TOSHIBA TMP93CS42A

CMOS 16-bit Microcontrollers
TMP93CS42AF

1. Outline and Device Characteristics

The TMP93CS42A is high-speed advanced 16-bit microcontroller developed for controlling medium to
large-scale equipment. The TMP93CS42A has a built-in ROM.

The TMP93CS42AF is housed in 100-pin flat package.

The device characteristics are as follows:

(1)  Original 16-bit CPU (900/L CPU)

TLCS-90 instruction mnemonic upward compatible

16 M-byte linear address space

General-purpose registers and register bank system

16-bit multiplication/division and bit transfer/arithmetic instructions
Micro DMA : 4 channels (1.6 us/ 2 bytes at 20 MHz)

(2) Minimum instruction execution time : 200nsat20 MHz

(3) InternalRAM : 2Kbytes
Internal ROM : 64 Kbytes

(4) External memory expansion

® Can be expanded up to 16 M-bytes (for both programs and data).
® Can mix 8- and 16-bit external data buses.
*Dynamic data bus sizing

(5)  8-bit timer :  2channels
(6) 8-bit PWM timer :  2channels
(7)  16-bit timer :  2channels
(8) Serial interface :  2channels
(9)  10-bit AD converter :  5channels

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 complfy 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.dkevices, 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.
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TOSHIBA TMP93CS42A
(10) Watchdog timer
(11)  Chip select/wait controller : 3blocks
(12) Interrupt functions : 29
® 9CPU interrupts - - SWI instruction, and Illegal instruction
: ;i;:iggﬁ;ﬁii‘;ﬁ:s :| 7-level priority can be set.
(13) T/Oports:
80 pins
(14) Standby function :
4 halt modes (RUN, IDLE2, IDLE1, STOP)
(15)  Clock gear function
® (Clock can be changed fc to fe/16.
(16)  Operating voltage
® Vec=4.5t055V
(17)  Package
® P-QFP100-1414-0.50
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TOSHIBA TMP93CS42A
PAO to PA6
PA7 (SCOUT) PORT A
— VCC[3]
900/L CPU — VSS [3]
P50 to P54 — —
(ANO to AN4) . XWA ig X1
AVCC 10-Bit5CH | | xpc B|C Frequency X2
AD Dl E 0sC
AVSS converTer | | XPE
VREFH XHL H L > CLK
VREFL XIX IX
XY 1Y
Xz 1z
XSP SP
(TXDO) P90 SERIAL I/0 . —
(RXDO) P55 (CH.0) - 32bit — ~“—EA
(CTS0) P56 SRL_[F] <[ RESET
i
((&g}; Eg; SERIAL I/O B C ~> TEST2, 1
(SCLK1) P95 (CH.1) INTERRUPT %
CONTROLLER pg7 (INT0)
P60 to 67 PORT 6
WATCH-DOG
TIMER
PORT 0O > P00 to P07
2 KB RAM (ADO to AD7)
(INT9/TI0) P70 8-Bit Timer
(TIMER 0) PORT 1 P10to P17
(AD8 to AD15/A8t0 A15)
(TO1) P71 8-Bit Timer
(TIMER 1)
PORT 2 P20 to P27
(A0 to A7/A16 to A23)
(TO2) P72 8-Bit PWM
(TIMER 2) P30(RD)
> P31(WR)
(TO3) P73 8-Bit PWM P32(HWR)
(TIMER 3) PORT 3 P33(WAIT)
P34(BUSRQ)
P35(BUSAK)
(INT4/TI4) P8O . 64 KB ROM P36(R/W)
(INT5/TI5) P81 16-Bit Timer P37(RAS)
(TO4) P82 (TIMER 4)
(TO5) P83
(INT6/TI6) P84 16-Bit Timer
(INT7/T17) P85 (TIMER 5) CS/WAIT P40(CSO0/CASO)
(TO6) P86 CONTROLLER=>P41(CS1/CAST)
(3-BLOCK) P42(CS2/CAS2)
Figure 1.1 TMP93CS42A Block Diagram
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TOSHIBA

TMP93CS42A

2. Pin Assignment and Function
The assignment of input/output pins for the TMP93CS42A, their names and outline functions are
described below.
2.1 Pin Assignment
Figure 2.1.1 shows pin assignment of the TMP93CS42AF.
P Program-
Program- P n| TMPo3CsazA |SmaRIe
mable | No DPoL\JIUn PLP"
Bull | Pair | TMP93CS42A |n P
Up |Down No, 88|P65 O
@ P66 89 87]P64 O
O P67 90 86/P63 @)
_ vss 91 85[P62 @)
P50/ANO 92 84lp61 @)
P51/AN1 93 83[P60 O
ADC P52/AN2 94 82|P42/CS2/CAS2 O
P53/AN3 95 81|P41/CS1/CAST O
Y P54/AN4 96 80|P40/CS0/CASO o
P55/RXDO 97 79|P37/RAS @)
SI0 P56/CTS0 98 78|P36/RAW O
¥ P57/RXD1 99 77|P35/8USAK ol
VREFH 100 ’l‘ ’l‘ 76[P34/BUSRQ Ofo
IJ'I minininininininin] "
ADC VREFL 1H] ® [H7s[p33waiT O] -
AVSS 2 [ H74[p32/HWR ole
i AvCe 3] [ H73[P31/WR c
NI aH [ H72[p30/RD -
P70/TIOANTI | 5H] [H71|p27/a7/A23 @) >
@) P71/TO1 Bgll [ H70lp26/a6/A22 @) °
@) P72/T02 7] [ Heslp25/a5/a21 @) £
O P73/T03 8H] [ Heglp24/a4/a20 O e
-1 O P80/NT4TI4 | 9H] | He7[p23/a3/a19 [@)
e P81/NT5/TIs_ [10H] [ Heelp22/a2/a18 @)
-1 O P82/1O4 1 [ Hes[p21/a1/a17 @)
e P83/TO5 12H] Top View [ Healp20/a0/a16 @)
O PRA/NTETIE 13- MHealvee
pgs5/NT7/T17  |14H] QFP100 He2|vss
@) P86/TO6 15H] He1lr30
Y P87/INTO 16H_| [Heolp17/aD15/A15
@) P90/TXDO 17H] [ Hs9lp16/aD14/A14
O P91 18H] [ Hsslp15/aD13/A13
@) P92 19H] [Hs7lp1a/aD12/A12
SIo
@) P93/TXD1 20H] [Hs6lp13/aD11/A11
@) P94 21H Hsslp12/ap10/A10
Y[ O P95/SCLK1 22H] [ Hs4lp11/AD9/A9
[iNTs 23H] Hs3|p10/AD8/A8
CLK 24H] Hs2[po7/aD7
e 25H] [ Hs1|ro6/ADS6
@ I
P vss 26—IT| IT‘— 50[P05/ADS
= X1 27 a9|Po4/aDa
~ X2 28 48|Po3/AD3
s EA 29 47[Po2/aD2
= RESET 30 46[P01/AD1
v P96 31 45|P00/ADO
P97 32 aalvce
TEST1 33 a3[ALE Y
TEST2 34 42|PA7/SCOUT
PAO 35 11]pA6
PA1 36 20[pAS5
PA2 37 39lPas
38lpA3
Figure 2.1.1 shows pin assignment of TMP93CS42AF.
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TOSHIBA TMP93CS42A

2.2  Pin Names and Functions
Table 2.2.1 Pin Names and Functions.

Table 2.2.1 Pin Names and Functions (1/4)

Pin name l\ét#rgit:]ir 110 Function

P00 to PO7 8 I/O | Port0: I/O portthat allows selection of I/0 on a bit basis

ADO to AD7 Tri-state | Address/data (lower): Bits 0 to 7 of address/data bus

P10to P17 8 I/0 | Port1: I/O portthat allows selection of I/O on a bit basis

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

A8to A15 Output | Address: Bits 8 to 15 of address bus

P20 to P27 8 I/O | Port2: I/0 portthat allows selection of I/0 on a bit basis
(with pull-down resistor)

AOto A7 Output | Address: Bits 0to 7 of address bus

A16to A23 Output | Address: Bits 16 to 23 of address bus

P30 2 Output | Port30: Output port.
72 pinis also used as RD, 61 pin is used only for P30.

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

P31 1 Output | Port31: Output port

WR Output | Write: Strobe signal for writing data on pins ADO to 7

P32 1 I/0 | Port32: I/O port (with pull-up resistor)

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

P33 1 I/O | Port33: I/O port (with pull-up resistor)

WAIT Input | Wait: Pin used to request CPU bus wait

P34 1 I/0 | Port34: 1/O port (with pull-up resistor)

BUSRQ Input | Busrequest: Pin used to request bus release

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

BUSAK Output | Busacknowledge: Pin used to acknowledge bus release

P36 1 I/0 | Port36: 1/O port (with pull-up resistor)

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

P37 1 I/0 | Port37: 1/O port (with pull-up resistor)

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

P40 1 I/0 | Port40: 1/O port (with pull-up resistor)

CS0 Output | Chipselect0: Outputs 0 when address is within specified address
area.

CASO Output | Column address strobe 0: Outputs CAS strobe for DRAM when
address is within specified address area.

Note : This device's built-in memory or built-in /O cannot be accessed with the external DMA
controller using the BUSRQ and BUSAK signals.
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TOSHIBA

TMP93CS42A

Table 2.2.1 Pin Names and Functions (2/4)

Pin name I\(I)L%rgillnqesr 110 Function

P41 1 I/0 | Port41: 1/O port (with pull-up resistor)

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

CAS1 Output | Column address strobe 1: Outputs CAS strobe for DRAM if address
is within specified address area.

P42 1 I/0 | Port42: 1/O port (with pull-down resistor)

cs2 Output | Chipselect2: Outputs 0 if address is within specified address area.

CAS2 Output | Column address strobe 2: Outputs CAS strobe for DRAM if address
is within specified address area.

P50 to P57 8 Input | Port5: Input port

ANO to AN4 Input | Analog input: Analog signalinput for AD converter

RXDO Input | Serial receive data 0

CTSO Input | Serial data send enable 0 (Clear to Send)

RXD1 Input | Serial receive data 1

VREFH 1 Input | Pinfor high level reference voltage input to AD converter

VREFL 1 Input | Pinforlow level reference voltage input to AD converter

P60 to P67 8 I/0 | Ports60to 67: 1/O ports that allow selection of /0 on a bit basis
(with pull-up resistor)

P70 1 I/0 | Port70: 1/O port (with pull-up resistor)

TIO Input | Timerinput0: Timer 0 input

INT9 Input | Interruptrequest pin 9: Interrupt request pin with falling edge.
(TTL level)

P71 1 /0 | Port71: I/O port (with pull-up resistor)

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

P72 1 I/0 | Port72: 1/O port (with pull-up resistor)

TO2 Output | PWM output 2: 8-bit PWM timer 2 output

P73 1 I/0 | Port73: 1/O port (with pull-up resistor)

TO3 Output | PWM output 3: 8-bit PWM timer 3 output

P80 1 I/0 | Port80: 1/O port (with pull-up resistor)

Ti4 Input | Timerinput4: Timer 4 count/capture trigger signal input

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

P81 1 /0 | Port81: I/O port

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

INT5 Input | Interruptrequest pin 5: Interruptrequest pin with falling edge.
(TTL level)

P82 1 I/0 | Port82: 1/O port (with pull-up resistor)

TO4 Output | Timer output4: Timer 4 output pin

P83 1 I/0 | Port83: I/O port (with pull-up resistor)

TO5 Output | Timer output5: Timer 4 output pin
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TOSHIBA TMP93CS42A

Table 2.2.1 Pin Names and Functions (3/4)

Pin name I\g:(r;il;ir 1/0 Function

P84 1 I/0 | Port84: 1/O port (with pull-up resistor)

TI6 Input | Timerinput6: Timer 5 count/capture trigger signal input

INT6 Input | Interruptrequest pin 6: Interrupt request pin with
programmable rising / falling edge

P85 1 I/0 | Port85: I/O port (with pull-up resistor)

TI7 Input | Timerinput7: Timer5 count/capture trigger signal input

INT7 Input | Interruptrequest pin 7: Interrupt request pin with falling edge
(TTL level)

P86 1 I/0 | Port86: I/O port (with pull-up resistor)

TO6 Output | Timeroutput 6: Timer 5 output pin

P87 1 I/0 | Port87: I/O port (with pull-up resistor)

INTO Input | Interruptrequest pin 0 : Interrupt request pin with
programmable level/falling edge (TTL level)

P90 1 I/0 | Port90: 1/O port (with pull-up resistor)

TXDO Input | Serialsenddata0

P91 1 I/0 | Port91: 1/O port (with pull-up resistor)

P92 1 I/0 | Port92: 1/O port (with pull-up resistor)

P93 1 I/0 | Port93: I/O port (with pull-up resistor)

TXD1 Output | Serial send data 1

P94 1 I/0 | Port94: 1/O port (with pull-up resistor)

P95 1 I/0 | Port95: 1/O port (with pull-up resistor)

SCLK1 I/0 | Serial clock /0 1

P96 1 I/0 | Port96: 1/0 port (Open Drain Output)

P97 1 I/0 | Port97: 1/O port (Open Drain Output)

PAO to PAG 7 /0 | Port AOto A6 : 1/0O ports

PA7 1 I/0 | Port A7: 1/0O port

SCOUT Output | System Clock Output: Outputs frpy or fsys clock

INT8 1 Input | Interruptrequest pin 8 : Interrupt request pin with falling edge.
(TTL level)

NMI 1 Input | Non-maskable interrupt request pin : Interrupt request pin with
programmable falling/rising edge

CLK 1 Output | Clock output: Outputs [fsys] Clock. Pulled-up during reset.

can be disabled for reducing noise.
EA 1 Input | External access: “1"” should be inputted.
(See Note on usage @ in section 7.)
ALE 1 Output | Address Latch Enable
(Can be disabled for reducing noise.)

RESET 1 Input | Reset: Initializes TMIP93CS42A. (with pull-up resistor)

X1/X2 2 I/0 | High Frequency Oscillator connecting pin

TEST1/TEST2 2 Output

/Input
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TOSHIBA TMP93CS42A

Table 2.2.1 Pin Names and Functions (4/4)

Pin name I\(I;]’crgil?]ir /0 Function
VCC 3 Power supply pin (All VCC pins are connected to the power supply
source.)
VSS 3 GND pin (All VSS pins are connected with GND (0 V).)
AVCC 1 Power supply pin for AD converter
AVSS 1 GND pin for AD converter (0 V)

Note: Built-in pull-up/ pull-down resistors can be released from the pins other than the RESET
pin by software.
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TOSHIBA TMP93CS42A

3.1

Operation

This section describes the functions and basic operational blocks of the TMP93CS42A devices.
See the [ 7. Points of Concern and Restrictions | for the using notice and restrictions for each block.

CPU

The TMP93CS42A device has a built-in high-performance 16-bit CPU (900/L. CPU). (For CPU
operation, see TLCS-900/L CPU in the previous section).

This section describes CPU functions unique to the TMP93CS42A that are not described in the previous
section.

Reset

To reset the TMP93CS42A, the RESET input must be kept at 0 for at least 10 system clocks (Resetting
initializes the clock gear to 1/16.: 16 us at 20 MHz) within the operating voltage range and with a
stable oscillation.

When reset is accepted, the CPU sets as follows :

® Program Counter (PC) according to Reset Vector that is stored 8000H to 8002H.
PC(7-0)  « storeddata to 8000H

PC(15-8) <« storeddatato8001H

PC (23-16) < stored data to 8002H

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

Status register <IFF2-0> to 111. (Sets mask register to interrupt level 7.)
Status register <MAX> to 1. (Sets to maximum mode)

Status register <REP2-0> to 000. (Sets register banks to 0.)

When reset is released, instruction execution starts from PC (reset vector). CPU internal registers
other than the above are not changed.
When reset is accepted, processing for built-in I/Os, ports, and other pins are as follows

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

® Watchdog timer is set to enable.
Pulls up the CLK pin to 1.
® Sets the ALE pin to High Impeadance (High-z)

Figure 3.1.1 shows the reset timing chart of TMP93CS42A.
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TOSHIBA TMP93CS42A
3.2 Memory Map
Figure 3.2.1 is a memory map of the TMP93CS42A.
000000H 1
000080H 256 byte direct area (n)
000100
000880H
External memory
008000H 64 K-byte area
(nn)
008100
010000H
018000H 16 M-byte area
(R)
(-R)
(R+)
(R +R8/16)
External memory gﬁ;ngsm 6)
FFFFOOHE
FFFFFFH E
=Internal area)
Note : The 256 Byte Area from FFFF00H to FFFFFFH can not be used.
Figure 3.2.1 Memory map
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TOSHIBA TMP93CS42A

3.3 Standby Function

Standby Control Circuits consists of System clock Controller, Prescaler Clock Controller, Internal clock
pin output function and Standby Controller.

Figure 3.3.1 shows a transition figure. Figure 3.3.2 shows the block diagram.

Figure 3.3.3 shows I/O registers. Table 3.3.1 shows internal operation and system clock.

Reset
RUN mode instruction release Reset
(StOpS only CPU) interrupt
\ instruction
instruction NORMAL mode STOP mode

IDLE2 mode
(Stops CPU and AD)

interrupt

interrupt (fcjgear_val UE/Z)

instructi

(Stops all circuits)

interrupt

IDLE1 mode
(Operates only oscillator)

Figure 3.3.1 Clock mode transition figure

Table 3.3.1 Internal operation and system clock

Operating Oscillator CPU internal /O System clock
Mode (fo) fsys
RESET reset reset fe/3o
NORMAL operate ¢
RUN oscillation operate programmable
(fea, fc/a, Te/g,
IDLE2 stop stop only AD fe/16, T</32)
IDLE1
stop
STOP stop stop
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TOSHIBA TMP93CS42A
7 6 5 4 3 2 1 0
SYSCRO |[Bit symbol PRCK1 PRCKO
(006EH) Read/Write R/W
After reset 1 0 1 0 0 0 0 0
Function [Setto1 Setto0 ([Setto1 Setto0 [Setto0 |SettoO  [Prescaler clock select
00: fFPH
01 : (reserved)
10: fc/16
11 : (reserved)
SYSCR1 [Bit symbol GEAR2 | GEARI | GEARO
(006FH) Read/Write R/IW
After reset 0 1 0 | 0
Function Setto0 select gear value of high frequency
000 : fc
001 : fc/2
010: fc/d
011:fc8
100 : fc/16
101 : (reserved)
110 : (reserved)
111 : (reserved)
WDMOD|Bit symbol WDTE WDTP1 WDTPO WARM HALTM1 | HALTMO RESCR | DRVE
(005CH) Read/Write R/W
After reset 1 0 0 0 0 0 0 0
Function WDT control |WDT Detection Time Warming Standby mode 1:Connects | 1: Drives pin
1:enable 00: 275/f5yg Up Timer 00 : RUN mode WDT output [ evenin STOP
01: 217/fgyg 0:214 01: STOP mode to RESET pin [ mode
10 : 219/fgyg inputted 10 : IDLE1 mode internally.
111 220y frequency 11:IDLE2 mode
1:216/
inputted
frequency
CKOCR [|Bit symbol SCOSEL SCOEN ALEEN CLKEN
(006DH) Read/Write R/W
After reset 0 0 0 glote?
Function scout SCoOuUT ALE pin CLK pin
select output output output
control control control
0 :frpy 0:1/0 ports | 0:High-z 0 :High-z
1 :fsys 1:SCOUT [ 1:ALE 1:CLK
output output output
Notel: SYSCR1<bit7to4> is always read as “1”.
Note 2: The CLK pin is internally pulled up during reset.

Figure 3.3.3 /O register about Standby

93CS42A-14
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TOSHIBA TMP93CS42A

3.3.1 System Clock Controller

The system clock controller generates system clock (fgyg) for CPU core and internal 1/0.
SYSCR1<GEAR 2 to 0> changes high frequency clock gear to either 1, 2, 4, 8 or 16 (fc, fc/2, fc/4, fc/8 or
fc/16), these function can reduce the power consumption.

The system clock (fgys) is set to fc/32 (fe/16X1/2) because of <GEAR2-0> =“100” by resetting. For
example, fgygis set to 0.625 MHz by resetting the case of 20 MHz oscillator is connected to X1, X2 pins.
The clock (fc) can be easily obtained by connecting a resonator to the X1, X2 pins. Clock input from an
external oscillator is also possible.

A
1 1
1 1
1 1
' X1 X2 X1 X2 |
i i
1 ]
1 1
i i
i ] 74HCU04 |
i i
i i
1 ¥ See Application 1
i /;E /;; circuit in chapter 5. i
1 1
i (a) Crystal/Ceramic (b) Extermal Osillator i
| resonator i

Figure 3.3.4 Examples of Resonator Connection

Note : Accurate Adjustment of the Oscillation Frequency

The CLK pin outputs 1/2 system clock frequency (fsys/2) to monitor the oscillation clock.
With a system requiring adjustment of the oscillation frequency, the adjusting program must be created
beforehand.

(High-speed clock gear changing)

To change the clock gear, write the register value to SYSCR1<GEAR2 to 0> register. It is necessary
the warming up time until changing after writing the register value.

There is the possibility that the instruction next to the clock gear changing instruction is executed by
the clock gear before changing. To execute the instruction next to the clock gear switching instruction
by the clock gear after changing, input the dummy instruction as follows (instruction to execute the
write cycle).

Example: SYSCR1 EQU 006FH
LD (SYSCR1), XXXX0001B ; Changes fsys to fc/4.
LD (DUMMY), 00H ; Dummy instruction

Instruction to be executed by

the clock gear after changing

93CS42A-15 2001-03-13



TOSHIBA TMP93CS42A

3.3.2

3.3.3
(1

(2)

Prescaler Clock Controller

The 9-bit prescaler provides a clock to 8-bit Timer 0, 1, 8 bit PWMO, 1, 16-bit Timer 4, 5, and Serial
Interface 0, 1. And the 5-bit prescaler provides a clock to 8 bit PWMO, 1.

The clock input to the 5-bit prescaler is a clock divided by 2 which is selected either fppyor fe/16 by
SYSCRO < PRCK1, 0> register.

The clock input to the 9-bit prescaler is a clock divided by 4 which is selected either frpyor fc/16 by
SYSCRO < PRCK1, 0> register.

<PRCK]1, 0> register is initialized to “00” by resetting. The clock selected by <SYSCK> is input

Internal Clock Pin Output Function

PA7/SCOUT pin

PA7/SCOUT pin outputs the internal clocks frpy or fgys.

The port A control register PACR<PA7C> and the clock output control register CKOCR<SCOEN,
SCOSEL > specifies the clock and the pins. PA7/SCOUT pin is used as the input port by reset.

Table 3.3.2 shows Pin states in the respective operation modes which is under condition that
PA7/SCOUT pin is specified as SCOUT output.

Table 3.3.2 SCOUT pin states in the operation modes

Operation NORMAL Halt mode
Qutput clock RUN, IDLE2, IDLE1 STOP
fEPH Outputs frpH clock.
Fixed to “0"
or”1".
fsys Outputs fsys clock.

CLK pin

CLK pin outputs fgyg divided by 2 internal clock.

Outputs are specified by the clock output control register CKOCR<CLKEN >. Writing “1” sets clock
output, and writing “0” sets high impedance. CKOCR<CLKEN > is set to “0” after reset.

During reset, CLK pin is internally pulled up regardless of the value of <CLKEN > register.
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3.3.4 Standby Controller
(1) Haltmode

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

Watchdog timer mode register

7 ¢ 6 ¢ 5 1 4 i 3 i o2 i 1 i 0
Bitsymbol | WDTE : WDTP1 | WDTPO : WARM : HALTM1: HALTMO : RESCR : DRVE
WDMOD Read/Write R/W
(005CH) - - - - g . .
After reset 1 : 0 : 0 : 0 : 0 : 0 : 0 : 0
; Watchd ‘Watchdog timer detect  ‘Warming-up . ‘Runaway :STOP mode
Function tir:ecr Coonimitimaecselgti;:‘e' etec Etir:;r ing “piHaIt mode selection :  r t : pin control
i S15 {0: 214seflect :00: RUN mode jinternal
o di : : H : :rese
0: disable E00. 17/stS E?:;tency :01: STOP mode Sl
1: enable é01. 217/fsys 11 2165elect | 10: IDLE1 mode 51: !Extecutels 51: Drive
110: 219/fgys ‘lock : i internal ! pinsin
: : :11: IDLE2 mode i resetby i STOP
110 221 /fgyg frequency i runaway: mode
: : : detect
! T
R
l—» Pin state control in STOP mode
0 | I/0 off

1 | Retains the state before halt

—> Halt mode setting
00 | RUN mode (only CPU stop)

11 | IDLE2 mode (a part I/0O operating)

L Warming-up time selection at returning from the
stop mode (see Table 3.3.5)

0 | 2"/ select clock frequency

1 | 2% select clock frequency

Figure 3.3.5 Watchdog timer mode register

The futures of RUN, IDLE2, IDLE1 and STOP modes are as follows.
RUN :  Only the CPU halts ; power consumption remains unchanged.

IDLE2 : The built-in oscillator and the specified I/O operates.
The Power Consumption is reduced to 1/2 than that during NORMAL operation.

IDLE1 : Only the built-in oscillator operates, while all other built-in circuits stop.
The Power Consumption is reduced to 1/5 or less than that during NORMAL operation.

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

The operations in the halt state is described in Table 3.3.3.
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(2)

Table 3.3.3 1/0 Operation During Halt mode

Halt mode RUN IDLE2 IDLE1 STOP
WDMOD <HALTM1, 0> 00 11 10 01
CPU Halt
1/0 port Keep the state when the “HALT” instruction was executed. See Table 3.3.6
8 bit Timer

8 bit PWM Timer

16 bit Timer

Block

Serial Channel Operate Stop

AD Converter

Watchdog Timer

Interrupt Controller

How to Release the Halt mode

These HALT states can be released by resetting or requesting an interrupt. The halt release sources are
determined by the combinations between the states of interrupt mask register <IFF2 to 0> and the
halt modes. The details for releasing the HALT status are shown in Table 3.3.4.

Released by requesting an interrupt

The operating released from the halt mode depends on the interrupt enabled status. When the
interrupt request level set before executing the HALT instruction exceeds the value of the interrupt
mask register, the interrupt due to the source is processed after releasing the halt mode, and CPU starts
executing an instruction that follows the HALT instruction. When the interrupt request level set
before executing the HALT instruction is less than the value of the interrupt mask register, releasing
the halt mode is not executed. (in non-maskable interrupts, interrupt processing is processed after
releasing the halt mode regardless of the value of the mask register.)

However only for INTO interrupts, even if the interrupt request level set before executing the HALT
instruction is less than the value of the interrupt mask register, releasing the halt mode is executed. In
this case, interrupt processing is not processed, and CPU starts executing the instruction next to the
HALT instruction, but the interrupt request flag is held at “1”.

Release by resetting

Releasing all halt status is executed by resetting.

When the STOP mode is released by RESET, it is necessary enough resetting time (3ms or more) to set
the operation of the oscillator to be stable.

When releasing the halt mode by resetting, the internal RAM data keeps the state before the “HALT”
instruction is executed. However the other setting contents are initialized. (Releasing due to interrupts
keep the state before the “HALT” instruction is executed.)
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Table 3.3.4 Haltreleasing source and Halt releasing operation

Interrupt enable Interrupt disable
Interrupt receiving status )
(Interrupt level) = (Interrupt mask) (interrupt level) < (interrupt mask)
Halt mode RUN IDLE2 IDLE1 STOP RUN IDLE2 IDLE1 STOP
NMI . . * " - - - -
S INTWDT * x X x - - - -
- * *
3 INTO * . ' O O O o™
W +
o £ INT4to 9 ¢ L 2 X x X X X X
2| c
~| e INTTO, 1 * L 4 x x x x x x
© +
o | £ INTTR4 to 7 L 2 L 2 X X X X X X
[
P~ INTRXO0, TXO L 4 4 x X x X x X
z INTRX1, TX1 * . x X x x x X
©
T INTAD 2 x X x X x X x
RESET ¢ L 4 < * ¢

€ : Afterreleasing the halt mode, CPU starts interrupt processing. (RESET initializes LSI.)

O : Afterreleasing the halt mode, CPU starts executing an instruction that follows the HALT instruction.

X : Itcannotbe used to release the halt mode.

- 1 The priority level (interrupt request level) of non-maskable interrupts is fixed to highest priority level

“7". There is not this combination type.
*1 : Releasing the halt mode is executed after passing the warming-up time.
Note : Whenreleasingthe halt mode is executed by INTO interrupt of the level mode in the interrupt

enabled status, hold level “L” until starting interrupt processing. If level “H” is set before holding
level “L", interrupt processing is correctly started.

(Example releasing “RUN” mode)
INTO interrupt releases HALT state when the RUN mode is on.

Address :

8203H LD (IIMC), 00H ; selects INTO interrupt falling edge.
8206H LD (INTEOAD), 06H ; sets interrupt level to “6" for INTO
8209H El 5 ; setsinterrupt level to “5” for CPU

820BH LD (WDMOD), 00H ; sets HALT mode to "RUN".

820EH HALT ; halts CPU.

INTO ~ \ / INTO Interrupt routine

820FH LD RETI
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(3) Operation
@® RUN mode

In the RUN mode, the system clock in the MCU continues to operate even after a HALT instruction is
executed. Only the CPU stops executing the instruction. In the HALT state, an interrupt request is
sampled with the falling edge of the “CLK” signal.

Releasing the RUN mode is executed by the external/internal interrupts. (See Table 3.3.4 Halt
releasing source and Halt releasing operation.)

Figure 3.3.6 shows the timing for releasing the HALT state by interrupts in the RUN/IDLE2 mode.

N AW aWaAW AW AW AW WL WU W aWaWaWaWal

: “ :

U o e o W Y
— : (( :

A23t00 _X Adfress : 7 : Addrebs + 2

* )] *

ALE T\ \ ( \

)

AD15to 0 =- —(Addres)— —( Data )— T™ '(Addresj}' -T-- -5&- - -" === —@dres == GaE)' ™=
|/ T T

RD
— : (
WR : )

: {(
NMI Y

—\
(level) : A
INT4, 6 4 \

(rising edge) ' {)()

INTO, INTS5, ‘,‘, ‘ I
INT7 to INT9, : :

INT4, INT6 : :

(falling edge)

z
—
o

internal INT

P

©  RUN/IDLE2 _:
—— —_—
mode H

Figure 3.3.6 Timing Chart for Releasing the HALT State by Interrupt in RUN/IDLE2 modes

@ IDLE2 mode

In the IDLE2 mode, the system clock is supplied to only specific internal I/O devices, and the CPU stops
executing the current instruction.

In the IDLE2 mode, the HALT state is released by an interrupt with the same timing as in the RUN
mode. The IDLE2 mode is released by external/internal interrupt, except INTWDT/INTAD interrupts.
(See Table 3.3.4 Halt releasing source and Halt releasing operation.)

In the IDLE2 mode, the watchdog timer should be disabled before entering the halt status to prevent
the watchdog timer interrupt occurring just after releasing the halt mode.
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@ IDLE1 mode

In the IDLE1 mode, only the internal oscillator operates. The system clock in the MCU stops, the CLK
pin is fixed at the level “H” in the output enable (CKOCR<CLKEN > =“1").
In the HALT state, and interrupt request is sampled synchronously with the system clock, however the
HALT release (restart of operation) is performed synchronously with it.
IDLE1 mode is released by external interrupts (NMI, INTO0). (See Table 3.3.4 Halt releasing source and
Halt releasing operation.)
When the IDLE1 mode is used, setting TRUN<PRRUN> to “0” to stop 9, 5 bit prescaler before
“HALT” instruction reduces the power consumption.

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

X1

CLK

A23to00

AD15to 0

g 3

NMI
INTO
(level)

INTO
(falling edge)

_

AYAY

AYAY

((

aVataV.Wala¥

AYAYAYAYE

. e o WA
:x Address ;’:’ : Addregs + 2
= U
- —(Addres)——(Data )—--———-é-— ———5&————;-———— —(Addres)——( Data)—--—
11 ’ T
-
)] \

i< IDLE1 mode —>:

Figure 3.3.7 Timing Chart for Releasing the HALT State by Interrupt in IDLE1 modes
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@ STOP mode

The STOP mode is selected to stop all internal circuits including the internal oscillator. The pin status
in the STOP mode is depended on setting the watchdog timer mode register WDMOD <DRVE >. (See
Figure 3.3.5 for setting WDMOD <DRVE>.) Table 3.3.6 summarizes the state of these pins in the
STOP mode.
The STOP mode is released by external interrupts (NMI, INT0). When the STOP mode is released, the
system clock is started outputting after warming up timer to get the stabilized oscillation. A warming-
up time can be set using WDMOD <WARM>. See the example of warming-up time (Table 3.3.5).

In the system which supplies stable clock generated by an external oscillator, the warming-up time can
be reduced using T45CR <WCU >,

Figure 3.3.8 illustrates the timing for releasing the HALT state by interrupts in the STOP mode.

Warming up
time
X1 _/'\_/'\_/'\_/‘\_/'\_/'\_53_ \_/'\_/'\_/'\_/'\_/'\_/'\_/
CLK Y X Y f = -’_53_\__/ \ [T
A23t00 :X Address )— - -( Addreps + 2
) . \ S
AD15t00 —-T -(Address)— T '( Data )' -+ '(Address}' — 44— — LK — ] (Address)- -+ -( Data )— - -(Address
RD \ / AT A \ /
WR \ _cf ¥
g
NI 0 d
: (Y
INTO T )
(level) L \%‘)
INTO R I
(falling edge) <_> N
: STOP
‘mode
Figure 3.3.8 Timing Chart of HALT Released by Interruptin STOP Mode
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Table 3.3.5 The example of warming-up time after releasing the stop mode

Operation clock after Warming-up time [ms] Clock
the stop mode WDMOD<WARM > =0 | WDMOD <WARM > = 1
fc 0.8192 3.2768
fc/2 1.6384 6.5536
fc/a 3.2768 13.1072 fc =20 MHz
fc/8 6.5536 26.2144
fc/16 13.1072 52.4288
How to calculate the warming-up time
WDMOD <WARM> =“0” : Operation clock after the 214/STOP mode
WDMOD <WARM> =“1” : Operation clock after the 216/STOP mode
Setting Example : The STOP mode is released by NMI.
Address
SYSCRO EQU 006EH
SYSCR1 EQU 006FH
WDMOD EQU 005CH
8FFDH LD (SYSCR1), 00H ;i fsys =fc/2
9000H RES 4, (WDMOD) ; Sets Warming Up Time to 214/fc
9002H HALT _
NMVIT \ Ejlﬁ'li’f'naenrd Starts Warming
¥
end
¥
NMI Interrupt Routine
RETi

9003H LD, XX, XX
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Table 3.3.6 Pin statesin STOP mode
. TMP93CS42A
Pin Name I/0 DRVE=0 DRVE =1
PO Input mode A A
Output mode - Output
AD8~ to 15 - -
P1 Input mode A A
Output mode/A8to 15 - Output
ADOto7 - -
P2 Input mode A A
Output mode/A0to 7, A16to 23 A Output
P30 (RD), P31 (WR) Output - Output
P30 Output Qutput Output
P32 to P37 Input mode PU* Input mode
Qutput mode PU* Output mode
P40, P41 Input mode PU=* Input mode
Output mode PU* Output mode
P42 (CS2/CAS2) Input mode PD* Input mode
Output mode PD* Output mode
P5 Input A A
P6 Input mode Input mode PU= Input mode
Output mode PU* Output mode
P70 Input mode 0 Input 0 Input mode
Output mode 0 Input Output mode
P71to P73 Input mode PU* Input mode
Output mode PU* Output mode
P80, P82, P83, P84, P86 | Input mode PU=* Input mode
Output mode PU* Output mode
P81, P85, P87 (INTO) Input mode 0 Input 0 Input mode
Output mode 0 Input Output mode
P90 to P95 Input mode PU* Input mode
Output mode PU=* Output mode
PA6 to PAQ Input mode -
Qutput mode -
PA7 Input mode - Input mode
Qutput mode, SCOUT - Output mode
NMI Input Input Input
INT8 Input 0 Input 0 Input
ALE Qutput (KALEEN>="1") “L" level output “L" level output
CLK Output (<CLKEN>="1") - "H" level output
RESET Input Input
EA Input Input Input
X1 Input — —
X2 Qutput “"H"” level output “H" level output
P97 to 96 Input mode - Input
Output mode — Output*
- : Input for input mode/ input pinis invalid; output mode/ output pin is at high impedance.
Oinput : Inputgateinoperation. Fixinput voltage to “L” so that input pin stays constant.
Input :  Input gate in operation. Fix input voltage to “L” or “H" so that input pin stays constant.

Output* : Open-drain output state. Input gate in operation. Set output to “L" or attach pull-up on pin so that the
input gate stays content.
PU . Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a
pull-up pin resistor is not set.

PU* : Programmable pull-up pin. Input gate disable state. No through current even if the pin is set t high
impedance.

PD* : Programmable pull-down pin. Input gate disable state. No through current even if the pin is set t high
impedance.

A : When HALT instruction is executed and CPU stops at the address of the port register, input gate in

operation. Fix the pin to avoid through current and change the program. In the other cases, input for
input mode is invalid, output mode is at high impedance.

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

depends on the port register setting value only.
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3.4

Interrupts

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

® Interrupts from the CPU - 9 sources
(Software interrupts, and Illegal (undefined) instruction execution)

® Interrupts from external pins (NMI, INT0 and INT4 to 9) --- 8 sources

® Interrupts from built-in I/Os --- 12 sources

A fixed individual interrupt vector number is assigned to each interrupt source; six levels of priority
(variable) can also be assigned to each maskable interrupt. Non-maskable interrupts have a fixed
priority of 7.

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

The CPU compares the value of the priority sent with the value in the CPU interrupt mask register
<IFF2 to 0>. If the value is greater than that the CPU interrupt mask register, the interrupt is
accepted. However software interrupts and illegal instruction execution interrupts are not compared
with <IFF2 to 0>, the interrupt is processed. The value in the CPU interrupt mask register <IFF2 to
0> can be changed using the EI instruction. Executing EI n changes the contents of <IFF2 to 0> ton.
For example, programming EI 3 enables acceptance of maskable interrupts with a priority of 3 or
greater, and non-maskable interrupts which are set in the interrupt controller. When “EI” or “EI 0”is
programmed, maskable interrupts with a priority of 1 or greater, and non-maskable interrupts are set
in the interrupt instruction. (in the same way as the EI 1) The DI instruction (<IFF2 to 0> =7)
operates in the same way as the EI 7 instruction. Since the priority values for maskable interrupts are
0 to 6, the DI instruction is used to disable maskable interrupts to be accepted. The EI instruction
becomes effective immediately after execution. (With the TLCS-90, the EI instruction becomes effective
after execution of the subsequent instruction.)

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

Figure 3.4.1 is a flowchart showing overall interrupt processing.
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(Interrupt Processing)
Read Interrupt vector V.
Clear interrupt request F/F.
ector V and
micro DMA Yes
start vector match
No —
Data transfer by
micro DMA
PUSH PC
PUSH SR Y
 General-purpose || SR <|FF2 to 0><Accepted COUNT « COUNT - 1 Micro DMA
interrupt processing interruput processing
level +1 *
INTNEST<«— INTNEST + 1

PC < (8000H + V)

7

Interrupt processing
program

'

RETI Instruction

POP SR
POP PC
INTNEST<INTNEST - 1

Note: Inread-only mode,
always branches to NO
without conditional
branch.

C End )

Figure 3.4.1 Interrupt Processing Flowchart
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3.4.1 General-Purpose Interrupt Processing

6))

(2)

3

4)
(5

When accepting an interrupt, the CPU operates as follows. In the software interrupts or the illegal
instruction execution interrupts from CPU, the following (1) and (3) are not executed.

The CPU reads the interrupt vector from the interrupt controller. When more than one interrupt with
the same level is generated simultaneously, the interrupt controller generates interrupt vectors in
accordance with the default priority, then clears the interrupt request.

The default priority is fixed as follows: the smaller the vector value, the higher the priority.

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

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

The CPU increments the INTNEST (Interrupt Nesting Counter).

The CPU jumps to address stored at 8000H + interrupt vector, then starts the interrupt processing
routine.

The following diagram shows all the above processing state number.

Bus Width of Btrgt\levri;:lut:tof Interrupt processing state number
Stack Area Vector Area MAX mode MIN mode
8 8 35 31
16 31 27
8 29 27
16 16 25 23

To complete the interrupt processing, the RETI instruction is usually used.

Executing this instruction restores the contents of the program counter and the status registers and
decrements INTNEST (Interrupt Nesting Counter).

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

The interrupt request with a priority higher than the accepted now interrupt during the CPU is
processing above (1) to (5) is accepted before the 1’st instruction in the interrupt processing routine,
causing interrupt processing to nest.

The CPU does not accept an interrupt request of the same level as that of the interrupt being processed.
(Non-maskable interrupts can be accepted, causing interrupt processing to nest.)

Resetting initializes the CPU mask registers <IFF2 to 0> to 7; therefore, maskable interrupts are
disabled.
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(1) Maskable interrupt
(INTTO interrupt routine)

(main)
E% IFFe2 /
/@
INT*!‘O L

(level 1)
é AN
@
l IFFe1 RETI

©)

During execution of the main program, the CPU accepts
an interrupt request. The CPU increments the IFF so that
the interrupts of level 1 are not accepted during
processing the interrupt routine.

(3) Interrupt nesting

(INTTO interrupt routine) (INTT1 interrupt routine)

(2) Non-maskable interrupt
(NMl interrupt routine)

(main)
% IFF<—7® /

2 /
(|e'\\|/'\el:l7) _U_\ <
5 @

l IFF&7 RETI

DI instruction is executed in the main program, so that
the interrupts of only level 7 are accepted. The CPU
does not increment the IFF even if the CPU accepts an

interrupt request of level 7.

(4) Software interrupt
(SWI3 routine)

(main) (main)
EI3 yd DI
T oy 1
INT*TO L INT*1 JL \ I ]
(level 3) . (leveld) . ® Swi3 - ®
® @ ® & @
l IFF3 \ ¥ IFFe—4 \_ RETI l RETI
RETI

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

(5) Interrupt sampling timing

(main) (INTTO interrupt routine)

@ INTT1 ] L Xv_\
(Ievel4)
INTTO J_|_

(Ievell 3)

NG

If an interrupt with a level higher than the interrupt being
processed is generated, the CPU accepts the interrupt with
the higher level. The program counter which returns at ®
is the start address of INTTO interrupt routine.

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

Instruction

(underline)
Execution flow

Example:
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The addresses 008000H to 0080FFH (256 bytes) of the TMP93CS42A are assigned for interrupt vector

area.
Table 3.4.1 TMP93CS42A Interrupt Table

De.faglt Type Interrupt source Vect?r Xalue Address refer [ Mico DMA

priority Vv to vector start vector
1 Reset, or SWIO0 instruction OO0OO0OOH|800O0H -
2 SWI 1 instruction 0004H|8004H -
3 lllegal instruction, or SWI2 0008H|8008H -
4 Non- SWI 3 instruction 0O0O0CH|800CH -
5 maskable [SWI 4 instruction 001T0H|8010H -
6 SWI 5 instruction 0014H|8014H -
7 SWI 6 instruction 0018H|8018H -
8 SWI 7 instruction 001CH|801CH -
9 NMI : NMI pin 0020H|8020H 08H
10 INTWD : Watchdog timer 0024H|8024H 09H
11 INTO : INTO pin input 0028H|8028H 0AH
12 INT4 : INT4 pin input 002CH|802CH 0BH
13 INT5 : INT5 pin input 0O030H|8030H OCH
14 INT6 : INT6 pin input 0034H|8034H ODH
15 INT7 : INT7 pin input 0038H|8038H OEH
- (Reserved) 003CH|803CH -
16 INTTO : 8-bittimer0 0040H|8040H 10H
17 INTT1 . 8-bittimer1 0044H|8044H 11H
18 INT8 : INT8 pin input 0048H|8048H 12H
19 INT9 : INT9 pin input 004CH|804CH 13H
20 INTTR4  : 16-bit timer4 (TREGA4) 0O050H|8050H 14H
21 Maskable [INTTR5 : 16-bittimer4 (TREG5) 0054H|8054H 15H
22 INTTR6  : 16-bit timer5 (TREG6) 0058H|8058H 16H
23 INTTR7  : 16-bittimer5 (TREG7) 0O05CH|805CH 17H
24 INTRX0 : Serial receive (Channel.0) 0O060H|8060H 18H
25 INTTXO : Serial send (Channel.0) 0064H|8064H 19H
26 INTRX1 : Serial receive (Channel.1) 0068H(8068H 1AH
27 INTTX1 : Serial send (Channel.1) 006CH|806CH 1BH
28 INTAD : AD conversion completion 0070H|8070H 1CH
- (Reserved) 0074H|8074H -
to to to to to
= (Reserved) QOFCH|B80FCH -
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Setting to Reset/Interrupt Vector
@ Reset Vector

8000H [ PC(7t00)
8001H [ PC(15to0 8)
8002H | pC (23 to 16)
8003H XX

The vector base addresses are depended on the products.

Type No. Vector base address PC setting sequence after reset Notes

P27 to 20/A23 to 16 pins input

PC(7t00) « address 8000H ports with pull-down due to
reset. The logic datais “00H".
TMP93CS42A/PS42A 008000H PC(15t08) <« address8001H When Port 2 is used as A23 to

16 pins to access the program
PC(23to 16) <« address 8002H ROM, set PC (23 to 16) to
“00H" and the reset vector to
“0000H to FFFFH". (for mainly
products without ROM)

@ Interrupt Vector (except Reset Vector)

Address refertovector +0 PC(7to 0)
+1 PC (15 to 8)
+2 | PC(23to 16)
+3 XX

XX : Don't care
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(Setting Example)
Reset Vector : 8100H, NMI Vector : SABCH, INTAD Vector : 123456H.

ORG 8000H
DL 008100H ; Reset=8100H
ORG 8020H
DL 009ABCH ; NMI =9ABCH
ORG 8070H
DL 123456H ; INTAD =123456H
ORG 8100H
LD AB (cf)
ORG, DL are the Assembler Directive.
ORG 9ABCH [ORG : control location counter
LD B,C DL : define the long word (32 bits) data
ORG  123456H

LD  CA
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3.4.2 Micro DMA

(1

In addition to the conventional interrupt processing, the TMP93CS42A also has a micro DMA function.
When an interrupt is accepted, in addition to an interrupt vector, the CPU receives data indicating
whether processing is micro DMA mode or general-purpose interrupt. If micro DMA mode is requested,
the CPU performs micro DMA processing.

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

Micro DMA operation

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

When a micro DMA interrupt is accepted, data is automatically transferred from the transfer source
address to the transfer destination address set in the control register, and the transfer counter is
decremented. If the value in the counter after decrementing is other than 0, micro DMA processing is
completed; if the value in the counter after decrementing is 0, general-purpose interrupt processing is
performed. Inread-only mode, which is provided for DRAM refresh, the value in the counter is ignored
and dummy read is repeated.

32-bit control registers are used for setting transfer source / destination addresses. However, the
TMP93CS42A has only 24 address pins for output. A 16M-byte space is available for the micro DMA.
There are two data transfer modes: one-byte mode and one-word mode. Incrementing, decrementing,
and fixing the transfer source / destination address after transfer can be done in both modes. Therefore
data can easily be transferred between I/O and memory and between I/Os. For details of transfer modes,
see the description of transfer mode registers.

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

When the transfer counter is decremented to “0” after data is transferred with micro DMA, general-
purpose interrupt processing is performed. After processing the general-purpose interrupt, starting the
interrupts of the same channel restarts the transfer counter from 65536. Reset the transfer counter in
the processing routine of the general-purpose interrupt.

Interrupt sources processed by micro DMA processing are 20 sources with the micro DMA start vectors
listed in Table 3.4.1.

The following timing chart is a micro DMA cycle of the Transfer Address INC rement mode (the other
mode except the Read-only mode is same as this) (Condition : MAX mode, 16 bit Bus width for 16M
Byte, 0 wait)
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(2) Register configuration (CPU control register)

Channel0
DMASO ;
Transfer source address register 0 :| (Use only lower 24 bits.)
DMADO Transfer destination address register 0
DMACO Transfer counter register 0 (1 to 65536)
DMAMO | Transfer mode register 0
Channel1
DMAS1 Transfer source address register 1
DMAD1 Transfer destination address register 1
DMAC1 Transfer counter register 1
DMAM?1 | Transfer mode register 1
Channel2
DMAS2 Transfer source address register 2
DMAD2 Transfer destination address register 2
DMAC?2 Transfer counter register 2
DMAM?2 | Transfer mode register 2
Channel3
DMAS3 Transfer source address register 3
DMAD3 Transfer destination address register 3
DMAC3 Transfer counter register 3
DMAM3 | Transfer mode register 3
<—8-bit—>
16-bit
32-bit

These Control Register can not be set only “LDC cr, r” instruction.

(eg.)
LD  XWA, 100H
LDC DMASO, XWA
LD  XWA, 50H
LDC DMADO, XWA

LD WA, 40H
LDC DMACO, WA
LD A,05H

LDC DMAMO, A
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(3) Transfer mode register details : DMAMO to 3

l vy 2:0= byte transfer, 1 =word transfer

0 0 0 o0 Mode Note : When setting values for this
I register, set the upper 4 bits to 0.

execution time

if DMACH =0 then INT.

¥

0 0 0 Z |Transferdestination address INCmode ....... for I/0 to memory 16 states

(DMADN +) « (DMASN)

DMACn«<DMACnh -1 (1.6 us)

if DMACNH =0 then INT.
0 0 1 Z |Transferdestination address DEC mode ...... for I/0 to memory 16 states

(DMADnN =) « (DMASN)

DMACn«DMACnh -1

if DMACNH =0 then INT. (1.6 us)
0 1 0 Z |Transfersource addressINCmode .............. for memory to I/0 16 states

(DMADN) « (DMASN +)

DMACn«DMACnh -1

if DMACNH =0 then INT. (1.6 us)
0 1 1 Z |Transfersource addressDECmode ............. for memory to I/0 16 states

(DMADN) « (DMASNh =)

DMACn«<DMACN -1

if DMACNH =0 then INT. (1.6 us)
1 0 0 Z |Fixedaddressmode .................................. 16 states

(DMADN) « (DMASN)

DMACn«<DMACN -1

if DMACNH =0 then INT. (1.6 us)
1 0 1 O |Read-onlymode ..................................... for DRAM refresh 14 states

Dummy<« (DMASn) ; Reads4 bytes.

DMASN<DMASNn +4 ; Incrementslowerword only.

DMACn«<DMACnh -1 (1.4 us)
1 0 1 1 |Countermode..................................... for interrupt counter 11 states

DMASN«<DMASN + 1

DMACn«<DMACnh -1 (1.1 us)

Note1: n :corresponds to high-speed «DMA channels 0 to 3.

DMADn +/DMASn + : Post-increment (Increments register value after transfer.)
DMADn —/ DMASN — : Post-decrement (Decrement register value after transfer.)

Note 2: Execution time: When setting source address/destination address area to 16-bit bus,
OWAIT.
Note 3: Do not use the codes other than the above mentioned codes for transfer mode register.
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<Example for Usage of read only mode (DRAM refresh) >
¥ Clock Condition

System Clock: fc
Clock Gear : 1 (fc)

When the hardware configuration is as follows:
DRAM mapping size: =1 MB
DRAM data bus size: =8 bits
DRAM mapping address range: =100000H to 1TFFFFFH

Set the following registers first; refresh is performed automatically.

@ Register initial value setting

LD XIX, 100000H

LDC DMASO, XIX -+ mapping start address

LD A, 00001010B

LDC DMAMO, A -+ read only mode (for DRAM refresh)

@ Timer setting
Set the timers so that interrupts are generated at intervals of 62.5 s or less.

@ Interrupt controller setting
Set the timer interrupt mask higher than the other interrupts mask. Write the above timer
interrupt vector value in the High-Speed micro DMA start vector register, DMAOV.

(Operation description)

The DRAM data bus is an 8-bit bus and the micro DMA is in read-only mode (4 byte), so refresh is
performed for four times per interrupt.

When a 512 refresh / 8ms DRAM is connected, DRAM refresh is performed sufficiently if the microDMA
is started every 15.625 us X 4 = 62.5 us or less, since the timing is15.625 us/ refresh.

(Overhead)

Each processing time by the micro DMA is 1.8 s (18 states) at 20 MHz with an 8-bit data bus.
In the above example, the micro DMA is started every 62.5 us, 1.8 us / 62.5 us = 0.0288; thus, the
overhead is 2.88 %.

(Note)

When the Bus is released which must wait to accept the interrupt, DRAM refresh is not performed
because of the micro DMA is generated by an interrupt.
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3.4.3 Interrupt Controller

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

Each interrupt channel (total of 20 channels) in the interrupt controller has an interrupt request flag,
interrupt priority setting register, and a register for storing the micro DMA start vector. The interrupt
request flag is used to latch interrupt requests from peripheral devices.

The flag is cleared to 0 at the following conditions.

® atreset

® when the CPU reads the interrupt vector after acceptance of interrupt

® when the CPU executes an instruction that clears the interrupt of that channel (writes 0 in <IxxC>
of the interrupt priority setting register).

as follows.

For example, to clear the INTO interrupt request, set the register afte

INTEOAD « ----0 --- Zero-clears the INTO Flip Flop.

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

The interrupt priority can be set by writing the priority in the interrupt priority setting register (eg,
INTEOAD, INTE45, etc.) provided for each interrupt source. Interrupt levels to be set are from 1 to 6.
Writing 0 or 7 as the interrupt priority disables the corresponding interrupt request. The priority of the
non-maskable interrupt (NMI pin, watchdog timer, etc.) is fixed to 7. If interrupt requests with the
same interrupt level are generated simultaneously, interrupts are accepted in accordance with the
default priority.

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

The interrupt controller also has four registers used to store the micro DMA start vector. These are I/O
registers. Writing the start vector of the interrupt source for the micro DMA processing (see Table
3.4.1), enables the corresponding interrupt to be processed by micro DMA processing. The values must
be set in the micro DMA parameter registers (eg, DMAS and DMAD) prior to the micro DMA
processing.
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(1

Interrupt priority setting register

Symbol | Address 7 6 5 | a4 3 2 P 1 i o0
_ INTAD _ INTO
INTEOAD | 0070H IADC : IADM2 : IADM1 : IADMO 10C 10M2 10M1 10MO
RW i W R/W w
0 0 { 0 { 0 0 0 { 0 i 0
INTS INT4
15C I5M2 I5SM1 : I5MO 14C 14M2 14M1 14M0
INTE4 71H
> 00 R/W W R/W W
0 0 ¢ 0 ¢ 0 0 o { 0 0
INT7 INT6
INTE67 0072H 17C 17M2 1I7M1 ¢ 17MO 16C 1612 16M1 16MO
R/W W R/W W
0 0 H 0 : 0 0 0 : 0 : 0
INTT1 (Timer1) INTTO (Timer0)
ITIC : ITIM2 : ITIM1 : ITIMO ITOC : ITOM2 : ITOM1 : ITOMO
INTET10 0073H H * * + * *
R/W W R/W W
0 0 : 0 i 0 0 0 : 0 i 0
INT9 INT8
19C 1912 1I9M1 : I19MO0 18C 18\M12 1I8M1 18M0
INTE 74H :
89 00 R/W W R/W W
0o i o i o i 0 0 i o0 i o i 0
__INTTRS (TREG5) __INTTR4 (TREG4) _
IT5C ¢ IT5M2 : IT5M1 @ IT5MO IT4C : ITAM2 : ITAM1 : ITAMO
INTET54 75H : H
> 0075 R/W W R/W W
0 i o i o i o© 0 o0 i 0 i 0
i INTTR7 (TREG7) i _ INTTR6 (TREGG) ]
IT7C ¢ IT7M2 : IT7M1 @ IT7MO IT6C : IT6M2 : IT6M1 : IT6MO
INTET?7 76H
6 0076 R/W " R/W W
0 0 : 0 : 0 0 0 : 0 : 0
INTTXO0 INTRX0
INTESO 0077H ITX0C ITXOM2 : ITXOM1 : ITXOMO | IRX0C IRXOM2 : IRXOM1 : IRXOMO
R/W W R/W W
0 0 H 0 : 0 0 0 H 0 : 0
INTTX1 INTRX1
ITX1C P ITXTIM2 : ITXIMT { ITXTMO | IRX1C @ IRXTM2 : IRXTM1 : IRX1MO
INTES1 0078H : : - - - :
RIW ' RIW '
0O : 0 : 0 : 0 0 : 0 :: 0 : 0
11 Il 1L
) ] I
:
|—> IxxM2 IxxM1 IxxMO Function (Write)
0 0 0 Prohibits interrupt request.
0 0 1 Sets interrupt request level to “1”.
0 1 0 Sets interrupt request level to “2".
0 1 1 Sets interrupt request level to “3".
1 0 0 Sets interrupt request level to “4”.
1 0 1 Sets interrupt request level to “5”.
1 1 0 Sets interrupt request level to “6".
1 1 1 Prohibits interrupt request.
—> IxxC Function (Read) Function (Write)
0 Indicates no interrupt request. Clears interrupt request flag.
1 Indicates interruptrequest. | ----- Don‘tcare-----

«Interrupt source
«Bit symbol

<«Read/Write
«After reset

Figure 3.4.5 Interrupt priority setting register
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(2) External interrupt control

Interrupt Input Mode Control Register

7 6 5 4 3 2 1 0
[IMC  [Bit symbol I0IE IOLE | NMIREE
(007BH) Read/Write W W W
After reset 0 0 0
Function 1170 fo:TNT0  [TiCanbe
input edge ?CT\%&J‘IG
enable mode ni
1: INTO rsing
level edge.
mode
— |

L INTO input enable (note 1)

0 |TNTO disable (P87 function only) NMI rising edge enable
1

INTO Input enable 0 Inte.rrupt request generation at
falling edge

Notel : The INTO pin can also be used for standby release as described later.

Even if the pin is not used for standby release, setting this register to 1 | Interrupt request generation at

“0” maintains the port function during standby mode. rising/falling edge
Note2 : Case of changing from level to edge for INT0 pin mode (<IOLE >“1"—“0")
Execution example: —> INTO level enable
LD (INTEOAD) ,xxxx0000B ; INTO disenable,clean the request flag o .
LD (IIMC) ,xxxxx10xB ; Change from level to edge 0_[Rising edge detect interrupt
LD (INTEOAD) ,xxxxOnnnB ; Set interruptlevle “n” for INTO, clear 1 | Highlevel interrupt
the request flag

Note3 : Read-modify-write is prohibited.
Note4 : IIMC <bit7 to 3> is always read as “1”.
Note5 : See Electrical characteristics in section 4 for external interrupt input pulse.

Figure 3.4.6 InterruptInput Mode Control Register

Table 3.4.2 Setting of External Interrupt Pin Functions

Interrupt | Pinname Mode Setting method
“\_ Fallingedge [IIMCKNMIREE>=0
NMI - Falling and risi
NS edges 0 L IIMCKNMIREED = 1
“\_ Fallingedge |lIMCKIOLE> =0, <IOIE> =1
INTO P87
\ ./ Level IMC<IOLE> = 1,<I0IE> = 1
f Rising edge TAMOD<KCAP12M1,0>=0,00r0,10r 1,1
INT4 P80
“\_ Fallingedge |T4MOD<CAP12M1,0>=1,0
INT5 P81 “\_ Fallingedge e
/ Rising edge T5MOD<KCAP34M1,0>=0,00r0,10r 1,1
INT6 P84
“\_ Fallingedge |T5MOD<CAP34M1,0>=1,0
INT7 P85 “\_ Fallingedge _
INT8 — “\_ Falling edge _
INT9 P70 “\_  Falling edge —_—
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(3)

Micro DMA start vector

When the CPU reads the interrupt vector after accepting an interrupt, it simultaneously compares the
bit 2 to 6 interrupt vector with each channel’s micro DMA start vector. When both match, the interrupt
is processed in micro DMA mode for the channel whose value matched.
If the interrupt vector matches more than two channel, the channel with the lower channel number has

a higher priority.
Micro DMIA 0 Start Vector
7 ¢ 6 i 5 4 3 i 2 i 0
DMAQV |[Bitsymbol : : DMAOV4 i DMAOV3 | DMAOV2 ;| DMAOV1 | DMAOVO
(007CH) Read/Write W
After reset : : 0 0 0 0 0
Function Micro DMA channel 0 processed by matching bits 2 to 6 of the interrupt vector.
Micro DMA 1 Start Vector
7 | 6 i 5 4 1 3 1 2 i 1 0
DMA1V |[Bit symbol : : DMA1V4 | DMATV3 | DMAIV2 | DMA1V1 | DMA1VO
(007DH) Read/Write w
After reset : : 0 0 0 0 0
Function Micro DMA channel 1 processed by matching bits 2 to 6 of the interrupt vector.
Micro DMA 2 Start Vector
7 ¢ 6 { s 4 13 12 i 0
DMA2V [git symbol : : DMA2V4 | DMA2V3 | DMA2V2 | DMA2V1 | DMA2VO
(007EH) Read/Write w
After reset : : 0 0 0 0 0
Function Micro DMA channel 2 processed by matching bits 2 to 6 of the interrupt vector.
Micro DMIA 3 Start Vector
7 ¢ 6 i 5 a3 12 i1 0
DMA3V |[Bit symbol : : DMA3V4 | DMA3V3 | DMA3V2 i DMA3V1 | DMA3V0
(007FH) Read/Write W
After reset : : 0 0 0 0 0
Function Micro DMA channel 3 processed by matching bits 2 to 6 of the interrupt vector.
Note : Read-modify-write is not possible for DMAOV to DMA3V.
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(4)

Notes

The instruction execution unit and the bus interface unit of this CPU operate independently of each
other. Therefore, if the instruction used to clear an interrupt request flag of an interrupt is fetched
before the interrupt is generated, it is possible that the CPU might execute the fetched instruction to
clear the interrupt request flag while reading the interrupt vector after accepting the interrupt. If so,
the CPU would start the interrupt processing from the address “8028H”.

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

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

Functions of Ports

The TMP93C42A has 80 bits for I/O ports.

These port pins have I/O functions for the built-in CPU and internal I/Os as well as general-purpose I/O
port functions. Table 3.5.1 lists the function of each port pin. Table 3.5.2 lists I/O registers and
specification.

(R: T =With programmable pull-up resistor

Table 3.5.1 Functions of Ports | = With programmable pull-down resistor)

. Number . . Direction Pin name for built-in
Port name | Pin name . Direction | R . . .
of pins setting unit function

Port0 |P0OO to PO7 8 I/0 - Bit ADO to AD7
Port1 |P10to P17 8 I/0 - Bit AD8to AD15 /A8 to A15
Port2 |P20to P27 8 I/0 Bit ADto A7/A16to A23
Port3 |P30(72 pin) 1 Output | - (Fixed) RD

P30 (61 pin) 1 Output | - (Fixed) -

P31 1 Output | - (Fixed) WR

P32 1 1’0 1 Bit HWR

P33 1 I/0 0 Bit AlT

P34 1 I/0 0 Bit BUSRQ

P35 1 I/0 1 Bit BUSAK

P36 1 I/0 0 Bit RAW

P37 1 I/0 1 Bit RAS
Port4 (P40 1 I/0 0 Bit CS0/CASD

P41 1 I/0 Bit CS1/CAST

P42 1 I/0 i Bit CS2 /CAS2
Port5 |P50to P54 5 Input | - (Fixed) ANO to AN4

P55 1 Input | - (Fixed) RXDO

P56 1 Input - (Fixed) CTSO

P57 1 Input | - (Fixed) RXD1
Port6 |P60 to P67 8 I/0 1 Bit -
Port7 |P70 1 I/0 - Bit TIO/INT9

P71 1 I/0 0 Bit TO1

P72 1 I/0 1 Bit TO2

P73 1 I/0 1 Bit TO3
Port8 |P80 1 I/0 1 Bit TI4/INT4

P81 1 I/0 - Bit TI5/INT5

P82 1 I/0 1 Bit TO4

P83 1 I/0 0 Bit TO5

P84 1 I/0 0 Bit TI6/INT6

P85 1 I/0 - Bit TI7 /INT7

P86 1 I/0 0 Bit TO6

P87 1 I/0 - Bit INTO
Port9 |P90 1 I/0 1 Bit TXDO

P91 1 I/O 0 Bit -

P92 1 I/0 1 Bit -

P93 1 I/0 1 Bit TXD1

P94 1 I/0 1 Bit -

P95 1 I/O 1 Bit SCLK1

P96 1 I/0 - Bit -

P97 1 I/O - Bit -
PortA [PAOto PA6 7 I/0 - Bit

PA7 1 I/0 - Bit SCOUT (PA7)
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Table 3.5.2 1/0 registers and specification (1/2)
X : Don't care

Port Name Specification I/O register
Pn PnCR PnFC
Port0 PO (0to 7) Input port X 0
Output port X 1 None
AD (0to 7) bus X X
Port 1 P1(0to7) Input port X 0 0
Output port X 1 0
AD (8 to 15) bus (Note 1) X 0 1
A (8 to 15) output (Note 1) X 1 1
Port 2 P2 (0to 7) Input port (without PD) 1 0 0
Input port (with PD) 0 0 0
Output port X 1 0
A (0 to 7) Output 1 0 1
A (16 to 23) output 1 1 1
Port 3 P30 (Pin No.72) [Output port X None 0
Outputs RD only when accessing external space X 1
P30 (Pin No.61) |Output Port X None X
P31 Output port X None 0
Outputs WR only when accessing external space X 1
P3 (210 7) Input port (without PU) 0 0 0
Input port (with PU) 1 0 0
Output port X 1 0
P32 HWR Output X 1 1
P33 WAIT Input (without PU) 0 0 None
WAIT Input (with PU) 1 0
P34 BUSRQ Input (without PU) 0 0 1
BUSRQ Input (with PU) 1 0 1
P35 BUSAK Output X 1 1
P36 RW Output X 1 1
P37 RAS Output X 1 1
Port4 P4(0to 1) Input port (without PU) 0 0 0
Input port (with PU) 1 0 0
Output port X 1 0
P42 Input port (without PD) 1 0 0
Input port (with PD) 0 0 0
Output port X 1 0
P40 CSO Output (Note 2) X 1 1
P41 CS1 Output (Note 2) X 1 1
P42 CS2 Output (Note 2) X 1 1
Port5 P5 (0 to 7) Input port X
P5 (0 to 4) AN (0 to 4) Input (Note 3) X
P55 RXDO Input X None
P56 CTSO Input X
P57 RXD1 Input X
Port 6 P6 (0 to 7) Input port (without PU) 0 0
Input port (with PU) 1 0 None
Qutput port X 1
Note 1 :  This function is changed by chip select/wait controller.
Note2 :  CS/WAIT control register BnCS <BnCAS > selects the wave form output from P40 to 42 pins,
CS0 to CS2 or CASO to CAS2.

Note3 : The channel for AD input is selected by ADMOD2<ADCHNn> (n=0t02).
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Table 3.5.2 1/0 registers and specification (2/2)
X : Don't care

Port Name Specification I/0 register
Pn PnCR PnFC
Port7 P7 (1 to 3) Input port (without PU) 0 0 0
Input port (with PU) 1 0 0
Output port X 1 0
P70 TIO/INT9 Input (without PU) X 0
Input port (with PU) X 0 None
Output port X 1
P71 TO10utput port X 1 1
P72 TO20utput port X 1 1
P73 TO30utput port X 1 1
Port 8 P8 (0to 7) Input port (without PU) 0 0 0
Input port (with PU) 1 0 0
Output port X 1 0
P80 TI4/INT4 Input (without PU) 0 0 None
TI4/INT4 Input (with PU) 1 0
P81 TI5ANTS5 Input (without PU) X 0 None
P84 TI6/INT6 Input (without PU) 0 0 None
TI6/INT6 Input (with PU) 1 0
P85 TI7ANT7 Input (without PU) X 0 None
P82 TO4 Output X 1 1
P83 TO5 Qutput X 1 1
P86 TO6 Output X 1 1
P87 (Note 4) INTO Input (without PU) X 0 None
Port9 P9 (0 to 5) Input port (without PU) 0 0 0
Input port (with PU) 1 0 0
Output port X 1 0
P90 TXDO Output X 1 1
P93 TXD1 Qutput X 1 1
P95 SCLK1 Output X 1 1
SCLK1 Input (without PU) 0 0 0
SCLK1 Input (with PU) 1 0 0
P9 (6to 7) Input port X 0 None
Output port (Note 5) X 1
PortA [PA(0to7) Input port X 0
Output port X 1 None
PA7 SCOUTOutput port(Note 6) X 1

Note4 :  Using P87 pin as INTO, IMC register has to be set enable interrupt.
Note5 :  Using P96/P97 as output port, Output is through the open-drain buffer.
Note6 : Using PA7 as SCOUT, PAFC register has to be written suitable value.

93CS42A-46 2001-03-13



TOSHIBA TMP93CS42A

Resetting makes the port pins listed below function as general-purpose I/O ports.
I/0 pins programmable for input or output are set to input ports except P96, P97,
To set port pins for built-in functions, a program is required.

% Note about the Bus Release and programmable pull-up / down I/O ports.

When the bus is released (BUSAK =“0"), the output buffer of ADO to 15, A0 to 23, control signal (RD,
WR, HWR, R/W, RAS, CS0/ CASO to CS2/CAS2) is off and their state become high-impeadance.
However, the output of built-in programmable pull up / down resistors are kept before the bus is
released. These programmable pull up / down resistors can be selected ON/OFF by programmable when
they are used as the input ports.

The case of they are used as the output ports, they can not be selected ON/OFF by programmable.

Table 3.5.3 shows the pin state when the bus is released.

Table 3.5.3 The pin State (when the bus is released)

The Pin State (when the bus is released)
Pin Name
Used as the port Used as the function
P00 to PO7 The state is not changed. become high-impedance (High-z).
(ADO to AD7) (do not become to high-impedance
P10to P17 (High-z).)
(AD8 to 15/A8 to 15)
P30 (RD : Pin No. 72) becomes high-impedance (High-z). becomes high-impedance (High-z).
P31 (WR)
P30 (Pin No.61) The state is not Changed.
(do not become to high-impedance
(High-2).)
P32 (HWR) The output buffer is OFF. The output buffer is OFF.
P37(RAS) The programmable pull up resistor is The programmable pull up resistor is
ON the case of only the output latch is | ON irrespective of the output latch.
equalto “1”.
P36 (R/W) The output buffer is OFF. The output buffer is OFF.
P40 (CS0 / CASO) The programmable pull up resistoris | The programmable pull up resistor is
P41 (CS1/CAS1) ON the case of only the output latch is | ON irrespective of the output latch.
equalto “1".
P42 (CS2 / CAS2) The output buffer is OFF. The output buffer is OFF.
The programmable pull down resistor | The programmable pull down resistor
is ON the case of only the output latch |[is undefined.
isequal to “0”.
P20-P27 (A16 to 23) The state is not Changed. The output buffer is OFF.
(do not become to high-impedance The programmable pull down resistor
(High-2).) is ON the case of only the output latch
isequal to “0".
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The following are the example of the interface circuit about above pins the case of the bus releasing
function is used.

When the bus is released, both internal memory and internal I/O can not be accessed. But the internal
I/O continues to operate.

So, the watchdog timer also continues to run. Therefore, be careful about bus releasing time and setting
the detection time of the WDT.

P35 (BUSAK)

L about 3to 5 kQ
P42 (CS2)

P30 (RD) System control bus
P31 (WR)

P32 (HWR)
P36 (RAW) S
P37 (RAS)
P40 (C50)
P41 (CS1)

P20 (A16)
to > Address Bus (A23 to A16)

P27 (A23) /i

Figure 3.5.1 Example of the interface circuit
(The case of using bus releasing function)

The above circuit is necessary to fix the signal level in the case of the bus is released.

Resetting sets P30 (RD), P31 (WR) to output, P40 (CS0), P41 (CS1), P32 (HWR), P36 (R/W), P37
(RAS), and P35 (BUSAK) to input with pull up resistor, P42 (CS2) and P20 to 27 (A16 to 23) to input
with pull down resistor.

The above circuit is necessary to fix the signal level after reset because of the external pull up
resistor collisions with the internal pull down resistor.

The value of this external pull up resistor must be 3 to 5 kQ. (the value of the internal pull down
resistor is about 50 to 150 kQ)

P20 to P27 (A16 to 23) also needs circuit like P42 (CS2) to fix the signal level.

But for the P20 to 27 (A16 to 23) which does not have means “L” is active, add pull down directly like
above circuit.
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3.5.1 Port 0 (P00 to P07)

Port 0 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis using the control register POCR.

Resetting resets all bits of POCR to 0 and sets Port 0 to input mode.

In addition to functioning as a general-purpose IO port, Port 0 also functions as an address data bus
(ADO to 7). To access external memory, Port 0 functions as an address data bus (ADO to 7) and all bits of
the control register POCR are cleared to 0.

N\
Reset
Direction control
» (on bit basis)
3
Q0
POCR write
@
-
[0}
© O|::E}:Jt > Port0
—_ P00 to PO7
- Output buffer (ADO to AD7)
c PO write S
Q
- SB
f <] Selector l\l
A I/
y A
PO read
SN
N
Selector
Figure 3.5.2 Port0
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3.5.2 Port1(P10to P17)

Port 1 is an 8-bit general-purpose I/0 port. I/O can be set on a bit basis using control register PICR and
function register PIFC. Resetting resets all bits of output latch P1, control register P1CR, and function
register P1FC to 0 and sets Port 1 to input mode.
In addition to functioning as a general-purpose I/O port, Port 1 also functions as an address data bus
(AD8 to 15) or an address bus (A8 to 15).

Reset

_| Direction control
(on bit basis)

A
P1CR write
I ¥

bus

Function control
(on bit basis)

A
P1FC write

R

Output

data

latch

P1 write

Internal

pd

Output buffer

T

P1 read

S

Selector

B

L~

A

Figure 3.5.3 Port 1

Port 1
P10to P17
(AD8 to AD15/A8 to A15)
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Port 0 Register
7 6 5 : 4 I 3 1 2 i 1 i 0
PO Bitsymbol | P07 POG : POS P04 i PO3 P02 i PO1 : POO
(0000H Read/Write R/W
After reset Input mode (Output latch register becomes undefined.)
Port 0 Control Register
7 6 : 5 : 4 i 3 i 2 i 1 i 0
POCR [Bitsymbol | Po7C POSC | POSC : PO4AC | PO3C : PO2C : POIC | POOC
(0002H Read/Write w
After reset o i o i o f{ o { 0o { o i 0o i o0
Function 0:IN 1:O0UT (At external access, Port 0 becomes AD7 to 0 and POCR is cleared 10 0.)
| |
I—> Port 0 I/0 setting
Qe
Port 1 Register 1 |Output
7 6 : 5 : 4 I 3 i 2 i 1 i 0
P1 Bit symbol P17 P16 P15 P14 : P13 P12 P11 P10
(0001H Read/Write R/W
After reset Input mode (Output latch register is cleared to “0”.)
Port 1 Control Register
7 6 : 5 : 4 3 i 2 i 1 i 0
PICR |[Bitsymbol | P17C PI6C | PISC | P14C : PI3C : P12C | PI1IC : P10C
(0004H Read/Write w
After reset 0 o i o f{ o f 0o { o i 0o i o0
Function < <See P1FCbelow.>>
Port 1 Function Register
7 6 : 5 : 4 : 3 i 2 i 1 i 0
P1FC  |Bitsymbol P17F PI6F : PISF . PI14F . PI3F . PI2F | PIIF . PIOF
(0005H Read/Write w
After reset 0 o i o f{ o f 0o { o i 0o i o0
Function P1FC/P1ICR=00:IN,01: OUT, 10 : AD15-8, 11 : A15-8

Read-modify-write is

prohibited for registers POCR,

P1CR, and P1FC.

—> Port 1 function setting

1FC<PIXF>
P1CR 0 1
<P1XC>
Address data bus
0 Input port (AD15 10 8)
Address bus
1 Output port (A15 10 8)

Note: <P1XF> isbitXinregister P1IFC; <P1XC>,in register P1CR.

Figure 3.5.4 Registers for Ports 0 and 1
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3.5.3

S

bu

data

Internal

~_ Reset

Port 2 (P20 to P27)

Port 2 is an 8-bit general-purpose I/O port. I/O can be set on bit basis using the control register P2CR
and function register P2FC. Resetting resets all bits of output latch P2, control register P2CR and
function register P2FC to 0. It also sets Port 2 to input mode and connects
In addition to functioning as a general i
to 7) and an address bus (A16 to 23)

A16t023 —=|B

Selector

A0to7 —A ¢

—

Direction control
(on bit basis)

P2CR write
Function control
(on bit basis)

P2FC write

—>BS

Selector > D Port 2

Output P20 to P27
latch A %‘:;?:: (AD to A7/A16 to A23)

P2 write t—Do—EN-<h

S gled (

Programmable )
pull-down

pd

Selector
T A

P2 read

Figure 3.5.5 Port2
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Port 2 Register
P2 7 1 6 5 ¢ 4 i 3 2 1 P
(0006H) Bit symbol P27 i P26 P25 P24 i P23 P22 P21 i P20
Read / Write R/W
After reset Input mode (Output latch register is cleared to “0”.)
Port 2 Control Register
P2CR 7 6 5 ' 4 3 2 1 0
(0008H) Bit symbol P27C | P26C P25C P24C | P23C P22C P21C | P20C
Read / Write w
After reset o i 0 0 o i 0 0 0 0
Function < <See P2FC below.>>
Port 2 Function Register
P2FC 7 6 5 ' 4 3 2 1 _ 0
(0009H) Bit symbol P27F i P26F P25F P24F : P23F P22F P21F  : P20F
Read / Write w
After reset o i 0 0 o i 0 0 o i 0
Function P2FC/P2CR=00:1IN,01: OUT,10:A7t00,11: A231t0 16
L
L > Port 2 function setting
Note1:  Read-modify-write is prohibited P2EC<P2XF>
for registers P2CR and P2FC. 0 1
Note2:  When portP2isused intheinput P2CR<P2XCS
mode, P2 register controls the
built-in pull-up resistor. Read- 0 Input port Address data bus
modify-write is prohibited in the (A7100)
input mode or the I/O mode. 1 Output port Address bus
Setting the built-in pull-up putp (A23t0 16)

resistor may be depended on the

neaqaep ded Q

states of the input pin.

Note :

<P2XF> is bit X in register P2FC; <P2XC>; in register P2CR.

To set as an address bus A23 to 16, set P2FC after setting P2CR.

Figure 3.5.6 Registers for Port 2
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3.5.4 Port3(P30toP37)

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

I/O can be set on a bit basis, but note that P30 and P31 are used for output only. Both 61 pin and 72 pin
output the output latch register <P30>. Only 72 pin is used as RD strobe signal, and 61 pin always
output the latch register. I/O is set using control register P3CR and function register P3FC. Resetting
resets all bits of output latch P3, control register P3CR (bits 0 and 1 are unused), and function register
P3FC to 0. Resetting also outputs 1 from P30 and P31, sets P32 to P37 to input mode, and connects a
pull-up resistor.

In addition to functioning as a general-purpose I/O port, Port 3 also functions as an I/O for the CPU’s
control / status signal.
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N\~

Reset

data bus

(on bit basis)

Function
control

P3FC write

¥

Internal

S

A S

Output
latch

P3 write

* RD,

B

Selector

N P30(RD : 72 pin)

R

™~

L~

Output buffer P31(WR)

P3 read

Reset

1

data bus

Internal

(on bit basis)

Direction
control

|

D P30(61 pin)

Output buffer

P3CR write

.

(on bit basis)

Function
control

3

P3FC write

S
Output

latch

P3 write

S

B

A S

Programmable )

P-ch
pull-up

>0

I : ] P32(AWR)

Selector

B

HWR,

BUSAK,

L L |
Output buffer P35(BUSAK)
P36(R/W)

P37(RAS)

RAW, RAS

pd

\‘L\l

P3 read

Selector
A

Figure 3.5.7 Port 3 (P30, P31, P32, P35, P36, P37)
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Y

Reset

1

Direction
control

(on bit basis)

P3CR write

R
S

™

Do ETP-ch(

Programmable )
pull-up

[ ] P33 (WAIT)

data bus

Internal

Output
latch

P3 write

pd

¢ ¢

\‘L\l

S

Selector

|
Output buffer

B

A

P3 read

Internal

WAIT

Reset

[

Direction
control

(on bit basis)

P3CR write
¥

Function
control

data bus

(on bit basis)

P3FCTwrite
v

S
Output

Internal

latch

>0

P-ch

Programmable )
pull-up

[ ] P34 (BUSRQ)

P3 write

pd

T

P3 read

Internal
BUSRQ

S

B

Selector

A

P3 read

Figure 3.5.8 Port3 (P33, P34)
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Port 3 Register
7 6 5 i 4 i 3 2 1 0
P3 Bit symbol P37 P36 P35 P34 P33 P32 P31 P30
(0007H) Read/Write R/W
After reset 1 1 U A R 1 1 i
Input mode (Pull-up) Output mode
Port 3 Control Register
7 6 : 5 i 4 i 3 2 1 0
P3CR Bit symbol P37C P36C P35C P34C P33C P32C
(000AH) Read/Write w
After reset 0 0 0 : 0 0 0
0:IN 1:0UT
] I/0 setting
0 |Input
Port 3 Function Register 1 [Output
7 6 5 4 3 2 1 0
P3FC Bit symbol P37F P36F P35F P34F P32F P31F P30F
(000BH) Read/Write w
Afterreset | 0 { o { o { o { i 0o i 0 { o0
Function |0:PORT :0:PORT :0:PORT :0:PORT {0:PORT i0:PORT :0:PORT
1:RAS i1:RAW  i1:BUSAK i1:BUSRQ : 1:HWR 11:WR i1:RD
|—> P30 (RD) function setting
<P30>
BUSRQ setting 0 1
P3FC <P34F> | 1 <P30F>
0 “0" output | “1” output
P3CR <P34C> 0 —
RD output only for
—> BUSAK setting 1 external access
P3FC <P35F> | 1 ——
P3CR <P35C> 1 —> P31 (WR) function setting
<P31>
-—————> R/MWsetting 0 1
<P31F>
P3FC <P36F> ! 0 “0" output | “1” output
P3CR <P36C> | 1 1 WR output only for
- . external access
RAS setting J— .
—> HWR setting
P3FC <P37F> 1
P3FC <P32F> 1
P3CR <P37C> 1
P3CR <P32C> 1
Note 1:  Read-modify-write is prohibited for registers P3CR and P3FC.

Note 2 :

Note 3 :

When port P3 is used in the input mode, P3 register controls the built-in pull-up resistor. Read-modify-
write is prohibited in the input mode or the I/0 mode. Setting the built-in pull-up resistor may be

depended on the states of the input pin.

When P33/WAIT pin is used as a WAIT pin, set P3CR<P33C> to "0" and Chip Select/WAIT control

register<BnW1,0> to "10".

Figure 3.5.9 Registers for Port 3
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3.5.5 Port4 (P40 to P42)

Port 4 is a 3-bit general-purpose I/O port. I/O can be set on a bit basis using control register PACR and
function register PAFC. Resetting does the following:

- Sets the P40 and P41 output latch registers to 1.

- Resets all bits of the P42 output latch register, the control register PACR, and the function register
P4AFC to 0.

- Sets P40 and P41 to input mode and connects a pull-up resistor.
- Sets P42 to input mode and connects a pull-down resistor.

In addition to functioning as a general-purpose I/O port, Port 4 also functions as a chip select output
signal (CSO to CS2 or CASO to CAS2).
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Reset

1

Direction
control

(on bit basis)

A
PACR write

3

data bus

Function
control
(on bit basis)

A
P4FC write

R

S

Internal

Output

A S

latch

A
P4 write

pd

4

J

T

S

B

Selector

A

N

T
>0 P-ch(

Programmable )
pull-up

Selector

|—>B

L~
Output buffer

CS0/CASO, CS1/CAS1

P4 read

Reset
d

Y

Direction
control

(on bit basis)

A
P4ACR write

|

Function

data bus

control

(on bit basis)

A
PAFC write

R

R
Output

Internal

latch

A S

A
P4 write

pd

Selector

[ ] P40 (CS0/CAS0),
P41 (CS1/CAST)

|—>B

CS2/CAS2

T

P4 read

S

B

Selector

A

>
Output buffer

>0 [« N-ch

Programmable
pull-down

)

Figure 3.5.10 Port4

[ ] P42 (CS2/CAS2)
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Port 4 Register

P4 7 ¢ 6 1 5 1 4 i 3 2 1 P00
(000CH) Bit symbol P42 P41 I P40

Read / Write R/W

After reset 10 (Pull-down) § 1 (Pull-up) | 1 (Pull-up)

' Input mode
Port 4 Control Register

P4CR 7 ¢ 6 1 5 1 4 13 12 1 Po0
(000EH) Bit symbol L paxc PAIC | PAOC

Read / Write w

After reset 0 0 0

Function 0:IN 1:0UT

| L > /0 setting
0 |Input
1 [Output
Port 4 Function Register

P4FC 7 i 6 i 5 i 4 i 3 2 1i 0
(0010H) Bit symbol P42F PAIF i  PAOF

Read / Write w

After reset 0 _ 0 0

Function 0:PORT 1:CS/CAS

— |

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

Note 2: When port P4 is used in the input mode, P4 register controls the built- 0 |Port (P40)
in pull-up/-down resistor. Read-modify-write is prohibited in the input or
mode or the I/0O mode. Setting the built-in pull-up/-down resistor may 1 | CS0/CASO
be depended on the states of the input pin.

Note 3: To output chip select signal (CS0/CASO to CS2/CAS2), set the 0 |Port(Pa1)
corresponding bits of the control register PA4CR and the function —
register P4FCto “1”. 1 |CS1/CAST
Chip select/wait controller (BOCS, B1CS, B2CS) registers select the
function of CS/CAS. 0 |Port(P42)

Note 4: P4<bit71to 3> isalwaysread as “1”. 1 |cs2/casn

Figure 3.5.11 Registers for Port 4
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3.5.6 Port5 (P50 to P57)

Port 5 is an 8-bit input port, also used as an analog input pin for the internal AD Converter and input
pins of the serial interface.

é ﬁ [ | Port5
© P50 to P54
A Port 5 read (ANO to AN4)
<
©
c
@ .
pet Conversion AD Channel
= result —
. converter selector
register
AD read
P55 (RXDO0)
! DPSG(CTSO)
™ P57 (RXD1)
~ Port 5 read
RXDO
CTSO ~—-
RXD1
Figure 3.5.12 Port5
Port 5 Register
P5 7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
(000DH) Bit symbol PS7 i P56 . P55 : P54 i P53 : P52 i P51 PS50
Read / Write R
After reset Input mode

Note: The input channel selection of AD Converter is set by AD Converter mode register ADMOD2.

Figure 3.5.13 Registers for Port 5
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3.5.7 Port6 (P60 to P67)

Port 6 is an 8-bit general-purpose I/O port. I/O can be set on bit basis. Resetting sets Port 6 as an input
port and connects a pull-up resistor. It also sets all bits of the output latch to 1. Resetting resets the
function register P6CR to 0, and sets all bits to input ports.

_— Reset

Direction control
(on bit basis)

}

bus

data

R

P6CR write

S
Output
latch

A

P6 write

Internal

-1

(

—I gP-ch

Programmable)
pull-up

—

S

B

\P‘

P6 read

Selector
A

N
L

Figure 3.5.14 Port6

D Port 6

P60 to P67
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Port 6 Register
7 6 : 5 i 4 i 3 i 2 1 0
P6 Bitsymbol | P67 P66 i P65 | P64 i P63 | P62 P61 P60
(0012H) Read/Write R/W
After reset Input mode (Pull-up)
1 I 1 1
Port 6 Control Register
7 6 i 5 i 4 i 3 i 2 1 0
P6CR  [Bitsymbol P67C P66C P65C P6AC i P63C P62C P61C P60C
(0014H) Read/Write W
After reset 0 0 0 0 0 0 0 0
Function 0:IN 1:0UT

Note 1: Read-modify-write is prohibited for registers P6CR.
Note 2: When port P6 is used in the input mode, P6 register controls the built-in pull-
up resistor.
mode. Setting the built-in pull-up resistor may be depended on the states of

the input pin.

Figure 3.5.15 Registers for Port 6

Read-modify-write is prohibited in the input mode or the 110

Port 6 /0 setting

0

Input

1

Output
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3.5.8 Port7 (P70 to P73)

Port 7 is a 4-bit general-purpose I/O port. /O can be set on bit basis. Resetting sets Port 7 as an input
port and connects a pull-up resistor except P70. In addition to functioning as a general-purpose I/O port,
Port 70 also functions as an input clock pin TIO/INT; Port 71 as an 8-bit timer output (TO1), Port 72 as
a PWMO output (TO2), and Port 73 as a PWM1 output (TO3) pin. Writing 1 in the corresponding bit of
the Port 7 function register (P7FC) enables output of the timer. Resetting resets the function register

Reset

Direction control
(on bit basis)

A

P7CR write

S D P70
Output latch (TIO/INT9)

\

A

P7 write
d

S B

bus

data

|NT9<—0<]—1

N Selector
P7 read

A

TIO

Reset

Internal

Direction control
(on bit basis)

A
P7CR write

Function control
(on bit basis)

A

P7FC write

Timer F/F OUT

Output latch pull-up

s —L So Igp_ch < Programmable)

A

P7 write

A S

Selector

B

[ ] pr1toP73
(TO1t0 TO3)

‘7

TO1: Timer 1
TO2: Timer 2
TO3: Timer3

)

B
1

W Selector
P7 read

S A

| S

Figure 3.5.16 Port7
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Port 7 Register
I T
P7 Bit symbol L~ fop73 L P2 1 oPT1 L P70
(0013H)[peadnwrite : : : RIW
After reset 1 1 1 1
Input mode (Pull-up) No pull-up
Port 7 Control Register
P05 04 i3 f 2 i1 10
P7CR  |Bitsymbol ' ©op;3c i P2c i P7IC i P7OC
(0015H) Read/Write w
After reset 0 0 0 0
Function 0:IN 1:0UT
I—» Port 7 1/0 setting
0 [Input
Port 7 Function Register 1 | Output
s i a4 i3 2 P4 fo0

P7FC Bit symbol

(0017H) Read/Write

—~ © OPI3F . PI2F | PTIF

W

After reset

o i o i o

Function

{0:PORT i0:PORT :0:PORT
(1:T03  i1:T02  1:TO1

l—_> Setting P71 as TO1

P7FC <P71F> 1
P7CR <P71C> 1
Setting P72 as TO2
P7FC <P72F> 1
P7CR <P72C> 1
L »SettingP73asTO3
P7FC <P73F> 1
P7CR <P73C> 1

Note 1: Read-modify-write is prohibited for registers P7CR and P7FC.

Note2:  When port P7 is used in the input mode, P7 register controls the built-in pull-up resistor. Read-modify-
write is prohibited in the input mode or the /O mode. Setting the built-in pull-up resistor may be
depended on the states of the input pin.

Note3:  P70/T10/INT9 pin does not have a register changing PORT/FUNCTION.
For example, when it is used as an input port, the input signal is inputted to 8 bit Timer 0 as a timer
input 0 (T10), and to the interrupt controller as INT9 input.

Note 4 : P7<bit 7 to 4> is always read as "1".

Figure 3.5.17 Registers for Port 7
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3.5.9 Port 8 (P80 to P87)

Port 8 is an 8-bit general-purpose I/O port. I/O can be set on a bit basis. Resetting sets Port 8 as an
input port and connects a pull-up resistor except P81, P85 and P87. It also sets all bits of the output
latch register P8 to 1. In addition to functioning as a general-purpose IO port, Port 8 also functions as
an input for 16-bit timer 4 and 5 clocks, an output for 16-bit timer F/F 4, 5, and 6 output, and an input
for INTO. Writing “1” in the corresponding bit of the Port 8 function register (P8FC) enables those
functions. Resetting resets the function register PBCR, P8FC to “0” and sets all bits to input ports.

(1) P80to P86

Reset
(N t
Direction control
(on bit basis)
b >0 I|:I>P-ch
P8CR write
} Programmable
s pull-up
- P P8O (TI4/ INT4)
Output latch b
utpu L EIPs1 (TI5/TNT5)
A S B P84 (TI6/INT6)
P8 write P85 (TI7/INT7)
) <1 Selector
s )l
o P8 read A
T4, TI5
: TI6, TI7 Reset
(0] —¢
o
- Direction control
© (on bit basis)
< i
v P8CR write
o T
C
- Function control
(on bit basis)
P8FC write
S >o Igp_ch [Programmable
Output latch | k pull-up
A A S
P8 write N D
Selector P82 (TO4)
L P83 (TO5)
Timer F/F OUT B P86 (TO6)
04 : Timer 4
TO5: Timer4 B
TO6 : Timer5 P
W Selector
P8 read
S A
N |

Figure 3.5.18 Port 8 (P80 to P86)
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(2) P87 (INTO)

Port 87 is a general-purpose I/O port, and also used as an INTO pin for external interrupt request input.
The input level of P87 is Viy, 2.8 [V] and V11, 0.8 [V], that is different from that of P80, P82 to P84 and

P8é6.
B Reset
> Direction
o control (on
bit basis)
M
- A
© P8CR write
© [
— s R
P87 (INTO
2 Output latch L El ( )
= A
z P8 write S B
e
[=
< N Selector W
P8 read Al
g W
Level / edge
INTO detect
IIMC<IOIE> IIMC<IOLE>

Figure 3.5.19 Port 87
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Port 8 Register
P8 7 6 5 ' 4 ' 3 2 1 0
(0018H) Bit symbol P87 P86 P85 P84 P83 P82 P81 P80
Read / Write R/W
After reset 1 1 1 1 1 1 1 1
Input mode
Port 8 Control Register
PSCR 7 i 6 5 1 4 i 3 2 1 0
(001AH) Bit symbol P87C P86C P85C P8aC P83C P82C P81C P8OC
Read / Write '\
After reset 0 0 o i o i 0o i 0 0 0
Function 0:IN 1:0UT
L > port81/0 setting
0 |Input
1 | Output
Port 8 Function Register
PSEC 7 6 5 ¢ 4 i 3 2 1 0
(001CH) Bit symbol P86F P83F P82F
Read / Write w W W
After reset ; 0 ; 0 ; 0
Function :0:PORT 0:PORT :0:PORT
i1:T06 i1:TO5  i1:TO4
I—»Setting P82 as TO4

Note 1:

Note 3:

P8FC <P82F>

P8CR <P82C>

Setting P83 as TO5

P8FC <P83F>

P8CR <P83C>

Read-modify-write is prohibited for registers P8CR and P8FC.
Note 2: When port P8 is used in the input mode, P8 register controls the built-in pull-up resistor. Read-modify-write is
prohibited in the input mode or the I/0 mode. Setting the built-in pull-up resistor may be depended on the
states of the input pin.
P80/T14,P81/T15, P84/T16, P85/T17 pins do not have a register changing PORT/FUNCTION.
For example, when it is used as an input port, the input signal is inputted to 16 bit timer as timer input. When
P87/INTO pin is used as an INTO pin, set PBCR<P87C> to “0” and IIMC<IOIE> to “1".

Figure 3.5.20 Registers for Port 8

Setting P84 as TO6

PSFC <P86F>

P8CR <P86C>
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3.5.10  Port9(P90 to P97)

® Port90to 95
Port 90 to 95 is a 6-bit general-purpose I/O port. I/Os can be set on a bit basis.
Resetting sets P90 to 95 to an input port and connects a pull-up resistor.
It also sets all bits of the output latch register to 1.
In addition to functioning as a general-purpose /O port, P90-95 can also function as an I/O for serial
channels 0 and 1. Writing “1” in the corresponding bit of the port 9 function register (P9FC) enables
those functions.
Resetting resets the function register POCR, POFC to ‘0’ and sets all bits to input ports.

® Port96to 97
Port 96 to 97 is a 2-bit general-purpose I/O port. I/Os can be set on a bit basis.
The output buffer for P96 to 97 is an open drain type buffer.
Resetting sets output latch and control registers to “1” and outputs high-impedance (HZ).

(1) Port90, 93 (TXD0O/TXD1)

Ports 90 and 93 also function asserial channel TXD output pins in addition to I/O ports.
They have a programmable open drain function.

Reset

Direction control
(on bit basis)

A
P9CR write

bus

Function control
(on bit basis)

A

PIFC write

data

o
s [Programmable)

Output latch 'L—>{a s K pull-up

f ™ P90
Selector (TXDO)
P9 write L D P93 (TXD1)

TxDO, TxD1 B Open drain
possible

ODE<ODE1, 0>

Internal

—

S B

ﬁ Selector

P9 read A

Figure 3.5.21 Ports 90 and 93
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(2) Port91,92,94

Port 91, 92 and 94 are I/O ports.

Reset

Direction

data bus

control (on
bit basis)

A
PI9CR write

¥

S

Internal

Output latch

—II;P-ch Grogrammable

pull-up

A

P9 write
pd

S B

(3) Port95(SCLK1)

™~
P9 read

Selector

A

1 po1
P92
P94

Figure 3.5.22 Ports 91,92 and 94

Port 95 is a general-purpose I/O port. It is also used as a SCLK1 I/O pin for serial channel 1.

Reset

Direction

control

(on bit basis)

I —

A
PICR write

Function
control

data bus

(on bit basis)

A

PIFC write

S

Internal

SCLK1 OUT

A

P9 write

Output latch |—>

pd!

A

Selector

B

S

e

ﬁ’rogrammable )

Q)ull-up

—

N

P9 read

SCLK1

Selector

S B

A

Figure 3.5.23 Port 95

[ ] P95 (SCLK1)

)
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(4) Port96,97
Port 96, 97 is general purpose I/O ports. The output is open drain.

Reset ——
M\ }

S

BUS6 Direction
Control .

(on bit basis)

PICR write
BUS6 >
Output > [ ]r96

latch Output Buffer
(Open
P9 write DrainOutput)

y
S

B
BUS6 Selector
A

data bus

P9 read
.S
BUS7 Direction

Control .
(on bit basis)

Internal

POCR write

o

S

Output > [ |po7

latch Output Buffer
(Open
P9 write DrainOutput)

y
S

BUS7 Selector
/\/ A
P9 read

BUS7

Figure 3.5.24 Port 96 to 97
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Port 9 Register
7 ¢ e ¢ 5 i 4 i 3 2 1 0
P9 Bitsymbol | P97 i P96 : P95 i P94 i PO3 P92 P91 P90
(0019H) Read/Write RIW
After reset LI T L T S S B R
Output mode : Input mode
Port 9 Control Register
7 ¢ 6 i 5 i a4 i 3 2 1 1 i o
POCR [Bitsymbol | P97C i P96C i P9SC i P9AC : P93C PO2C i P9IC  P9OC
(001BH) Read/Write W
After reset 1 1 0 0 0 0 0 0
Function 0:IN 1:0UT
|
I Port 9 I/0 setting
Note: Port96,97's output buffer is an open drain output type. 0 |!nput
1 | Output
Port 9 Function Register
7 ¢ 6 i 5 i 4 i 3 2 1 0
POFC  |Bitsnmbol : © p9SF P93F P9OF
(001DH)fgeanwrite W W W W
Aften reset : 0 0 : 0 0
Function 10: PORT 10:PORT iSetto0 : 0 PORT
i1 : SCLK1 (1:TXD1 £1: TxDO

Note 1:
Note 2:

|—>P90 TxDO output setting (Note)

Read-modify-write is prohibited for registers P9CR and P9FC.
When port P9 is used in the input mode, P9 register controls the built-in pull-up resistor. Read-modify-write

P9FC <P90F > 1
P9CR <P90C> 1
P93 TxD1 output setting (Note)
P9FC <P93F> 1
P9CR <P93C> 1

P95 SCLK1 output setting
P9FC <P95F> 1
P9CR <P95C> 1

is prohibited in the input mode or the I/0O mode. Setting the built-in pull-up resistor may be depended on
the states of the input pin.

Note 3:
Note 4:

To set the TxD pin to open drain, write “1” in bit 0 (for TxDO pin) or 1 (for TxD1) pin of the ODE register.
When ports 96 and 97 are used in the output mode, input gate in operation.

Set output to “L” or attach pull-up on pin to reduce the consumption of power, before the HALT instruction
is executed.

Figure 3.5.25 Register for Port9

93CS42A-72

2001-03-13



TOSHIBA TMP93CS42A

3.5.11 Port A(PAO to PA7)

Port A is an 8-bit general-purpose I/O port. I/Os can be set on a bit basis by control register PACR.
Resetting sets Port A to an input port and resets PACR to “0”.

In addition to functioning as a general-purpose I/O port (only PA7), PA7 can also functions as an
internalclock output pin.

The output clock is frpy or fgys, which is selected by CKOCR <SCOSEL>. SCOUT function is enabled
by writing “1” to PACR<PA7C> and CKOCR<SCOEN>.

Reset ——
[\ l
R

Direction Control
(on bit basis)

PACR write

P

S
Output
latch

data bus

[ ]PAOto PAB

\

PA write

Y
S

B
1 Selector

Internal

N A
PA read

Figure 3.5.26 Port A0 to A6
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Reset ——;
N\
R
= Direction Control
(on bit basis)

PACR write
R

Function Control
(on bit basis)

BUS2

CKOiR write

0

S S
BUS7 Output A
latch Selector

data bus

[ ]PA7 (scoum)

K7

Internal

(B

PA write

]
S

B
BUS7 P Selector

~J T A
PA read

fepy ——|A

Selector
S

foys —

CKOCR<SCOSEL>

Figure 3.5.27 Port A7
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Port A Register
7 ¢ 6 i 5 i 4 i 3 2 1 0
PA Bitsymbol | PA7 : PA6 : PA5 : PA4 : PA3 PA2 PAT PAO
(001EH) Read/Write RIW
After reset A A T A R 1 1
Input mode
Port A Control Register
7 ¢ 6 i 5 i 4 i 3 2 1 0
PACR |[Bitsymbol | PA7C  PA6C | PASC : A94C | PA3C PA2C PATC PAOC
(001FH) Read/Write W
After reset o ¢ o i o i o i o i o0 0 0
0:IN 1:0UT
Clock Output Control Register
7 ¢ e i+ 5 i a4 i o3 i 2 i g 0
CKOCR [Bit symbol : F~ | SCOSEL | SCOEN : ALEEN | CLKEN
(006DH) Read/Write RIW
After reset 0 0 0 0
Writeto0 | Writeto0 : Clock Select Clock Select
L I Il
Note 1: Read-modify-write is prohibited for registers PACR.
Note 2: The CLK pin is pulled up internally during reset.
Note 3: The output clock from SCOUT pinis frpy or fsys clock.
eg) The case of connected 20 MHz oscillator to X1, X2 pin. —> CLK pin output control (Note 1)
<SCOSEL> = “0" — 20 MHz clock 0 |*“High-z" output
Note 4: CKOCR<<StSi(:S7E-L4>> is1alv_v)a1y2 '\:Ie:zd:sd(” " Write “00" to 1 | CLKoutput

CKOCR<bit7-4>.

——> ALE pin output control

0

“High-z" output

1

ALE output

—> SCOUT/PA7 pin control

PACR<PA7C> 0 1
<SCOEN> | <SCOSEL>

0

0 ] Output mode

Input Port
: 0 fepy clock output Note3)
1 fsys clock output
Figure 3.5.28 Registers for PortA
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3.6

Chip Select/ Wait Controller

TMP93CS42A has a built-in chip select / wait controller used to control chip select (CSO to CS2 pins),
wait (WAIT pin), and data bus size (8 or 16 bits) for any of the three block address areas.

3.6.1

Address / Data bus pins

Port 0/ADO to 7, Port 1/ADS to 15 and Port 2 / A16 to 23 / A0 to 7 function as address / data bus for
connecting the external memories.

@® @ ©) @
N“mbbel::;ii‘:dress max 24 (to 16 MB) | max 24 (to 16 MB) | max 16 (to 64KB) | max 8 (to 256B)
Numberc.n‘data bus 3 16 3 16
pins
N
umber of 8 16 0 0
multiplexed pins
Port0 ADOto 7 ADOto7 ADOto7 ADOto 7
Port
function Port 1 A8to 15 AD8to 15 A8to 15 AD8to 15
Port 2 A16to 23 A16to 23 AOto7 AOto7
ote ote
Timing chart AD7t00 AD15100 ap7t00  { A7 {27 |apistoo o) (50)
ALE / \ ALE / \ ALE / \ ALE / \
RD \ / |rRD \ / |RD \ /|rRD \ /
Note 1: In case of @ and @, the data bus signals output the addresses since the signals are also used
as the address bus. Writing “0"to bit CKOCR<ALEEN>, ALE signal can be stopped
outputting.
Note 2: Afterreset operation, Port 0, Port 1 and Port 2 function as Input ports.
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3.6.2 Chip select/Wait Control Registers

(1)

(2)

3)

(4)

Table 3.6.1 shows control registers.
One block address areas are controlled by 1-byte CS / WAIT control registers (BOCS, B1CS, and B2CS).

Enable

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

CS/CAS Waveform select

Control register bit 5 (BOCAS, B1CAS, and B2CAS) is used to specify waveform mode output from the
chip select pin (CSO / CASO to CS2/ CAS2). Setting this bit to 0 specifies CSO to CS2 waveforms;
setting it to 1 specifies CASO to CAS2 waveforms.

Resetting clears bit 5 to 0.

Data bus size select

Bit 4 (BOBUS, B1BUS, and B2BUS) of the control register is used to specify data bus size. Setting this
bit to 0 accesses the memory in 16-bit data bus mode; setting it to 1 accesses the memory in 8-bit data
bus mode.

Changing data bus size depending on the access address is called dynamic bus sizing. Table 3.6.2 shows
the details of the bus operation.

Wait control

Control register bits 3 and 2 (BOW1-0, BIW1-0, B2W1-0) are used to specify the number of waits.
Setting these bits to 00 inserts a 2-state wait regardless of the WAIT pin status. Setting them to 01
inserts a 1-state wait regardless of the WAIT status. Setting them to 10 inserts a 2-state wait and
samples the WAIT pin status. If the pin is low, inserting the wait maintains the bus cycle until the pin
goes high. Setting them to 11 completes the bus cycle without a wait regardless of the WATT pin status.
Resetting sets these bits to 00 (2-state wait mode).
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(5) Address area specification

Control register bits 1 and 0 (BOC1-0, B1C1-0, B2C1-0) are used to specify the target address area.
Setting these bits to 00 enables settings as follows and outputs a low strobe signal from chip select pins.

* (S0 setting enabled when 2000H to 3FFFH is accessed.
* (CS1 setting enabled when 4000H to 5FFFH is accessed.
* (CS2 setting enabled when 6000H to 7FFFH is accessed.

Setting bits to 01 enables setting for all CS’s blocks and outputs a low strobe signal (CS0 / CASO to CS2
/ CAS2) from chip select pins when 400000H to 7FFFFFH is accessed. Setting bits to 10 enables them
when 800000H to BFFFFFH is accessed. Setting bits to 11 enables them when C00000H to FFFFFFH
is accessed.

Table 3.6.1 Chip select/wait control register

Code| Name Address 7 6 5 4 3 2 1 0
BOE BOCAS | BOBUS | BOW1T | BOWO | BOCI BOCO
W W W W W W W
Block0 0 0 0 0 0 0 0
BOCS | CS/WAIT| 0068H [1: Master 0: CSO |0: 16-bit |00: 2WAIT 00: 2000H to 3FFFH
control bit of bit 1: CASO bus 01: TWAIT 01: 400000H to
register 0t06 1: 8-bit [10: 2WAIT +n 10: 800000H to
bus |11: OWAIT 11: CO0000H to
B1E B1CAS [ B1BUS | BTW1 | BIWO | BIC1 B1CO
W W W W W W W
Block1 0 0 0 0 0 0 0
B1CS| CS/WAIT| 0069H [71: Master 0: CST [0: 16-bit |00: 2WAIT 00: 4000H to 5FFFH
control bit of bit 1: CAS1T bus |01: TWAIT 01: 400000H to
register 0t06 1: 8-bit [10: 2WAIT +n 10: 800000H to
bus |11: OWAIT 11: CO0000H to
B2CAS | B2BUS | B2W1 | B2WO0 | B2C1 B2C0
W W W W W W
Block2 0 0 0 0 0 0
B2CS| CS/WAIT| 006AH 0: CS2 |0: 16-bit |[00: 2WAIT 00: 6000H to 7FFFH
control 1: CAS2| bus |01: TWAIT 01: 400000H to
register 1: 8-bit [10: 2WAIT +n 10: 800000H to
bus |11: OWAIT 11: CO0000H to

Note : Read-modify-write is prohibited for BOCS, B1CS and B2CS.
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Table 3.6.2 Dynamic bussizing
Operand data | Operand start | Memory data | cpy address CPU data
size address size D15 to D8 D7 to DO
8 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(even number) 16 bits 2n+0 XXXXX b7 to b0
2n +1 8 bits 2n + 1 XXXXX b7 to b0
(odd number) 16 bits 2n + 1 b7 to b0 XXXXX
16 bits 2n+0 8 bits 2n+0 XXXXX b7 to b0
(even number) 2n + 1 XXXXX b15to b8
16 bits 2n+0 b15to b8 b7 to b0
2n+1 8 bits 2n+1 XXXXX b7 to b0
(odd number) 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 number) 2n + 1 XXXXX b15to b8
2n +2 XXXXX b23tob16
2n+3 XXXXX b31to b24
16 bits 2n+0 b15to b8 b7 to b0
2n+2 b31to b24 b23to b16
2n+1 8 bits 2n +1 XXXXX b7 to b0
(odd number) 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 2

write strobe signal remains non-active.

During a read, data input to the bus isignored. Atwrite, the busis at high impedance and the
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3.6.3 Chip Select Addresses Image

An image of the actual chip select is shown below. Out of the whole memory area, address areas that
Addresses from 000000H to 3FFFFFH are divided

can be specified are divided into four parts.

differently: 2000H to 3FFFH is specified for CS0; 4000H to 5FFFH, for CS1; and 6000H to 7FFFH, for

Ccs2.

000000H
002000H
004000H
006000H
008000H
400000H
800000H
CO0000H

FFFFFFH

Supplement :

Cso (<3} cs2
BOC1,0 = “00"
B1C1,0= “00"
B2C1,0= “00"
BOC1,0= “10" B1C1,0= "01" B2C1,0= 01"
BOC1,0= "10" B1C1,0= 10" B2C1,0= 10"
BOC1,0= "11" B1C1,0= "11" B2C1,0= “11"

External areas other than CS0 to CS2 are accessed in 16-bit data bus ( 0 wait) mode.

When using the chip select/wait controller, do not specify the same address area more than

once.

Note: When the bus is released (BUSAK =“0"), CSO0 to CS2 pins are also released (the output buffer is
OFF). Refer to [ Note about the bus release | in 8.5 Functions of Ports about the state of pins.
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3.6.4 Example of Usage
(1) Example of Usage-1

Figure 3.6.3 is an example in an external memory is connected to the TMP93CS42A. In this example, a
ROM is connected using 16 bit bus; a RAM is connected using 8 bit bus.

74HC573

_'\DQ

TMP93CS42A Address Bus {l
I: é I é I é G

cs0 o> ' , ,
Upper byte Lower byte 8bit bus 8bit bus

CS1 00— — N
—_— D
cs2 o— -P Q . ROM ROM 7ERAM 1/0

E W

ALE LE ) O O 0
ADS |_ A u
to < ] 5

AD15

O
O
m
O

rs |
re |
9
rs |

ADO

to< 5

AD7

RD © L 3
WR O

Figure 3.6.3 Example of External Memory Connection (ROM = 16 bits, RAM and I/O = 8 bits)

Resetting sets pins CS0 to CS2 to input port mode. CS0 and CS1 are set high due to an internal pull-up
resistor; CS2, low due to an internal pull-down resistor. The program used to set these pinsis as follows.

PACR EQU OEH

P4FC EQU 10H

BOCS EQU 68H

B1CS EQU 69H

B2CS EQU 6AH

LD (BOCS), 1X0100008B ; €SO = 8bit, 2WAIT, 2000H to 3FFFH
LD (B1CS), 1X0111008B ; CS1=8bit, OWAIT, 4000H to 5FFFH
LD (B2CS), 1X0001008B ; €S2 = 16bit, TWAIT, 6000H to 7FFFH
LD (P4CR) , XXXXX111B
LD (P4FC), XXXXX111B
Note: X ; Don't care

} CS0, CST, CS2 output mode setting
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Example of Usage-2

Figure 3.6.4 is an example in an external memory is connectedto the TMP93CS42A. In this example, a
ROM, RAM, and I/O are connected using 8 bit bus.

TMP93CS42A

Cs0
[<}}
cs2
ALE

A8

A15

o>

Oo>—

o>—
|__

P °

74HC573

LE

A

Address Bus

4 0

 8bit bus
ROM

6 10

< g bitbus
RAM

E WE OE WE
) O

O
m
O

O
\® |
O

G

C

o

Figure 3.6.4 Example of External Memory Connection (ROM and RAM and I/0 = 8 bit)

Resetting sets pins CS0 to CS2 to input port mode. CS0 and CS1 are set high due to an internal pull-up
resistor; CS2, low due to an internal pull-down resistor. The program used to set these pinsis as follows.

P4ACR
P4FC
BOCS
B1CS
B2CS
LD
LD
LD
LD
LD

EQU
EQU
EQU
EQU
EQU

OEH
10H
68H
69H
6AH

(BOCS), 1X0100008B
(B1CS), 1X0111008B
(B2CS), 1X0101008B
(P4CR), XXXXX111B
(P4FC), XXXXX111B

Note: X ; Don't care

; CS0 =8 bit, 2WAIT, 2000H to 3FFFH
; CS1 =28 bit, OWAIT, 4000H to 5FFFH
; €S2 =8 bit, TWAIT, 6000H to 7FFFH

} CS0, CS1, CS2 output mode setting
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(3) Example of Usage-3

Figure 3.6.5 is an example in which an external memory is connected to the TMP93CS42A. In this
example, a ROM 128 K byte is connected using 16 bit bus, and RAM 256 K byte using 16 bit bus.

TMP93CS42A
A16to 17
latch x 16 A16 ROM (64 K bit x 16)
ADS8to 15 |« >  Tio 15| A15 D8to 15 F—¥
D Q | A0 to 14 DOto7 >
O OE
ADOto 7 [ | JdcE
ALE
cs2p i
A16 0 17 RAM (128 K bit x 8)
A11t0 15 >A’IS’(O'IG
AOto 14
"B b doE 1/01 to 8 |[4—P]
HWR [P o RW
A CET Upper byte
¢ O— ' RAM (128K bitx 8
WR P A16t0 17 ( it x8)
A1to 15 A15to 16
z_g%tom /01 to 8 [¢——|
o RW
2=+ Lower byte
— O CE1
=

Figure 3.6.5 Example of External Memory Connection (ROM and RAM = 16 bits)

TMP93CS42A has built-in ROM and RAM. When ROM and RAM is insufficient in capacity, it is
possible to connect an external memory as the example of the external memory connection. In this
example, the memory configuration is as follows.

Memory Memory size Address CS pin Data bus
ROM Internal |64 KBytes 008000H to 017FFFH - 16 bits
External | 128 KBytes 400000H to 41FFFFH CS2 16 bits
SRAM Internal |2 KBytes 000080H to 00087FH - 16 bits
External |256 KBytes 800000H to 83FFFFH CS1 16 bits
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3.7

8-Bit Timers

The TMP93CS42A contains two 8-bit timers (timers 0 and 1), each of which can be operated
independently. The cascade connection allows these timers to be used as 16-bit timer. The following
four operating modes are provided for the 8-bit timers.

8-bit interval timer mode (2 timers)

16-bit interval timer mode (1 timer)

8-bit programmable square wave pulse generation (PPG: variable duty with variable cycle) output
mode (1 timer)

8-bit pulse width modulation (PWM: variable duty with constant cycle) output mode (1 timer)

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

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

Among the input clock sources for the timers, the internal clocks of ¢T1, ¢T4, ¢T16, and ¢T256 are
obtained from the 9-bit prescaler shown in Figure 3.7.2.

The operation modes and timer flip-flops of the 8-bit timer are controlled by three control registers
TMOD, TFFCR, and TRUN.
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Figure 3.7.1 Block Diagram of 8-bit Timers (Timers 0 and 1)
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@ Prescaler, Prescaler clock select

There are 9 bit prescaler and prescaler clock selection registers to generate input clock for 8-bit Timer 0,
1, 16-bit Timer 4, 5 and Serial Interface 0, 1.
Figure 3.7.2 shows the block diagram. Table 3.7.1 shows prescaler clock resolution into 8-/16-bit Timer.

—;\» to CPU
> System clock (fsys)
to 8bit PWM prescaler
frPH—> - 9bit Prescaler
g —>|2|4|8 16 32|64|128|256|512|
[}
rligh /
#T1
? gﬁe to 8 bit Timer 0, 1
> 47256
SYSCRO
<PRCK1-0> 471
run/stop| Zﬁ?e to 16 bit Timer 4,5
&clear
; TRUN<PRRUN>
+ #1
et $T0 '
] $T2 to Serial Interface 0, 1
3 ] —
fc fc/2 | foa | fa8 | 116 ?
SYSCR1<GEAR2to 0>
X1
Figure 3.7.2 The Block Diagram of Prescaler
Table 3.7.1 Prescaler Clock Resolution to 8, 16 bit Timer
at f¢=20 MHz
Select prescaler clock Gear value Prescaler Clock Resolution
<PRCK1,0> <GEAR2 to 0> $T1 4T4 $T16 47256
000 (f¢) fc/22 (0.4 ps) |fc/2® (1.6 us) |fc/27 (6.4 us) fe/2" (102.4 us)
001 (fc/2) fe/2* (0.8ps) |f/2° (3.245) |[fe/2® (12.8ps) |fc/2 (204.8 us)
00 010 (fc/4) f/2° (1.6 ps) |f/2” (6.445) |fc/2° (25.6 ps) |fc/2" (409.6 us)
(fepr)
FPH 011 (fc/8) 25 (3.248) |f/2® (12.84s) |fc/2 (51.248) |fc/2® (819.2 ps)
100 (fc/16) fc/27 (6.4 ps) |fc/2° (25.6 ws) |fc/2" (102.4 ps) |fc/2™ (1.6384 ms)
10
XXX fc/27 (6.4 us) |fc/2° (25.6 us) [fc/2' (102.4 us) [fc/2™ (1.6384 ms
(fc/16 clock) (6.4 1) (25.65) (1024 1) ( )
XXX : Don't care |« 16-bit Timer ———
< 8-bit Timer
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The clock selected among frpy clock and fe/16 clock is divided by 4 and input to this prescaler. This is
selected by prescaler clock selection register SYSCR0O <PRCK1, 0>,

Resetting set <PRCK1, 0> to “00” selects the frpH clock input divided by 4.

The 8 bit Timer 0, 1 selects between 4 clock inputs : 4T1, ¢T4, ¢T16, and ¢T256 among the prescaler
output.

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

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

@ Up-counter

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

The input clock of timer 0 is selected from the external clock from TIO pin and the three internal clocks
¢T1, ¢T4, and ¢T16, according to the set value of TMOD register.

The input clock of timer 1 depends on the operation modes. When set to 16-bit timer mode, the overflow
output of timer 0 is used as the input clock. When set to any other mode than 16-bit timer mode, the
input clock is selected from the internal clocks ¢T1, ¢T16, and ¢T256 as well as the comparator output
(match detection signal) of timer 0 according to the set value of TMOD register.

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

Operation mode is also set by TMOD register. When reset, it is initialized to TMOD <T10M1, 0> =00
whereby the up-counter is placed in the 8-bit timer mode.

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

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

Timer register TREGO is of double buffer structure, each of which makes a pair with register buffer.
The timer flip-flop controll register TFFCR <DBEN > bit controls whether the double buffer structure
should be enabled or disabled. It is disabled when <DBEN > =0 and enabled when they are set to 1.

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

Therefore, during timer mode, the double buffer can not be used.

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

Up-counter

{

Comparator (CPQ)
AN

Timer registers 0 (TREGO)
78N Matching detection of PPG

S — - fyl'l!\
A - (—ki—(_ Lyvic
hif n_
Shift trigger selector 2" -1 overflow of PWM
Register buffers 0 TREGO WR
VAN
Write
S imternal bus T TFFCR<DBEN>

Figure 3.7.3 Configuration of Timer Register 0

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

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

All the registers are write-only and cannot be read.
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@ Comparator

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

® Timer flip-flop

The timer flip-flop (TFF1) is a flip-flop inverted by the match detect signal(8-bit comparator output).
Inverting is disabled or enabled by the timer flip-flop control register TFFCR <TFF1IE >,

After reset operation, the value of TFF1 is undefined. Writing “01” or “10” to TFFCR<TFF1C1, 0>
sets “0” or “1” to TFF1. Additionally, writing “00” to this bit inverts the value of TFF1. (software
inversion)

TFF1 is output to TO1 pin (also used as P71). When using as the timer output, the timer flip-flop should
be set by port 7 function register P7TFC beforehand.
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7 6 5 1 4 3 2 i P00
TRUN Bit symbol PRRUN TSRUN | T4RUN PIRUN | PORUN : TIRUN : TORUN
(0020H) Read / Write R/W R/W
After reset 0 0 ¢ 0o i 0o i 0o i 0 i 0
Function Prescaler and Timer Run / Stop CONTROL
0: Stop and Clear
1: Run (Count up)
L > Count Operation
0 |Stop andclear
1 |Count
PRRUN Operation of prescaler
T5RUN Operation of 16-bit timer (timer5)
T4RUN Operation of 16-bit timer (timer4)
P1RUN Operation of PWM timer (PWM1 / timer3)
PORUN Operation of PWM timer (PWMO / timer2)
T1RUN Operation of 8-bit timer (timer1)
TORUN Operation of 8-bit timer (timer0)
7 6 5 4 3 2 1 0
SYSCRO |Bitsymbol PRCK1 PRCKO
(006EH) Read / Write R/W
After reset 1 0 1 0 0 0 0 0
Function Setto 1 Setto 0 Setto 1 Setto 0 Setto 0 Setto 0 select prescaler clock
00: fFPH
01 : (reserved)
10 : fc/16
11 : (reserved)

|—> select prescaler clock

00 (frpH l

01 |(reserved) Clock divided by 4
B J
e

Figure 3.7.4 Timer Operation Control Register / System Clock Control Register
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7 6 | 5 P4 3 i 2 P 0
TMOD  [Bitsymbol | TiOM1 i T10MO i PWMM1 i PWMMO i TICLK1 | TICLKO | TOCLK1 i TOCLKO
(0024H) Read / Write w
After reset 0 0 0 0 ' 0 0

o i 0

Function

Operation mode
00: 8 bit timer
01: 16 bit timer
10: 8 bit PPG

11: 8 bit PWM

: PWM cycle
100: -
101: 261
$10: 2741
P11:2841

: Source clock of timer1
:00: TOOTRG

101: ¢T1

10: 4T16

i11: 47256

: Source clock of timer0
£00:TIO

101: #T1

£10: ¢T4

{11: 4T16

Prohibit Read
Modify Write

Input clock of timer 0

00 |External Input (TIO)
01 ¢T1 ............ (presca|er) .........................
10 ¢-|-4 ........... (presca|er) .........................
11 ¢T16 ......... (Presca[er) .........................

—> Input clock of timer 1

TMOD
™OD<TIOMI,0>#01 |00
00 |Comparator output |Overflow
oftimer 0 output of timer
............................................. 0
01 |Internal clock 4T1
.10 |Internalclock 4T16 | (16-bit timer
11 | Internal clock 47256 mode)

00 —
01 25_1 ................................................
10 27_1 ................................................
11 28_1 ................................................

Set the operation mode of

timer 0 and 1.
00 [Two 8-bittimers
.. |ttimerOandtimert)
01 | 16-bittimer
10 |8-bit PPG output
11 |8-bit PWM output (timer 0)
+ 8-bit timer (timer 1)

Figure 3.7.5 Timer Mode control Register (TMOD)
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7 i 6 5 i 4 i 3 2 i 0
TFFCR | Bit symbol : © DBEN  TFFIC TFF1CO | TFFIIE TFF1IS
(0025H) Read /Write RIW w : R/W
After reset 0 1 1 0 0
Function ‘Double 00: Invert TFF1 TFF1 L TFF1
¢ buffer :01:SetTFF1 : Inversion : Inversion
:0: Disable :10: Clear TFF1 itrigger3  :source
i1: Enable :11: Don'tcare : 0: Disable : 0: Timer 0
: 3 Alwaysread as “11” : 1: Enable :1: Timer 1
| I I I

Note : TFFCR<bit 7 to 5>, <bit 3, 2> are alwaysread as "1".

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

T>M=OO%<T‘IOM‘I,O 01 10 11

0 |[Inversionby 16-bit timer mode | PPG mode PWM mode
tImerO match Inversion by Inversion by Inversion by
signal match signal match signal of | match and

1 Inversion by eachtimer0and | overflow signal
timer1 match timer 1 of timer 0
signal

——— Inversion of Timer F/F1 (TFF1)

Disable invert

Enable invert

rol of Timer F/F1 (TFF1)

Invert the value of TFF1
(software inversion)

Don’t care

—— > Double Buffer Control of TREGO

Disable double Buffer

Enable double Buffer

Figure 3.7.6 Timer Flip-flop Control Register (TFFCR)
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The operation of 8-bit timers will be described below:
(1) 8-bittimer mode

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

@® Generating interrupts in a fixed cycle

To generate timer 1 interrupt at constant intervals using timer 1 (INTT1), first stop timer 1 then set the
operation mode, input clock, and a cycle to TMOD and TREG1 register, respectively. Then, enable
interrupt INTT1 and start the counting of timer 1.

Example: To generate timer 1 interrupt every 10 us at fc=20 MHz, set each register in the following
manner.

% Clock Condition clock gear L 1(f0)
prescaler clock . (e
MSB LSB
76543210
TRUN €«-X----0- Stop timer 1, and clearit to “0”.
TMOD «00XX10 -~ Set the 8-bit timer mode, and select ¢4T1 (0.4 s at fc =20 MHz)
asthe input clock.
TREGT « 00011001 Set the timer register 10 us + ¢T1=25=19H
INTETI0 « 1101 - - - - Enable INTT1, and set it to “Level 5”.
TRUN «1X-=-=--1- Start timer 1 counting.
Note: X;Don’tcare —; No change

Use the Table 3.7.1 for selecting the input clock.

Note : The input clock of timer 0 and timer 1 are different from as follows.
Timer 0 : TIO input, $T1, $T4, $T16
Timer 1 : Match Output of Timer 0, ¢T1, ¢T16, 4T256
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@ Generating a 50% duty square wave pulse

The timer flip-flop (TFF1) is inverted at constant intervals, and its status is output to timer output pin
(TO1).

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

1.
¥ Clock Condition clock gear . 19
prescaler clock : frpH

TRUN ¢« = X -=---0 - Stop timer 1, and clearitto “0".
TMOD « 00X X01~-~- Set the 8-bit timer mode, and select ¢T1(0.4 us at fc =20 MHz) as
the input clock.
TREG1I « 00000011 Setthe timer register 2.4 us + ¢T1+2=3.
TFFCR ¢ - - --1011 Clear TFF1 to “0”, and set to invert by the match detect signal
from timer 1.
PICR « XXX X--1- .
Select P71 as TO1 pin.
P7FC « X XXX --1X
TRUN ¢1 X----1- Start timer 1 counting.
Note : X ; Don’t care —;No change
T1
L L L
TRUN
<T1RUN>
BIT7 to 2

Up-
counter BIT1

pmo— 0 [ 1 2 [3 gl v L2 [3]of v 1 _2 [3]0]

Eon_nparator rl H /1—|_-J_| rl H rl H rl
Clgnr;npga_rator output &/{—l H I_I
(matching deTect) Q

INTT1 rl |_|

Up-counter 11 " "

clear : !

TFF1 \~+§ | .

/ \ /.

!
| 1.2 satfc=20MHz
1

Figure 3.7.7 Square Wave (50% Duty) Output Timing Chart
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(2)

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

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

Comparator output n rl
(Timer 0 match)

TimerQup-counter 1 X 2 X3 X4 X5 X1 X2X3X4AR5X1 X2X3)

(when TREGO =5)

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

Timer 1 match output n

Figure 3.7.8 Timer 1 count up by timer0
16-bit timer mode

A 16-bit interval timer is configured by using the pair of timer 0 and timer 1.
To make a 16-bit timer mode, set timer 0/timer 1 mode register TMOD <T10M1,0> to “01”.

When set in 16-bit timer mode, the overflow output of timer 0 will become the input clock of timer 1,
regardless of the set value of TMOD <T1CLK1,0>. Table 3.7.1 shows the relation between the cycle of

timer (interrupt) and the selection of input clock.

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

upper 8 bits
disables the
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3)

Setting example: To generate an interrupt INTT1 every 0.4 seconds at fc=20 MHz, set the following
values for timer registers TREGO and TREG1.

¥ Clock Condition{ clock gear . 1(fo)

prescaler clock : frpH

When counting with input clock of ¢T16 (6.4 s at 20 MHz)
0.4s5+64 us=62500=F424H
Therefore, set TREG1 =F4H and TREG0 =24H, respectively.

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

With the timer 1 comparator, the match detect signal is output at each comparator timing when up-
counter UC1 and TREG1 values match. When the match detect signal is output simultaneously from
both comparators of timer 0 and timer 1, the up-counters UCO and UC1 are cleared to “0”, and the
interrupt INTT1 is generated. If inversion is enabled, the value of the timer flip-flop TFF1 is inverted.

Example: When TREG1=04H and TREGO0=80H

Value of up-counter 0000H 0080H 0180H 0280H 0380H 0480H

(UC1, Uco)
mateh derecs dgnal noon 0 n 1
Interrupt INTT1 "
Timer output TO1 x Inversion

Figure 3.7.9 Timer output by 16-bit timer mode

8-bit PPG (Programmable Pulse Generation) Output mode

Square wave pulse can be generated at any frequency and duty by timer 0. The output pulse may be
either low-active or high-active.

In this mode, timer 1 cannot be used.

Timer 0 outputs pulse to TO1 pin (also used as P71).
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TREGO and UC0 match

(Interrupt INTTO)
TREG1 and UCO match

(Interrupt INTT1)
TO1

e

. T ,

A fl

i

9 %
TREGO
TREG!

Figure 3.7.10 8 bit PPG output waveforms

In this mode, a programmable square wave is generated by inverting timer output each time the 8-bit
up-counter (UCO) matches the timer registers TREG0 and TREG1.
However, it is required that the set value of TREGO is smaller than that of TREG1.

Though the up-counter (UC1) of timer 1 is not used in this mode, UC1 should be set for counting by
setting TRUN<T1RUN>to 1.
Figure 3.7.11 shows the block diagram for this mode.

TO1
TIO pin —>] TRUN<TORUN> A
ZE | selector up?:;)btiater | TFF1  |<— TFFCR<TFF1C1-0,
4T16 (UCO) TFF1IE> =1
T T élnversion
TMOD <TQCLK?, 0>
l INTTO
| Comparator |.> | Comparator IF' INTT1
PAN
\_’ | Treso |
Select 7
TREGO-WR~> elector | shift trigger
| Register buffer | | TREG 1
TFFCR<DBEN> VaN aN
Internal bus
Figure 3.7.11 Block Diagram of 8-Bit PPG Output Mode
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When the double buffer of TREGO is enabled in this mode, the value of register buffer will be shifted in
TREGO each time TREG1 matches UCO.
Use of the double buffer makes easy the handling of low duty waves (when duty is varied).

Match with TREGO " I'l
and up-Counter

(Up-counter = Q) (Up-counter = Q,)
Match with TREG 1

(  Shift from register buffer
<

TREG O
(Value to be compared) Q x Q
4I\ L'}
Registe buffer Q A Q;
A\ TREG 0 (register buffer)
write

Figure 3.7.12 Operation of Register buffer
Example : Generating 1/4 duty 62.5 kHz pulse (at fc=20 MHz)

[
<207~
% Clock Condition | clock gear i 1(fd)
prescaler clock . {3

® (alculate the value to be set for timer register.
To obtain the frequency 62.5 kHz, the pulse cycle t should be : t=1/62.5 kHz=16 us.
Given ¢T1=0.4 us (at 20 MHz),
16 us+0.4 xs=40
Consequently, to set the timer register 1 (TREG1) to TREG1=40=28H
and then duty to 1/4,tX1/4 = 16 usX1/4=4 us
4 Ius+0.4 MS = 10
Therefore, set timer register 0 (TREGO0) to TREG0=10=0AH.
76543210

TRUN ¢ =X ----00 Stop timer 0, and clearitto “0".
TMOD « 10X XXXO01 Set the 8-bit PPG mode, and select ¢T1 as input clock.
TREGO « 00001010 Write “0AH".
TREGL « 00101000 Write “28H".
TFFCR ¢« = - -1011X Sets TFF1 and enable the inversion and double buffer
l—|_‘ enable.
I—»Writing “10" provides negative logic pulse.
P/ICR « XXX X--1-
PIFC « X X X X = = 1 X Set P71 asthe TO1 pin.
TRUN 1 X-=---11 Start timer 0 and timer 1 counting.

Note: X;Don’tcare  —; Nochange
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(4)

8-bit PWM Output mode

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

output.

PWM pulse is output to TO1 pin (also used as P71) when using timer 0. Timer 1 can also be used as 8-bit

timer.

Timer output is inverted when up-counter (UCO) matches the set value of timer register TREGO or
when 2n-1 (n=86, 7, or 8; specified by TMOD <PWMM1,0>) counter overflow occurs. Up-counter UCO

is cleared when 2n-1 counter overflow occurs.

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

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

(Set value of timer register) # 0

TREGO and Al

2n-1

UCO match /
overflow

Al

(interrupt INTTO) \

L\

TO1 |

\,I—I trwm \!—I

: (PWM cycle)

Figure 3.7.13 8-bit PWM waveforms

Figure 3.7.14 shows the block diagram of this mode.

TIN .y
IV —>)

4T1 8-bit up-counter

$T4 —> Selector (UCO)

#T16 —>

TMOD <TOCLK1, 0> :>

TRTJN <TORUN>

—

Clear

TO1

TFF1

2n-1
overflow

control

TMOD
<T10M1,0> =11
TMOD
<PWMMT1, 0>

| Comparator

Overflow

Inversion

L | TREGO
Z

V]

Selector Shift trigger

Register buffer

TREGO-WR—> |

TFFCR <DBEN> ﬁ

§ Internal bus

Figure 3.7.14 Block Diagram of 8-Bit PWM Mode

TFF1IE>

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

Match with TREGO n ﬂ
Up-counter = Q Up-counter = Q;
2n - 1 overflow /rl
{ shiftinto TREGO
TREG 0 Q1 X Q2
(value to be compared) %
Register buffer Q2 X Q3

R TREGO (register buffer) write

Figure 3.7.15 Operation of Register buffer

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

] [ 1] [ 1
<55

50.8 us |
% Clock Condition [

clock gear 1 1(fo)
prescaler clock : frpy

To realize 50.8 us of PWM cycle by ¢T1=0.4 us (at fc=20 MHz),
50.8 us+0.4 us=127=2n-1

Consequently, n should be set to 7.

As the period of low level is 28.8 us, for ¢T1=0.4 us,

set the following value for TREGO.
28.8 us+0.4 us=T72=48H

MSB LSB
76543210
TRUN ¢ - X - - - - - 0 Stop timer 0, and clear it to “0”.
TMOD «1110--01 Set 8-bit PWM mode (cycle: 27 - 1) and select ¢T1 as the input
clock.
TREGO « 01001000 Writes “48H".

TFFCR « X X X X

-
o

Clears TFF1, enable the inversion and double buffer.

I

I
[EINEN
>

P7/CR « X X X X
P7FC « X X X X
TRUN ¢« 1 X = = = = - 1 Start timer 0 counting.
Note: X;Don’tcare  —; Nochange

} Set P71 asthe TO1 pin.
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Table 3.7.2 PWM Cycle

at fc=20 MHz
PWM Cycle
select prescaler clock Gear value 26.- 1 271 281
<PRCK1,0> <GEAR2to 0>
#T1 #T4 #T16 #T1 #T4 #T16 $T1 $T4 $T16
000 (fc) 25245 | 100.8 s [ 403.2 s | 5085 | 203.2 45 [ 8128 s | 102.0 45 | 408.0 s | 1.63 ms
001 (fc/2) 5045 | 201.6us [ 806.4 s | 101645 | 406445 | 1.63ms | 2040 us | 816.0 45 | 3.26ms
00 010 (fc/4) 100.8 s | 403245 | 1.61ms | 2032 4s | 812.8 s | 3.26ms | 4080us | 1.63ms | 6.53ms
(fepr)
011 (fc/8) 201645 | 806.4 s | 3.23ms | 406445 [ 1.63ms | 6.52ms | 816.0 us | 3.26ms | 13.06 ms
100 (fc/16) 403245 | 1.61ms | 6.45ms | 812845 | 3.25ms | 13.04ms | 1.63ms | 653 ms [26.11 ms
10
XXX 4032 us [ 1.61ms | 6.45ms [ 812.8 s | 3.25ms [13.04ms| 1.63ms [ 6.53ms | 26.11ms
(fc/16 clock)

XXX : Don't care

(5) Table 3.7.3 shows the list of 8-bit timer modes.

Table 3.7.3 Timer Mode Setting Registers

Register name TMOD TFFCR
Name of function in register T10M PWMM T1CLK TOCLK TFF1IS
Function Timer mode PWM cycle Upper timer input L.ower timer Tir.ner F/Finvert
clock input clock signal select

External clock,
16-bit timer mode 01 - - $T1, ¢T4, 4T16 -
(00,01, 10, 11)

8-bit timer x 2 channels Lower timer External clock, 0: Lower timer
00 _ match: $#T1, 4T4, 4T16 output
#T1, $T16, 47256 (00,01,10, 11) 1: Upper timer
(00, 01,10, 11) output
External clock,
8-bit PPG x 1channel 10 - - ¢T1, 4T4, ¢T16 -
(00, 01,10, 11)
8-bit PWM x 1channel 11 26-1,27-1, 28-1 - External clock, -
(01,10, 11) #T1,4T4,4T16
(00,01, 10,11)
8-bit timer x 1channel 1 - #T1, 4T16, 7256 - Output disabled

(01,10, 11)

Note : - ; Don’t care
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3.8

8-Bit PWM Timers

The TMP93CS42A has two built-in 8-bit PWM timers (timers 2 and 3).
They have the following operating mode.

Figure 3.8.1, 3.8.2 are block diagram of 8-bit PWM timer (timers 2 and 3). PWM timers consist of an 8-
bit up-counter, 8-bit comparator, and 8-bit timer register. Two timer flip-flops (TFF2 for timer 2 and

TFF3 for timer 3) are provided.

Input clocks ¢P1, ¢P4, and ¢P16 for the PWM timers can be obtained using the 5 bitbuilt-in
prescaler.(PWM dedicated prescaler)

PWM timer operating mode and timer flip-flops are controlled by four control registers (POMOD,
P1MOD, PFFCR, and TRUN).

PWM timer 0 and 1 can be used independently.

All PWM timer operate in the same manner, and thus only the operation of PWM timer 0 will be

explained below.

(%/:';;22) > PWM2-OUT
POMOD <PWMOM > (102)
TRUN <PORUN> ¥
_ Set Clear
(o3
]
[®]
ey F/F control
[
v
A A
4P1 — RUN Clear T T PFFCR <FF2C1, 0>
4P4—> Clock | 5 8-bit up counter PFFCR <FF2TRG1, 0>
4P16— control (UC2)
T T 2n-1 Overflow
POMOD <T2CLK1, 0>

A A

POMOD <PWMO0S1, 0>

match detect

8-bit comparator
(CP2)

l

8-bit timer register
TREG2

Shift trigger Ble F— |

Selector
Register buffer s A TREG-WR

Register write
POMOD <DB2EN>

S Internal bus S

Figure 3.8.1 Block diagram of 8-bit PWM timer 0 (timer 2)

93CS42A-104 2001-03-13



TMP93CS42A

TOSHIBA
F/F
(TF/:F33) —> PWM3-OUT
P1IMOD <PWM1M> (TO3)
TRUN <P1RUN> ¥
L _ Set Clear
]
(*]
it F/F control
[«
wv
A A
4P1— RUN Clear T T PFFCR <FF3C1,0>
4P4—= Clock | 5| 8-bit up counter PFFCR <FF3TRG1, 0>
$P16—> control (UC3)
T T Overflow
2n-1
P1MOD <T3CLK1, 0>
A A
P1IMOD <PWM151, 0>
. Match detect
8-bit comparator
(CP3)
8-bit timer register
TREG3
Shift trigger B ‘G_—
Selector
Register buffer s A TREG-WR
Register write
P1MOD <DB3EN>
§ Internal bus )

Figure 3.8.2 Block diagram of 8-bit PWM timer 1 (timer 3)

93CS42A-105 2001-03-13



TOSHIBA TMP93CS42A

@ Prescaler

There are 5 bit prescaler and prescaler clock selection register to generate input clock for 8 bit PWM
Timer 0, 1.
Figure 3.8.3 shows the block diagram. Table 3.8.1 shows prescaler clock resolution into 8 bit PWM

Timer 0, 1.
to CPU
o —
FPH \ Sbit prescaler
2|14(8]16]32
= yyy T
8 $P16
b #P4 > to 8 bit PWM Timer 0, 1
2 2 $P1
o
v L
* to 9 bit prescaler for 8 bit Timer 0, 1, 16 bit Timer 4, 5,
SYSCRO Serial Interface 0, 1.
<PRCK1,0>
run/stop
& clear
s TRUN<PRRUN>
et
v
i
=H
fo | fo2 |fua |fus | fa16 *
SYSCR1<GEAR2 to 0>
X1 O—

Figure 3.8.3 The Block Diagram of Prescaler

Table 3.8.1 Prescaler Clock Resolution to 8 bit PWM Timer 0, 1
at fc=20 MHz

Prescaler Clock Resolution
Select prescaler clock |Gear value

<PRCK1, 0> <GEAR21t0 0>

$P1 4P4 $P16

000 (fc) fc/2? (0.2 ps) fc/2* (0.8 ps) fe/2° (3.2 ps)

001 (fc/2) fc/2® (0.4 ps) fc/2° (1.6 ps) fc/2” (6.4 ps)

00 010 (fd) | f2® (08ps) |f/2° (324s)  |fs2® (128 ps)
(frpH)

011 (fc/8) fc/25 (1.648)  |fc/2’ (6.4ps)  |f/2° (25.6 us)

100 (fc/16) | fc/2® (3.248)  |fc/2® (12.8ps) |F/2™ (51.2 us)

10

XXX fc/25 (3.2 us fc/28 (12.8 us /2" (51.2 45
(/16 clock) (3.2 ps) (12.8 ps) (51.2 ps)

XXX : Don't care
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The clock selected among frpy clock and fe/ 16 clock is divided by 2 and input to this prescaler. This is
selected by prescaler clock selection register SYSCR0O <PRCK1, 0>,

Resetting sets <PRCK1, 0> to “00” selects the frpH clock input divided by 2. The register TRUN
<PRRUN > which controls this prescaler is also used as the other timers. So, this prescaler can not be
operated independently.

The 8 bit PWM Timer0, 1 selects between 3 clock inputs : 4P1, ¢P4, and P16 among the prescaler
outputs.

This prescaler also can be run or stopped by TRUN <PRRUN > described of the 8 bit Timer. Counting
starts when <PRRUN> is set to “1”. The prescaler is cleared zero and stops operation when
<PRRUN> is set to “0”. Resetting clear <PRRUN > to “0” and stops the prescaler.

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

@ Up-counter

An 8-bit binary counter which counts up using the input clock specified by PWM mode register
POMOD<T2CLK1,0>.

The input clock for the up-counter is selected from the internal clocks 4P1, 4P4, and ¢P16 (PWM
dedicated prescaler output) depending on the <T2CLK1, 0>.

Operating mode is set by POMOD <PWMOM >. At reset, it is initialized to ‘0’ , thus, the up-counter is
placed in PWM mode. In PWM mode, the up-counter is cleared when a 2n-1 overflow occurs; in timer
mode, the up-counter is cleared at compare and match.

Count / stop & clear of the up-counter can be controlled for each PWM timer using the timer operation
control register TRUN. Resetting clears all up-counters and stops timers.

@ Timer register

The 8-bit register is used for setting an interval time. When the value set in the timer register (TREG2)
matches the value in the up-counter, the match detect signal of the comarator becomes active.

Timer register TREG2 is each paired with register buffer to make a double buffer structure.

TREG?2 is controlled double buffer enable / disable by POMOD <DB2EN > :disabled when <DB2EN >
= 0, enabled when <DB2EN> = 1.

93CS42A-107 2001-03-13



TOSHIBA TMP93CS42A

Data is transferred from register buffer to timer register when a 2n-1 overflow occurs in PWM mode, or
when compare and match occurs in 8-bit timer mode. That is, with a PWM timer, the timer mode can be
operated in double buffer enable state, unlike PWM mode and timer mode for timers 0 and 1.

At reset, <DB2EN > is initialized to 0 to disable double buffer. The same data value is written to both
the register buffer and the timing register. To use double buffer, write the data in the timer register at
first, then set <DB2EN > to 1, and write the following data in the register buffer.

Up-counter

{

Comparator
N\

Timer register (TREG2)

PAN
Shift trigger  (T—— 8-bit match detect
PWM2n-1overflow
Selector
Register buffer
YN TREG2 WR
Write
S Internal bus 5
<DB2EN>

Figure3.8.4 Structure of Timer Registers 2

Memory addresses of the timer registers are as follows:

TREG2 : 000026H
TREG3 : 000027H

The timer register and the register buffer are allocated to the same memory address. When
<DB2EN> =“0”, the same value is written to both register buffer and timer register. When
<DB2EN > =1, the value is written to the register buffer only.

Register buffer values can be read when reading the above addresses. Thetimer register is write only,
and it can not read.

@ Comparator

Compares the value in the up-counter with the value in the timer register (TREG2). When they match,
the comparator outputs the match detect signal. In timer mode, the comparator clears the up-counter to
0 at compare and match. It also inverts the value of the timer flip-flop if timer flip-flop invert is
enabled.
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® Timer flip-flop

The value of the timer flip-flop is inverted by the match detect signal (comparator output) of each
interval timer or 2n-1 overflow. The value can be output to the timer output pin TO2 (also used as P72).

POMOD |Bitsymbol

(0028H)

7 . a4 b3 P2 1 f0
FF2RD | DB2EN { PWMOM : T2CLK1 : T2CLKO | PWMOS1 i PWMOSO

Read / Write R W
After reset - 0 0 0 0 0 0
Function Flip-flop i 1: Double ! £0: PWM 500: #P1 500: 26-1

(F/F2) i Buffer2: i mode :01:¢P4 :01: 27-1

output i Enable : :1: Timer :10: ¢P16 :10: 28-1

data : : mode :11: Don'tcare :11: Don'tcare

Read-modify-write is
prohibited.

|—> Select PWMO cycle

00 |26-1
01 (271
10 |28-1

11 |Don’t care

L Select PWMO input clock

00 |¢P1
01 |¢ P4
10 |¢ P16

11 |Don’t care

select PWMO mode
0 |PWM mode

1 |8-bittimer mode

control double buffer

0 |Disable

1 |Enable

PWM timer Flip-flop2 (TFF2)
output value (TO2)

Figure 3.8.5 8-Bit PWMO Mode Control Register
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7 ¢ 6 i 5 i o4 i3 b2 i P00
PIMOD [gitsymbol | FF3RD : DB3EN : { PWMIM i T3CLK1 | T3CLKO | PWMIS1 i PWMISO
(0029H) ) :
Read / Write R : w
After reset - 0 0 0 0 0 0
Function Flip-flop i 1: Double ! £0: PWM 500: #P1 500: 26-1
(F/F3) ¢ Buffer3: i mode :01:¢P4 :01: 27-1
output i Enable ! i1: Timer :10: ¢P16 :10: 28-1
data : : { mode :11:Don'tcare : 11: Don't care

Read-modify-write is

prohibited. L
Select PWM1 cycle
00 |26-1
01 271 ..................................
10 281 ..................................

11 |Don’t care

L5 SelectPWM1 input clock

00 |4 P1
01 |¢ P4
10 |4 P16

11 |Don’t care

Select PWM1 mode
0 |PWMmode

1 |8-bittimer mode

Control double buffer
0 |Disable

PWM timer Flip-flop3 (TFF3)
output value (TO3)

Figure 3.8.6 8-Bit PWM1 Mode Control Register
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7 ¢ 6 ¢ 5 i 4 i 3 i 2

1 P

PFFCR  [Bitsymbol FF3C1 | FF3CO : FF3TRG1 | FF3TRGO : FF2C1 : FF2C0 : FF2TRG1 : FF2TRGO
(002AH) | cad/write w RAW w ' RAW
After reset 1 1 0 0 1 1 0 0

Function

00: Don't care
01: Set TFF3

10: Clear TFF3
11: Don't care :
x Alwaysread as “11" :

Disable TFF3 inverted. : 00: Don't care
Invert by match. :01: Set TFF2

Set by match ; :10: Clear TFF2
clear by overflow, :11: Don't care
Clear by match;

100:
EO'I:
;10:

11:

i % Always read as “

Disable TFF2 inverted.
Invert by match.

Set by match ;

clear by overflow,
Clear by match;

set by overflow.

100:
501:
510:

11" 511:

set by overflow.

|~>Selec’t PWM timer F/F2 (TFF2) trigger

Disable TFF2 trigger.

Set by compare and match.
Clear by 2n -1 overflow.

Clear by compare and match.
Set by 2n-1 overflow.

Control PWM timerF/F2 (TFF2)

—_—
00 |Don'tcare
01 |[SetTFF2to “1".
10 |Clear TFF2to “0”.
11 [Don’tcare
Select PWM timer

F/F3 (TFF3) trigger

Disable TFF3 trigger.

Set by compare and match.
Clear by 2n -1 overflow.

Clear by compare and match.
Set by 2n-1 overflow.

Control PWM timerF/F3 (TFF3)

Don't care

Don’t care

Figure 3.8.7 8-Bit PWM F/F Control Register
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7 {6 i 5 i a4 i 3 i 2 i1 P00
TRUN Bit symbol PRRUN { TSRUN | T4RUN | PIRUN : PORUN : TIRUN : TORUN
(0020H) Tgead/write | RW | RIW
After reset 0 0 0 0 0 0 0
Function Prescaler and Timer Run /Stop CONTROL
0: Stop and Clear
1: Run (Count up)
Lo CountOperation
0 |Stop andclear
1 |Count
PRRUN . Operation of prescaler
T5RUN . Operation of 16-bit timer (timer5)
T4RUN . Operation of 16-bit timer (timer4)
P1RUN :  Operation of PWM timer (PWM1 /timer3)
PORUN . Operation of PWM timer (PWMO / timer2)
T1RUN . Operation of 8-bit timer (timer1)
TORUN . Operation of 8-bit timer (timer0)
Note : TRN<bit6 > is always read as "1".
7 6 5 4 3 2 1 0
SYSCRO |Bitsymbol PRCK1 PRCKO
(006EH) Read / Write R/W
After reset 1 0 1 0 0 0 0 0
Function Setto 1 Setto0 Setto 1 Setto0 Setto 0 Setto0 select prescaler clock
00: fFPH
01 : (reserved)
10: fc/16
11 : (reserved)

|—> select prescaler clock

01 |(reserved) divided clock

11 |(reserved)

Figure 3.8.8 Timer Operation Control Register / System Clock Control Register
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The following explains PWM timer operations.

(1) PWM timer mode
PWM output changes under the following two conditions.
Condition 1:
® TFF2iscleared to 0 when the value in the up-counter (UC2) and the value set in the TREG2 match.
® TFF2issetto 1 when a 2n-1 counter overflow (n = 6, 7, or 8) occurs.
Condition 2:
® TFF2issetto 1l when the value in the up-counter (UC2) and the value set in TREG2 match.
® TFF2iscleared to 0 when a 2n-1 counter overflow (n = 6, 7, or 8) occurs.
The up-counter (UC2) is cleared by a 2n-1 counter overflow.
The PWM timer can output 0% to 100% duty pulses because a 2n-1 counter overflow has a higher
priority. That is, to obtain 0% output (always low), the mode used to set TFF2 to 0 due to overflow
(PFFCR<FF2TRG1,0> = 1,0) must be set and 2n-1 (Value for overflow) must be set in TREG2. To
obtain 100% output (always high), the mode must be changed: PFFCR<FF2TRG1, 0> = 1, 1 then the
same operation is required.
PWM timing 1
PWM counter mi X m  Xms1 ) 23X__22 X\ o A o
Timing in Match detect I_I
detail
2n-1overflow I_I
counter clear
Match detect y | y | 4
Overall / / /
timing n 1 1 1
(Note) 2n-1overflow \ \ \
Timer F/F output I I I I I I

(TO2/703)

Figure3.8.9 Output Waves in PWM Timer Mode

Note : The above waves are obtained in a mode where the F/ F is set by a match with the timer register
(TREG) and reset by an overflow.
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Figure 3.8.10 is a block diagram of this mode.

#P1]g P4l¢ P1 el
Clock control 8-bit up-counter -« Clear
(uc2) POMOD
T T <PWMO0S1,0>

POMOD<T2CLK1, 0>

E 2n-1overflow overflow
control

8-bit Match PFFCR<FF2TRG1,0>
comparator PFFCR<FF2C1,0>

(CP2)

7S 2
Timer |— TO2

8-bit FIF
. . control
timer reqister

(TREG2)

B
Selector Shift trigger ﬁ

TREG2ZWR —>{A S

Register buffer

POMOD < DB2EN > ﬁ

Internal bus

Figure 3.8.10 Block Diagram of PWM Timer Mode (PWMO)

In this mode, enabling double buffer is very useful. The register buffer value shifts into TREG2 when a
2n.-1 overflow is detected, when double buffer is enabled.
Using double buffer makes handling small duty waves easily.

Match with TREG2 " "
N1 (Up-counter = Q1) (Up-counter = Qy)
overfiow /H
( Shift from register buffer
TREG 2 Q, <\ Q,
(Comparedvalue)
1
Register buffer Q. A Q:

‘\

Figure 3.8.11 Register Buffer Operation

Register buffer write

93CS42A-114 2001-03-13



TOSHIBA TMP93CS42A

Example : To output the following PWM waves to TO2 pin using PWMO at
fce=16 MHz

¥ Clock Condition

clock gear : 1(fo)
prescaler clock . fepH

I S e S

(—)|
15 us

31.75 s !

To implement 31.75 s PWM cycle by ¢P1 = 0.25 us (at fc = 16 MHz)
31.75 us+0.25 us=127=27-1.
Consequently, setn to 7.
Since the low level cycle =15 us; for 4P1=0.25 us
15 45 +0.25=60=3CH
set the 3CH in TREG2.

TRUN ¢ - X - - -0 - - Stops PWMO and clearsitto 0.

POMOD « - 000000 1 Sets PWM (27-1) mode, input clock ¢P1, overflow
interrupt, and disables double buffer.

TREG2 « 00111100 Writes 3CH.

POMOD « -1 000001 Enables double buffer.

PFFCR ¢ - - - -0110 Sets TFF2 and a mode where TFF2 is set by compare and

match, and cleared by overflow.
P7CR «XXXX-1- -

PTFC « X X X X -1 - X Sets P72 as TO2 pin

—_—

TRUN «1 X - - -1~ - Starts PWMO counting.
Note: X;Don’t care - ; No change
Table 3.8.2 PWM Cycle atfc=20 MHz
PWM Cycle
select prescaler clock |Gear value 26-1 571 281
<PRCK1, 0> <GEAR2to 0>
#P1 #P4 $P16 $P1 ¢P4 P16 #P1 $P4 #P16
000 (fc) 126us | 50.4us | 2016 us | 25445 | 1016 us | 406.4 s | 51.0 s | 2040 us | 816 us
001 (fc/2) 252us | 100845 | 403245 | 508 s | 203.2us | 812.8 45 | 102.0 45 | 408.0 us | 1.63 ms
00 010 (fc/4) 5044 | 201.6us | 806.4 45 | 101.6 45 | 406.4 s | 163 ms | 204.0 us | 816.0 us | 3.26 ms
(fepr)
011 (fe/8) 1008 us | 403.2 s | 1.61ms | 203.2 45 | 8128 s | 3.25ms | 4080 s | 1.63 ms | 6.53ms
100 (fc/16) 201.6 s | 806.4 s | 3.23ms | 406.44s | 1.63ms | 6.50ms [ 816.04s | 3.26 ms [ 13.06 ms
10
XXX 2016 us | 806.44s | 3.23ms [ 406.44s | 1.63ms | 6.50ms | 816.0 s | 3.26 ms | 13.06 ms
(fc/16 clock)

XXX : Don't care
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(2) 8-bittimer mode

Both PWM timers can be used independently as 8-bit interval timers. Since both timers operate in
exactly the same way, PWMO (timer 2) is used for the purposes of explanation.

@ Generating a 50 % square wave

To generate a 50 % square wave, invert the timer flip-flop at a fixed interval and output the timer flip-
flop value to the timer output pin (TO2).

Example : Tooutputa 2.4 us square wave at fc=20 MHz from TOZ2 pin, set registers as follows.

¥ Cock Condition
system clock 11 (fo)

prescaler clock : frpH

TRUN ¢« - X ---0 - - Stops PWMO and clearsitto 0.

POMOD « X 01100XX Sets 8-bit timer mode and selects ¢P1 (0.2 us) as the
input clock

TREG2 « 00000110 Sets 2.4 us +0.2 us + 2 =6 in the timer register.

PFFCR ¢ - - - -1 0 Clears TFF2 to 0 and inverts using comparator output.

P7CR <—XXXX—1——1 _

PIFC « X XXX =-1-X | Sets P72 as TO2 pin.

TRUN «1X---1- - Starts counting PWMO.

Note: X;Don’t care - ;No change

o Ty
TRUN |
Up-counter 01 Y 02 Y03 o4 Yo5 o6 x XO1X 02 Yoa Yo5 Yoe Y Yo 02 )

Comparator
timing
Match
detecct /ﬂ n
UC clear M ﬂ
TFF2 | |
TO2

1.2 us (at fc =20 MHz)

Figure 3.8.12 Square Wave (50 % Duty) Output Timing Chart
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This mode is as shown in Figure 3.8.13 below.
¢P1l¢P4l¢P16l
Clear
Clock control 8-bit up counter
* f (ucz)
POMOD<T2CLK1, 0>
A4
. Match Timer
8-bit comparator F/F > TO2
(CP2) control
ﬁ A
8-bit PFFCR<FF2C1,0>
timer register
- (TREG2) PFFCR<FF2TRG1, 0>
selector Shift trigger /T
TREG2 WR A S
T Register buffer
POMOD<DB2EN>
—— i
Register write S Internal bus S

Figure 3.8.13 Block Diagram of 8-bit Timer Mode
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3.9

16-bit Timers

TMP93CS42A contains two (timer 4 and timer 5) multifunctional 16-bit timer / event counters with the
following operation modes.

® 16-bitinterval timer mode

® 16-bit event counter mode

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

® Pulse width measurement mode

® Time differential measurement mode

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

Timer / event counter is controlled by 4 control registers: T4MOD/T5MOD, T4FFCR / TSFFCR, TRUN
and T45CR.

Figure 3.9.1, 3.9.2 shows the block diagram of 16-bit timer / event counter (timer 4 and timer 5).

Timer 4 and 5 can be used independently.
All timer operate in the same manner except the following points, and thus only the operation of Timer
4 will be explained below.

(Different Points between Timer 4 and 5)

Timer 4 Timer5
Timer Out Pin TOA4 pin (TFF4) TO6 pin (TFF6)
TOS5 pin (TFF5) No TO7 pin
Different Phased Palse Output Yes No
Mode (no TO7 pin)
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Figure 3.9.2 Block Diagram of 16-Bit Timer (Timer 5)
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7 ¢ 6 i 5 i 4 i 3 1 2 i 1 0
T4MOD [Bit symbol | CAP2T5 i EQ5T5 i CAP1IN :CAP12M1:CAP12MO: CLE | TACLK1 ; T4CLKO
(0038H)[readnrite RIW wo RIW CORW RIW
After reset 0 0 : 1 0 0 0 0 : 0
Function  |TFF5inverttrigger  :0° Soft-  iCapture timing i1:UC4 Timer 4source clock
o . Capture ;00: Disable i Clear 00: TIa
0: Disable trigger . Don‘t | INTAoceursatriseedge. : Enable : V-
1: Enable trigger P care 01:miar T : §01:¢T1
Invert glnvert I.NT4occursat rise edge. 10: T4
: : 10: 141 T4 : 11 4T16
when the, §When the i INT4 occurs at fall edge. : 4
UCvalue is iup-counter: M1ITRRIY TRRT :

loaded to :matches

CAP2 :TREG5

INT4 occurs at rise edge. !

— > Timer 4 input clock

00 |External clock (T14)
01 ..... ¢T1 .............................................
10 ..... ¢T4 ............................................
“ ..... ¢T15 ..........................................

L, Clearingthe up-counter UC4

0 |Cleardisable

1 |Clear by match with TREG5.

Figure 3.9.3 16-Bit Timer Mode Controller Register (T4AMOD) (1/2)
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7 ¢ 6 i 5 i 4 i3 L2 i 0
TAMOD [Bit symbol | CAP2T5 | EQST5 | CAP1IN iCAP12M1:CAPI2MO: CLE | T4CLK1 | T4CLKO
(0038H) [peadnwrite RIW Pow RIW i RW RIW
After reset o i o i 1 i o i 0o i o o i 0
Function | TFF5invert trigger i0: Soft-  :Capture timing i1:UC4 ! Timer 4 source clock
0: Disable tri Capture :00: Disable i Clear 00: Tia
: Disable trigger 1 Don't |NT4occursatriseedge.§ Enable : ’
1: Enable trigger : .care :01:map TI5 ¢ _ 01: 4T1
Invert Elnvert ;10|.NT4occursat rise edge. : 10: T4
when the :when the : plo:nat - Tal : P 11:¢T16
UCvalue is : up-counter: : INT4occursat fall edge. : :
: : ST1ITRRIT TFRTY
loaded to :matches : i :
CAP2 ‘TREG5 INT4 occurs at rise edge.
| [ |

—> Capture timing of timer4

Capture control

INT4 control

Interrupt occurs
at the rise edge
of TI4 (INTA4)

Interrupt occurs
at the fall edge L

Interrupt occurs
at the rise edge
of Tl4 (INT4)

input.

00 |Capture disable
CAP1atT|4r|se ..............
o CAP2 at TI5 rise
10 CAP1 at Tl4 rise
............ CAP2atTiafall .
CAP1 at TFF1 rise
R CAP2 at TFF1 fall
L » Software capture
0
(software capture).
1 |Alwaysread as “1".

The up-counter4 value is loaded to CAP1

Timer flip-flop 5 (TFF5) invert trigger

Trigger disable (Invert Prohibition)

Invert when the up-counter value is loaded to CAP2

0

1 |Trigger enable (Invert permission)
CAP2TS :
EQ5T5 : Invert when the up-counterm

atches TREG5

Figure 3.9.3 16-Bit Timer Mode Controller Register (T4AMOD) (2/2)
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7 ¢ 6 s 1 a4 i 3 i 2 1 1 i 9
TAFFCR |Bit symbol | TFFSC1 i TFF5CO | CAP2T4 i CAP1T4 | EQST4 | EQ4T4 | TFFACT | TFFACO

(0039H) [pcadnwrite w CORW P ORW P RW i RW w
After reset 1 1 0 0 0 0 1 1
Function 00: Invert TFF5 ETFF4invert trigger ;00: Invert TFF4

01:Set  TFF5 £0: Disable trigger 101:Set  TFF4
10: Clear TFF5 i1: Enable trigger i10: Clear  TFF4
11: Don't care ; : : : 211: Don't care
Invertwhen :lInvertwhen :Invertwhen :Invertwhen :
Alwaysread as “11”.  theUCvalue :theUCvalue the UC  the UC X Alwaysread as
Eis loaded to is loaded to Ematches Ematches 11"
cap2  caP1 ‘TREGS ‘TREG4 :
| I I

]

|—> Timer flip-flop 4 (TFF4) control

00 [Invertsthe TFF4 value (software inversion).

11 |[Don’t care (Alwaysread as “11”) .

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

0 [Triggerdisable (Invert prohibition)

1 |Trigger enable (Invert permission)

CAP2T4 : Invert when the up-counter value is loaded to CAP2
CAP1T4 : Invert when the up-counter value is loaded to CAP1
EQ5T4 : Invert when up-counter matches TREG5
EQ4T4 : Invert when up-counter matches TREG4

Timer flip-flop 5 (TFF5) control

00 [Invertsthe TFF5 value (software inversion).

11 |Don't care (Alwaysread as “11”.)

Figure 3.9.4 16-Bit Timer 4 F/F Control (TAFFCR)
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T5MOD
(0048H)

Bit symbol

7 ¢ 6 i 5 i a4 i 3 i 2 i 1 i 90

| CAP3IN | CAP34M1:iCAP34MO; CLE ; TSCLK1 | T5CLKO

Read/Write W RAW PORW RAW
After reset : 1 0 0 0 0 0
Function :0: Soft-  :Capture timing i1:UCS ! Timer 5 source clock
Capture :00: Disable i Clear 00:TI6
1 Don‘t ! INT6occursatriseedge. i Enable :
P care 01: 161 TI7Y : P01 ¢T1
i INT6 occurs at rise edge. : {10: 4T4

(10:TI6T  TI6Y :
i INT6occurs at fall edge. :
ST TFRID TFF1) :
i INT4occurs atrise edge. :

L 11 4T16

— Timer 5 input clock

00 [External clock (T16)
01 ..... ¢T1 ...............................................
10 ..... ¢T4 ..............................................
11 ..... ¢T16 ............................................

L Clearingthe up-counter UC5

0 [Cleardisable

1 |Clear by match with TREG7

Figure 3.9.5 16-Bit Timer Mode Control Register (TSMOD) (1/2)
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o5 o4 i3 b2 1 0
T5MOD [Bit symbol ! CAP3IN {CAP34M1:CAP34MO: CLE i TSCLK1 : T5SCLKO
(0048H) [peadnwrite W RIW i RW RIW
After reset : 1 0 0 : 0 0 0
Function :0: Soft- :Capture timing :1:UC5 : Timer 5 source clock
Capture :00: Disable i Clear 00: TI6
1 Don‘t ! INT6occursatriseedge. : Enable : :
i 01:mer  TIZP P 01:¢T1
care ! , : :
* INT6 occurs at rise edge. : D 10: 4T4
(10:TI61  TI6 | : L
i INT6 occurs at fall edge. : 11: 4T16
ST1:TFFD TFR1 :
i INT4occurs at rise edge. :

—> Timer 5 Capture timing

Capture control

INT6 Control

00 |[Capture disable
CAP3 at TI6 rise

01
CAP4 at TI7 rise
10 CAP3 at Tl6 rise
CAP4 at Tle fall
CAP3 at TFF1 rise
11

CAP4 at TFF1 fall

Interrupt occurs

at the rise edge

of TI6 (INT6) 4
input.

Interrupt occurs
at the rise edge
of TI6 (INT6) A

input.

Software capture

0 |The up-counter 5 value

"1".

1 [Always read as

is loaded to CAP3.

Figure 3.9.5 16-Bit Timer Mode Control Register (TSMOD) (2/2)
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7 ¢ 6 s L a4 i 3 i 2 1 1 i 9
T5FFCR [Bit symbol | CAP4T6 : CAP3T6 | EQ7T6 | EQ6T6 : TFF6CI : TFF6CO
(0049H) Ig e adwrite PORW i RW RW | RW W
After reset 0 i 0 o i 0 1 g
Function ETFFG invert trigger 500: Invert TFF6
:0: Disable trigger 101:Set  TFF6

i10: Clear TFF6

: : : : 211: Don't care
‘Invertwhen :Invertwhen :lInvertwhen :Invertwhen :

1: Enable trigger

‘the UC value Ethe UCvalue éthe uc the UC >< Always read as
lisloadedto lisloadedto :matches  :matches AN
icapa icap3 : TREG7 : TREG6 5

]

|—> Timer flip-flop 6 (TFF6) control

00 |Invertsthe TFF6 value (software inversion).

11 |[Don’t care (Alwaysread as “11”) .

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

0 [Triggerdisable (Invert prohibition)

1 |Trigger enable (Invert permission)

CAPAT6 : Invert when the up-counter value is loaded to CAP4
CAP3T6 : Invert when the up-counter value is loaded to CAP3
EQ7T6 : Invert when up-counter matches TREG7
EQ6T6 : Invert when up-counter matches TREG6

Figure 3.9.6 16-Bit Timer5 F/F Control (T5FFCR)
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7 { 6 {5 i 4 i 3 i 2 i 1 i 90
T45CR [Bit symbol | QcU . DBG6EN | DB4EN
(003AH) |readrwrite | R/W : RIW
After reset 0 0 - 0
. Warming : ! Double buffer
Function Up Timer : i 0: Disable
input : : 1: Enable
control : :
: Double i Double
. buffer of : buffer of
: TREG6 TREG4

— Double buffer control

1 Enable

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

Warming Up Timer input control

0 Use 7 stage Binary Counter

1 not Use 7 stage Binary Counter (Note 1)

Note 1: In case of unused - 7 state binary counter as a warming-up timer, the
stable clock must be input from external circuit.
Note 2 : T45CR<bit6 to 4>is alwaysread as “1".

Figure 3.9.7 16-Bit Timer Trigger Control Register (T45CR)
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7 6 5 4 ¢ 3 1 2 i 1 i 0
TRUN |Bit symbol | PRRUN T5RUN T4RUN : P1RUN PORUN T1RUN TORUN
(0020H) Read/Write R/W R/W
After reset 0 T S R S | B S |
Function Prescaler and Timer Run/Stop CONTROL
0: Stop and Clear
1: Run (Count up)
|
|—> Count Operation
0 |Stopandclear
1 |Count
PRRUN . Operation of prescaler
T5RUN . Operation of 16-bit timer (timer5)
T4RUN . Operation of 16-bit timer (timer4)
P1RUN . Operation of PWM timer (PWM1 / timer3)
PORUN . Operation of PWM timer (PWMO / timer2)
T1RUN . Operation of 8-bit timer (timer1)
TORUN . Operation of 8-bit timer (timer0)
Note : TRUN<bit6 > is always read as “1".
7 6 5 4 3 2 1 0
SYSCRO [Bit symbol PRCK 1 PRCKO
(006EH) Read/Write R/W
After reset 1 0 1 0 0 0 0 0
Function [Setto1. |Setto0. |[Setto1. ([SettoO. |Setto0. |[SettoO. select prescaler clock
00 : frpy
01 : (reserved)
10: fc/16

11 : (reserved)

|—> select prescaler clock

00 |frpH

e —
10 [fc/16 J o
T

Figure 3.9.8 Timer Operation Control Register / System Clock Control Register
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@ Prescaler

There are 9 bit prescaler and prescaler clock selection registers to generate input clock for 8 bit Timer
0,1, 16 bit Timer 4,5 and serial Interface 0,1. Figure 3.9.9 shows the block diagram. Table 3.9.1 shows
prescaler clock resolution into 8, 16 bit Timer.

p——> to CPU
o L |
FPH \ to 8 bit PWM prescaler
9 bit prescaler
S —>|2|4|8 16|32|64|128|256|512|
ML L L
g ¢T1
T4 i Ti
Zﬁm to 8 bit Timer 0, 1
—> 4T256
SYSCRO
<PRCK1-0> 4T1
run/stop gﬁﬁ to 16 bit Timer 4,5
&clear
—S| TRUN<PRRUN>
o $1
15
i i:rrcz) toserial Interface 0, 1
»—»j _) $18
» M 42
fo| o2 |fa | fus |fene 1\
SYSCR1<GEAR2to 0>

Figure 3.9.9 The Block Diagram of Prescaler

Table 3.9.1 Prescaler Clock Resalation to 8, 16 bit Timer

at fc=20 MHz
Prescaler Clock Resolution
select prescaler clock |Gear value
<PRCK1, 0> <GEAR2to 0> T #T4 4716 $#T256
000 (fc) fc/22 (0.4 ps) fc/2° (1.6 ps) fc/2” (6.4 15) fa/2™ (102.4 ps)

001 (fc/2) fc/2* (0.845)  |f/2® (3.248)  |f/2® (12.845) |[fc/2'? (204.8 us)

00 010(fc/a)  |f2® (1.648)  |fcr27 (6.418) |fU2° (25.648) |fc/2' (409.6 )
(frpH)

011 (fc/8) fe/28 (3.2 ps) fc/28 (12.8 ps)  [fc/2 (51.25) |fc/2™ (819.2 us)

100 (fc/16) fd2’ (6.4 us) fc/2° (25.6 us) |fc/2™ (102.4 us) |fc/2® (1.64 ms)

10

XXX fs/2” (6.4 us fc/2° (25.6 us fc/2' (102.4 us) |fc/2® (1.64ms

(fc/16 clock) (6.4 1) (256 45) (1024 4s) ( )
XXX : Don't care 16-bit timer
8 -bit timer
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The clock selected among frpy clock and fe/16 clock is divided by 4 and input to this prescaler. This is
selected by prescaler clock selection register SYSCR0O <PRCK1, 0>,
Resetting sets <PRCK1, 0> to “00”selects the frpy clock input divided by 4.

The 16 bit Timer selects between 3 clock inputs : ¢T1, 4T4, and ¢T16 among the prescaler outputs.

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

Resetting clear <PRRUN > to “0” and stops the prescaler.

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

@ Up-counter

The up counter is a 16-bit binary counter which counts up according to the input clock specified by
T4MOD <T4CLK1,0 > register.

As the input clock, one of the internal clocks ¢T1, ¢T4,and ¢T16 from 9-bit prescaler (also used for 8-bit
timer), and external clock from TI4 pin (also used as P80/INT4 pin) can be selected. When reset, it will
be initialized to <T4CLK1, 0> =00 to select TI4 input mode.

Counting or stop & clear of the counter is controlled by timer operation control register
TRUN<T4RUN>.

When clearing is enabled, up-counter UC will be cleared to zero each timer it coincides matches the
timer register TREG5. The “clear enableADisable” is set by TAMOD <CLE >.

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

@ Timer register

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

Setting data for timer register (TREG4 and TREGS5) is executed using 2 byte data transfer instruction
or using 1-byte data transfer instruction twice for lower 8 bits and upper 8 bits in order.
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TREG 4 TREGS
Upper 8 bits | Lower 8 bits Upper 8 bits | Lower 8 bits |—16 bittimer4
000031H 000030H 000033H 000032H
TREG 6 TREG 7
Upper 8 bits | Lower 8 bits Upper 8 bits | Lower 8 bits |—16 bittimer5
000041H 000040H 000043H 000042H

TREG4 timer register is a double buffer structure, which is paired with register buffer. The timer
control register TA5CR <DB4EN > controls whether the double buffer structure should be enabled or
disabled. : disabled when <DB4EN > =0, while enabled when <DB4EN> =1.

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

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

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

Capture Register

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

CAP1 CAP 2
Upper 8 bits | Lower 8 bits Upper 8 bits | Lower 8 bits |—16 bittimer4
000035H 000034H 000037H 000036H
CAP3 CAP4
Upper 8 bits | Lower 8 bits Upper 8 bits | Lower 8 bits |—16 bittimer5
000045H 000044H 000047H 000046H
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®

Capture Input Control

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

® When TAMOD <CAP12M 1, 0> =00
Capture function is disabled. Disable is the default on reset.
® When TAMOD <CAP12M1,0> =01

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

® When TAMOD <CAP12M1, 0> =10

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

® When TAMOD <CAP12M1,0> =11
Datais loaded to CAP1 at the rising edge of timer flip-flop TFF1, while to CAP2 at the falling edge.

Besides, the value of up-counter can be loaded to capture registers by software. Whenever “0” is written
in TAMOD <CAP1IN > the current value of up-counter will be loaded to capture register CAP1. It is
necessary to keep the prescaler in RUN mode (TRUN <PRRUN > to be “1”).

Comparator

These are 16-bit comparators which compare the up-counter UC4 value with the set value of (TREG4,
TREGH5) to detect the match. When a match is detected, the comparators generate an interrupt (INTT4,
INTTS5) respectively.

The up-counter UCA4 is cleared only when UC4 matches TREGS5. (The clearing of up-counter UC4 can be
disabled by setting TAMOD <CLE > =0.)

Timer Flip-flop (TFF4)

This flip-flop is inverted by the match detect signal from the comparators and the latch signals to the
capture registers. Disable / enable of inversion can be set for each element by TAFFCR <CAP2T4,
CAP1T4,EQ5T4, EQ4T4>.

TFF4 will be inverted when “00” is written in TAFFCR<TFF4C1,0>. Alsoitis set to “1” when “01” is
written, and cleared to “0” when “10” is written. The value of TFF4 can be output to the timer output
pin TO4 (also used as P82). TFF4 is undefined on reset.

Timer Flip-flop (TFF5)

This flip-flop is inverted by the match detect signal between the up-counter (UC4) and the timer
register TREGS5 and the latch signal to the capture register CAP2. Disable/enable of inversion can be
set for each element by TAMOD <CAP2T5, EQ5T5>. TFF5 will be inverted when “00” is written in
T4FFCR<TFF5C1,0>. Also it is set to “1” when “01” is written, and cleared to “0” when “10” is
written. The value of TFF5 can be output to the timer output pin TO5 (also used as P83). TFF5 is
undefined on reset.

93CS42A-132 2001-03-13



TOSHIBA

TMP93CS42A

(1

(2)

16-bit Timer Mode

Generating interrupts at fixed intervals

In this example, the interval time is set in the timer register TREG5 to generate the interrupt INTTRS5.

765643210

TRUN «-X-0---- Stop timer 4.
INTET64 « 11001000 Enable INTTR5 and sets interrupt level 4. Disable
INTTRA4.

TAFFCR « 11000011 Disable trigger.
TAMOD « 001001 * = Select internal clock for input and

(**=01,10, 11) disable the capture function.
TREGE « * # % % % % % % Set the interval time (16 bits).

d sk ok sk ok sk ok ok

TRUN €1 X=-1-= = = Start timer 4.
Note: X;Don’t care -;No change

16-bit Event Counter Mode

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

The counter counts at the rising edge of TI4 pin input.

TI4 pin can also be used as PSO/INT4.

76543210

TRUIN «-X-0----
PBCR € - - - - - - - 0
INTET54 « 11001000
T4FFCR ¢« 110000 11
T4MOD  « 0

TREG5 « % ok ok ook ok ok % %
TRUN «1X-1----

Stop timer 4.

Set P80 to input mode

Enable INTTR5 and sets interrupt level 4, while
disables INTTRA4.

Disable trigger.

Select Tl4 as the input clock.

Set the number of counts (16 bits).

Start timer 4.

Note : When used as an event counter, set the prescaler in RUN mode.
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(3)

16-bit Programmable Pulse Generation (PPG) Output Mode

The PPG mode is obtained by inversion of the timer flip-flop TFF4 that is to be enabled by the match of
the up-counter UC4 with the timer register TREG4 or 5 and to be output to TO4 (also used as P82). In
this mode, the following conditions must be satisfied.

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

6543210
T46CR « 0 X X X ---10 Double Buffer of TREG4 disable
TRUN «-X-0---- Stop timer 4.
TREG4 « * * * % % % % % Set the duty. (16-Bit)
TREGH  « * * * % % % % % Set the cycle. (16-Bit)
T45CR « 0 X XX ~---1 Double Buffer of TREG4 enable
(Change the duty and cycle at the interrupt INTTR5)
TAFFCR « 11001110 Set the mode to invert TFF4 at the match with
TREG4 /TREGS5, and also set the TFF4 to “0”.
TAMOD <« 001001 * * Select the internal clock for the input, and disable
(**=01, 10, 11) the capture function.
P8CR € - - - = = 1- -
PSEC eX - XX-1XX } Assign P82 as TO4.
TRUN «1X-1---- Start timer 4.
Note: X;Don’t care - ;No change
Match with TREG4

(interrupt INTTR4)

Match with TREG5
(interrupt INTTR5)

TO4 pin

A ]

] —

S

—=

U U

Figure 3.9.10 Programmable Pulse Generation (PPG) Output Waveforms

93CS42A-134 2001-03-13



TOSHIBA TMP93CS42A

When the double buffer of TREG4 is enabled in this mode, the value of register buffer 4 will be shifted in
TREG4 at match with TREGS5. This feature makes easy the handling of low duty waves.

I

Match with TREG4 Up-counter = Q3

Up-counter =Qq

Al

Match with TREG5
atchwi [ Shiftinto the TREGS
TREG4 c
(value todt:;e Q1 X Q2
compare n
Register buffer Q; X Q3

Write into the TREG4

Figure 3.9.11 Operation of Register Buffer

Shows the block diagram of this mode.

TRUN<TARUN> 164 (pPG output) TOS
¥z
$11—> 16-Bit up-counter F/E F/F
Selector clear
¢¢TT146 ] uca (TFF4) (TFF5)
h AV
matc
16-Bit Comparator 16-Bit Comparator | match
PAN AN
TREG4
L > VAN
Selector
TREG4-WR —>
Register buffer 4 TREG5
T45CR<DB4EN> ? /T
S Internal bus S

Figure 3.9.12 Block Diagram of 16-Bit PPG Mode
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(4) Application Examples of Capture Function

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

(D One-shot pulse output from external trigger pulse
@ Frequency measurement
3 Pulse width measurement
@ Time difference measurement
@® One-shot Pulse Output from External Trigger Pulse

Set the up-counter UC4 in free-running mode with the internal input clock, input the external trigger
pulse from TT4 pin, and load the value of up-counter into capture register CAP1 at the rising edge of the
TI4 pin. Then set to TAMOD <CAP12M1, 0> =01.

When the interrupt INT4 is generated at the rising edge of TI4 input, set the CAP1 value (c¢) plus a
delay time (d) to TREG4 (¢+d), and set the above set value (¢+d) plus a one-shot pulse width (p) to
TREGS5 (c+d+p). When the interrupt INT4 occurs the TAFFCR<EQ5T4, EQ4T4 >register should be
set that the TFF4 inversion is enabled only when the up-counter value matches TREG4 or TREGS.
When interrupt INTTRS5 occurs, this inversion will be disabled.

(’ Set the counter in free-running mode.

Count clock Jﬂﬂﬂﬂ"_____ﬂ"ﬂm__ﬂ"nﬂ__ﬂﬂ"ﬂ___

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

i ~ Register 1 (CAP1) INT4 occurred

Al

Match with TREG4
, ( i INTTR5 occyrred
Inversion i T
1
1

enable

>,

Match with TREG5

caused by loading \ !
of the up-counter  enable

Timer output pin TO4  valueinto CAPT.

Disables inversion\ | Inversion

Delay time Pulse width

(d) (p)

Figure 3.9.13 One-Shot Pulse Output (with Delay)
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Setting example: To output 2 ms one-shot pulse with 3 ms delay to the external trigger pulse to TI4
pin

¥ Cock Condition

system clock 11 (fc)
prescaler clock . frpH
Main setting Keep counting (Free-runnig)
— — Countwith 4T1.
T4MOD ¢« --101001
T Load the up-counter value into CAP1 at the rise edge
T4FFCR « 11000010 of Tl4 pin input.
Clear TFF4 to zero.
Disable TFF4 inversion.
P&CR ¢ =- - - - - 1- -

PBFC ¢« X -XX-1XX

\_Y_J

Select P82 as the TO4 pin.

INTE45 ¢« - ---1100 Enable INT4, and disable INTTR4 and INTTR5.
INTETh4¢ 100 000
[ TRUN « 1 X-1--- - Start timer 4.

Setting of INT4

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

TAFFCR ¢ - - - - 11 - -
Enable TFF4 inversion when the up-counter value
matches TREG4 or 5.

| INTETh4¢ 1100 - - - - Enable INTTR5.

Setting of INT5

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

INTETH4¢ 1000 = = - = Disable INTTR5.

Note: X;Don’t care - ;No change

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

(internal clock)

Tl4 pin input
I tri | _ Load the up-counter value into Capture
(external trigger pulse) : Register 1 &AP” INTa Gecurred i Load the up-counter value into

i 2 INTTRS E Capture Register 2 (CAP2).

Match with TREG5 ! /" occurred !

i Inversion i |

! enable H !

Timer output pin TO4 \i i

1

/| Pulsewidth i /

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

by loading of the up-

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

Figure 3.9.14 One-Shot Pulse Output (without Delay)

@ Frequency Measurement

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

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

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

Count clock """""" —— __Jl".".". ______

(internal clock) c1 C2

-

TFF1 1

C1

_=___
a

Loading UC16 into CAP1 \

Loading UC16 into CAP2

—— luiah B

— il pha
0
N

TNTTO/INTT1

Figure 3.9.15 Frequency Measurement

For example, if the value for the level “1” width of TFF1 of the 8-bit timer is set to 0.5 s. and the
difference between CAP1 and CAP2 is 100, the frequency will be 100+ 0.5 [s]=200[Hz].
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@ Pulse Width Measurement

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

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

For example, if the internal clock is 0.8 microseconds and the difference between CAP1 and CAP2 is
100, the pulse width will be 100X0.8 xs=80 us .

Count clock I"""""I ".".mm

(internal clock) c1 c2

T4 pin I_|_
(external pulse) '
Il |

C1

1
1
i
Loading UC16 into CAP1 :
[}
( \H c2

Loading UC16 into CAP2 \ |

—  p— """
0O
N

INT4

Figure 3.9.16 Pulse Width Measurement

Note : Only in this pulse width measuring mode (T4MOD<CAP12M1, 0> =10), external interrupt
INT4 occurs at the falling edge of TI4 pin input. In other modes, it occurs at the rising edge.

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

@ Time Difference Measurement

This mode is used to measure the difference in time between the rising edges of external pulses input
through TI4 and TI5.

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

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

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

(internal clock) I 2

A1
A

T14 pin input

—

= il i i R

Loading UC16 into CAP1

yel I

Loading UC16 into CAP2

i

i

1

1

1
INT4 |

1
1
i
INT5 ;
i
1

TI5 pin input /(
|
\

\

1T |

Time difference

Figure 3.9.17 Time Difference Measurement

(5) Different Phased Pulses Output Mode

In this mode, signals with any different phase can be outputted by free-running up-counter UC4.
When the value in up-counter UC4 and the value in TREG4 (TREG5) match, the value in TFF4 (TFF5)
is inverted and output to TO4 (TO5).

Counter
(free-running)

Match with TREG4 /{

wananmees | AL T
\ /

TO4

TO5

Figure 3.9.18 Phase Output

Cyecles (counter overflow time) of the above output waves are listed on table 3.9.2.
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Table 3.9.2 Timer Output Cycle on the Different Phased Pulse Output Mode

at fc=20 MHz
select prescaler clock |Gear value Counter Overflow Time
<PRCK1, 0> <GEAR2to 0> 4T1 4T4 4T16
000 (fc) 26.214 ms 104.858 ms | 419.430ms
001 (fc/2) 52.429 ms 209.715ms | 838.861 ms
00 010 (fc/4) 104.858 ms 419.430 ms 1.678s
f,
(fepr) 011 (fc/8) 209.715ms 838.861 ms 3.3555
100 (f¢/16) 419.430 ms 1.678s 6.711s
10
XXX 419.430 ms 1.678s 6.711s
(fc/16 clock)

XXX : Don't care
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3.10 Serial Channel

TMP93CS42A contains 2 serial I/O channels. Channel 0 is used only in UART mode. Channel 1 selects
UART mode (asynchronous transmission) or I/O interface mode (synchronous transmission).
The serial channel has the following operation modes.

@ 1/0 interface mode
(channel 1)

® UART mode
(channel 0 and 1)

Mode 0

Mode 3 :

: To transmit and receive I/O

Mode 1 :
4E Mode 2 :

synchronizing signal SCLK
I/0.

7-bit data
8-bit data
9-bit data

data using the
for extending

In mode 1 and mode 2, a parity bit can be added. Mode 3 has a wake-up function for making the master
controller start slave controllers in a serial link (multi-controller) system.
Figure 3.10.1 shows the data format in each mode.

Serial Channels 0 and 1 can be used independently.
Channel 1 can use mode 0 to 3, and thus only the operation of channel 1 will be explained below.

Different Points between Channel 0 and 1

Channel 0

Channel 1

Pin Name

TXDO0 (P90), RXDO (P55)
CTSO0 (P56)

TXD1 (P93), RXD1 (P57)
SCLK1 (P95)

No

Handshake Function Yes (no CTST pin)
I/0 interface mode No Yes
UART mode Yes Yes
Note : Using the handshake function can transmit in units of one data format. Thus over run error is

prevented. See “Handshake function” for details.
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* Mode 0(l/O interface mode)

.....

......

«— Transfer direction

* Mode 1(7-bit UART mode)

No parity \start/(bitOX 1 X 2 X 3 6 YStop
Parity \start/(bitox 1 X 2

6 Xparit) stop
* Mode 2 (8-bit UART mode)

e XX
X X s X
Noparty  \sare o) T X 2 X3 X2 X5 X
X X X X
X X X

4 5

3 4 5

Parity \startAbitOX 1 X 2 6 X 7 %arlty)lstop

* Mode 3 (9-bit UART mode)

" \stare foieo) 1 Y 2 X 3 o X )Xo Yoo
ALY ED 8D 5 50 .60 6 £ € T Ay

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

3 4 5

4 5

Figure 3.10.1 Data Formats
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The serial channel has buffer registers for transmitting and receiving operations in order to
temporarily store transmitted or received data. This is done so that transmitting and receiving
operations can be done independently (full duplex).

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

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

By using CTS and RTS (there is no RTS pin, so any single port must be controlled by software) at
channel 0, it is possible to halt data send until the CPU finishes reading receive data every time a frame
is received. (Handshake function)

In the UART mode, a check function is added to not start the receiving operation by erroneous start bits
due to noise. The channel starts receiving data only when the start bit is detected to be normal at least
twice in three samplings of the start bit.

When the transmission buffer becomes empty and requests the CPU to send the next transmission data,
or when data is stored in the receiving data register and the CPU is requested to read the data,
INTTX(transmit interrupt) or INTRX(receive interrupt) interrupt occurs. If an overrun error, parity
error, or framing error occurs during receiving operation, flag SCICR<OERR, PERR, FERR > will be
set.

The serial channel 0 / 1 includes a special baud rate generator, which can set to any baud rate by
dividing the frequency of 4 clocks (¢T0, ¢T2, 4T8, and 4T32 from the 9-bit prescaler shared by the 8-bit
/16-bit timers) by the value 2 to 16.

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

3.10.1 Control Registers

The serial channels are controlled by 3 control registers SC1CR, SCIMOD and BR1ICR. Transmitted
and received data are stored in register SC1BUF.

Note : The number of the control register name is equaled to the channel number.
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7 6

Bit symbol

TB8 CTSE

RXE WU

SMI1 SMO SC1 SCO

SCOMOD

(0052H) Read/Write

RIW

After reset

Undefined: 0

0 : 0

0 : 0 0 0

Function

Transfer Hand
data gshake
Bit8 0:CTS

f1:CTS

disable

enable :

EReceiving EWake up ESeriaI transmission
iFunction :Function imode

:0: Receive!
disable :
i1: Receive:

enable

:0: disable :01: 7-bit UART
i1 Enable i10: 8-bit UART

ESeriaI transmission
iclock (UART)

;00: TOO Trigger

501: baud rate

' generator

;10: Internal clock ¢1
“11: Don't care

i00: (rserved)

i11: 9-bit UART

Note:

|

|—> Serial transmission clock source (UART)

Timer 0 match detect signal

Don't care

Note: The clock selection for the I/O interface
mode is controlled by the serial control

register (SCOCR).

—> Serial transmission mode

(rserved)

8-bit length

{ 9-bit length

Wake-up Function

9-bit UART Other mode

0 |Interruptwhen
data is received

Don't care

1 |Interruptonly
when RB8 = 1

Receiving Function

0 |Receive Disable

1 |Receive Enable

Hand shake function (CTS Pin) enable

0 |Disable (always Transferable)

1 |Enable

There is SCIMOD (56H) in Channell

Transmission data bit 8

Figure 3.10.2 Serial Mode Control Register (channel 0, SCOMOD)
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7 ¢ & i s a o3 o2 i o1 i o
SCOCR Bit symbol RB8 : EVEN : PE : OERR @ PERR : FERR ‘! :
R i R : RIW i R(cleared toZero whenread)
(0051H) eﬁadNVnte . : L R( : : ) :
After reset |[Undefined: 0 : 0 0 : 0 : 0 : :
Function Received Parity Parity Fixed to Fixed to
data :0: Odd :addition : 1t error 10", 210",
Bit8 i1:Even 0:Disablei.....cccciiiiiiiiiiiiiiiie e
: {1: Enable i overrun i Parity ! Framing
| | | | |

Ijraming error flag

——> Parity error flag
—> Overrunerror flag

Cleared to Zero
when read.

Enable parity addition
0 |Disable

Addition/ check of even parity

0 |Odd parity

1 |Even parity

Receving data bit 8

Note 1: Serial control register for channel 1is SC1CR (55H).
Note 2: As all error flags are cleared after reading do not test only a single bit with a bit-

testing instruction.

Figure 3.10.3 Serial Control Register (channel 0, SCOCR)
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7 ¢ 6 i s i a4 i3 i 2 i 1 i o0
BROCR |Bit symbol : BROCK1 : BROCKO : BROS3 : BROS2 : BROS1 : BROSO
(0053H)Read/write RIW

After reset o © 0 : 0 0 i 0 : 0 i 0
Function Note: : 00: 470
Always : :

fixedto 01: ¢T2 Setting of the Divided frequency

uon, ; :10: 478 :
: 11: ¢T32
| |

Setting of the divided frequency
of baud rate generator

0000 [16divisions

0010 [2to 15divisions

1M1

L—————> Selecting the input clock of
baud rate generator

00 |Internal clock ¢TO

11 Internal clock ¢T32

Note 1: Serial contorl register for channel 1 is BRICR(57H).

Note 2: Set TRUN <PRRUN > to “1” when the baud rate generator is used.
Note 3: BROCR<bit6> is always read as “1”.

Note 4: Don’t read from or write to BROCR register during sending or receiving.

Figure 3.10.4 Serial Channel Control(channel 0, BROCR)

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

SCOBUF

H
(0050H) 6 5 4 3 2 1 0

RB7 : RB6 : RB5 : RB4 | RB3 | RB2 | RB1 : RBO | (Receiving)

Note: Read-modify-write is prohibited for SCOBUF.

Figure 3.10.5 Serial Transmission/Receiving Buffer Registers (channel 0, SCOBUF)
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7 i s 5 o4 f o3 i o2 i i
SC1MO Bit symbol B8 RXKE : WU { SM1 i SMO i sSC1 i SCO
C1MOD .
Read/Write RIW
(OOSGH) . o o - _ N H _ B _ H _ B _ B _
Atterreset |Undefined: 0 0 : 0 : 0 : 0 : 0 : 0
Function Transfered : Note: EReceiving :Wake up iSerial Transmission  Serial Transmission
data ;Always ;Function ;Function ;mode Eclock (UART)
Bit 8 fixedto :0: Receive:O: disable :00: /O interface 00: TOO Trigger
VA i disable:1: enable: mode {01: Baud rate
: 1 Receiveg ;01: 7-Bit UART generator
Enable : :10: 8-Bit UART :10: Internal clock ¢ 1
: 11: 9-Bit UART {11: Don'tcare
| | |
l
1

|—> Serial transmission clock source (For UART)

00 | Timer 0 match detect signal

11 [Don’t care

Note: The clock selection for the I/O interface
mode is controlled by the serial control
register (SC1CR).

—> Serial transmission mode

00 | I/O interface mode

1" 9-Bit length

—> Wake up Function

9-Bit UART Other mode

0 |Interrupt when
datais received

1 |Interruptonly
when RB8 = 1

Don't care

—— > Receiving control

0 [Receive disable

1 |Receive enable

Transmission data bit 8

Figure 3.10.6 Serial Mode Control Register (Channel 1, SC1MOD)
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7 6 5 4 i3 2 1 i o
Bit symbol RB8 EVEN PE OERR . PERR FERR SCLKS 10C
SC1CR -
Read/Write R R/W R (clear to Zero when read) R/W
(OOSSH) — — — - H - - H - . " " . "
Atterreset |Undtened: 0 : 0 0 : 0 0 : 0 : 0
Function Received EParity EParity _ 0: SCLK1 0
data O Odd gaddition 10 error CJ_) Baud rate
Bit8 i1:Even i0: Disable;.. i generator
;1: Enable Overrun Parity Framing 1: SCLK1 1 S(.ZLK1
: : : : : §P|n input
T
| | |

Select I/0 interface input clock

Baud rate generate

SCLK1 Pininput

Edge selection for SCLK pin (input mode only)

Transmits and receives ( J_ )
data at rise edge of SCLK1

Transmits and receives ( ~ y__)
data at fall edge of SCLK1

Framing error flag
Parity error flag
Overrun error flag

J

Enable parity addition

Disable

Enable

ition / check of even parity

Odd Parity

Even Parity

Receiving data bit 8

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

Figure 3.10.7 Serial Control Register (Channel 1, SC1CR)
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7 ¢ 6 i s i a4 i3 i 2 i 1 i o0
BR1CR |Bit symbol { BRICK1 : BRICKO : BRIS3 : BR1S2 : BRIS1 : BRISO
(0057H) | Read/write RAW
After reset o © 0 : 0 0 i 0 : 0 i 0
Function Note: : 00: 470
Always : :
fixedto 01: ¢T2 Setting of the Divided frequency
uon, ; :10: 4T8 :
: 11: ¢T32
| |

generator
0000 |16 divided

to 2 to 15 divisions
1111

Setting of the divided frequency of baud rate

L 5 Selectingthe input clock of baud rate generator

00 [Internal clock 4TO

11 |Internal clock ¢T32

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

Note 2: BR1ICR<bit6> is always read as “1”.
Note 3: Don’t read from or write to BR1CR register during sending or receiving.

Figure 3.10.8 Baud Rate Generator Control Register (channel 1, BR1CR)

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

SC1BUF

4H
(054H) 2 6 5 4 3 2 1 o

RB7 | RB6 : RB5 | RB4 | RB3 : RB2  RB1 : RBO | (Receiving)

Note : Read-modify-write is prohibited for SC1BUF.

Figure 3.10.9 Serial Transmission/Receiving Buffer Registers (channel 1, SC1BUF)
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7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
PoFC |Bit symbol é ! P95F i P93F : { P9OF
(001DH)|Read/Write é Pow Pwbow Pw
After reset 0 0 0 0
Function : 0:PORT { 0: PORT Fixto “0".: i 0: PORT
: ©1:SCLKT | S 1:TxD1 : :1: TxDO
Prohibit Read
modify write

L Setting TXDO0 output of P90

1 | TxDO output (channel 0)

—> Setting TXD1 output of P93

1 | TxD1 output (channel 1)

Setting SCLK1 output of P95

1 [SCLK1 output (channel 1)

Figure 3.10.10 Port 9 Function Register (P9FC)

7 ¢+ 6 s o4 i3 i o2 i o1 i 9

Bit symbol | | L~ : ™~ ODEl : ODEO

ODE ; : _ ; : .
(0058H) | Read/write : : 5 : § § RIW

After reset : : : : ; oo 0

Function © po3 | P90

{0: CMOS  :0: CMOS
1: OPEN i1: OPEN
Drain : Drain

5 : |

|—> Setting P90 as Open-drain output
0 [CMOS output

1 | Open-drain output

—> Setting P93 as Open-drain

0 [CMOS output

1 | Open-drain output

Note : ODE <bit7 to 2> is always read as “1”.

Figure 3.10.11 Port 9 Open Drain Enable Register (ODE)
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3.10.2 Configuration
Figure 3.10.12 shows the block diagram of the serial channel 0.

r==== Serial clock generation circuit -----------------ou--- A

BROCR<BROCK1,0>  TOOTRG (Timer 0 comparator output)

1 1
1 1
1 1
i i
=== -55res - AT" 1 H
i i <BROS*3t00> i|—> . :
| gT0 —> 5 . ! © I SIOCLK
LgT2 —> :‘,,_; < : b !
! Z
| $T8 — > o b ! o i
1 4 @ H 1
| §T32 —> 2 ! .
: i =] :
: :t Baud rate J: )r * :
! - b SCOMOD !
System clock—g€nerator <SC1,0> '
I fsys (¢1) !
| i
1 1
I 1
1 1
1 1
1 1
b e e e e e e e e e e e e e e ——_——— i ———— i —————— d
INTRXO INTTXO0
Receive counter SC\(I)VI\ﬂOD _Serial channel Transm itssion
. < > —>| interrupt counter
(UART only =+ 16) control (UART only + 16)
RXDCLK ¥ A TXDCLK ¥ ]
SCOMOD . € ..
<RXE>->| Receive Transmission
control > control
SCOCR
<PE> <EVEN>
Parity control < Thereisn'tin
RxDO Receive buffer1(Shift register) | channel 1
(Shared by P55) {L
| RB8 | Receive buffer2 (SCOBUF) | Error flag | TB8 | Transmission buffer (SCOBUF) '_’D TxDO
(Shared by P90)
SCOCR
<QOERR> <PERR><FERR>
S Internal bus S

Figure 3.10.12 Block Diagram of the Serial Channel 0
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Figure 3.10.13 shows the block diagram of the serial channel 1.

r---- Serial clock generation circuit ----------------------- 1
1 1
| BRICR<BRICK1,0>  TOOTRG (Timer 0 comparator output) i
1
. {ERiyicos) !
i i E L o | UART 5 !
1
| 70 — 5 E ! E g : SIOCLK
L gT2 — *g © ! o et :
1 e (] (]
i ﬂgz EY - { ” ” i
I ! 1
M = il 7 T
! .- Baudrate ----- 4 SC1MOD SCIMOD i
System generator <SC1,0> <SM1,0> !
clock / fsys (41) — ‘ :
i 25| | :
| $ | /O interface mode g
1 — 1
SCLK1 input[3— g !
(Shared by P95) | '
i ¢ i
g 1
SCI1CR
<IoC>
SCLK1 !
output INTRX1 INTTX1
(Shared by P95) b1
Receive counter SSJSAOD .Setrial chinnel Transmitssicn
< WU >->| interru counter
(UART only = 16) control (UART only + 16)
RXDCLK ¥ A TXDCLK ¥ A
. * . .
SC1MOD Receive Transmission
<RXE>>|  control > control
SC1CR
<PE> <EVEN>
Parity control
RxD1 Receive buffer1(Shift register)
(Shared by P57)
| RB8 | Receive buffer2 (SC1BUF) | | Error flag | | TB8 | Transmission buffer (SC1BUF) |—>|:|TxD1
UL (Shared by P93)
SC1CR
<QOERR><PERR><FERR>
S Internal bus S

Note : SCLK1 input/output is used only in I/O interface mode.

Figure 3.10.13 Block Diagram of the Serial Channel 1
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@ Prescaler, Prescaler clock select

There are 9 bit prescaler and prescaler clock selection registers to generate input clock for 8 bit Timer0,
1, 16 bit Timer4, 5 and Serial Interface0, 1.

Figure 3.10.14 shows the block diagram. Table 3.10.1 shows prescaler clock resolution into the baud
rate generator.

—> to CPU

to 5bit PWM prescaler

fepH ~

9bit Prescaler

|2|4|8|16|32|64|128|256|512|

4T1
7\ ﬁ?e to 8 bit Timero0, 1
1 > 47256
SYSCRO

<PRCK1,0>

4T
run/stop ¢T4

T16
& clear ?

M

Selector

} to 16 bit Timer4, 5

TRUN<PRRUN>

1

470 .
L, 412 > toSerial
T8
5 $T32 Interface0, 1

fe fo/2 | fo/a | fa8 | 116

]

S

<

SCR1<GEAR2t0 0>

Figure 3.10.14 The Block Diagram of Prescaler

Table 3.10.1 Prescaler Clock Resolution to Baud Rate Generator

Select Prescaler Clock |Gear value Prescaler Output Clock Resolution
<PRCK1,0> <GEAR2t0 0> 470 4T2 4T8 4732
000 (fc) fe/2 feyp fe/28 fe/28
001 (fc/2) fo/23 fe/25 far2? fc/2°
00 010 (fc/4) fcr2* fe/26 fc/28 fcr2°
(frpr)
P 011 (fe/8) fo2s fc/27 fc/29 fe/2m
100 (fc/16) fe/2 fe/28 fe/210 fe/2
10
XXX _ fc/28 fc/210 /212
(fc/16 clock)
XXX : Don't care —: Can not use
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The clock selected among frpy clock and fe/16 clock is divided by 4 and input to this prescaler. This is
selected by prescaler clock selection register SYSCR0O <PRCK1, 0>,

Resetting sets <PRCK1, 0> to “00” selects the frpH clock input divided by 4.

The Baud Rate Generator selects between 4 clock inputs : 4T0, 4T2, 4T8, and 4T32 among the prescaler
outputs.

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

When the IDLE1 mode (only the oscillator operates) is used, set TRUN <PRRUN > to ‘0’ to stop this
prescaler before the “HALT” instruction is executed.

@ Baud Rate Generator

The baud rate generator is a circuit that generates transmission and receiving clocks to determine the
transfer rate of the serial channel.

The input clock to the baud rate generator, 4T0, ¢T2, T8, or ¢T32, is generated by the 9-bit prescaler
which is shared by the timers. One of these input clocks is selected by the baud rate generator control
register BRICR<BR1CK1, 0>.

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

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

e UART
mode
Transfer rate = Input clo.cl? of baud rate generator 16
Frequency divisor of baud rate generator
® 1/O interface mode
Transfer rate = Input clock of baud rate generator 9

Frequency divisor of baud rate generator

For example, when the source clock (fe) is 12.288 MHz, the input clock is ¢T2 (f¢/16), and frequency
divisor is 5, the transfer ratein UART mode becomes as follows:

* Clock Condition ((ock gear 1 (fo)
prescaler clock : frpH
Baud Rate= fc/16 +16

=12.288%X106+16+5+16=9600 (bps)
Table 3.10.2 shows an example of the transfer rate in UART mode.
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Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.10.3 shows an example of

baud rate using timer 0.

Table 3.10.2 Selection of Transfer Rate (1) (When Baud Rate Generator Is Used)

Unit (Kbps)
fc [MH Input clock TO T2 T8 T32
cl 7l Frequency divisor ¢ ¢ ¢ ¢
2 76.800 19.200 4.800 1.200
4 38.400 9.600 2.400 0.600
9.830400
8 19.200 4.800 1.200 0.300
0 9.600 2.400 0.600 0.150
5 38.400 9.600 2.400 0.600
12.288000
A 19.200 4.800 1.200 0.300
3 76.800 19.200 4.800 1.200
14.745600 6 38.400 9.600 2.400 0.600
C 19.200 4.800 1.200 0.300
Notel: Transfer rates in I/O interface mode are 8 times faster than the values given in
the above table.
Note2: This table is calculated when fcis selected as a system clock. The clock gear is set

for fc and the system clock as the prescaler clock input.

Table 3.10.3 Selection of Transfer Rate (2) (When timer 0 (input Clock ¢T1) is used)

Unit (Kbps)
TREGO fc 12.288 MHz 12 MHz 9.8304 MHz 8 MHz 6.144 MHz
1H 96 76.8 62.5 48
2H 48 38.4 31.25 24
3H 32 31.25 16
4H 24 19.2 12
5H 19.2 9.6
8H 12 9.6 6
AH 9.6 4.8
10H 6 4.8 3
14H 4.8 2.4
How to calculate the transfer rate (when timer 0 is used):
SYSCRO<PRCK1to0 0>
Transfer rate =
ransterr TREGO X 8x 16
(When Timer 0 (input clock ¢T1) is used)
Notel: Timer 0 match detect signal cannot be used as the transfer clock in I/O interface
mode.
Note2: This table is calculated when fc is selected as a system clock. The clock gear is set

for fc and the frpH as the prescaler clock input.
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@ Serial Clock Generation Circuit

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

I/O interface mode

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

UART mode

The setting of SCIMOD <SC1, 0> will select between the baud rate generator clock, internal clock
$1 (max 625Kbps at fc=20 MHz), or the match detect signal from timer 0 to generate the basic clock
SIOCLK.

@ Receiving Counter

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

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

For example, if the sampled data bit is “1”, “0” and “1” at 7th, 8th and 9th clock respectively, the
received data is evaluated as “1”. The sampled data “0”, “0” and “1” is evaluated such that the received
data bit is determined to be “0”.

® Receiving Control

I/O interface mode

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

When in SCLK input mode with the setting SCICR<IOC> =“1”", the RxD1 signal will be sampled
at the rising edge or falling edge of the SCLK input according to the setting of the
SC1CR<SCLKS> register.

UART mode

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

The data being received is also evaluated by the majority rule.
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® Receiving Buffer

To prevent an overrun error, the receiving buffer has a double buffer structure.

Received data is stored bit by bit in receiving buffer 1 (shift register type). When 7 bits or 8 bits of data
is stored in the receiving buffer 1, the stored data is transferred to receiving buffer 2 (SC1BUF)
generating an interrupt INTRX1, The CPU reads only receiving buffer 2 (SC1BUF). Even before the
CPU reads receiving buffer 2 (SC1BUF), the received data can be stored in receiving buffer 1. However,
unless receiving buffer 2 (SC1BUF) is read before all bits of the next data are received by receiving
buffer 1, an overrun error occurs. If an overrun error occurs, the contents of receiving buffer 1 will be
lost, although the contents of the receiving buffer 2 and SCICR <RB8> are still preserved.

The parity bit added in 8-bit UART mode and the most significant bit (MSB) in 9-bit UART mode are
stored in SCICR<RB8>,

When in 9-bit UART mode, the wake-up function of the slave controller is enabled by setting
SC1IMOD <WU > to “1”, and interrupt INTRX1 occurs only when SCICR<RB8> is set to “1”.

@ Transmission Counter

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

SIOCLK
15 16

=
N

T 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

TxDCLK

_3

Figure 3.10.15 Generation of Transmission Clock

Transmission Controller

® 1/O interface mode
In SCLK output mode with the setting of SCICR <IOC > =“0”, the data in the transmission buffer is
output bit by bit to the TxD1 pin at the rising edge of the shift clock which is output from the SCLK1
pin.
In SCLK input mode with the setting of SCICR<IOC> =“1”, the data in the transmission buffer is
output bit by bit to the TxD1 pin at the rising edge or falling edge of the SCLK input according to the
setting of the SC1ICR <SCLKS > register.

® UART mode
When transmission data is written to the transmission buffer from the CPU, transmission starts at
the rising edge of the next TxDCLK, generating a transmission shift clock TxDSFT.
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Handshake function

Serial channel 0 has a CTSO pin. Using this pin, data can be sent in units of one frame ; thus, overrun
errors can be avoided. The handshake function is enabled/ disabled by SCIMOD < CTSE >.

When the CTSO pin goes high, after completion of the current data send, data send is halted until the
CTSO pin goes low again. When the INTTX1 Interrupt is generated, it requests the next data send to

the CPU.

Though there is no RTS pin, a handshake function can be easily configured by setting any port assigned
to be the RTS function. The RTS should be output “High” to request send data halt after data receive is

completed by software in the RXD interrupt routine.

TMP93CS42A TMP93CS42A
TxD RxD
cTS RTS (any port)
Sender Receiver

Figure 3.10.16 Handshake Function

[({

Timing to write J_l_ﬁ(,

17

{4

transmission buffer
____ -ASendis suspende
CTS | from®to®.

13 14 15 16 1

17

SIOCLK —ss—" L

TxDCLK —f ”

1§

§
TxD !

17

\ start bit

K bit0

Note 1: Ifthe CTS signal rises during transmission, the next data is not sent after the

completion of the current transmission.

Note2: Transmission starts at the first TxDCLK clock falling edge after the CTS signal falls.

Figure 3.10.17 Timing of CTS (Clear to send)
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@ Transmission Buffer

The transmission buffer (SC1BUF) shifts out and sends the transmission data written from the CPU
from the least significant bit (LSB) in order. When all bits are shifted out, the transmission buffer
becomes empty and generates INTTX1 interrupt.

@ Parity Control Circuit

When the serial channel control register SCICR<PE >is set to “1”, it is possible to transmit and
receive data with parity. However, parity can be added only in 7-bit UART or 8-bit UART modes. With
SC1CR <EVEN > register, even or odd parity can be selected.

For transmission, parity is automatically generated according to the data written in the transmission
buffer SC1BUF. The data is transmitted after the parity bit is stored in SCIBUF <TB7> when in 7-bit
UART mode or in SCIMOD <TB8> when in 8-bit UART mode. <PE> and <EVEN> must be set
before the transmission data is written to the transmission buffer.

For receiving, data are shifted in the receiving buffer 1, the parity is added after the data is transferred
to receiving buffer 2 (SC1BUF), and then compared with SC1IBUF <RB7> when in 7-bit UART mode
and with SCIMOD <RB8> when in 8-bit UART mode. If they are not equal, a parity error occurs and
SC1CR<PERR> flag is set.

@ ErrorFlag
Three error flags are provided to increase the reliability of receiving data.
1. Overrun error <OERR>

If all bits of the next data are received in receiving buffer 1 while valid data is stored in receiving
buffer 2 (SC1BUF), an overrun error will occur.

2. Parity error <PERR>

The parity generated for the data shifted in receiving buffer 2 (SC1BUF) is compared with the parity
bit received from RxD pin. If they are not equal, a parity error occurs.

3. Framing error <FERR>

The stop bit of received data is sampled three times around the center. If the majority is “0”, a
framing error occurs.
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@ Signal Generating Timing

1) In UART mode

Receive

Mode

9-Bit

8-Bit + Parity

8-Bit, 7-Bit + Parity, 7-Bit

Timing for interrupt
generation

Around center of bit 8

Around center of
parity bit

Around center of stop bit

Timing for framing
generation

Around center of stop bit

Timing for parity
error generation

Around center of
parity bit

Timing for overrun

Around center of bit 8

Around center of

Around center of stop bit

generation

error timing parity bit
Send

Mode 9-Bit 8-Bit + Parity 8-Bit, 7-Bit + Parity, 7-Bit
Timing for interrupt | Immediately before - -

stop bit sent

2) InI/O Interface mode

Timing forsend |SCLKO output mode |Immediately after rise of last SCLKO signal (See Figure 3.10.20)
interrupt - - — -
. . Immediately after rise (rising mode) or fall (falling mode) of last

generation SCLKO inputmode | ¢ ko 'signal (See Fiugre 3.10.21)

. SCLKO outout mod Immediately after final SCLKO (When received data are
Timing TO" output mode | ransferred to receive buffer 2 (SCOBUF)) (See Figure 3.10.22)
recelvetl.nterrupt SCLKO input mod Immediately after final SCLKO (When received data are
generation INpUtMoOde | transferred to receive buffer 2 (SCOBUF)) (See Figure 3.10.23)
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3.10.3  Operational Description

(1) Mode 0 (I/O interface mode)

This mode is able to use in channel 1.

This mode is used to increase the number of I/O pins for transmitting or receiving data to or from an
external shifter register.

This mode includes the SCLK output mode to output synchronous clock SCLK and SCLK input mode to
input external synchronous clock SCLK.

Output Input
extension extension
TMP93CS42A Shiftregister aA| — | TMP93CS42A Shiftregister A | <«
B| — B| =—
TxD SI C| —> RxD QH C| =—
D| — D| -
SCLK SCK E| — SCLK CLOCK E| =
F| — F| =
Port RCK G| — Port S/L G| <=
H — H -
TC74HC595 or TC74HC165 or
equivalent equivalent
Figure 3.10.18 Example of SCLK Output Mode Connection
Output port Input port
extension extension
TMP93CS42A Shiftregister Al — | TMP93CS42A Shiftregister A| <
Bl — B| =
TxD S| C|— RxD QH C| =
Df— D| =
SCLK SCK El — SCLK CLOCK E| =—
F|— F| =
Port RCK G| — Port S/L G| -
H|l — H| =
TC74HC595 or TC74HC165 or
External clock— equivalent External clock —! equivalent

Figure 3.10.19 Example of SCLK Input Mode Connection
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@ Transmission

In SCLK output mode, 8-bit data and synchronous clock are output from TxD1 pin and SCLK1 pin
respectively, each time the CPU writes data to the transmission buffer. When all data is output,

INTES1 <ITX1C> will be set to generate the INTTX1 interrupt.

Timingtowrite [} B

gr:tr;smlssmn \ {6
SCLK1 output ~—t & L A Lga LA L A

TxD1 X bito X bit1 X \\ X bit6 X bit7 X

TXDSFT I I f,f, [ I I

ITX1C (INTTX1 4

—

interrupt request)

Figure 3.10.20 Transmitting Operation in I/O interface Mode (SCLK Output Mode)

In SCLK input mode, 8-bit data is output from TxD1 pin when SCLK1 input becomes active after data is

written to the transmission buffer by CPU.

When all data is output, INTES1 <ITX1C > will be set to generate INTTX1 interrupt.

SCLK1i t
(SCLKSir;p(;]: Rising edge mode) I A I A L“J I A I A
v My v v
SCLK1 input
(SCLKS = 1: Falling edge mode)
TxD1 X _bito X bit1 X;\ bit5 X bit6 X bit7 X
TxDSFT
: n_ n. n n
ITX1C (INTTX1 6 |

interrupt request)

Figure 3.10.21 Transmitting Operation in I/O Interface Mode (SCLK Input Mode)
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(@ Receiving

In SCLK output mode, the synchronous clock is outputted from SCLK1 pin and the data is shifted to
receiving buffer 1. This starts when the receive interrupt flag INTES1 <IRX1C > is cleared by reading
the received data. When 8-bit data are received, the data will be transferred to receiving buffer 2
(SC1BUF according to the timing shown below) and INTES1 <IRX1C> will be set again to generate
INTRX1 interrupt.

IRX1C '\\ £ I\
SCLK1 ~—t A L4 LA LA LX¥

RxD1 bit 0 X bit1 )Q)itz\\l X bit6 X bit7 Y
- . . ’ Generate
Timing to shift datain *I-I
the receiving buffer 2 INTRX1

Figure 3.10.22 Receiving Operation in I/O interface Mode (SCLK Qutput Mode)

In SCLK input mode, the data is shifted to receiving buffer 1 when the SCLK input becomes active after
the receive interrupt flag INTES1 <IRX1C> is cleared by reading the received data. When 8-bit data
is received, the data will be shifted to receiving buffer 2 (SC1BUF according to the timing shown below)
and INTES1 <IRX1C> will be set again to generate INTRX1 interrupt.

SCLK1i t

(SCLKSIQF(,)l:J Rising edge mode) I A I A I_“_A I A I A
. v Iy v

SCLK1 input

(SCLKS = 1: Falling edge mode)

L
RxD1 bito X bit1 Xbit2; X bit6e X bit7 Y
n
Timing to shift data Generate \I_I

in the receiving INTRX1
Figure 3.10.23 Receiving Operation in I/O interface Mode (SCLK Input Mode)

buffer 2

Note : Fordatareceiving, the system must be placed in the receive enable state
(SCIMOD <RXE> =“1")
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(2)

(3)

Mode 1 (7-bit UART Mode)

The 7-bit mode can be set by setting serial channel mode register SCIMOD <SM1,0> to “01”.

In this mode, a parity bit can be added, and the addition of the parity bit can be enabled or disabled by
serial channel control register SCICR<PE>, and even parity or odd parity is selected by SC1CR
<EVEN> when <PE > is set to “1” (enable).

Setting example : When transmitting data with the following format, the control registers should
be set as described below. Channel 0 is explained here.

A 000000 N

-——— Direction of transmission (transmission rate: 2400 bps at fc = 12.288 MHz)
¥ Clock Condition
system clock . High frequency (fc)
prescaler clock : fc

76543210
POLR e X Xm = - ! } Select P90 as the TxDO pin.
POFC « XX -X-0X1
SCOMOD « X 0 - X 0101 Set 7-bit UART mode.
SCOCR ¢« X1 1XXXO00 Add even parity.
BROCR « 0X100101 Set transfer rate at 2400 bps.
TRUN ¢ 1 X~-~-~-~- -~ Start the prescaler for the baud rate generator.
INTESO « 1100 - - - - Enable INTTXO0 interrupt and set interrupt level 4.
SCOBUF « * ® * #& & % & = Set data for transmission.
Note: X; Don’t care -; Nochange

Mode 2 (8-bit UART Mode)

The 8-bit UART mode can be specified by setting SCIMOD <SM1,0> to “10”. In this mode, the parity
bit can be added (the addition of a parity bit is enabled or disabled by SCICR<PE >), and even parity or
odd parity is selected by SCICR<EVEN > when <PE > is set to “1” (enable).

Setting example : When receiving data with the following format, the control register should be set
as described below.

\startAbitOX 1 X 2 X 3 X 4 X 5 X 6 X 7 Xp%?g!,stop
~——— Direction of transmission (transmission rate: 9600 bps at fc = 12.288 MHz)

¥ Clock Condition

clock gear 1 1(fe)
prescaler clock : fc
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Main setting
76543210
SCOMOD « - 01X 1001 Enable receiving in 8-bit UART mode.
SCOCR « X01XXXO00 Add odd parity.
BROCR « 0 X 010101 Set transfer rate at 9600 bps.
TRUN «1 X ----- - Start the prescaler for the baud rate generator.
INTESO ¢« - - - -1100 Enable INTTXO interrupt and set interrupt level 4.

Interrupt processing

Acc <« SCOCR AND 00011100 } Check for error.
if Acc # 0 then ERROR
Acc « SCOBUF Read the received data.

Note : X ; Don’t care - ;No change

(4) Mode 3 (9-bit UART Mode)

9-bit UART mode can be specified by setting SCIMOD <SM1,0> to “11”. In this mode, parity bit
cannot be added.

For transmission, the MSB (9th bit) is written in SCIMOD <TB8>. For receiving it is stored in
SC1CR<RB8>. For writing and reading of the buffer, the MSB is read or written first then the rest of
the data from SC1BUF.,

Wake-up function

In 9-bit UART mode, the wake-up function of slave controllers is enabled by setting SCIMOD <WU >
to “1”. The interrupt INTRX1 occurs only when <RB8> =1.

TxD RxD TxD RxD TxD RxD TxD RxD

Master Slave 1 Slave 2 Slave 3

Note: TxD pin of the slave controllers must be in open drain output mode.

Figure 3.10.24 Serial Link Using Wake-Up Function
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Protocol

@  Select the 9-bit UART mode for the master and slave controllers.
@ Set SCIMOD <WU > bit of each slave controller to “1” to enable data receiving.

® The master controller transmits one-frame data including the 8-bit select code for the slave
controllers. The MSB (bit 8) <TB8> is set to “1”.

\startl(bitOX 1 X 2 X 3 X 4 X 5 X - X > y Ve il

Select code of slave controller 1

@ Each slave controller receives the above frame, and clears WU bit to “0” if the above select code matches
its own select code.

(® The master controller transmits data to the specified slave controller whose SCIMOD <WU> bit is
cleared to “0”. The MSB (bit 8) <TB8 > is cleared to “0”.

"\ XD D e

Data 0

(® The other slave controllers (with the <WU> bit remaining at “1” ) ignore the receiving data because
their MSBs (bit 8 or <RB8>) are set to “0” to disable the interrupt INTRX1.
The slave controllers (WU =0) can transmit data to the master controller, and it is possible to indicate
the end of data receiving to the master controller by this transmission.
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Setting example

To link two slave controllers serially with the master controller, and use the
internal clock ¢1 as the transfer clock.

vl

Master

TxD RxD

TxD RxD TxD RxD
Slave 1 Slave 2
Select code Select code
00000001 00001010

Since serial channels 0 and 1 operate in exactly the same way, channel 0 is used for the purposes of
explanation.

Setting the master controller

Main

PIOCR
POFC
INTESO

1

XX - - -
X X
11001

1

1

1

SCOMOD
SCOBUF

N

00000

INTTXO interrupt

1010111

SCOMOD « 0 - - - - - - -

SCOBUF « * * * * =

Setting the slave controller

Main

POCR « X X - - -
POFC ¢« X X - X -
ODE XX XXX
INTESO « 11011
SCOMOD « 00111

INTRXO interrupt

Acc « SCOBUF

-

if Acc = Select code

Then SCOMOD« - - - 0 - - - -

[<-J -~ SN N

} Select P90 as TxDO pin.

Enable INTTXO0 and set the interrupt level 4.

Enable INTRXO0 and set the interrupt level 5.

Set ¢1 as the transmission clock in 9-bit UART mode.
Set the select code for slave controller 1.

Sets TB8to”0".
Set data for transmission.

- Seiect P90 as TxD (open drain output).

Enable INTRX0 and INTTXO.
Set <WU> to “1" in the 9-bit UART transmission mode
with transfer clock ¢1.

Clear <WU> to “0".
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3.11 Analog/Digital Converter

TMP93CS42A contains an analog / digital converter (AD converter) with 5-channel analog input that
features 10-bit successive approximation.

Figure 3.11.1 shows the block diagram of the AD converter. 5-channel analog input pins (AN4 to ANO)
are shared by input-only port P5 which also can be used as a general purpose input port.

S Internal bus S
< 1T

EOCF ADBF REPET SCAN SPEED ADS

ADCH2to 0 VREFON
repeat [scan | |speed 1start
@
el
> S AD converter INTAD
Analog input b | circui >
Channel select control circuit interrupt

AN4 [1—|
AN3 [1—~
AN2 [} Multiplexer + AD conversion result register
ANT [ (ADREG0/4 to ADREG3/7)
ANO [ -

VREFH [} o~
DA converter
VREFL [

Figure 3.11.1 Block Diagram of AD Converter

Notel : ThisAD converter does not have a built-in sample and hold circuit.

Note2 : When the power supply current is reduced in IDLE2, IDLE1, STOP mode, there is possible
to set a standby enabling the internal comparator. Stop operation of AD converter before
execution of "HALT" instruction. And set ADMOD2<SPEED1, 0> =“00"

Note3 : The operation above is guaranteed with fppy = 4 MHz.
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ADMOD1
(005EH)

7 6 : 5 1 4 ¢ 3 i 2 { 1 i o0
Bit symbol | EOCF ADBF : REPET @ SCAN ©  ADS
Read/Write R R/W ©RW
After reset 0 0 0 0 5 0
Function AD PAD :Repeat :Scan Mode : {AD :
Conversion éConversion éMode éConversion
EndFlag  :BUSYFlag :0: Single :0: Fixed i start :
1: END i 1: BUSY Mode : channel : i1: START
: 11: Repeat ! mode : Always read :
i Mode (1: Channel : fas 0"
i Scan : :
Mode :
I 1 1 1 1

L— > AD Conversion Start

1 | Start Conversion

Note) Always “0” when data is read

L > ADScan Mode

0 | Fixed channel mode

1 | Channel scan mode

—> AD Repeat Mode

0 |[Single mode

1 | Repeat mode

L— > ADBUSYflag

0 | NOTBUSY

1 BUSY .........................................................
AD END flag

0 |NOTEND

1 END .............................................................

Figure 3.11.2 AD Control Register (1/2)
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7 ¢ 6 i s o4 i3 i o2 i 1 i o
o Bit symbol | VREFON : i SPEED1 : SPEEDO : : ADCH2 : ADCH1 : ADCHO
ADMOD2 -
Read/Write RIW
(OOSFH) T T T T T T T
After reset 1 : : 0 : 0 : : 0 : 0 : 0
Function String i ConversionSpead i Analog Input
Resistance: : 00:160 states : : Channel Selecti
ON/OFF g 01:320 states :
: : 10 :640 states
11:1280 sates
| ]

l

Analog Input Channel Selection
<SCAN> 0 1
<ADCH2to 0>
000 ANO | ANO
001 AN1 [ ANO—ANI1
010 AN2 [ ANO—AN1T—AN2
011 AN3 [ ANO—AN1—AN2—AN3
100 AN4 | (reserved)
101 - (reserved)
110 - (reserved)
11 - (reserved)

Conversion Speed
00 160 states (16 »s at 20 MHz)
01 320 states (32 us at 20 MHz)
10 640 states (64 x5 at 20 MHz)
11 1280 states (128 s at 20 MHz)

Ladder Resistance ON/ OFF selection

0 Ladder Resistance OFF
1 Ladder Resistance ON

Note : Set the <VREFON> register to “1”
before starting (write <ADS> to
"1") conversion.

Figure 3.11.2 AD Control Register (2/2)
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7 ¢ 6 s i o4 i3 i 2 i 0
A%%Egﬂf"— Bit symbol | ADRO1 ! ADROO ' ' ; : :
Read/Write R
After reset Undefined 1 1 1 1 1 1
Function Lower 2 bits of AD result for ANO or AN4 are stored.
A - T T S O T O T R
A'&)%%QOH‘)‘H Bit symbol | ADR0O9 : ADRO8 : ADRO7 : ADRO6 : ADRO5 : ADR04 : ADRO3 : ADRO02
Read/Write R
After reset Undefined
Function Upper 8 bits of AD result for ANO or AN4 are stored.
7 ¢ 6 i 5 i 4 i 3 i 2 i 1 0
AE)%E%A;SL Bit symbol | ADR11 i ADR10 ' ' Z ' '
Read/Write R
After reset Undefined R R N 1
Function Lower 2 bits of AD result for AN1 are stored.
7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
A%%%%H?H Bit Symbol | ADR19 i ADR18 ! ADR17 : ADR16 : ADR15 ! ADR14 | ADRI3 : ADR12
Read/Write R
After reset Undefined
Function Upper 8 bits of AD result for AN1 are stored.
Note : The result registers (ADREGO04L/H) are used both as ANO and AN4.
They are stored into ADREGO04.
MSB LSB
9 8 7 6 54 3 2 10
Converted data | | | | | | | | | | |
for channel X L I |
ADREGXH ¢ ¢ ADREGXL
7 6 5 43 2 10 7 6 543 2 10
%_/
Thisis “1” when this register is read.
Figure 3.11.3 AD Conversion Result Register (ADREG04, 15) (1/2)
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A - T O O - T O O T O
A}%%E%?L Bit symbol | ADR21 : ADR20 : : : : ' :
Read/Write R
After reset Undefined 1 1 1 1 1 1
Function Lower 2 bits of AD result for AN2 are stored.
7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
A'&)%%GSZH?H Bit symbol | ADR29 i ADR28 : ADR27 : ADR26 | ADR25 . ADR24 | ADR23 : ADR22
Read/Write R
After reset Undefined
Function Upper 8 bits of AD result for AN2 are stored.

A%%%ngg'— Bit symbol | ADR31 ! ADR30 ' Z ' ' :
Read/Write R
After reset Undefined S T N R
Function Lower 2 bits of AD result for AN3 are stored.
7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
A%%%%SH Bit symbol | ADR39 : ADR38 : ADR37 : ADR36 : ADR35 : ADR34 : ADR33 : ADR32
Read/Write R
After reset Undefined
Function Upper 8 bits of AD result for AN3 are stored.

MSB LSB
9 8 7 6 5 43 210

Converted data | | | | | | | | | | |
for channel X 1 Il |

ADREGXH ¢ ¢ ADREGXL
7 6 543 210 7 6 543 210

%—J

This is “1” when this register is read.

Figure 3.11.3 AD Conversion Result Register (ADREG26, 37) (2/2)
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3.11.1
(1

(2

3)

(4)

(5

Operation
Analog Reference Voltage

The high analog reference voltage is applied to the VREFH pin, and the low analog reference voltage is
applied to VREFL pin.

The reference voltage between VREFH and VREFL is divided by 1024 (using string resistance) and
compared with the analog input voltage for AD conversion.

The switch between VREFH and VREFL can be cut (OFF) by writing “0” to <VREFON >.

When the conversion can be started when <VREFON > =“0", a “1” must be written to <VREFON >
and wait for 3 us that the internal reference voltage is stable (regardless to fc) before writing “1” to
<ADS>.

Analog Input Channels

The analog input channel is selected by ADMOD2<ADCH2 to 0>. However, which channel to select
depends on the operation mode of the AD converter.

In fixed analog input mode, one channel is selected by <ADCH2 to 0> among five pins: ANO to AN4.

In analog input channel scan mode, the number of channels to be scanned is specified by <ADCH2 to
0>,such as ANO, ANO—AN1, ANO—AN1—AN2, AN0—AN1—AN2—AN3.

When reset, the AD conversion channel register will be initialized to ADMOD2 <ADCH2 to 0> =000,
so that the ANO pin will be selected.

The pins which are not used as analog input channels can be used as ordinary input port pins on port P5.

Starting AD Conversion

AD conversion starts when AD conversion register ADMOD1 <ADS> is written “1”. When conversion
starts, conversion busy flag ADMOD1 <ADBF > which indicates “conversion is in progress” will be set
to “177'

AD Conversion Mode

Both fixed AD conversion channel mode and conversion channel scan mode have two conversion modes,
single and repeat conversion modes.

In fixed channel repeat mode, conversion of the specified single channel is executed repeatedly.

In scan repeat mode, scanning from ANO, --—AN3 is executed repeatedly.

The AD conversion mode is selected by ADMOD1 <REPET, SCAN >.

AD Conversion Speed Selection

There are four AD conversion speed modes. The selection is determined by ADMOD2<SPEED1, 0>
register.

When reset, <SPEED1, 0> will be initialized to “00”, so that the 160 state conversion mode will be
selected. (16 us at 20 MHz)
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(6)

%

(8

AD Conversion End and Interrupt
® AD conversion single mode

ADMOD1<EOCF > for AD conversion end will be set to “1”, ADMOD1 <ADBF > busy flag will be
reset to “0”, and INTAD interrupt will be enabled when AD conversion of specified channel ends in
fixed conversion channel mode or when AD conversion of the last channel ends in channel scan
mode.

® AD conversion repeat mode

For both fixed conversion channel mode and conversion channel scan mode, INTAD should be
disabled when in repeat mode. Always set the INTEOAD at “000” to disable the interrupt request.
Write “0” to ADMOD1 <REPET > to end the repeat mode. Then the repeat mode will be exited as
soon as the conversion in progress completes.

Storing the AD Conversion Result

The results of AD conversion are stored in ADREG04 to ADREG37 registers for each channel. The
result register ADREGO04 is used both as ANO and AN4. However, the current conversion data can not
determine which channels. In repeat mode, the registers are updated whenever conversion ends.
ADREGO04 to ADREG37 are read-only registers.

Reading the AD Conversion Result

The results of AD conversion are stored in ADREG04 to ADREG37 registers. When the contents of one
of the lower 2 bits register (ADREGxL) are read, ADMOD1 <EOCF > will be cleared to “0”. <EOCF>
is not cleared to “0” when the contents of one of the upper 8 bits register (ADREGxH) are read, where x
corresponds to the channel number.

Setting example: @O When the analog input voltage of the AN3 pin is AD converted by 160 states
speed and the result is transfered to the memory address 0100H by AD interrupt
INTAD routine

Main setting

INTEOAD « 11060 - - - - Enable INTAD and set interrupt level 4.
ADMOD2 <« 1 X00X011 Specify AN3 pin as an analog input channel and
| ADMOD1 ¢ X X 00X 1XX starts AD conversion in 160 states speed mode.

Interrupt processing

WA < (ADREG37) Read ADREG37L and ADREG37H values and write
to WA (16 bit)

WA >> 6 Right-shifts WA six times and writes 0 in upper
bits.

(000100H)« WA Writes contents of WA in memory at 0100H

(2 When the analog input voltage of the ANO to ANS pins (4 pins) are AD converted
by 320 states speed and set the channel scan and repeat mode.

INTEOAD « 1000 - - - - INTAD disenable.
ADMOD2 « 1 X01X011 Specify ANO to AN3 pins as input channel and scan
ADMOD1 « X X11X100 and repeat mode and starts AD conversion.

Note: X:Don’t care - :No change
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3.12 Watchdog Timer (Runaway Detecting Timer), Warming Up Timer

TMP93CS42A contains a watchdog timer for Runaway detection.

The watchdog timer (WDT) is used to return the CPU to a normal state when it detects that the CPU
has started to malfunction (runaway) due to causes such as noise. When the watchdog timer detects a
malfunction, it generates a non-maskable interrupt to notify the CPU of the malfunction.

Connecting the watchdog timer detect signal to the reset pin internally forces a reset.

This watchdog timer consists of 7-stage and 15-stage binary counters.

These binary counters are also used as a warming up timer for the internal oscillator stabilization. This
is used for STOP releasing.

3.12.1  Configuration

Figure 3.12.1 shows the block diagram of the watchdog timer (WDT).

RESET
internal reset WDMOD<RESCR>

——— > WDTl interrupt
SYSCROKWUEF> -—

enable
WDTOUT, Qs reset
interrupt control WDMOD<WDTE>
,f R Write Disable Code
to WDCR
WDMOD <WARM > —> Selector Selector |[<—WDMOD
(B1H)
TA5CR<QCU> i <WDTP1,0>
o 5 27 29 |211213)215]
% 7 stage % 15 Stage Binary Counter SYSCRO<WUEF>
» Binary v "
Count rese .
l e reset Write Clear Code
2
WDT/warmin changin . ) to WDCR
v N9 up oing HALT instruction (4EH)

(STOP, IDLE1 mode)

CPU

—

fo fa2 | fo/a | fo/8 [fc/16
SYSCR1<GEAR2t0o 0>

Figure 3.12.1 Block Diagram of Watchdog Timer/Warming up Timer

—>|Se|ector
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The watchdog timer consists of 7-stage and 15-stage binary counters which use System clock (fgys) as
the input clock. The 15-stage binary counter has fgyg/215, fgyg/217, fgys/219 and fgys/221 output.
Selecting one of these outputs with in the WDMOD register generates a watchdog interrupt, and
outputs watchdog timer out when an overflow occurs.
For the warming-up counter, 27 and 29 outputs of 15-stage binary counter can be selected using
WDMOD <WARM?> register. When a stable-external oscillator is used, shorter warming-up time is
available using T45CR < QCU > register. When <QCU > =1, counting value of 27 is selected.

When the watchdog timer is in operation, this shorter warming-up time function cannot be selected.
The warming-up timer function can be available by setting <QCU > =0.

Example:

LDW (WDMOD), B100H ; disable
LD (WDCR), 4EH ;  write clear code
SET 7, (WDMOD) ; enable again

The watchdog timer out pin can also be connected to the reset pin internally.

WDT Counter

WDT Interrupt

WDT Clear
(Software)

WDT Counter

WDT Interrupt

Internal Reset

n K289

X 0

[ 1

Write clear code

(¢4

e e I

Figure 3.12.2 Normal Mode

Over flow

n W)

N

{4

[ 1

1

¢

1

£C

1

810 20 states = 12.8 to 32 us (at 20 MHz)

Figure 3.12.3 Reset Mode
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3.12.2

(1

(2)

Control Registers

Watchdog timer WDT is controlled by two control registers WDMOD and WDCR.

Watchdog Timer Mode Register (WDMOD)

@

@

®

Setting the detecting time of watchdog timer <WDTP >

This 2-bit register is used to set the watchdog timer interrupt time for detecting the runaway. This
register is initialized to WDMOD <WDTP1, 0> =“00" when reset.
The detecting time of WDT is shown Figure 3.12.6.

Watchdog timer enable/disable control <WDTE >

When reset, WDMOD <WDTE > is initialized to “1” to enable the watchdog timer.

To disable, it is necessary to clear this bit to “0” and write the disable code (B1H) in the watchdog
timer control register WDCR. This makes it difficult for the watchdog timer to be disabled by
runaway.

However, it is possible to return from the disable state to enable state by merely setting <WDTE >
to “1”.

Watchdog timer out reset connection <RESCR>

This bit is used to connect the output of the watchdog timer with RESET internally. Since
WDMOD <RESCR >is initialized to 0 at reset, a reset by the watchdog timer will not be performed.

Watchdog Timer Control Register (WDCR)

This register is used to disable and clear of binary counter of the watchdog timer function.

Disable control
By writting the disable code (B1H) in this WDCR register after clearing WDMOD <WDTE > to “0”,
the watchdog timer can be disabled.

WDMOD « 0 - - - - - XX Clear WDMOD<WDTE >to “0”.
|:WDCR «10110001 Write the disable code (B1H).
Enable control
Set WDMOD < WDTE >to “1”,

Watchdog timer clear control
The binary counter can be cleared and resume counting by writing clear code (4EH) into the WDCR
register.

WCR « 01001110 Write the clear code (4EH).
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7 i 6 i s o4 i3 i o2 i o1 i 9
o Bit symbol | WDTE : WDTP1 : WDTPO : WARM : HALTM1: HALTMO: RESCR : DRVE
WDMOD -
Read/Write R/W
(005CH) - g .
After reset 1 0 0 0 : 0 : 0 0 : 0
Function WDT ESeIect detecting timeEWarming EStandby mode 1 Reset i1
control  :00: 215/fgyg :Uptime : iInternally  : Drive the
101: 217 /gy : :00: RUN mode iconnects  :pinevenin
110: 219/fgvys :01: 5TOP mode {WDToutto i STOP mode

1: Enable

11: 221/fSYS

:See Figure 3.12.6

;10: IDLE1 mode
i11: IDLE2 mode

i the reset pin'

-

—> Select the Warming-up time

L » Watchdog timer out

|—> DRVE (explanation by stop mode)

control

1 [ Connects WDT

outtoreset

—> Select the standby m

ode HALT instruction

00 | RUN mode (Only the CPU stops)

11 | IDLE2 mode (CPU and AD stop)

at f¢=20 MHz

Gear value Warming-up time
<GEAR2 10 0> T45CR<QCU>=0 T45CR<QCU> =1
WARM =0 WARM = 1 WARM = X
000 (fc) 0.8192ms 3.277 ms 6.4 us
001 (fc/2) 1.638 ms 6.554 ms 12.8 us
010 (fc/4) 3.277 ms 13.107 ms 25.6 us
011 (fc/8) 6.554 ms 26.214 ms 51.2 us
100 (fc/16) 13.107 ms 52.429 ms 102.4 us

Watchdog timer Ena

ble / Disable control

0 | Disable

1 | Enable

Figure 3.12.4 Watchdog Timer Mode Register
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WDCR
(005DH)

Bit symbol

Read/Write

After reset

Function

4EH : WDT clear code

B1H : WDT disable code

L—> Disable/clear WDT

B1H Disable code
4EH Clear code
Others | —

Figure 3.12.5 Watchdog Timer Control Register

at fc=20 MHz
Gear value Watch Dog Timer Detecting Time
<GEAR2 10 0> WDMOD<WDTP1, 0>
00 01 10 11
000 (fc) 3.277 ms 13.107 ms 52.429 ms 209.715ms
001 (fc/2) 6.554 ms 26.214 ms 104.858 ms 419.430 ms
010 (fc/4) 13.107 ms 52.429 ms 209.715ms 838.861 ms
011 (fc/8) 26.214 ms 104.858 ms 419.430 ms 1.678s
100 (fc/16) 52.429 ms 209.715 ms 838.861 ms 3.355s
Note: When using as the watchdog timer, write “0” to

T45CR<QCU > bit.

Figure 3.12.6 Watchdog Timer Detecting Time
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3.12.3

Operation

The watchdog timer generates interrupt INTWD after the detecting time set in the WDMOD <WDTP1,
0> and T45CR<QCU > registers. For normal operation, the watchdog timer must be zero-cleared by
software before an INTWD interrupt is generated. If the CPU malfunctions (runaway) due to causes
such as noise, but does not execute the instruction used to clear the binary counter, the binary counter
overflows and an INTWD interrupt is generated. The CPU detects malfunction (runaway) due to the
is possible t rn to normal o ion by use of recovery program.

The watchdog timer stops its operation in the IDLE1 and STOP modes. In the RUN mode, the watchdog
timer is operational. When the bus is released (BUSAK =“L”), WDT continues counting.

The watchdog timer is enabled in IDLE2 mode, but the over flow interrupt is disabled. Disable the
watchdog timer before entering IDLE2 mode.

Example : @O Clear the binary counter

WCR« 01001110 Write clear code (4EH).

@ Set the watchdog timer detecting time to 218/ fgys
WOMOD « 1 01 - - - XX

® Disable the watchdog timer.

WDMOD « 0 - - - - - X X Clear WDTE to “0".
WDCR « 10110001 Write disable code (B1H).

® SetIDLE1 mode.

WDMOD « 0 - - - 10 XX Disables WDT and sets IDLE1 mode.
WCR «10110001
Executes HALT command Set the standby mode

® Setthe STOP mode (warming up time: 216/ fgys)

WDMOD « - - -1 01XX Set the STOP mode.
Executes HALT command. Execute HALT instruction. Set the standby
mode.
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4, Electrical Characteristics

4.1 Absolute Maximum Ratings (TMP93CS42AF)
Parameter Symbol Rating Unit
Power Supply Voltage Vee -0.5t06.5 \
Input Voltage VIN -0.5toVcc+0.5 \Y
Output Current (total) SloL 120 mA
Output Current (total) SloH -80 mA
Power Dissipation (Ta=857C) Pp 600 mw
Soldering Temperature (10's) TSOLDER 260 °C
Storage Temperature TsTG -65t0 150 °C
Operating Temperature Topr -401t0 85 °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 DCCharacteristics (1/2)
Parameter Symbol Condition Min [Typ. (Note)] Max |Unit
Power Supply Voltage
AVcc=Vcc Vce fc=41t0 20 MHz 45 55 \
AVsg=Vgs=0V
o|ADOtO 1S5 ] ViL. 0.8
S| Port2to AlexceptP87,P5) |V 1| |l 0.3 Ve |
= | RESET,NMI Vi f o T 0.25Vce
+ BT R UUPRRURPPI Sie-sr R = + 0 03 e LTS TN
a S EA ] Uy | Vee=sVE10% 03 03
= g .X1 ) ) ) ) V”-4 ....... 0.2 Vcc
Sl INTS N TS N T | 5a y
o|ADOtO 1S ] L N 22
Z|Port2toA(exceptP87)  |Vin | | 07Vee | ..
+~ — | RESET, NMI VIH2 0.75 Vcc
O b L RA Vee=5V+10%  fon Tl V. 0.3
e L S | Vg B N ) “r
SSIX ] Vi || 08Vec | ...
T | INTO, INT5, INT7, INT8, INT9 | V|15 2.8
loL=1.6 mA
ORI o o WNee=svrow)| L o Y
: lon= —-400 LA
Output High Voltage VoH (Ve =5V £ 10%) 4.2

Note: Typical values are for Ta=25°C and Vcc=5 V unless otherwise noted.
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4.2 DC Characteristics (2/2)

Parameter Symbol Condition Min [Typ.(Note1) Max |Unit
. . V =15V
Darlington Drive Current IDAR REXT
. ext=1.1kQ -1.0 -35 |mA

(8 Output Pins Max) (Note2) Vec=5V*10%
Input Leakage Current I 0.0=V|N=Vcc 0.02 5 A
Output Leakage Current ILo |0.2=V|N=Vcce-0.2 0.05 +10 |~
Power Down Voltage ViL2=0.2 Vcc,
(at STOP, RAM Back up) VSTOP |v/1> = 0.8 Ve 2.0 60 |V
RESET Pull Up Resister Rrst |[Vec=5V10% 50 150 kQ
Pin Capacitance Co |fc=1MHz 10 pF
Schmitt Width
ﬁ!?STET,NT\WT VTH 0.4 1.0 \
Programmable _
Pull Down Resistor Rkl |Vee=5V£10% 10 80
Programmable _E\v 4100 ka
Pull Up Resistor RkH  [Vee=5V10% >0 150
NORMAL (Note3) .. Vee=sVE10% | e 19 22
NORMAL2 (Note4) fc=20 MHz 24 30
RN e e | o 17 25 |mA
IDLE2 cc 16 iE
IDLE1 3.5 5
STOP Vec=5V10% 0.2 10 HA

Note 1: Typical values are for Ta=25°C and Vee=5 V unless otherwise noted.
Note 2: IpaRis guaranteed for total of up to 8 ports.
Note 3: The condition of measurement of Icc (NORMAL).
Operates only CPU, output ports are open and input ports fixed.
Note 4: The condition of measurement of Icc (NORMAL2).
Operates all functions, output ports are open and input port fixed.
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4.3 AC Characteristics
Vee=5V +10%

No Parameter Symbol - Variable 1_6 MHz 2_0 MHz Unit
Min Max Min | Max | Min | Max

1| Osc. Period (=x) tosc 50 31250 62.5 50 ns

2| CLK pulse width tok 2x - 40 85 60 ns

3| A0 to 23 Valid— CLK Hold tAK 0.5x - 20 11 5 ns
4| CLK Valid— A0 to 23 Hold tKA 1.5x-70 24 5 ns

5| A0 to 15 Valid— ALE fall tAL 0.5x-15 16 10 ns

6| ALE fall> A0 to 15 Hold tLA 0.5x - 20 11 5 ns
7| ALE High pulse width tLL x-40 23 10 ns
8| ALE fall->RDAWR fall tic 0.5x — 25 6 0 ns
9| RDAWR rise— ALE rise teL 0.5x - 20 11 5 ns
10| AO to 15 Valid— RD/WR fall tacL x =25 38 25 ns
11| A0 to 23 Valid— RDAVR fall tacH | 1.5x-50 44 25 ns
12 | RD/WR rise— A0 to 23 Hold tca 0.5x - 25 6 0 ns
13| AQ to 15 Valid—> D0 to 15 input tADL 3.0x-55 133 95 [ ns
14| AQ to 23 Valid—> D0 to 15 input tADH 3.5x-65 154 110 | ns
15|RD fall - D0 to 15 input tRD 2.0x-60 65 40 | ns
16| RD Low pulse width tRR 2.0x-40 85 60 ns
17 | RD rise— DO to 15 Hold tHR 0 0 0 ns
18| RD rise— A0 to 150utput tRAE x—-15 48 35 ns
19| WR Low pulse width tww | 2.0x-40 85 60 ns
20| DO to 15 Valid— WR rise tpw | 2.0x-55 70 45 ns
21| WR rise ->D0 to 15 Hold twp | 0.5x-15 16 10 ns
22| A0 to 23 Valid— WAIT input (24T 4e)| tawH 5.5x - 90 254 185 | ns
23[A0to 15 Valid> WAIT input (3VAT4e)| tawl 5.0x - 80 223 170 | ns
24| RDAWR fall>WAIT Hold WA )| tew | 4.0x+0 250 200 ns
25| A0 to 23 Valid— PORT input tAPH 2.5x-120 36 5| ns
26| AQ to 23 Valid— PORT Hold tapH2 | 2.5x +50 206 175 ns
27 | WR rise— PORT Valid tcp 200 200 200 | ns
28| A0 to 23 Valid— RAS fall tasry | 1.0x-40 23 10 ns
29| A0 to 15 Valid— RAS fall taspL | 0.5x—15 16 10 ns
30[RAS fall> D0 to 15 input tRAC 2.5x-70 86 55| ns
31| RAS fall—> A0 to 15 Hold trad | 0.5x-15 16 10 ns
32[RAS Low pulse width tras | 2.0x-40 85 60 ns
33| RAS High pulse width trp 2.0x - 40 85 60 ns
34| CAS fall>RAS rise trsH | 1.0x-40 23 10 ns
35| RAS rise— CAS rise trsc | 0.5x—25 6 0 ns
36| RAS fall— CAS fall trep | 1.0x-40 23 10 ns
37| CAS fall-> D0 to 15 input tcac 1.5x — 65 29 10 | ns
38| CAS Low pulse width tcas | 1.5x-30 64 40 ns
AC Measuring Conditions

® OQutputlevel : High2.2V/Low0.8V,CL=50pF e
(However CL= 100 pF for ADO to AD15, A0 to A23, ALE, RD, WR, HWR, R/W, CLK,
RAS, CASO to CAS2)
® Input Level : High2.4V/Low 0.45V (ADO to AD15)

High 0.8 xVcc/Low 0.2xVce  (Except for ADO to AD15)
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(1) Read Cycle
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(2) Write Cycle

X1

CLK

AOQto 23

ADOto 15

ALE

X

tww >/

twpD

tDw

DOto 15
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4.4  AD Conversion Characteristics
AVcc=Vcc, AVss = Vsg
Parameter Symbol Power Supply Min Typ Max Unit
Analog reference voltage (+) | VRerH Vee-15V Vce Ve
Analog reference voltage (-) | VRerL Vss Vsg Vss+0.2V| V
Analog input voltage range VaIN VREFL VREFH
Analog current for analog Vee=5V10%
reference voltage IREF 0.5 1.5 mA
<VREFON> =1 (VRepL =0 V)
<VREFON> =0 0.02 5.0 LA
Error (excluding quantizing error) — +1.0 +3.0 LSB
Notel: 1LSB=(VRrrFu-VREFL)/2!°
Note2: The operation above is guaranteed with fppy = 4 MHz.
Note3: The value Igc includes the current which flows through AVCC pin.
4.5 Serial Channel Timing
@ SCLK Input Mode
Variable 20 MHz
Parameter Symbol - - Unit
Min Max Min Max
SCLK cycle tscy 16x 0.8 “s
Output Data e?i%:i‘;i:ing/falling toss | tscy/2 - 5x 50 100 ns
SCLK rising/falling
timing* — Output Data hold tons >x-100 150 ns
SCLK rising/falling
timing* — Input Data hold thsk 0 0 ns
SCLK rising/falling
timing* — effective data input tsro tscy = 5x- 100 450 ns

*) SCLK rising/falling timing ** SCLK rising in the rising mode of SCLK, SCLK falling in the falling mode of SCLK.

@ SCLK Output Mode

Variable 20 MHz
Parameter Symbol - - Unit
Min Max Min Max
SCLK cycle (programmable) Iscy 16X 8192x 0.8 | 409.6 s
Output Data — SCLK rising edge toss tscy — 2x— 150 550 ns
SCLK rising edge— Output Data hold toHs 2x-80 20 ns
SCLK rising edge— Input Data hold tHsr 0 0 ns
SCLK rising edge— effective datainput | tsgp tscy — 2x— 150 550 ns
SCLK |

tscy !

output mode/
input rising mode

M r I 71 1

SCLK
(input falling mode)
|< toss 3_#;|
OUTPUT DATA
TxD \ 0 A ! A 2 A 3 X
«—fsBD o ol | THSR
INPUT DATA
RxD X o X X X X2 X X 3
VALID VALID VALID VALID
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4.6 Timer/Counter Input Clock (TI0, Ti4, TI5, Ti6, TI7)
Variable 20 MHz .
Parameter Symbol - - Unit
Min Max Min Max
Clock Cycle tvek 8X + 100 500 ns
Low level clock Pulse width tvekL 4X + 40 240 ns
High level clock Pulse width tvekH 4X +40 240 ns
4.7 Interruptand Capture
(1)  NMI, INTO
Variable 20 MHz .
Parameter Symbol - - Unit
Min Max Min Max
NMI, INTO Low level Pulse width | tnTAL 4x 200 ns
NMI, INTO High level Pulse width | tinTaH aX 200 ns
(2) INT4to9

INT4 to 9 input pulse width depends on the operation clock of CPU and Timer (9 bit prescaler). The
following shows the pulse width for each clock.

Clock selection |_tINTBL (INT4 to 9 Low level Pulse width) | tiNTBH (INT4 to 9 High level Pulse width)
for Prescaller Variable 20 MHz Variable 20 MHz Unit
<PRCK1,0> Min Min Min Min
00 (fepy) 8X + 100 500 8X + 100 500 ns
10(fc/16) 128X + 0.1 6.5 128X + 0.1 6.5 S
4.8 SCOUT pin AC characteristics
Parameter svmbol Variable 20 MHz
ymoo Min Max Min Max
High-level pulse width
tscH 0.5X-10 15
VCC=5V+10%
Low-level pulse width
tseL 0.5X-10 15
VCC=5V*10%

Measurement condition
® Outputlevel : High2.2V/Low 0.8V, CL=10 pF

SCOUT

tscH

<tscL—
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4.9

(Note 1)

Timing Chart for Bus Request/Bus Acknowledge

CLK ><

X3 X

X

-> <« 1tBRC > < tBRC
BUSRQ >
S tesaL (6 / —tcBAH
BUSAK —
{ C /
LR
> tgaA
ADO to AD15, A0 to A23, —\_tABA (Note 2) —
€S0 to CS2, RAW, RAS, e ~
CASO to CAS2 —_— —
— I ———
RD, WR, HWR VAN S S (Note2) __ _____ 7
ALE ¢ / \
LR
Variable 20 MHz
Parameter Symbol Unit
Min Max Min Max
BUSRQ set-up time to CLK tBRC 120 120 ns
CLK— BUSAK falling edge tesaL 1.5x+ 120 195 ns
CLK— BUSAK rising edge tesaH 0.5x +40 65 ns
Output Buffer is off to BUSAK taBA 0 80 0 80 ns
BUSAK to Output Buffer is on. tgaa 0 80 0 80 ns

Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to “0”
during “Wait” cycle.

Note 2: This line only shows the output buffer is off-state.
It doesn’t indicate the signal level is fixed.
Just after the bus is released, the signal level which is set before the bus is released is kept
dynamically by the external capacitance. Therefore, to fix the signal level by an external
resistor during bus releasing, designing is executed carefully because the level-fix will be

delayed.

The internal programmable pull-up / pull-down resistor is switched active / non-active by an

internal signal.

93CS42A-189

2001-03-13



TOSHIBA

TMP93CS42A

5.

Table of Special Function Registers (SFRs)

(SFR ; Special Function Register)

The special function registers (SFRs) include the I/O ports and peripheral control registers allocated to
the 128-byte addresses from 000000H to 00007FH.

(1) TO port

(2)  T/O port control

3) Timer control

(4) Watch Dog Timer control

(5)  Serial Channel control

(6) AD converter control

(7)  Interrupt control
(8)  Chip Select/ Wait control
(9)  Clock Control

Configuration of the table

Symbol Name Address 7 i6: //
-l

A\

)

/]

>Bit symbol

>Read / Write

>Initial value afrer reset
>Remarks

“Prohibit RMW” in table means that you cannot use RMW instructions to these registers.
In case of setting only the bit0 of register POCR, you mustn’t use “Set 0, (0002H)”

(Example)
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Table 5 1/O register address map

Address Name Address Name Address Name Address Name

000000H | PO 20H| TRUN 40H | TREG6L 60H | ADREG04L
1H| P1 21H 41H| TREG6H 61H| ADREGO4H
2H| POCR 22H| TREGO 42H| TREGT7L 62H| ADREG15L
3H 23H| TREG1 43H| TREG7H 63H| ADREG15H
4H| P1CR 24H| TMOD 44H| CAP3L 64H | ADREG26L
5H| P1FC 25H| TFFCR 45H| CAP3H 65H| ADREG26H
6H| P2 26H| TREG2 46H | CAPAL 66H| ADREG37L
7H| P3 27H| TREG3 47H| CAP4H 67H| ADREG37H
8H| P2CR 28H| POMOD 48H| T5SMOD 68H| BOCS
9H| P2FC 29H| P1IMOD 49H [ TSFFCR 69H|[B1CS
AH| P3CR 2AH| PFFCR 4AH 6AH| B2CS
BH| P3FC 2BH 4BH 6BH
CH|P4 2CH 4CH 6CH
DH| P5 2DH 4DH 6DH| CKOCR
EH| PACR 2EH 4EH 6EH [ SYSCRO
FH 2FH 4FH 6FH| SYSCR1
10H| P4FC 30H| TREG4L 50H | SCOBUF 70H | INTEOAD
11H 31H| TREG4H 51H] SCOCR 71H| INTE45
12H| P6 32H| TREG5L 52H| SCOMOD 72H| INTE67
13H|[ P7 33H| TREG5H 53H| BROCR 73H| INTET10
14H| P6CR 34H| CAPIL 54H| SC1BUF 74H| INTE89
15H| P7CR 35H| CAP1H 55H| SC1CR 75H| INTET54
16H| P6FC 36H| CAP2L 56H| SC1MOD 76H| INTET76
17H| P7FC 37H| CAP2H 57H|BR1CR 77H| INTESO
18H| P8 38H| T4AMOD 58H| ODE 78H| INTES1
19H| P9 39H| T4FFCR 59H 79H
1AH| P8CR 3AH| T45CR 5AH 7AH
1BH| P9CR 3BH 5BH 7BH|[ IMC
1CH| P8FC 3CH 5CH| WDMOD 7CH | DMAOV
1DH| P9FC 3DH 5DH| WDCR 7DH| DMA1V
1EH| PA 3EH 5EH| ADMOD1 7EH| DMA2V
1FH{ PACR 3FH 5FH| ADMOD2 7FH| DMA3V

Note : Do not access the addresses without allocated register names.
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(1) 1/O Port
Symbol | Name | Address 7 6 5 P4 b3 2 1 0
P07 P06 POS : P04 : PO3 P02 PO1 P00
PO PORTO 00H RIW
Underfined
Input mode
P17 P16 P15 P14 : P13 P12 P11 P10
P1 PORT1 01H RIW
0 0 0 i 0 i 0 0 0 0
Input mode
P27 P26 P25 P24 P23 P22 P21 P20
P2 PORT2 06H % RAW
0 0 0 : 0 : 0 0 0 0
Input mode
P37 P36 P35 P34 P33 P32 P31 ! P30(Notel)
P3 PORT3 07H * RIW
1 1 1 : 1 ! 1 1 : 1 i 1
Input mode : Output mode
: P42 P41 P40
P4 PORT4 OCH % R/W
0 ! 1 : 1
Input mode
P57 P56 P55 P54 i P53 P52 ¢ P51 i P50
P5 PORT5 ODH R
Input mode
P67 P66 P65 P64 : P63 P62 P61 P60
P6 PORT6 12H * RIW
1 1 1 : 1 { 1 1 1 1
Input mode
i P73 P72 P71 P70
P7 PORT7 13H % RIW
1 1 : 1 : 1
Input mode
P87 P86 P85 Pg84 i P83 P82 i P81 P80
P8 PORT8 18H % RIW
1 1 1 : 1 : 1 1 1 1
Input mode
P97 P96 P95 P94 P93 ! P92 P91 P90
P9 PORT9 19H RAW RIW = RIW
(note2) 1 1 1 : 1 : 1 : 1 : 1 : 1
Output mode Output mode lnput mode
PA7 : PA6 PAS PAO : PA3 : PA2 PA1 PAO
PA PORTA 1EH RIW
1
Input mode

Note 1 : When P30 pin is defined as RD signal output mode (P30F =1), the output latch of P30 is output

to P61 pin.

Note 2 : Port 96, 97 are open drain output type.

Read/Write

R/W

R

w

Prohibit RMW

* R/'W

Ve we we we

Either read or write is possible

Only read is possible
Only write is possible

Prohibit Read Modify Write. (Prohibit RES/SET /TSET /CHG /STCF/
ANDCF/ORCF / XORCF Instruction)
Read-modify-write is prohibited when controlling the PU/PD resistors.
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(2) 1/0 Port Control (1/2)
Symbol | Name | Address 7 6 5 P4 i3 ) 1 0
PO7C PO6C POSC i P04C | PO3C i PO2C POIC i POOC
POCR | PORTO 02H W
Control | (Prohibit 0 0 0 é 0 : 0 : 0 0 é 0
RMW) :IN_1:0UT(When external access, set as AD7-0 and cleared to “0".)
P17C PI6C : P15C : P14C : P13C : P12C : P11C : P10C
P1CR | PORT1 04H W
Control | (Prohibit 0 0 0 : 0 : 0 : 0 0 0
RMW) < <Refer to the "P1FC" >>
P17F P16F PISF . P14F : P13F | PI12F PI1F i P10F
P1FC |PORT1 05H W
Function | (Prohibit 0 0 : 0 i 0 i 0 i 0 i 0 0
RMW) P1FC/P1CR=00:IN, 01:OUT, 10: AD15-8, 11: A15-
p27C P26C P25C : P24C : P23C : P22C P21C : P20C
P2CR | PORT2 08H W
Control | (Prohibit 0 0 0 : 0 : 0 : 0 0 0
RMW) < <Refer to the "P2FC" > >
P27F P26F P25F i P24F | P23F : P22F P21F : P20F
P2FC |PORT2 09H W
Function | (Prohibit 0 0 : 0 : 0 : 0 : 0 : 0 0
RMW) P2FC/P2CR=00: IN, 01: OUT, 10: A7-0, 11: A23-16
P37C P36C : P35C i P34C i P33C i P32C
P3CR |PORT3 0AH W
Control | (Prohibit 0 0 : 0 : 0 : 0 : 0
RMW) 0:IN 1:0UT :
P37F P36F P35F : P34F { P32F P31F i P30F
W
P3FC | PORT3 0BH 0 0 0 : 0 : : 0 : 0 : 0
Function [ (Prohibit |0 : PORT :PORT :0:PORT :0:PORT : {0:PORT :0:PORT :0:PORT
RMW) |1:RAS {RAW :1:BUSAK :1:BUSRQ : {1:AWR (1:WR i1:RD
: : : © P42C 1 PAIC :  P40OC
PACR |PORT4 OEH W
Control | (Prohibit 0 : 0 : 0
RMW) 0:IN 1:0UT
PA2F : PAIF i PAOF
PAFC |PORT4 10H W
Function | (Prohibit 0 : 0 : 0
RMW) 0: PORT 1: CS/ICAS
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1/0 Port Control (2/2)
Symbol | Name | Address 7 6 5 4 i 3 ) 1 0
P67C P66C P65C P64C : P63C P62C P61C P60C
PORT6 14H W
P6CR (Prohibit ; ;
Control RMW) 0 0 0 : 0 : 0 : 0 0 0
0:IN 1:0UT
: P73C P72C : P71C P70C
PORT7 15H W
P7CR Control (Prohibit 0 0 : 0 0
RMW) : :
0 : IN 1: OL_JT
P73F P72F P71F
17H W
P7FC P?R:;.on (Prohibit i 0 i 0 i 0
Unetiont - rvwv) {0:PORT :0:PORT :0:PORT
1:703 1:702  i1:TO1
P87C P86C P85C P84C P83C P82C i P81C P80C
PORT8 1AH W
P8CR (Prohibit : :
Control RMIW) 0 0 0 : 0 0 H 0 0 0
0:IN 1:0UT
1BH P97C P96C P95C P94C P93C P92C P91C P90C
PICR Pog;:trol (Prohibit v1v v1v 0 ¢ 0 0 ¥ 0 0 0
RMW) - -
0: Il\_l i 1: (_)UT
P86F : :  P83F P82F
1CH W : W : W
P8FC PSUR:iion (Prohibit 0 0 0
RMW) : PORT 0:PORT  :0:PORT
: T06 1:TO5  i1:704
PO5F i P93F POOF
1DH W W PwW W
POFC P(:UR:iion (Prohibit : 0 : 0 : 0 : 0
RMW) i0: PORT i0:PORT iSetto0 :0: PORT
11:SCLK1 11: TxD1 : :1:TxDO
1FH PA7C PA6C PAS5C PAAC : PA3C PA2C PAIC PAOC
PACR Pog;:t 1| Pronibit ‘g’
RMW)
0:IN 1:0UT
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(3) Timer Control (1/3)
Symbol | Name | Address 7 6 1 5 4 i3 ) 1 0
PRRUN T5RUN TARUN P1RUN PORUN T1IRUN TORUN
R/W R/W
TRUN Timer 20H 0 0 : 0 : 0 : 0 0 0
Control Prescaler and Timer Run/Stop CONTROL
0 : Stop and Clear
1: Run(Count up)
e 22H -
TREGO 8};:;2;’:% (Prohibit W
RMW) Undefined
L 23H -
TREG1 8&:;‘;';;61' (Prohibit W
RMW) Undefined
T10M1 TIOMO | PWMMI1 i PWMMO : T1CLK1 T1CLKO | TOCLK1 TOCLKO
s w
g:z':c:me' 24H 0 0o 0o T o I o I o 0 0
TMOD CLK & (Prohibit 00: 8-bittimer 00: - : 00 : TOOTRG 00:TIO A7)
RMW) 01: 16-bit timer 01:26—1 o 01: ¢T1 01: ¢T1
MODE 10: 8-bit PPG 10:27 -1 L 10:4T16 10: ¢T4
11: 8-bitPWM 11:28-1 11: 47256 11:¢4T16
i :  DBEN TFF1C1 TFF1CO TFF1IE TFF1IS
R/W : W R/W
8-bit timer : 0 : 1 : 1 : 0 : 0
TFFCR |Flip-Flop 25H 1 : Double 00 : Invert TFF1 1 . TFF1 0 :Inverted
Control ! Buffer ! 01: Set TFF1 i Invert by Timer
Enable 10 : Clear TFF1 Enable : 0
11: Don'tcare :
PWM -
TREG2 |Timer 26H (R)/W ___ (Canread double buffer values.)
Register 2 Undefined
PWM -
TREG3 |Timer 27H (R)/W __ (Canread double buffer values.)
Register 3 Undefined
FF2RD DB2EN i PWMOM : T2CLK1 T2CLKO : PWMOS1 i PWMOSO
R i : W
28H - : 0 : : 0 : 0 : 0 0 : 0
PWMO - : : : : * *
POMOD Mode (Prohibit |TFF2 :1: Double : 50: PWM 00: ¢P1 00:26-1
RMW) | output Buffer : Mode 01: ¢P4 01:27-1
value Enable | 1 Timer 10: ¢P16 10:28-1
: : Mode 11: Don't care : 11: Don'tcare
FF3RD DB3EN i PWMIM | T3CLK1 T3CLKO i PWMI1S1 i PWMI1SO
R W : W
PWM 1 29H . - 0 0 0 : 0 0 : 0
P1MOD Mode (Prohibit |TFF3 i1: Double : 50: PWM 00: ¢P1 00:26-1
RMW) | output Buffer : Mode 01: ¢P4 01:27-1
value Enable : q: Timer 10: ¢P16 10:28-1
: : Mode 11: Don't care 11: Don'tcare
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Timer Control (2/3)
Symbol | Name | Address 7 i 6 i 5 i 4 i3 ) : 1 R
FF3C1 FF3CO i FF3TRG1 : FF3TRGO : FF2C1 FF2CO i FF2TRG1 : FF2TRGO
W : R/W : W : R/W
1 é 1 i o0 ¢t o0 1 é 1 P 0t o
00:Don'tcare  : 00: Prohibit TFF3 i 00:Don'tcare  : 00: Prohibit TFF2
PWM 01:SetTFF3 : invert : 01:Set TFF2 : invert
PFFCR | Flip-Flop 2AH 10: Clear TFF3 : 01: Invertif matched 10 : Clear TFF2 i 01: Invertif matched
Control 11: Don't care : 10: Setif matched; 11: Don't care : 10: Setif matched;
: clearif : : clearif
: overflowed : overflowed
i 11: Clear if matched; i 11: Clear if matched;
: setif overflowed setif overflowed
16-bit 30H -
TREGAL [timer (Prohibit "
Register4L | RMW) Undefined
16-bit 31H -
TREG4H |timer (Prohibit W
RegisterdH| RMW) Undefined
16-bit 32H -
TREGSL [timer (Prohibit '
Register5L | RMW) Undefined
16-bit 33H -
TREG5H [timer (Prohibit '
Register5H| RMW) Undefined
carn [Sre | s :
9 Undefined
CAP1H ;:p?;'; | 35H R
9 Undefined
capyL |CePture 36H R
Register2L -
Undefined
CAP2H E:pit;frm 37H R
9 _ Undefined .
CAP2T5 EQ5T5 CAP1IN : CAP12M1 : CAP12MO : CLE T4CLK1 T4CLKO
16-bit RIW W RIW
timer 4 0 : 0 0 : 0 : 0 : 0 0 : 0
T4MOD |Source 38H TFF5 INV TRG : ! CaptureTimming Source Clock
CLK & 0 : TRG Disable : 0:Soft- @ 00: Disable : 00:T14
MODE 1:7TRG Enable : Capture : 01:TI4 1TTI5T :1:UC4 01: 4T
i1:Don't i 10:TI4 1TI4 ] Clear | 10:¢4T4
care : 11:TFF1 T TFF1 ] Enable : 11:¢T16
TFF5C1 TFF5CO CAP2T4 CAP1T4 EQ5T4 EQ4T4 TFF4C1 TFFACO
W : RIW : W
16-bit 1 é 1 0 : 0 : 0 i 0 1 : 1
T4FFCR til:ner4 39H 00 : Invert TFF5 TFF4 Invert T.rigger 00 : Invert TFF4
Flip-Flop 01:Set TFF5 0: Trigger Disable 01:Set TFF4
Control 10 : Clear TFF5 1: Trigger Enable 10: Clear TFF4
11:Don't care 11: Don't care
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Timer Control (3/3)

Symbol | Name | Address 7 N R - i 4 i3 ) : 1 0
QCU : DB6EN : DB4EN
RW : : : RIW
0 : : : : : : 0 : 0
T45CR T4Izzntrol 3AH |Watchdog i 1: Double
/Warming : : : : : : Buffer
Up Timer Enable
control i : : : : :
16-bit 40H -
TREG6L |timer (Prohibit W
Register6L | RMW) Undefined
16-bit 41H -
TREGG6H |timer (Prohibit W
Register6H| RMW) Undefined
16-bit 42H -
TREG7L |timer (Prohibit W
Register7L | RMW) Undefined
16-bit 43H -
TREG7H [timer (Prohibit W
Register7H| RMW) Undefined
CAP3L Capt.ure 44H R
Register3L -
Undefined
cap3n |SaPture 45H R
Register3H -
Undefined
CAPAL ;:ZT;S | 4eH R
Undefined
CApay |CaPtUre 47H R
Register4H -
Undefined
H CAP3IN : CAP34M1 : CAP34MO : CLE i T5CLK1 i T5CLKO
16-bit i Pow RIW
timer 5 : : 0 : 0 : 0 : 0 : 0 5 0
Source : : i Capture Timmin : 5 Source Clock
TSMOD |6 & 48H P 0:Soft- i 00’:)Disable ° i 00:TI6
MODE i Capture : O01:Tl6 T TI7Z 1T :1:UCS P01 4T
: i1:Don't : 10:TI6 1 TI6 | : Clear : 10:4T4
: care i 11:TFF1T TFF1 | i Enable ! 11:4T16
CAP4AT6 i CAP3T6 | EQ7T6 : EQ6T6 : TFF6C1 i TFF6CO
. R/W : W
:i?r-uke“rts : . o0 ¢ o0 { 0 i 0 Undefined
T5FFCR Flip-Flop 49H TFF6 Invert Trigger i 00:Invert TFF6
Control 0: Tr!gger Disable 01:Set TFF6
: : 1: Trigger Enable i 10:Clear TFF6
: : i 11:Don'tcare
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(4) Watch Dog Timer
Symbol | Name | Address 7 6 5 i 4 3 P2 1 0
WDTE WDTP1 WDTPO : WARM { HALTM1 : HALTMO : RESCR DRVE
RW
Watchdog 1 i o0 i 0o it 0 i0 i0 i0 0
WD- | Timer 5CH i 00: 215/fgys i Warming Standby Mode E i 1: Drive
MOD  |Mode 1:WDT | 01: 217/fgys ‘upTime | 00:RUNmode ‘Connect | thenpin
Enable | 10: 219/fsys 0: 2M/inputted :  01: STOP mode internally inSTOP
110 221/fgys § frequency i 10: IDLE1 mode  WDT outto mode
: £1:2%Mmpured § 11 IDLE2 mode  ResetPin
frequency : :
Watchdog —
Timer 5DH W
WDCR |Control -
Register B1H: WDT Disable Code _ 4EH: WDT Clear Code
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(5) Serial Channel
Symbol | Name | Address 7 i 6 i s P4 v 3 P2 é 1 0
serial RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
TB7  TB6 : TB5 i TB4 i TB3 : TB2 . RB1 : TBO
SCOBUF Char;t:c:r >0H R (Receiving) /W (Transmission)
Undefined
RB8 i EVEN : PE i OQERR PERR : FERR
R 5 RIW 5 R (Cleared to 0 by reading)
Serial undefined : 0 § 0 § 0 § 0 : 0
SCOCR |Channel0 | 51H [ Receiving Parity  :1: i VEMOr
Control data bit8 :0: Odd iParity i Overrun i Parity i Framing
;1: Even Enableg : :
TB8 : CISE : RXE : WU : SM1_: SMO : SC1__: SCO
R/W
) undefined : 0 : 0 : 0 : 0 : 0 : 0 : 0
$CO- Serial Transmisson :1: i i : 00: (reserved) : 00: TOO Trigger
mop | Channel0 | 52H | o pis icTs ‘Receive  Wakeup : 01: UART 7 bit £ 01: Baud rate
Mode : Enable! Enable! Enable: 10: UART 8 bit generator
: : : 11: UART 9 bit i 10: Internal clock ¢1
i : : : 11: Don't care
- : : BROCK1 : BROCKO : BROS3 : BR0S2 : BROS1 : BROSO
RW % RIW
Baud Rate 0 0 : 0 : 0 ! 0 : 0 : 0
BROCR control|  >3H Fli'x ft 8(1) ﬂg Set frequency divisor
v : 10: sz Otof
: : 11: gT32 ("1 prohibited)
serial RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
TB7 : TB6 : TBS : TB4 : TB3 : TB2 : RB1 : TBO
SC1BUF Chag:fefleL >4H R (Receiving) /W (Transmission)
Undefined
RB8 : EVEN : PE : OERR : PERR : FERR : SCLKS : 10C
R RIW R (Cleared to 0 by reading) RIW
Serial undefined : 0 : 0 : 0 : 0 : 0 : 0 : 0
SCICR [Channel 1| 55H | Receiving :Parity B R é 1: Error : 0:SCLK1 i1: Input
Control databit8 :0:0dd  iParity g'"'c')'{/é'f}ij'ri”'g' """ P éir'i't'{/"""g"'#'r'a"rﬁ'i'hé""g _+_) iSCLK1 pin
{1:Even i  Enable! i i P 1,SCLKY
: : é : : : (15 é
TB8 | - : RXE : WU : SM1_: SMO  SC1__: _ SCO
R/W
Serial Undefined : 0 : 0 : 0 : 0 : 0 : 0 : 0
SC1- | channel 1| sen | Transmisson © Fixat  it: HE :  00:1/Olnterface ; 00: TOO Trigger
MOD Mode data bit 8 " éReceive éWake up 01: UART7 blt 01: Baud rate
: Enable: Enable: 10: UART 8 bit : generator
: : 11: UART 9 bit ¢ 10: Internal clock ¢1
: : : : i 11:Don'tcare
- : : BR1CK1 : BRICKO : BR1S3 : BR1S2 : BR1S1 : BRISO
RW ; RIW
Baud Rate 0 ; ; 0 : 0 ; 0 5 0 : 0 5 0
BRICR Control| > Fli'x ?t 8(1) ﬂg Set frequency divisor
o : 10: sz : OtoF
11: 4T32 : ("1" prohibited)
. : : : ODE1__: ODEO
Serial RAW
ope | OPen 58H 0o o
Drain 1:P93 : 1:P90
Enable Open- : Open-
drain : drain
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(6) AD Converter Control
Symbol | Name Address 7 5 6 5 4 5 3 2 1 0
EOCF ADBF RPT SCAN ADS
ADMOD AD R R/W : RIW
Mode R SEH r - :
) ode Reg o . o [ o I o .0
1: End i1: Busy i1: Repeat :1:Scan : i1: Start
VREFON SPEED1 SPEEDQ : ADCH2 ADCH1 ADCHO
AD R/W R/W : R/W
ADMOD . : : :
2 Mode Reg 5FH 1 0 : 0 : 0 : 0 : 0
2 String Resistance SPEED Ana|og |nput
Switch ON/OFF : Channel Select
*1)| AD Result ADRO1 ADRO0 i : :
IAD Reg 0/4 60H R
REGO4L |low Undefined 1 é 1 é 1 1 é 1 i 1
AD AD Result ADRO9 : ADROS ADRO7 : ADRO6 : ADRO5 ADRO4 : ADR0O3 : ADRO2
REGO4H R.eg 0/4 61H R.
high Undefined
*1) ADR11 ADR10 :
o ot | g :
REGI5L| 9 Undefined 1 1 1 1 1 1
AD AD Result 63 ADR19 ADR18 ADR17 ADR16 - ADR15 ADR14 ADR13 ADR12
REG15H |Reg 1 high
o ° Undefined
*1) ADR21 ADR20
o ronet |y :
REG26L 9 Undefined 1 : 1 : 1 1 : 1 : 1
ADR29 ADR28 ADR27 i ADR26 ADR25 ADR24 ADR23 ADR22
IAD AD Result 65H R
REG26H |Reg 2 high -
Undefined
*1 ADR31 ADR30 :
AD ':D Rgslu:’ 66H R
REG37L | 9°'° Undefined 1T 1 11 1 : 1 1
ADR39 : ADR38 ADR37 : ADR36 :@ ADR35 ADR34 ADR33 ADR32
IAD AD Result 67H R
REG37H |Reg 3 high
9 K Undefined
*1: Data to be stored in AD Conversion Result Reg Low are the lower 2 bits of the conversion
result. The contents of the lower 6 bits of this register are always read as “1”.
MSB LSB
9 8 76 54 3 2 10
Converted data of channel 'X’ | | | | | | | | | | |
L | | |
ADREGXH ¢ ¢ ADREGXL
7 6 54 3 2 10 7 6 54 3 2 10
%{—/
Thisis "1" when this is read.
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(7) Interrupt Control (1/2)
Symbol | Name | Address 7 | 6 | 5 | a 3 | 2 1 1 1 o
INTAD INTO
iTe- |INTerrupt | 7O0H T ee IADM2 : IADM1 | IADMO 0cC_ | 1om2 YR 10MO0
Enable (Prohibit :
0AD 168 AD RMIW) RAW W RIW_: W
0 0 : 0 : 0 0 : 0 : 0 0
INT5 INT4
INTerrupt 7”.' . I5C ISM2 i I5M1 I5MO 4C 1 14AM2 P 14MI1 14MO
INTE45 |Enable (Prohibit -
4/5 RMW) RIW W RW W
0 0 : 0 : 0 0 : 0 : 0 0
INTZ INT6
INTerrupt | 72H 17C 7M2 . I7MI1 I7M0 6C | 16M2 16M1 16MO
INTE67 |Enable (Prohibit RIW W W Y
67 RMW) 0 0 : 0 i 0 0 i 0 : 0 0
INTT1 (Timer 1) INTTO (Timer 0)
INTE- 'E'\r:ﬁr:pt (P;i'?bit IT1C TIM2 TIM1 ITIMO ITOC  ©  [TOM2 ITOM1 ITOMO
M0 rimer10 | RMW) RAV W RW i w
0 0 : 0 : 0 0 i 0 : 0 0
INT9 INT8
INT t 74H
errup o 19C 19M2 19M1 19M0 18C_  18M2 . IsMi 18M0
INTE89 |Enable (Prohibit *
8/9 RMW) RW _ W RW _ W
0 0 : 0 : 0 0 : 0 : 0 0
INTTR5 (TREG5) INTTR4 (TREG4)
INTerrupt 75'?' . IT5C IT5M2 IT5M1 IT5MO IT4C IT4M2 ITAM1 ITAMO
INTET54 | Enable (Prohibit :
Treg 5/4 RMW) RAW W AL W
9 0 o . o0 _: o o . o0 I o 0
INTTR7 (TREG7) INTTR6 (TREG6)
INTerrupt | 76H IT7¢ T7M2 ¢ IT7MA IT7V0 T6C_ | IT6M2 : [T6M1 IT6MO
INTET76 | Enable (Prohibit :
Treq 7/6 RMW) RIW W RW | W
9 0 0 . o0 : o o : o0 : o
INTTXO INTRXO
INT 77H L i
errupt * [ TITxoc © TXOM2 : ITXOM1T : [TXOMO | IRXOC : IRXOM2 . IRXOM1 : IRXOMO
INTESO |Enable (Prohibit ;
Serial 0 RMW) RAW W RAW : W
0 0 : 0 : 0 0 : 0 : 0 0
INTTX1 INTRX1
INTerrupt 78H. ITX1C  § ITXIM2 @ ITX1M1 ITX1MO IRX1C IRXTM2 © IRX1M!1 IRX1MO
INTES1 | Enable (Prohibit H :
Serial 1 RMW) RIW__ W RIW__ W
0 : 0 : 0 : 0 0 : 0 : 0 0
I | 1 |1
I T T
1
|—> IxxM2 IxxM 1 IxxMO Function (Write)
0 0 0 Prohibit interrupt request.
0 0 1 Set interrupt request level to “1”.
0 1 0 Set interrupt request level to “2”.
0 1 1 Set interrupt request level to “3".
1 0 0 Set interrupt request level to “4”.
1 0 1 Set interrupt request level to “5”.
1 1 0 Set interrupt request level to “6".
1 1 1 Prohibitinterrupt request.
L IxxC Function (Read) Function (Write)
0 Indicate no interrupt request. Clear interrupt request flag.
1 Indicate interrupt request. |  ----- Don‘tcare-----
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Interrupt Control (2/2)
Symbol | Name | Address 5 4 3 | 2 1 1 1 o
Micro DMAO start vector
DMAO 7CH
DMAOV4 : DMAOV3 : DMAOV2 : DMAOV1 : DMAOVO
DMAOQV (request (Prohibit W
Vector RMW) 0 0 § 0 § 0 0
DMA1 7DH DMA1V4 : DMA“:I{/C;O:DEAGLTC\%tYeg&rA1v1 ! DMA1VO
DMA1V [request (Prohibit - - W - -
Vector RMW) 0 0 ; 0 : 0 0
Micro DMAZ2 start vector
DMA 2 7EH : : T T
DMA2V | request (Prohibit DMA2V4 : DMA2V3 : DM®2V2 : DMA2V1 : DMA2V0
Vector RMW) 0 0 : 0 : 0 0
Micro DMAZ3 start vector
DMA 3 7FH - - - -
. DMA3V4 : DMA3V3 : DMA3V2 : DMA3V1 : DMA3V
DMA3YV |request (Prohibit 3 : 3V3 W3 : 3 : 3V0
Vector RMW) 0 0 : 0 : 0 0
10IE I0LE NMIREE
W W W
Interrupt : 70 : 70 0
AN I T [1:INTO_ {0:INTO _i1: Operate
IIMc Mzde (Prohibit input : edge ! evenat
Contorol RMW) enable | mode NMI rise
:1: INTO edge
i level
mode
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(8) Chip Select/Wait Controller
Symbol Name Address 5 4 2 1 0
BOE BOCAS BOBUS BOW 1 BOWO BOC1 BOCO
lock W W W W W W W
Esj\jv AOIT 68H 0 0 0 0 0 0 0
BOCS control (Prohibit 1: 0_ 0: 16-bit| 00: 2WAIT 00: 2000H to 3FFFH
register RMW) BOCS CSO bus 01: TWAIT 01: 400000H to
Master 1: 1: 8-bit 10: 2WAIT +n 10: 800000H to
bit CASO bus 11: OWAIT 11: COO000H to
B1E B1CAS B1BUS B1W1 B1WO B1C1 B1CO
Block 1 W % W W W W W
CS/WAIT 69H 0 0 0 : 0 0 0 0
B1CS control (Prohibit 1: 0_ 0: 16-bit 00: 2WAIT 00: 4000H to 5FFFH
register RMW) B1CS CS1 bus 01: TWAIT 01: 400000H to
Master 1: 1: 8-bit 10: 2WAIT +n 10: 800000H to
bit CAST bus 11: OWAIT 11: COO000H to
B2E B2CAS B2BUS B2W1 B2W0 B2C1 B2C0O
Block 2 W % W W W W W%
CSAVAIT 6AH 1 0 0 0 0 0 0
B2CS control (Prohibit 1: 0_ 0: 16-bit| 00: 2WAIT 00: 6000H to 7FFFH
register RMW) B2CS CS2 bus 01: TWAIT 01: 400000H to
Master 1: 1: 8-bit 10: 2WAIT +n 10: 800000H to
bit CAS2 bus 11: OWAIT 11: COO000H to

Note: After reset, only “Block 2” is set to enable.
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(9) Clock Control
Symbol Name Address 7 6 5 4 3 2 1 0
SCOSEL SCOEN ALEEN CLKEN
R/W
Clock
0O 0 0 0 0 (Note)
utput - -
CKOCR 006DH SCOUT SCOUT ALE pin CLK pin
Control select Output control control
Register 0 :frpy control 0:High-Z 0 :High-Z
1 :fys 0:1/0 port output output
1:SCOUT 1:ALE 1:CLKH A
output output output
PRCK1 PRCKO
R/W
System
lock 1 0 1 0 0 0 0 0
SYSCRO Cloc 006EH Fixat“1" Fixat “0” Fixat“1” Fixat “0" Fixat “0"” Fixat “0” select prescaler clock
Control 00: fepy
Register 0 01: (reserved)
10: fc/16
11: (reserved)
GEAR2 | GEAR1 | GEARO
R/W
System
0 1 o | o
SYSCR1 Clock 006FH Fixat “0” select gear value of high frequency (fc)
Control 000: fc
Register 1 001: fe2
010: fc4
011: fu8
100: fc/16
101: (reserved)
110: (reserved)
111: (reserved)
Note : During reset, CLK pin is pulled up internally regardless of the products.
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6. Port Section Equivalent Circuit Diagram
® Reading The Circuit Diagram

Basically, the gate symbols written are the same as those used for the standard CMOS logic IC
[74HCXX] series.
The dedicated signal is described below.

STOP : Thissignal becomes active “1” when the halt mode setting register is set to the STOP mode
and the CPU executes the HALT instruction. When the drive enable bit
WDMOD <DRVE > is set to “1”, however, STOP remains at “0”.

® The input protection resistans ranges from several tens of ohms to several hundreds of ohms.

l PO (ADO to AD7), P1(AD8to 15, A8to 15), P2 (A16to 23, A0 to 7)

VCC
Output Data |~ P-ch
Output Enable ) < N-ch
STOP
Input Data R S -.El /0
— 1 I>o]l< Nch | Programmable
i i PullDown
i i Resistance
Input Enable bommmmmmmme 4 (only PORT2)
B P30 (RD: 72 pin), P31 (WR)
VCC
Output Data
Output
STOP ol
B P30(61 pin)
P30 > [ ] Output
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W P32to 37, P40 to 41, P6, P7, P80 to 86, P91 to 92, P94 to 95, PA

VCC
Output Data |
_____________ Programmable
' VCC i pull Up
Output Enable - b= > i ?eﬁéfﬁiifs‘im P70)

STOP S R i \ P81, P85, PA

Input Data W ) D e

Input Enable

B P42 (CS2, CAS2)

vec
Output Data TD_(
)

Output Enable
STOP —o__)—

Input Data W [ R . D /0
i I Programmable
| o | Pull Down
! I Resistance
Input Enable t----__777___.
B P50 to 54 (ANO to 4)
Analog input
channel select Do L
Analog input . [ ] Input
L#J
I
Input Data
Input Enable
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M P55 to 57 (RXDO, CTSO, RXD1)
RXDO, CTSO, RXD1 D Input
Input Data
Input Enable
Hl P87 (INTO)
vCC
Output Data ——— |

Output Enable <

STOP
Input Data <~————o<-—o<g] Wy o
INTO Schmitt

Bl P90 (TXDO), P93 (TXD1)

VCC

Output Data —?:}—l
Open Drain
Enable -—D°_|“ e mmmmm o - Programmable
STOP ; VCC; Pull Up
: >0-| : Resistance
Input Data <—o<|—0< | W————— —— D /0
Input Enable
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B P96, P97
Input Enable

Input Data <—o<]—oG:‘o<]J
Output Data %D_I ol
Output Enable
Input Enable

Input Data <_‘o<]_o<]:LO<]J
[ ] P96

Output Data :gj_l
Output Enable ¢

~d

L]

STOP —{>o
H NMmI
NMI o W [ ] nput
Schmitt
W ClK
OutputEnable —— VCC VCC
internal CLK /_DOP_'ChI ‘I[‘?’
% A D Output
STOP :[>°—|<—
N-ch
internal reset — >o
Wy
Test circuit
H EA,INTS
Input Data <——o<—W\, [ ] Input
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B ALE
VCC
internal ALE ‘4D°_| P-ch
Output

Output Enable — é} >° | N-ch

B RESET
100 kQ VCC
typ-\
internal reset Input
Schmitt
WDTOUT
reset enable
B X1, X2
clock

o ________oscllator ?

! A ] x2

i P-ch N-ch | i

. —1 1o [« :

High frequency | i
oscillation enablei i

s — O
B VREFH, VREFL

VREFON [>o
L P-ch
VREFH
String
I Resistance
% D VREFL
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(1

Points of Concern and Restrictions
Special Expression

® Explanation of a built-in I/O register : Register Symbol <Bit Symbol>
ex)TRUN<TORUN > --- Bit TORUN of Register TRUN

@ Read, Modify and Write Instruction
An instruction which CPU reads data from memory and writes the data to the same memory
location by one instruction.
exl) SET 3,(TRUN) - setbit3 of TRUN
ex2) INC 1,(100H) - - increment the data of 100H

® The representative Read, Modify and Write instructions in the TLCS-900

Exchange instruction
EX (mem),R

Arithmetic operation
ADD (mem), R/# ADC (mem), R/#
SUB (mem), R/# SBC (mem), R/#
INC #38,(mem) DEC #3,(mem)

Logic operation
AND (mem), R/# OR (mem), R/#
XOR (mem), R/#

Bit manipulation
STCF #3/A,(mem) RES #3,(mem)
SET #3, (mem) CHG #3, (mem)
TSET #3, (mem)

Rotate, Shift

RLC (mem) RRC (mem)
RL (mem) RR (mem)
SLA (mem) SRA (mem)
SLL (mem) SRL (mem)
RLD (mem) RRD (mem)

@ fc, frpH, fsys, 1state
The clock frequency input from X1, X2 pins is called fe¢, and the clock selected by
SYSCR1<GEAR2 to 0> is called frpy, and frpy divided by 2 clock frequency is called fgysg. One
cycle of fgygis called 1 state.
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(2)

Care Points
® EA pin
Fix these pins to Vee unless changing voltage.

@ TEST1, TEST2 pin
Connect the TEST1 pin with the TEST2 pin.

@ Reserved Area in memory space
The 256 bytes memory area between FFFFOOH to FFFFFFH can not be used because they are
reserved.

@ standby Mode (IDLE1)
When the IDLE1 mode (operates only oscillator) is used, set TRUN <PRRUNZ> to “0” to stop
prescaler before “HALT” instruction is executed.

® Warmingup Counter
The warmingup counter operates when the STOP mode is released even if the system uses an
external oscillator. As aresult, it takes the warming up time from inputting the releasing request to
outputting the system clock.

® MicroDMA (DRAM refresh mode)
When the Bus is released (BUSAK = “0”), DRAM refresh can not be not performed because of the
microDMA cannot access the bus.

@ Programmable Pull Up / Down Resistance
The programmable pull up / down resistors can be selected ON / OFF by the program when the ports
are used as the input ports. In case where the ports are used as outputs, they can not be selected ON
/ OFF by program.
The data registers (ex. P2, P3, ...) are used for selecting ON/OFF of pull-up/down resistors. As a
result, Read-modify-write instructions are prohibited.

Bus Releasing Function
Refer to the “Note about the Bus Release” in 3.5 Functions of Ports because the pin state, when the
bus is released, is written.

® WatchDog Timer
The watch dog timer starts operation immediately after the reset is released. When the watch dog
timer is not used, disable watch dog timer.

@ WatchDog Timer
When the bus is released, both internal memory and internal I/O can not be accessed. But the
internal I/O continues to operate. So, the watch dog timer continues to run. Therefore, be careful
about the bus releasing time and set the detection timer of watch dog timer.

@ AD Converter
The ladder resistor between VREFH and VREFL pins can be cut by program to reduce the power
consumption. When the standby mode is used, disable in the program before the “HALT” instruction
is executed. And set ADMOD2<SPEED1, 0> =“00".

@ CPU (MicroDMA)
Only the “LLDC cr, r”, “LDC r, cr” instruction can be used to access the control registers like transfer
source address register (DMASn) in the CPU.

@ POP SR instruction
Please execute POP SR instruction during DI condition.
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@ INTO pin

This pin is always set to “0” in STOP mode. (See Table 3.3.4 in Standby function in section 3.3.)
However INTO is used to release STOP mode, so set INTO to the edge mode before entering STOP
mode or disable INTO.
See Interrupt controller control 2) External interrupt control in section 3.4.3 for how to set it.

® Internal ROM separation
Inputting “0” to EA pin separate a built-in ROM. In this case, the external area is accessed after
reset and ROM is externally connected. Please note the following restrictions for using it.

A. No wait is set when accessing the external area after reset, as it is in TMP93CM41, ete. CS2 is
set to “L”. That is because the chip select wait controller is different from the others, and the

default decode area of CS2 is 6000H to 7FFFH.

B. ALE pinis set to “0” after reset. (At EA=1, ALE pin is high impedance.)

C. In STOP mode, the states of PO, P1, P30 (RD) and P31 (WR) pins are as follows.

_E—A—=”0" E—=”1n
Pin name Input/Output
DRVE=0 | DRVE=1 DRVE =0 DRVE =1
PO Input mode/ADO to 7 — — — -
Output mode X X — Output
P1 Input mode /AD8 to 15 — — - -
Output mode/A8to 15 X X — Output
P30 (RD), Output - " - Output
P31 (WR) Output
- : In the input mode, input isinvalid. In the output mode, high impedance is set.
PD* Programmable pull-down. When setting no pull-down, through current is not set because of input
disabled.
X : Impossible to set.

D. The ports of PO, P1, P30 (RD) and P31 (WR) access the external areas, and fixed as follows.

16-bit bus

8-bit bus

P00 to 07

ADOto 7

ADOto 7

P10to 17

AD8to 15

A8to 15

P30 (RD), P31 (WR)

RD/WR (Pin 61 is P30 output.)

The 8-bit bus is set by the chip select wait controller. Inthe other cases, the 16-bit bus is set.

E. When the external ROM is accessed after reset, the 16-bit bus is set. To use the 8-bit bus ROM,
use LDX instruction.

@® Pin statesin STOP mode

Open-drain output state. Input gate in operation. Set output to “L” or attach pull-up on pin so that
the input gate stays constant.
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8. TMP93XX40/42A Different Points

Item

TMP93CS40F

TMP93PS40F

TMP93CS42AF

TMP93PS42AF

Operation voltage/frequency

5V+10 % (fc=410 20 MHz)

3VE10 % (fc=

4t0 12.5 MHz)

5V£10 % (fc=4to 20 MHz)

64 Kbyte 64 Kbyte 64 Kbyte 64 Kbyte
Built-in ROM Mask ROM OTP Mask ROM oTP
(8000H to 17FFFH) (8000H to 17FFFH) (8000H to 17FFFH) (8000H to 17FFFH)
Built-in RAM 2 Kbyte (0080H to 087FH)
Dual clock Available None
Clock gear Available Available
I/O ports 79 pins 80 pins (WDTOUT—P30)

Interruption

9 CPU interrupts, 14 internal
interrupts, 6 external interrupts

9 CPU interrupts, 12 internal
interrupts, 8 external interrupts

External data bus select pin Available None
(AM8/16) (8 bit bus selected by CS/WAIT controller)
Watchdog timer output pin Available None
Port P55, P56, P57 AIN5to 7 RXDO, CTSO, RXD1
P70, P81, P85, P87 Available None
Pull-up resistor
CS0 mapping area
(BOCS<BOC1 0> = “00") 7F00H to 7FFFH 2000H to 3FFFH
CS1 mapping area
(BICS<BIC1,0> = "00") 0880H to 7FFFH 4000H to 5FFFH
CS2 mapping area
(B2CS<B2C1,0> = "00") 8000H to 6000H to 7FFFH
Pattern generator 4 bits, 2 channels None
10 bit AD converter 8 channels 5 channels

General serial channel

UART, I/0O Interface mode select 2ch.

UART, I/O Interface mode select 1ch.
UART 1ch.

External interrupt pins

Positive logic (rising edge)

Negative logic (falling edge)

INTO Schmitt trigger
Input INTS CcMOS
level INT7 CMOS

INT8 None

INT9 None

Vi =2.8 [VIMIN

VL =0.8 [V] MAX
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