL [CAPtUre 44H R
Register3L 7
Undefined
cap3H [CBPLUTE 45H R
Register3H -
Undefined
capa [CBPtUre 46H R
Register4L -
Undefined
Capap |CaPture 47H R
Register4H -
Undefined
CAPATB EQBTB CAP3IN : CAP34M1.: CAP34MO : CLE TI9CLK1 TI9CLKO
16 bit RAW W RIW
Timer 9 0 é 0 : 1 0 é 0 0 0 é 0
TomoD [FouUrce CLK| - 48H TFFB INV. TRG Capture Timming Source Clock
& 0:TRGDisable / :0:Soft- % 00:Disable : 00:TIA
MODE 17 TRGEnable i Capture i Q1:TIAT TIB 1 :1:UC9 01: ¢T1
“1:Don't 1 10:TIA T TIA ] Clear : 10:4T4
(No RMW) care 11+TFF1 1 TFF1 | Enable : 11:4T16
TFFBC1 TFFBCO CAPATA CAP3TA EQBTA EQATA TFFAC1 TFFACO
16 bit W : RAY W
Timer 9 - : Y 0 5 0 0 -
T9FFCR Flip-Flop 49H 00 : Invert TFFB TFFA Invert Trigger 00 : Invert TFFA
Control 01:Set TFFB 0: Trigger Disable 01:Set TFFA
10 : Clear TFFB 1: Trigger Enable 10 : Clear TFFA
(No RMW) 11: Don't care 11: Don’t care
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(4) Pattern Generator
Symbol | Name | Address 7 6 : 5 4 3 2 5 1 5 0
PGO PG03 PGO2 : PGO1 PG00 SA03 SA02 SA01 SA00
PGOREG . 4CH W R/W
Register (No RMW) 0 0 ? 0 0 Undefined
PG1 PG13 PG12 : PG11 PG10 SA13 SA12 SA11 SA10
PG1REG . 4DH W R/W
Register (No RMW) 0 0 : 0 0 Undefined
PAT1 CCW1 PG1M PG1TE PATO CCWO0 PGOM PGOTE
R/W
PGO, 1 o .0 {0 ! 0 =/ 0 - 0 ¢t 0
PGO1CR Con:corol AEH 0: 8 bit 50: normal 0: 4 bit PG1 0: 8 bit 0 normal : 0: 4 bit PGO
write | rotation : Step : trigger write : rotation : Step :trigger
1:4bit  il:reverse :1:8bit iinput “1r4bit  1:reverse /i1:8bit  input
write ! rotation Step : enable > /i write } rotation Step : enable
5 : i1:enable : : : i 1: enable
(5) Watchdog Timer
Symbol | Name | Address 7 6 5 4 3 ; 2 § 1 0
WDTE WDTP1 WDTPO WARM_——HALTM1<: HALTMQ : RESCR DRVE
R/W
Watch 1 0 -0 0. i 0 i0 0 0
WD- | Dog 6EH 00:216/f¢ i Warming Standby Mode i 1:internally : 1: Drives
MOD | Timer 1: WDT 01: 218/fc fupTime 00: RUN Mode iconnects  :  pins
Mode Enable : 10:.220/fc §0: 214/fc 01:STOP Mode iWDToutput : evenin
: 11:222/f¢ :1: 216/f¢ 10: IDLE Mode {toRESETpin. | STOP
5 11: Don't care : {  mode.
Watch \_
Dog 6FH W
Timer
WDCR | Control -
Register _|(No RMW) B1H: WDT Disable Code __4EH: WDT Clear Code
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(6) Serial Channels
Symbol | Name | Address 7 i 6 - P4 i3 P2 1 0
serial RB7 RB6 : RB5 RB4 RB3 RB2 RB1 RBO
SCOBUF Ceh”a ol som TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO
a?g:frfer R (Receiving) /W (Transmission)
Undefined
RB8 EVEN PE OERR : PERR FERR SCLK 10C
R : RIW R (Cleared to 0 by reading) RIW
Serial 0 0 0 : 0 : 0 : 0 0
SCOCR | Channel 0 [ 51H Receive :Parity ik ST TiError o ;0: SCLKO ~ © 1: SCLKO
Control databit8 i0: Odd ‘Parity i Overrun Parity i Framing ( [} ) i pininput
i1: Even Enable! : i :<SCLK[> :
TB8 CTSE RXE WU : SM1 SMO0 SC1 SCO
RAW
Serial Undefined: 0 :© 0 : o~ ~©0 : 0 & 0~ : 0
SCO- ; : : : . -
MOD Channel 0 52H Transmit :1: 1 1 :1°00: 1/0 Interface :00: TO2 Trigger
Mode databit8 iCTS ‘Receive  Wakeup  /01: UART7 bit {01 baud rate generator
: :10: UART 8 bit 1107 internal clock ¢1
. Enable;  Enable; — Enablet 1\ g1 pit 1111 external clock SCLKO
- : BROCK1 BROCKO BROS3 BR0S2 BROS1 BROSO
R/W H : R/W
0 é é 0 é 0 é 0 é 0 0 é 0
Baud Rate - -
BROCR Control| >N ' © [ 00:¢TO - (4/fq) Set division value
Fix to 01: ¢T2 (16/fc)
e 10:4T8  (64/fc) Otof
11: ¢T32  (256/fc)
Serial RB7 RB6 RB5 : RB4 RB3 RB2 RB1 RBO
SC1BUF c‘:'a | san TB7 186 185 B4 TB3 TB2 TB1 TBO
al?;‘efen R (Receiving) /W (Transmission)
Undefined
RB8 i EVEN : PE OERR PERR FERR SCLKS 10C
R 5 RIW R (Cleared to 0 by reading) R/W
Serial E 0 é 0 é 0 é 0 i 0 ; 0 é 0
SCICR | Channel 1| 55H | Receive /iParity — :f: e VETOr : 0:SCLK1 :1: SCLK1
Control databit8 :0:Odd :Parity » Overrun Parity : Framing : (J_ i pininput
“1:Even ! Enable: : P 1,8CLK] ¢
: : : 1 :
TB8 CTSE RXE WU : SM1 SMO SC1 SCO
R/W
Serial Undefined : 0 : 0 : 0 H 0 : 0 0 : 0
SC1- Transmit  i1: CTS M e : 00: I/O Interface 00: TO2 Trigger
Channel1 56H : : : )
MOD Modé data bit8 Enable:Receive ‘Wake up 01: UART 7 bit 01: baud rate generator
: Enable: Enable: 10: UART 8 bit 10: internal clock ¢1
: : 11: UART 9 bit 11: external clock SCLK1
= BR1CK1 BR1CKO BR1S3 BR1S2 BR1S1 BR1S0
RW. é RIW
[ 0 0 i 0 i 0 0o o0
Baud Rate . : : : : : :
BR1CR Control S7H : i 00:¢T0  (4/f0) Sets divisor.
Fix to i 01:¢T2 (16/f¢)
wgr ©10:4T8  (64/fc) OtoF
: P 11: 4732 (256/fc)
: : i ODE1 ' ODEO
Serial B RIW
ODE Open 58H 0 : 0
Drain 1:P83 1:P80
Enable open open
drain drain
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(7) A/D Converter Control

Symbol | Name | Address 7 i 6 1 5 io4 3 P2 : 1 )
EOCF | ADBF i RPT : SCAN i ADS i :
apbmop VP R i RIW : i RW
1 '1V'°deReg >EH o : o0 . o0 : o0 C0
1: End :1: Busy :1: Repeat :1:Scan : 17 Start
VREFON ! SPEED1 : SPEEDO : ! ADCH2 : ADCH1 : ADCHO
A/D RW : RIW : : RIW
AD“Z"OD ModeReg |  5FH 1 o0 o0 | 0 1 0 I o0
2 Ladder i Speedselection Input channel selection
resistor SW : : : ;
*1)| AD Result ADRO1 : ADROO : : :
AD Reg 0/4 60H R
REGO4L |low Undefined 1 : 1 é 1 : 1 : 1 : 1
AD AD Result ADR0O9 : ADRO8 : ADRO7 : ADR06, : ADRO5 : ADRO4- i ADR0O3, : ADR02
Reg 0/4 61H R
REGOAH |1 igh Undefined
*1){AD Result ADR11 : ADR10 : : :
AD Reg 1/5 62H R
REG15L |low Undefined § 1 é 1 : 1 é 1 é 1 é 1
D AD Result ADR19 : ADR18 :@ ADR17 i ADR16 : ADRI5 : ADR14/ : ADR13 : ADRI2
REG15H R.eg 1/5 63H R.
high Undefined
*1)| AD Result ADR21 ! ADR20 : :
AD Reg 2/6 64H R
REG26L |low Undefined i 1 : 1 : 1 : 1 : 1 : 1
AD AD Result ADR29 : ADR28  ADR27 : ADR26 - ADR25 | ADR24 : ADR23 : ADR22
Reg 2/6 65H R
REG26H high Undefined
*1)(AD Result ADR31 || ADR30 : : :
IAD Reg 3/7 66H R
REG37L |low Undefined E 1 é 1 i 1 i 1 : 1 i 1
AD AD Result ADR39 /:‘ ADR38 : ADR37 i ADR36 : ADR35 : ADR34 : ADR33 : ADR32
Reg 3/7 67H R
REG37H lnigh Undefined

*]1) The data storedin A/D result register low are the lower two bits of the conversion result. The
lower six bits of A/D result register low are always read as “1”.

MSB LSB
9 87 65 4 372 1 0
Channel X conversionresult | | | I | | | | | | |
| | | |
ADREGXH i Jr ADREGXL
7.6 5.4 3 2 1 0 7 6 54 3 2 10

LEET LT XXX

;v—/

Alwaysread as “1”.
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(8) Interrupt Control (1)
Symbol | _Name | Address 7 | 6 | 5 | a 3 | 2 | 1 1 o0
INTerrupt INT-AD INTO
INTE- Enable P 70H IADC IADM2 IADM1 IADMO 10C 10M2 10M1 10MO
0AD 0&A/D R/W W R/W W
(No RMW) 0 0 : 0 : 0 0 0 : 0 0
INTerruot INT2 INT1
P 71H 12C 2M2  :  12M1 12MO 11C 1Mvi2 ¢ 1M1 11MO
INTE12 [Enable
21 R/W \ R/W W
(No RMW) 0 0 : 0 : 0 0 0 H 0 : 0
INTerrupt INT4 INT3
P 72H 14C 14M2 14M1 14MO 13C 13M2 13M1 13MO
INTE34 [Enable
43 RAW w RW w
(No RMW) 0 0 é 0 é 0 0 0 é 0 é 0
INTerrupt INTE INE
P 73H 16C 16M2 16M1 16MO 15C 15M2 1I5M1 I5MO
INTES6 |Enable
6/5 RAW w RIW W
(No RMW) 0 0 é 0 é 0 0 0 ; 0 0
INTerrupt INT INTZ
P 74H 18C 18M2 18M1 1I8MO 17C 17M2 171 17MO
INTE78 [Enable
107 R/W W R/W w
(No RMW) 0 0 : 0 : 0 0 0 : 0 : 0
INTT1 (timer 1) INTTO (timer Q)
INTerrupt : :
75H IT1C IT1M2 IT1T\V1 IT1MO ITOC ITOM2 ITOM1 ITOMO
INTETO1 | Enable
Timer 1/0 RIW W RAY W
(No RMW) 0 0 ] 0 : 0 0 0 : 0 : 0
INTT3 (timer.3) INTT2 (timer 2)
INTerrupt : :
76H IT3C 1T3M2 IT3M1 IT3MO 1IT2C IT2M2 IT2M1 IT2MO
INTET23 | Enable
Timer 3/2 RIW W ) W
(No RMW) 0 0 : 0 H 0 0 0 : 0
INTT5 (timer 5) INTT4 (timer 4)
INTerrupt : -
77H IT5C IT5M2 IT5M1 IT5MO 1IT4C IT4M2 IT4AM1 IT4MO
INTET45 | Enable
Timer 5/4 RAY W RAW W
(No RMW) 0 0 é 0 5 0 0 0 i 0 é 0
INTT7 (timer 7) INTT6 (timer 6)
INTerrupt
78H IT7C IT7M2 IT7M1 IT7MO 1IT6C IT6M2 IT6M 1 IT6MO
INTET67 | Enable
Timer 7/6 RV W RAW W
(No RMW) 0 0 é 0 é 0 0 0 : 0 é 0
INTerrupt INTTR9(TREG9) INTTR8 (TREGS)
INTET89 Enable P 79H 1T9C IT9M2 ITOM1 ITOMO 1IT8C IT8M2 IT8M1 IT8MO
. R/W W R/W \\
Timer 9/8 - - - -
(No RMW) 0 0 : 0 : 0 0 0 : 0 : 0
INTerrupt i INTTRB (_TREGB) i INTTRA (TREGA)
INTETAB Enablé P 7AH ITBC 1/ ~ITBM2 ITBM1 ITBMO ITAC i ITAM2 ITAM1 ITAMO
Timer B/A RIW § W RIW : W
(No RMW) 0 : 0 0 0 0 : 0 0 0
1 11 ! 11
! : ! |
L IxxM2 IxxM1 IxxMO Function (Write)
0 0 0 Disables 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 Disables interrupt request.
> IxxC Function (Read) Function (Write)
0 Indicates no interrupt request. Clears interrupt request flag.
1 Indicates interruptrequest. | = ----- Don’tcare-----
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Interrupt Control (2)
Symbol | Name | Address 7 | 6 [ 5 | a 3 2 | 1+ 1 o
INTTXO0 INTRXO
INTerrupt : : H
INTESO | Enable 7BH ITX0C ITXOM2 : ITXOM1 : ITXOMO IRX0C IRXOM2- : IRXOM1 IRXOMO
Serial 0 (NO me) RIW T W T RIW T W
0 0o : 0 0 0 0. 1) 0 0
INTerrupt INT'_TX1 i INTF_{X1
INTES1 | Enable 7CH ITX1C ITX1TM2 : ITXIM1 @ ITXTMO IRX1C IRXTM2 : IRXT1M1 IRX1MO
Serial 1 (No RMW) RIW ; W : R H W
0 0 : 0 : 0 0 0 : 0 0
INTerrupt INTTO ; INTTCO
INTETC Enable 7DH ITC1C ITCIM2 : ITCIM1 @ ITCIMO ITCOC ITCOM2 : ITCOM1 ITCOMO
M lrcon | RV — W RAY W
o RMW) 0 0 : 0 : 0 0 0 .0 0
INTerrupt INTTC?’ ; INTTCZ
INTETC Enable 7EH ITC3C ITC3M2 ¢ ITC3M1 : ITC3MO ITC2C ITC2M2- + ITC2M1 ITC2MO
B e RN — R T
(No RMW) 0 0 : 0 ; 0 0 0 : 0 5 0
: : / NMI2E IWDTS 10IE I0LE : NMIREE
W W W i W W
: 0 0 0 : 0 : 0
::;j;rum iNMI2 {INTOINPUT {INTO o
1IMC Mode 7FH EINPL.JT : . : ¢ function
Contorol 0 disable :0: E 0 disable O edge seven at
‘1: enable :1: NMI2 17 enable :1:level NMI
: 5 : rising
(No RMW) : : : edge
DMA 0 j _ Micro DMAO_start vector _ :
DMAOV | request 5AH DMAOV9 : DMAOVS : DIVIAOV7V\5/ DMAOV6 : DMAOV5 : DMAOV4
Vector  |(No RMW) 0 0. o0 i o I o 0
DMA 1 :_ : Micro DMA1_start vector_ :
DMA1V |request 5BH DMA1V9.-: DMA1V8.: DMA1V7 : DMA1V6 : DMA1V5 : DMA1V4
: W
Vector  |(No RMW) 0 0 I o0 : 0o I o 0
DMA 2 : i Micro DMA2 start vector i
DMAZ2V |request 5CH DMA2V9-+ " DMA2V8 : DMA2V7 : DMA2V6 : DMA2V5 : DMA2V4
: W
Vector  |(No RMW) 0 0o . o0 i o0 i o 0
DMA 3 ;: : !Vlicro DMA3:start vector: :
DMA3V | request 5DH DMA3V9 : DMA3VS8 : DMA3V7V\:I DMA3V6 : DMA3V5 : DMA3V4
Vector _ [(No RMIW) 0 : 0 0 0 : 0 0
MicroDMA is started by software using (BAH/6BH/6CH/6DH) write cycle of a SDMACRO0/1/2/3. (Data are invalid.)
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(9) Chip Select/Wait Controller (1)

Symbol | Name | Address 7 | 6 | 5 | a4 | 3 [-2 | 1+ | o
BOE - © BOOM1 : BOOMO : BOBUS : BOW2 @ BOWI : BOWO
W - : W Pow W
Els(;\jxlx(:n 0 - 0 : 0 0 0 : 0 : 0
BOCS | " ol 90H |0: DIS : - © 00: ROM/SRAM 10: 16BIT 000 2WAIT 100: NWAIT
register 1: EN {  01:PSRAM H1:8BIT /L 001: TWAIT 101: -
: i 10: Don’t Care : 3/ 010; TWAIT+N  110: -
(No RMW) ! ' 11: Don't Care : L COM L OWAIT 1M1 -
BIE _ © BIOM1 : BI1OMO : B1BUS- > BIW2 : BIWI1 : BIWO
W - : W Pow W
E'S“AA';/:” I R e s A N
BICS | o ol 91H [0: DIS - . 00: ROM/SRAM 10: 16BIT_ 000: 2WAIT 100: NWAIT
register 1: EN . 01:PSRAM H1:8BIT | 001: IWAIT 101 -
; ' 10: DRAM : i 010: TWAIT+N- 110: -
(No RMW) {  11: Don't Care ©011: OWAIT M1 -
B2E ¢ B2M : B20M1 : B20OMO i B2BUS i -B2W2 i’  B2W1, : B2WO
Block 2 W W W - W N/
CS/WAIT 1 : 0 : : : 0 : 0 i 0 : 0
B2CS | ol 92H |0: DIS 10:16M  00: ROM/SRAM 10: 16BIT i /000: 2WAIT 100: NWAIT
register 1: EN 1: Sets . 01:PSRAM [1:8BIT 1 001: IWAIT 101: -
area. i 10:Don’t Care : i 0107 IWAIT+N 110: -
(No RMW) ? i (11: Don't Care ? i/ /011: OWAIT 11: -
B3E - ¥ B30M1 i B3OMO : B3BUS /i /B3W2 | B3W1 : B3WO
W - g W P W W
v o ¢+ - -0 T 57 i o i o0 T o T o
B3CS | ol 93H |0: DIS £ . 00:ROM/SRAM 10: 16BIT i 000: 2WAIT 100: NWAIT
register 1: EN ;) 01:PSRAM HIBBIT/ 1 001: IWAIT 101: -
: ' /10: DRAM : { 010: TWAIT+N 110: -
(No RMW) © 11: Don't Caré © o 011: OWAIT 1M1: -
- : - : - : N ! BEXBUS : BEXBUS : BEXW1 : BEXWO
External — — — = W T W T
CS/WAIT - AN N R S S i 0 i 0 i 0
BEXCS | o) 8FH . - - - 10: 16BIT {  000: 2WAIT 100: NWAIT
register : : ; [1:8BIT  © 001: IWAIT 101: -
: : : : i 010: TWAIT+N 110: -
(No RMW) : : : : ©011: OWAIT 1M1 -
$23 0§22~ i s21- i $20 i s19 i 818 i s17 i1 S16
Memory
RIW
MSARO i‘:;tess 94H 1 1 .1 1 i 1 i 1 i 1 1
Reg. 0 A23t0 A16
Sets start address.
Memory V200 V19 © V18 i V17 i V16 i V15 1 V14~9 V8
Start R/W
MAMRO|Address 95H 1 : 1 : 1 : 1 i 1 : 1 : 1 : 1
Mask 0 : Comparison valid
Reg. 0 1: Comparisoninvalid
$23. 1 S22 i s21 i s20 i 819 i1 S18 i $17 I  S16
Memory
RIW
MSART z‘;;tess 96H 11 1 1 1 T4 T T T
Reg. 1 A23t0 A16
Sets start address.
Memory V21 ¢ V20 ¢ V19 : V18 i V17 1 V16 i VI5~9 [ V8
Start R/W
MAMR1 | Address 97H 1 : 1 : 1 : 1 : 1 : 1 : 1 : 1
Mask 0 : Comparison valid
Reg. 1 1 : Comparison invalid
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Chip Select/Wait Controller (2)
Symbol | Name | Address 7 | 6 | 5 | a4 | 3 [ -2 | 1+ | o
Memory $23 iS22 $21 iS20 i S19 i s18. i s17 i S16
Start RIW
MSAR2 Address 98H 1 1 1 1 : 1 1 1 1
Reg. 2 A231t0 A16
Sets start address.
Memory V22 V21 V20 V19 V18 V17 V16 V15
Start R/W
MAMR2 [ Address 99H 1 1 1 1 1 1 1 1
Mask 0 : Comparison valid
Reg. 2 1 : Comparison-invalid
$23 522 S21 i S20 (819 S18 S17 S16
Memory
Start R/W
MSAR3 Address 9AH 1 1 1 1 : 1 1 1 1
Reg. 3 A23 toA16
Sets start address.
Memory V22 V21 V20 V19 V18 V17 V16 V15
Start RIW
MAMRS3 [ Address 9BH 1 1 1 1 1 1 1 1
Mask 0 = Comparison valid
Reg. 3 1.: Comparison invalid
(10) DRAM Controller (1)
Symbol | Name | Address 7 6 5 4 3 2 1 0
DMI1 RS12 RS11 RS10 | RWI12 RW11 RW10 RC1
R/W
0 o i 0 0 i 0o i 0o 0 0
Dummy Refresh cycle insertion states Refresh cycle width Refresh cycle
cycle ; 000: 31 states 000: 2states :0: No
Refresh . : :
0:/disable : 001; 62 states 001: 3states refresh
DREFCR1| Control 9CH :
Reg. 1: enable 010: 78states 010: A4states : cycle
011:-97 states 011: 5states i 1: Refresh
100: 109 states 100: 6 states : cycle
101: 124states 101: 7 states
110: 154 states 110: 8states
111: 195states : 111: 9states :
SRFC1 MACS1 | BRMI MACM1 | MUXE! | MUXW11: MUXW10: MAC1
W R/W
1 0 0 0 0 0 0 0
MEM-ory : : : :
Accass Self-  Memory i DRAMpin 0: normal Address Multiplex address length  } Memory
DMEMCR1 c | 9DH refresh access mode bus release access multiplex 00: 8bit access control
Rontro 0: execute } 0: £ 0: bus i1:slow i 0:disable 01:  9bit 0: disable
eg- 1: cancel 2CAS mode release  ©  access 1:enable 10:  10bit 1: enable
1 12 nobus : 1: 11bit
(No RMW) {2WEmode : release
95C063-221 2003-03-31




TOSHIBA TMP95C063
DRAM Controller (2)
Symbol Name Address 7 6 5 4 3 2 1 0
DMI3 RS32 RS31 RS30 i RW32 RW31 RW30 RC3
R/W
0 0o 0 0 i 0 0 0o 0
Dummy Refresh cycle insertion interval Refresh cyclewidth Refresh
cycle 000: 31 states 000: 2 states i cycle
Refresh . : :
0: disable : 001: 62states 001:- 3states : 0: Refresh
DREFCR3| Control 9EH : :
R 1: enable : 010: 78states 010: A4states i cycle
eg. : :
9 011: 97 states 011:_ 5states :1: No
100: 109 states 100:. 6 states i refresh
101: 124 states 101: 7 states cycle
110: 154 states 110: 8states
111: 195 states : 111: 9states :
SRFC3 MACS3 BRM3  MACM3 |~ MUXE3 | MUXW311 MUXW30: MAC3
w R/W
1 0 0 0 0 0 0 0
MEM ory : : : : :
Access Self- i Memory i DRAM pin_ - 0: normal : Address Multiplex address length  : Memory
DMEMCR3 Control 9FH refresh : access mode : bus release access : multiplex—: 00: 8bit * access control
ontro H H H : : :
R 0: execute : 0: :0-bus i1:slow i 0:disable’ : 01: 9bit : 0: disable
eq. H . h a H .
K 1: cancel :2CASmode':[ release : access i-1:enable 10:  10bit : 1: enable
aF “Mnobus ; 11: 11 bit
(No RMW) { 2WEmode ;. release :
(11) D/A Converter Control
Symbol Name Address 7 6 5 4 3 2 1 0
~ - - - - DA1DR DAODR
D/A R/W
DADRYV | Drive 4FH : 0
H 10: Qutputs OV.
Register 1 1: Outputs register
i conversion value.
D/A 4AH W
DAREGO | Conversion -
(No Undefined
Reg.0 - - -
RMW) Starts D/A conversion at register write, outputs to DAOUTO.
DA 4BH W
DAREG1 [ Conversion
(No Undefined
Reg:1 - : -
RMW) Starts D/A conversion at register write, outputs to DAOUTI.
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6. PortSection Equivalent Circuit Diagram
® Reading circuit diagrams

Basically, TMP95C063 uses the same gate symbols as the standard CMOS logic IC
(74HCxxx) series.
The following is a special signal.

STOP : When the hold mode register is set to STOP mode (WDMOD
<HALTM1,0> set to 0,1) and the CPU executes the HALT instruction,
the STOP signal is set to active, “1”. Note that when drive enable bit
WDMOD <DRVE > is set to “1”, STOP remains at “0”.

® The input protection resistor operates in the range of several tens to several hundreds
of ohms.

B D0to D7, P1(D8to 15)

VCC

outputdata ——— B P-ch
outputenable
STOP < N-ch
input data [ ] g]u%l;t/t
input enable
B P2(A16 to A23), A0 to 15, RD, WR, P56, P57, P6
VCC
outputdata
output
STOP 4|>o—| o
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B P52 to 55, P7, P80 to 82, P9, PA1, PA2, PA3, PA5, PA6, PA7, PBO to B7, PD, PE

\'/de
outputdata |
:r ________ v EI_C“-E programmable
outputenable —_OI ) 1 1 ! |'>o-| I pull-up resistor
STOP ! : :
I d
input data _ﬁﬁ Wy : [ ] input/
output
input enable
M PC(ANOto 7)
analog input
channel selection o L

analog input I ' [ ] input

¥
L - T
input data
input enable
H P83 to P87
VCC
output data —
outputenable ) < | .
STOP i' VC(:_E programmable pull-
! l': I% | upresistor
input data’ «———o< I——O@ W e -] input/output
Schmitt
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B PAO (TXDO0), PA4 (TXD1)

output data )o |

open drain output

enable 4 Al 2L\
! VCCI programmable pull-
STOP ! 'l: I% I up resistor
input data Wy —momes ¢—={ | input/output
input enable
H NV
NMI o Wy M) input
Schmitt
B WDTOUT
WDTOUT >o—> [ ] output
M CLK
VCC VCC
internal g;
clock /—DO_IE‘T; B
[ ] output
internal reset —s >0
~—( E Wy
to test circuit
STOP
M EA, AMS/16

:—ﬁ—«m [ ] input
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M RESET
100 kQ VCC
typ.~ ?
reset input
Schmitt
WDTOUT
reset
enable
W X1, X2
clock
______oscillator circuit T
i | : Wy [ ] %2
1 1
| P-ch N-ch |
Oscillation enable —>—1——{>0—{> =~ i
! !
1 1
s i 0 x

Note: The oscillation enable-signal becomes -nonactive 0" by execution of HALT

instruction (STOP mode).

B VREFH, VREFL

VREFON >0 }

VREFH

1 ladder resistor

% D VREFL
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7.
(1)

Cautions and Restrictions
Special Notation and Terms

@ Internal I/O registers: Register symbols (bit symbols)
Example: TSRUN<TORUN?> --- The TORUN bit of the TSRUN register

@ Read-modify-write instructions
The CPU reads the data from memory, modifies them, and writes them to the same
memory address.
Example1: SET3,(T8RUN) - Sets bit 3 of TSRUN register.
Example 2: INC1,(100H) - Increments data ataddress 100H by 1.

® TLCS-900 read-modify-write instructions.

Exchange
EX (mem),R

Arithmetic Operations
ADD (mem), R/# ADC (mem), R/#
SUB (mem), R/# SBC (mem), R/#
INC #3, (mem) DEC #3, (mem)

Logical Operations
AND (mem), R/# OR (mem), R/#
XOR (mem), R/#

Bit Operations
STCF #3/A, (mem) RES #3, (mem)
SET #3, (mem) CHG #3, (mem)
TSET #3, (mem)

Rotate and shift
RLC (mem) RRC (mem)
RL (mem) RR (mem)
SLA (mem) SRA (mem)
SLL (mem) SRL (mem)
RLD (mem) RRD (mem)

@ One state

The single cycle resulting from dividing the oscillation frequency by 2 is called
“one state”.
Example: At oscillation frequency 25 MHz

2/25 MHz = 80 ns = 1 state
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)

Points of Note and Restrictions
® EA pin, AM8/16 pin
This pin is connected to the VCC or the GND pin. Do not alter the level while the
pin is active.
@ Warm-up counter

When releasing STOP mode (by interrupt, for example) in a system that uses an
external oscillator, a warm-up time is required until the system clock is output. The
warm-up counter operates during the warm-up time.

@ Programmable pull-up resistor

The pull-up resistor of a port can only be set to programmable or non-
programmable in input port mode. When using a port as an output port, its pull-up
resistor cannot be set to programmable.

@ Watchdog timer

As the watchdog timer is enabled after a reset, disable the watchdog timer when it
is not required.

Note that during bus release, the I/0 block, including the watchdog timer, still
operate.

® CPU (Micro DMA)

Only “LDC cr, r” and “LDC r, cr” can write or read data to or from control registers
(eg, transfer source register DMASx) in the CPU.

® As this device does not support minimum mode, do not use the MIN instruction.
@ POP SR instruction

Please execute POP SR instruction during DI condition.
Releasing the HALT mode by requesting an interruption

Usually, interrupts can release all halts status. However, the interrupts = (NMI,
NMIZ, INT0), 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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