TOSHIBA

TLCS-900 Series

TMP93CM40/TMP93CM41

Low Voltage/Low Power
CMOS 16-bit Microcontrollers
TMP93CM40F/TMP93CM41F

1. Outline and Device Characteristics

TMP93CM40/M41 are high-speed advanced 16-bit microcon-
trollers developed for controlling medium to large-scale equip-
ment. The TMP93CM41 does not have a ROM, the
TMP96CM40 has a built-in ROM. Otherwise, the devices func-
tion in the same way.

TMPO3CM40F/TMP93CM41F are housed in 100-pin
mini flat package. Device characteristics are as follows:

(1) Original 16-bit CPU (900L CPU)
e TLCS-90 instruction mnemonic upward compatible.

¢ 16M-byte linear address space
e General-purpose registers and register bank system

¢ 16-bit multiplication/division and bit transfer/arithmetic
instructions

¢ High-speed micro DMA
- 4 channels (1.6 ps/2 bytes at 20MHz)
(2) Minimum instruction execution time

- 200ns at 20MHz
(8) Internal RAM: 2K byte
Internal ROM:
TMP93CM40 32K-byte ROM
TMP93CM41 None

The information contained here is subject to change without notice

(4) External memory expansion

e Can be expanded up to 16M bytes (for both programs and

data).
e AMB8/16 pin (select the external data bus width).
e Can mix 8- and 16-bit external data buses.

*Dynamic data bus sizing

8-bit timer: 2 channels

8-bit PWM timer: 2 channels

16-bit timer: 2 channels

Pattern generator: 4 bits, 2 channels

Serial interface: 2 channels
) 10-bit A/D converter: 4 channels
) Watchdog timer
) Chip select/wait controller: 3 blocks
3) Interrupt functions
e 2 CPU interrupts " " SWI instruction, and lllegal instruction
e 14 internal interrupts
¢ 6 external interrupts
(14) 1/O ports:

79 pins for TMP93CM40 and 61 pins for TMP93CM41
(15) Standby function : 4 halt modes (RUN, IDLE2, IDLET,
STOP)

(16) Clock Gear Function
¢ High-frequency clock can be changed fc to fc/16
¢ Dual clock operation
(17) Wide Operating Voltage
L4 VCC =2.7t05.5V
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:| 7-level priority can be set.

The information contained herein is presented only as guide for the applications of our products. No responsibility is assumed by TOSHIBA for any infringements of patents or other rights of the third parties
which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others. These TOSHIBA products are intended for usage in general electronic
equipments (office equipment, communication equipment, measuring equipment, domestic electrification, etc.) Please make sure that you consult with us before you use these TOSHIBA products in equip-
ments which require high quality and/or reliability, and in equipments which could have major impact to the welfare of human life  (atomic energy control, spaceship, traffic signal, combustion control, all types
of safety devices, etc.). TOSHIBA cannot accept liability to any damage which may occur in case these TOSHIBA products were used in the mentioned equipments without prior consultation with TOSHIBA.
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~— VCC (3]
-— VS5 [3]
High -<t— X1
Fregl.gecncy > X2
— CLK
Fre;zv:ncy T XTI
> XT2
0s¢ -— AMS8/ 16
“TTEA
T RESET
—T ALE
=™ TEST2,1
INTERRUPT o
CONTROLLER [=T— NMI
WATCH-DOG [ | WDTOUT '
TIMER
PORTQ |=t> P00 to P07
(ADO to AD7)
PORT1 |=t»P10toP17
(AD8 to AD15/ A8 to A15)
PORT 2 <> P20 to P27
(AQto A7 /A16to A23)
t—t> P30(RD)
1> P3IWR)
<[> P32(HWR)
PORT3 [<[> P33(WAIT)
1> P34(BUSRQ)
<1 P35(BUSAK)
<> P36(R/W)
<> P37(RAS)
CS/WAIT |<r>Pa0(CS0/ CASD)
CONTROLLER<—+P41[_(_I_§W /1 CAS1)
(3-BLOCK) |=>P42(CS2/CAS2)

PAO~PAB -t
PA7 (SCOUT) PORT A
900L-CPU
P50 to P57 .

(ANQO to AN7) 10-BIT 8CH XWA
AVCC— AD XBC
AVSS—T>| CONVERTER XDE

VREFH—> XHL
VREFL—> XIX
XY
Xiz
(TXDO) P90 =>| SERIALI/Q XSP
(RXDO) P91 == (CH.0)
(SCLKO/ CTS0) P92 =
(TXD1) P93 = SERIAL IO
(RXD1) P94 <> ¢y 1)
(SCLK1) P95 =t
(PG 00) P60 =T~} PATTERN
(PG 01) P61 <> TOR
(PG 02) P62 => GETE}:{%)O
(PG 03) P63 == i
(PG 10) P64 =1>| PATTERN
(PG 11) P65 ==>| GENERATOR
(PG 12) P66 <>  (CH.1)
(PG 13) P67 2KB RAM
(TI0) P70=t>| 8BIT TIMER
(TIMER 0)
(TO1) P71=t>| 8BIT TIMER
(TIMER 1)
(TO2) P72=t>| 8BIT PWM
(TIMER 2)
(TO3) P73=<T>| 8BITPWM
(TIMER 3) 32KB ROM
(INT4/TI4) P8O <>
(INTS/ TI5) P81 =f>=| 16BIT TIMER
(TO4) P82 =t>| (TIMER 4)
(TOS) P83 =1>
(INT6 /T16) P84 =>| 16BIT TIMER
(INT7/TI17) P85 =t>| (TIMERS5) .
(TO6) P86 =f> Can not be used in the
JMPI3CM41
(INTO) P87 =t

Figure 1. TMP93CM40/TMP93CM41 Block Diagram
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2. Pin Assignment and Functions 2.1 Pin Assignment
The assignment of input/output pins for TMPO3CM40/ Figure 2.1 shows pin assignment of TMP93CM40F/
TMP93CM41, their name and outline functions are described TMP93CM41F.
below.
P : 93cMap e 2
[— i fi B | 2
Pull [Purj  S3CM40 o slpes PG 6) i
O P66/PG12 9 87]p6arrGi0 [Ol R
O P67/PG13 90 86|P63/PG03 Ola:x
R vss 91 5P62/PGO2 Oles
PSO/AND 92 84/P61/PGO1 Q| wv
P51/ANT 93 83|P60/PGO0 [e]
PS2/IAN2 94 82|Pa2iG321CASZ | O
PSI/ANI 95 81[Pa1/C51/CAST Q
PSAIANA [ 80|P40/CS0/CASO o]
ADC PS5/ANS 97 79 Paw@ (]
Ps6/ANG 95 78]P36/RAV @)
PS7/AN7 99 J\ 77|P35/BUSAK (@]
VREFH 04 76|P34/8USRQ O
Fl]I'L I"HJ'H"H"II"I nLr;
\VREFL 1H . [(H7s[pazivam O
AVSS 2] [ H7alp32/AwWR O
v veC 3H [Hralparave
WAL a1 [H72[p30/RD
[@) P70/TI0D sH] [H71lp27/a7/823 O
O P71/T01 6H]| [H7olp26/a6ia22 (@] »
O P72/102 7H] Heslpzs/asiazi O H
[®) P73103 aH]| [Heslp2a/aa/a20 [e) e
e PBOANTAITI4 9] [He7[p23/a3i819 Q M
RKe PBANTS/TIS |10 [Heslp2ziazinis @) £
1O PB2/TO4 11H] [ Heslpz1a1a17 O =
0] P83/TOS 12HC] top view [Hesa[p20/20/416 [¢) 5
O PBAANTEMIE  [13H] [ He3|vce 3
6 PESINTITIT  [1a(] MFP100 Healvss 2
(0] PBE/TO6 15HC] [He1[woTout
YO PB7/NTO 16 [Heolp17/4D15/a15
[®) PSOTXDO 17-C] [ Hsolp16/aD1a/A14
T [@] P31/RXD0 18+ [Hsslp15/a013413
so O P92/ET50/5CLKO |19H] Hs7|P1aapi2/a12
Q PIITXD1 20H"] [Hs6P13aD11/A11
O P9A/RXDI 21 :E Hss|p12/ap10/a10
X O P95/5CLKT 22| }54 P11/ADY/AG
AMB/TE 23H] [Hs3jpi0iansias
&1 2aH] [Hs2|po7ian7
vec 25H] [Hs1[Po6/aD6
CITICITIL] Lt
% WSS ZE_L]J L ITI—SO POS/ADS
Ek X1 27 49|PO4/ADA
t x2 28 48[P031aD3
5 A 29 27[Po2/aD2
[ RESET 30 46[P01/ADT
PIB/XTI 31 45[PoD/ADO
P97/XT2 32| 3 44[vCC
J TEST) 33 a3|aLE AN
TEST2 34 42|PATISCOUT
- PA0 33, 21Pas
Al 3 20[PAs
Pa2 37 39lpas
38[PA3

(Note) Because the TMP93CM41 does not have an internal ROM, P00 to P17 pins are fixed to ADO to AD15 (the case of
AMB8/16=10), or to ADO to AD7, A8 to A15 (the case of AM8/16=1); P30to RD ; and P31 to WR.

Figure 2.1. Pin Assignment (100-pin MFP)
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2.2 Pin Names and Functions
The names of input/output pins and their functions are described below.

Table 2.2. Pin Names and Functions

. Number .

Pin Name of Pins 1/0 Functions
P00 to PO7 8 1/0 Port 0: 1/0 port that allows 1/0 to be selected on a bit basis
ADO to AD7 Tri-state Address / data (lower): 0 to 7 for address / data bus
P10to P17 1/0 Port 1: 1/0 port that allows I/0 to be selected on a bit basis
AD8 to AD15 8 Tri-state Address data (upper): 8 to 15 for address / data bus
A8to A15 Output Address: 8 to 15 for address bus
P20 to P27 I/0 Port 2: 1/0 port that allows selection of I/0 on a bit basis (with pull-down resistor)
A0 to A7 8 Output Address: 0 to 7 for address bus
A16 to A23 Output Address: 16 to 23 for address bus
P30 1 Output Port 30: Output port
RD Output Read: Strobe signal for reading external memory
P31 1 Output Port 31: Output port
WR Output Write: Strobe signal for writing data on pins ADO to7
P32 1 /0 Port 32: 1/0 port (with pull-up resistor)
HWR Output High write: Strobe signal for writing data on pins AD8 to 15
P33 1 /0 Port 33: 1/0 port (with pull-up resistor)
WAIT Input Wait: Pin used to request CPU bus wait
P34 10 Port 34: 1/0 port (with pull-up resistor) -
BUSRQ 1 Inout Bus request: Signal used to request high impedance for ADO to 15, A0 to 23, RD, WR, HWR, R/W, RAS, CS0,

p CS1, and CS2 pins. (For external DMAC)
P35 0 Port 35: 1/0 (with pull-up resistor) e
BUSAK 1 Outout Bus acknowledge: Signal indicating that ADO to 15, AQ to 23, RD, WR, HWR, R/W, RAS, CS0, CS1, and CS2
p pins are at high impedance after receiving BUSRQ. (For external DMAC)

P36 1 /0 Port 36: 1/0 port (with pull-up resistor)
R/W Output Read/write: 1 represents read or dummy cycle; 0, write cycle.
P37 1 1/0 Port 37: 1/0 port (with pull-up resistor)
RAS Output Row address strobe: Outputs RAS strobe for DRAM.
P40 1/0 Port 40: 1/0 port (with pull-up resistor)
CS0 1 Output Chip select 0: Qutputs 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:  With the external DMA controller, this device’s built-in memory or built-in I/O cannot be accessed using the BUSRQ and BUSAK pins.
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Pin Name Num_ber 1/0 Functions
of Pins

P41 /0 Port 41: 1/0 port (with pull-up resistor)
CS1 1 Output Chip select 1: Outputs 0 if address is within specified address area.
CAS1 Output Column address strobe 1: Qutputs CAS strobe for DRAM if address is within specified address area.
P42 1/0 Port 42:1/0 port (with pull-up resistor)
CS2 1 Output Chip select 2: Qutputs 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 P53 4 Input Port 5: Input port
ANO to AN3 Input Analog input: Input to A/D converter
VREF 1 Input Pin for reference voltage input to A/D converter
AGND 1 Input Ground pin for A/D converter
P60 to P63 4 1/0 Ports 60 to 63: 1/0 ports that allow selection of /0 on a bit basis (with pull-up resistor)
PG00 to PGO3 Output Pattern generator ports: 00 to 03
P64 to P67 4 1/0 Ports 64 to 67: 1/0 ports that allow selection of /0 on a bit basis (with pull-up resistor)
PG10 to PG13 Output Pattern generator ports: 10to 13
P70 1 1/0 Port 70: 1/0 port (with pull-up resistor)
TIO Input Timer input 0: Timer 0 input
P71 1 I/0 Port 71: 1/0 port (with pull-up resistor)
T01 Output Timer output 1: Timer 0 or 1 output
P72 1 /0 Port 72: 1/0 port (with pull-up resistor)
T02 Output PWM output 2: 8-bit PWM timer 2 output
P73 1 1/0 Port 73: 1/0 port (with pull-up resistor)
T03 Output PWM output 3: 8-bit PWM timer 3 output
P80 1/0 Port 80: 1/0 port (with pull-up resistor)
T4 1 Input Timer input 4: Timer 4 count/capture trigger signal input
INT4 Input Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge
P81 1/0 Port 81: 1/0 port (with pull-up resistor)
TI5 1 Input Timer input 5: Timer 4 count/capture trigger signal input
INTS Input Interrupt request pin 5: Interrupt request pin with rising edge
P82 1 1/0 Port 82: 1/0 port (with pull-up resistor)
T04 Output Timer output 4: Timer 4 output pin
P83 1 /0 Port 83: 1/0 port (with pull-up resistor)
T05 Output Timer output 5: Timer 4 output pin
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Pin Name Num.ber 1/0 Functions
of Pins

P84 /0 Port 84: 1/0 port (with pull-up resistor)
TI6 1 Input Timer input 6: Timer 5 count/capture trigger signal input
INT6 Input Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge
P85 1/0 Port 85: 1/0 port (with pull-up resistor)
TI7 1 Input Timer input 7: Timer 5 count/capture trigger signal input
INT7 Input Interrupt request pin 7: Interrupt request pin with rising edge
P86 1 1/0 Port 86: 1/0 port (with pull-up resistor)
T06 Output Timer output 6: Timer 5 output pin
P87 1 1/0 Port 87: 1/0 port (with pull-up resistor)
INTO Input Interrupt request pin 0: Interrupt request pin with programmable level/rising edge
P90 1 1/0 Port 90: 1/0 port (with pull-up resistor)
TXDO Output Serial send data 0
P91 ] 1/0 Port 91: 1/0 port (with pull-up resistor)
RXDO Input Serial receive data 0
P92 1/0 Port 92: 1/0 port (with pull-up resistor)
CTSO 1 Input Serial data send enable 0 (Clear to Send)
SCKLO 1/0 Serial Clock 1/0
P93 1 I/0 Port 93: 1/0 port (with pull-up resistor)
TXD1 Output Serial send data 1
P94 1 /0 Port 94: 1/0 port (with pull-up resistor)
RXD1 Input Serial receive data 1
P95 1 1/0 Port 95: 1/0 port (with pull-up resistor)
SCLK1 /0 Serial clock 1/0 1
PA7 1 1/0 Port A7: 1/0 port
SCOouT Output System clock output: Outputs system clock or 1/2 oscillation clock for synchronizing to external circuit.
WDTOUT 1 Output Watchdog timer output pin
—_ Non-maskable interrupt request pin: Interrupt request pin with falling edge.
NMI 1 Input o

Can also be operated at rising edge by program.
CLK 1 Outout Clock output: Outputs  [System Clock =2 |Clock.

P Pulled-up during reset (can be reset to Qutput Disable for reducing noise).
A y nout External access: “0” should be input with TMP93CM41
p “1” should be input with TMP96CMA40.
Address mode: Selects external data bus width
. For TMP93CM40: “1” should be input. The data bus width for external access is set by Chip Select/WAIT

AMB8/16 1 Input Control register, Port 1 Control register.

For TMP93CM41: “0” should be input with fixed 16bit bus width or 16bit bus interlarded with 8bit bus.

“1” should be input with fixed 8bit bus width.

ALE 1 Output Address latch enable. Can be set Qutput disable for reducing noise.
RESET 1 Input Reset: Initializes LSI. (With pull-up resistor)
X1/X2 2 I/0 Oscillator connecting pin
XT1 1 Input Low Frequency Oscillator connecting pin
P96 1/0 Port 96: 1/0 port (Open Drain Qutput)
XT2 y Output Low Frequency Oscillator connecting pin
P97 1/0 Port 97: 1/0 port (Open Drain Output)
TESTH/TEST2 2 ?gmt TESTH Should be connected with TEST2 pin
VCC 3 Power supply pin
VSS 3 GND pin (0V)
AVCC 1 Power supply pin for A/D converter
AVSS 1 GND pin for A/D converter (0V)

Note:  Pull-up/pull-down resistor can be released from the pin by software.
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3. Operation
This section describes in blocks the functions and basic
operations of TMP93CM40A/M41A devices.

Check the [7. Care Points and Restriction] because the
Care Points, etc., are described.

3.1 CPU

TMP93CM40A/M41A devices have a built-in high-perfor-
mance 16-bit CPU (900L CPU). (For CPU operation, see
TLCS-900 CPU in the previous section).

This section describes CPU functions unique to TMP
93CM40/M41 that are not described in the previous section.

3.1.1 Reset

To reset the TMP93CMA40, the RESET input must be kept at
O for at least 160 system clocks (160 states: 16us at 20MHz)
within an operating voltage range and with a stable oscilla-
tion.

When reset is accepted, the CPU sets as follows:

e Program counter (PC) to 8000H.
PC (7 : 0) - stored data to 8000H
PC (15: 8) — stored data to 8001H
PC (23 : 16) - stored data to 8002H

Note: Reset Vector address is different with each product.
Set PC (23 : 16) to “O0H” and locate Reset Vector
within 64K-byte area for TMPO3CM40/M41.

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

¢ |[FF2 to O bits of status register to 111. (Sets mask register
to interrupt level 7.)

o MAX bit of status register to 0. (Sets to minimum mode.)

¢ Bits RFP2 to O of status register 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 1/Os,
ports, and other pins is as follows:

e Initializes built-in I/O registers as per specifications.
e Sets port pins (including pins also used as built-in I/0s) to
general-purpose input/output port mode.

e Sets the WDTOUT pin to 0. (Watchdog timer is set to
enable after reset.)

e Pulls up the CLK pin to 1.

e Sets the ALE pin to 0 (TMP93CM41), to High Impedance
(Hz) (TMP9O3CM40).

Note: By resetting, register in the CPU except pro-
gram counter (PC), status register (SR) and
stack pointer (XSP) and the data in internal

RAM are not changed.
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3.2 Memory Map

Figure 3.2 is a memory map of the TMP93CM40/M41.

000000H
000080H

000100H

000880H

008000H

008100H

010000H

FFFFOOH
FFFFFFH

T A

256 byte area (n)

64K-byte area

(nn)
16M-byte area
External memory (R)
(16M-byte) (=R)
(R+)
(R + R8/16)
(R +d8/16)
(nnn)

Reserved (256 Byte)

=Internal area)

Note: Resetting sets the stack pointer (XSP) to 100H.
The 256 Byte Area from FFFF00H to FFFFFFH can not be used.

Figure 3.2. Memory Map
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3.3 Dual Clock Standby Function Clock mode (only X1, X2 pin), and (b) Dual Clock mode (X1,
Dual Clock, Standby Control Circuits consist of (1) System X2, XT1, XT2 pin). o .
Clock Controller, (2) Prescaler Clock Controller, and (3) Figure 3.3.1 shows a transition figure. Figure 3.3.2 shows

Standby Controller.

the block diagram.

The Oscillator operation mode is classified to (a) Single Figure 3.3.3 shows I/O registers.

Reset
RUN mode instruction release Reset
(Stops only CPU) interrupt

instruction

DleZmode  |<———=——= NORMAL mode —_— STOP mode
interrupt interrup St Il cireuit
(5tops CPU and AD) |2 | (fd/gear_value/2) (Stops all circuits)

IDLE1 mode

(Operates only oscillator)

(a) Signal Clock mode transition figure

Reset

release Reset

RUN mode
(Stops only CPU) inter
instruction

IDLE2 mode m
(Stops CPU and A/D)

instruction

NORMAL mode
(fe/gear value/2)

instruction

IDLE1 mode Tnterrup
(Operates only oscillator)

interrupt STOP mode
instruction

(Stops all circuits)
RUN mode /
(Stops only CPU) Tastruction,
IDLE2 mode TT‘T_— SLOW mode
(Stops CPU and A/D) / (fs/2)

instruction

IDLE1 mode Tterrupy
(Operates anly oscillator)

(b) Dual Clock mode transition figure

Figure 3.3.1 (1/2). Transition Figure

The Clock Frequency input from X1, X2 pin is called fc, system clock fepy. The divided clock of frpy is called system
and the Clock Frequency input from XT1, XT2 pin is called fs. clock fgyg, and the 1 cycle of fgyg is called 1 state.
The clock frequency selected by SYSCR1 <SYSCK> is called
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Operating Highosc’”atormw CPU internal 1/O System clock
Mode Frequency (fc) | Frequency (fs) fsvs
< | RESET reset reset fer3,
2 INORMAL operate operate
“ TRUN oscillation P progrif:mrr}able
® ['oLe2 stop Iy AID (fcff:;' “ y o
- stopon C, C,
o stop ponly 16, 1</32)
< [IDLE1
- stop
Y [sTOP stop -
RESET o stop reset reset fe/3p
* [NORMAL oscillation proammase
o Drogfamm_ab‘e operate operate |2 s, s, g, I32)
— |SLOW programmable oscillation fs."z
v
_ RUN Oscillator using as system programmable
= [|pLE2 clock : oscillation stop stoponly A | (fefa, To/g, fo/g,
3 Other oscillator : programmable f(;’ fc/ fS;' )
e 16, 1¢/32, fsi2
IDLE1
stop
STOP stop -

Figure 3.3.1 (2/2). Internal Operation and System Clock
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®\Warming Up (changing clocks) - feorfs.

®Warming Up (releasing STOP mode) - freH SYSCRO<WUEF>
®\Watch Dog Timer o fsys
Watch Dog Timer/
fc fs Warming Up Timer
8 bit PWMO, 1
——| 5bit Prescaler
run &
TRUN _ Stop | .
<PRRUNS Bbft T!mer 0,1
16bit Timer 4,5
Serial Interface 0, 1
9 bit Prescaler
fs 5
fehe o
L
> @
w
SYSCRO
<PRCK1:0>
internal I/O
[ 7— —>
Fed system ROM, RAM
clock
SYSCRO<XTEN> <RXTEN> 55—~
XT12 [ = I
Low Frequency | | fs o CcPU
XT1 D_> Oscillator v B—
b -
&
[]
5 +2
2 A ) [Jak
WDMOD <HALTM1:0> —=4 v SYSCR1 <SYSCK > =
SYSCRO<XEN> <RXEN> E SYSCRO <RSYSCK> .g
g v SCOUT/PAT
fefo [fely f(,fa /¢ * ° D
X2 [:l * High Frequency SYSCR1 <GEAR2:0> hid
X1 D_,. Oscillator M 1'
CKOCR
<SCOSEL>

Figure 3.3.2. Block Diagram of Dual Clock, Standby Circuits
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SYSCRO
(006EH)

SYSCR1
(Q06FH)

WDMOD
(005CH)

7 6 5 4 3 2 1 0
bit Symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
Read / Write RAW
After reset 1 0 1 0 0 0 0 0
Function High Low High Low slect clock Warming Up | select prescaler clock

Frequency Frequency Frequency Frequency after Timer 00 : fepy
oscillator {fc) | oscillator (fs) | oscillator {fe) | oscillator released Owrite : 01:fs
0:stop 0:stop after (fs) after STOP mode don’'t care 10: fc16
1: 1: released released 0:fc 1write: 11 (reserved)
oscillation osciliation STOP mode | STOP mode 1:fs start
0:stop 0:stop timer
1: 1 Oread:
oscillation oscillation end
warming
up
Tread:
not end
warming
up

7 6 5 4 3 2 1 0
bit Symbol SYSCK GEAR2 GEAR1 GEARO
Read /Write RW
After reset 0 1 0 0
Function selectsystem | select gear value of high frequency (fc)

clock 000 : fc

0:fc 001 : fci2

1:1s 010 fvd
011 : {8
100 : fc16
101 : {reserved)
110 : {reserved)
11 : (reserved)

7 6 5 4 3 2 1 0
bit Symboaol WDTE WDTP1 WDTPO WARM HALTMO | HALTMO RESCR DRVE
Read /Write RW
After reset 1 0 0 0 0 0 0 0
Function wDT WDT Detection Time Warming Up | Standby mode

control Timer 1:Connects | 1:Drives pin
00: 255y 00 : RUN mode WOT output | eveninSTOP
1 enabl 01: 217/fgyg 0: 2% 01:STOP mode to RESET pin | mode
senavle 10 2" gy inputted 10:IDLET mode internally.
111 28gyg frequency 1:IDLE2 mode
1:2%
inputted
frequency

Figure 3.3.3. I/0 Register About Dual Clock, Standby

12
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System Clock Controller

The system clock controller generates system clock
(fsys) for CPU core and internal I/O. It contains two
oscillation circuits and clock gear circuit for high fre-
quency (fc). The register SYSCR1 <SYSCK> changes
system clock to either fc or fs, SYSCRO <XEN>,
<XTEN> controls enable/disable each oscillator,
SYSCR1 <GEAR 2 : 0> changes high frequency clock
gear either 1, 2, 4, 8 or 16 (fc, fc/2, fc/4, fc/8 or fc/16),
these functions can reduce the power consumption.

The system clock (fsyg) is set to fc/32 (fc/16 x 1/2)

fffffffffffff Low Frequency Clock

XT1
2

because of <XEN> = “1”, <XEN> = “0”, <SYSCK> =
“0”, <GEAR 2 : 0> = “100” by resetting.

For example, fgyg is set to 0.5MHz by resetting 16MHz
oscillator is connected to X1, X2 pins.

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

The XT1, XT2 pins have also Port 96, 97 function.
Therefore, single clock mode, the XT1, XT2 pins can
be used as I/O port pins.

XT2

(open)

DLT
7

I
i
I
'
1
I
'
i
1
1
1
1
i
]
I
1
]
1
'
I
|
1
'
|

(a) Crystal/Ceramic
resonator

{c) Crystal resonator

Figure 3.3.4. Examples of Resonator Connection

(d) Extermal Osillator

* Accurate Adjustment of the Oscillation Frequency

The CLK pin outputs 1/2 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.

* Clock modes and Warming-up time

When the resonator is connected to X1, X2, or XT1,
XT2 pin, the warming-up timer is used to change the
operation frequency after getting stabilized oscillation.
The warming up time can be selected by WDMOD
<WARM>.

This starting and ending of warming up timer are per-
formed like the following example 1, 2 by program.

Note 1: The warming up timer is also used as a
watchdog timer. So, when it is used as a
warming up timer, the watchdog timer must

be disabled.

When using the oscillator (not resonator) with
stabilized oscillation, a warming up timer is
not needed.

The warming up timer is operated by an
oscillation clock. Therefore, warming up time
has an error.

Note 2:

Note 3:

Table 3.3.1 Warming Up Time

Warming Up Time

WDMOD <WARM > Change to NORMAL Change toSLOW
0 (214/frequency) 1.024 (ms) 500 (ms) atfc= 16 MHz
1(216/frequency) 4.096 (ms) 2000 (ms) fs =32.768 kHz

TOSHIBA CORPORATION
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Setting Example 1

The case of changing from High Frequency (fc) to Low Frequency (fs).

SYSCRO EQU 006EH
SYSCR1 EQU 006FH
WDCR EQU 005DH
WDMOD EQU 005CH

LD (WDCR), B1H

’ isabl imer.
RES 7, (WDMOD) ; } Disables Watchdog Timer

Low Frequency Warming Up Timer from fcto fs

HighFrequency

SET 4, (WDMOD) : Sets Warming Up Time to 216/fs.
SET 6, (SYSCRO) ; Enables Low Frequency Oscillation
SET 2, (SYSCRO) ; Clears and starts Warming Up Timer.
WUP : BIT 2, (SYSCRO) ; } . )
Detects End of Warming Up Timer.
JR NZ, WUP :
SET 3,{SYSCR1) ; Changes fsys from fc to fs.
RES 7, (SYSCRO) ; Disables High Frequency Oscillation.
SET 7, (WDMOD) ; Enables Watchdog Timer.
/L
<XEN> | —
X1, X2 pins VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVATAVAVAV AVAVAVAVAVAVAVAVAT) ms
<XTEN> i
B ) :
XT1, XT2 pins — NN \/\/\/J\/\/\/\/ NNSNSNTNSNSNT
Warming Up Timer Counts up by fsys \ / Countsup by fsg\\ i
End of Warming Up Timer i 1} / /_ E
<SYSCK> E E fc ({ 3 fs i
T " \ P ;
system Clock foys \/\/\/T\/\/\/\/\/\/\/\/\Al\‘/\/\y\l/ N NN T
! i Doy 5
v ¥ Lo ¥
Enables Clears and Starts i Chages fsys Disables

\l
End of Warming Up Timer

14
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Setting Example 2

The case of changing from Low Frequency (fs) to High Frequency (fc).

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

006EH
006FH
005DH
005CH
(WDCR), B1H
7, (WDMOD)
4, (WDMOD)
7, (SYSCRO)
2, (SYSCRO)
2, (SYSCRO)
NZ, WUP

3, (SYSCR1)
6, (SYSCRD)
7, (WDMOD)

' } Disables Watchdog Timer.

; Sets Warming Up Time to 214/fc.
; Enables High Frequency (fc).
; Clears and Starts Warming Up Timer.

i } Detects End of Warming Up Timer.

; Changes fsys from fs to fc.
; Disables Low Frequency Oscillation.
; Enable Watchdog timer

/L

<XEN> /

X1, X2 pins \}/V\/V\f\/\/\/\/\/V\/V\/\/\/\/\/\/
<XTEN> . \
KT XT2 s \/V\g/\/\f\z\/\/\/\f\(\/\/\/\f}
Warming Up Timer Counts UIEJ by fsys \ / Counts up by fc“ ;
End of Warming Up Timer E ‘ i
<SYSCK > ' f fs (L Y fe
System Clock fos AN YA\ \VAEIVAVAVAVAVAVAVAVAY,
| i i A i
"y *‘ E Chages fgys E
Enables Clears and Starts  from fstofc|
High Frequency Warming Up Timer ¥ v
End of Warming Disables
Up Timer Low Frequency

Setting Example 3

The case of changing gear value of high frequency

SYSCR1 EQU 006FH
LD (SYSCR1), XXXX0000B ; Changes fsys to fo/2
LD (SYSCR1}, XXXX01008B ; Changes fsys to fd/32

X:don'tcare

TOSHIBA CORPORATION
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@

Prescaler Clock Controller

The 9 bit prescaler provides a clock to 8bit Timer O, 1,
16bit Timer 4, 5, and Serial Interface O, 1, and the 5

bit prescaler provides a clock to 8 bit PWM Timer 0,1.

The clock input to the 5 bit prescaler is a clock divided
by 2 which is selected either frpp, fc/16, or fs by
SYSCRO <PRCH1 : 0> register.

The clock input to the 9 bit prescaler is a clock
divided by 4 which is selected either frp, fc/16, or fs
by SYSCRO <PRCH1 : 0> register.

<PRCK1 : 0> register is initialized to “00” resetting.
When the IDLE1 mode (operates only oscillator) is
used, set TRUN <PRRUN> to “0” to stop 9, 5 bit
prescaler before “HALT” instruction is executed.

Standby Controller

When the “HALT” instruction is executed at NORMAL
or SLOW mode, the operating mode changes RUN,
IDLE2, IDLE2, or STOP mode depending on the con-
tents of the HALT mode setting register WDMOD
<HALTM 1 : 0>.

O RUN: Only the CPU halts; power consumption
remains unchanged.

(Example releasing “RUN" mode)

O IDLE2:  The built-in oscillator and the specified I/0O
operates.

The power consumption is reduced to 1/3
than that during NORMAL operation.

O IDLE1:  Only the built-in oscillator operates, while
all other built-in circuits stop. The power
consumption is reduced to 1/10 or less
than that during NORMAL operation.

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

These HALT states can be released by resetting or
requesting an interrupt. The methods for releasing the
HALT status are shown in Table 3.3 (2).

Either a non-maskable or maskable interrupt with El
(enable interrupt) condition is acknowledged and
interrupt processing is processed. A maskable inter-
rupt with DI (disable interrupt) condition is also
acknowledged and CPU starts executing an instruc-
tion that follows the HALT instruction, but the interrupt
request flag is held at “1”.

INTO interrupt releases HALT state when the RUN mode is on.

Address :
8206H LD I (INTEOAD), 06H
8209H El 5
820BH LD (WDMOD), 00H
820EH HALT

INTO _/_\_

; sets interrupt level to ‘6" for INTO
; sets interrupt level to ‘5" for CPU
; sets HALT mode to '‘RUN’

; haits CPU

INTO Interrupt routine

820FH LD XX, XX RETI

When the halt state is released by a reset, that status
in effect before entering the halt status (including built-

in RAM) is held.

16
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a RUN mode cuted. Only the CPU stops executing the instruction.
Until the HALT state is released, the CPU repeats
dummy cycles. In the HALT state, an interrupt request
is sampled with the rising edge of the “CLK” signal.
The external interrupts (INT4, 5, 6, 7) releases only
RUN and IDLE2 mode.

Figure 3.3.5 shows the timing for releasing the HALT
state by interrupts in the RUN/IDLE2 mode.

In the RUN mode, the system clock in the MCU contin-
ues to operate even after a HALT instruction is exe-

S e a W e aW el aWa VW aWaWaWaWalal
ak | J \ / g \ / \

A23to0 __X Next Y Next +2

i1
ALE _/_L ffj )
AD15t0 0 -+ —{acdressy—|—{ Data }— + Qggf_s} o = = == = = =|= — 1 —{address} —[— { Data }- 1 —
RD \ / ir \ IaE
WR £

<

INTO (« /
(level) 1))
INTO, 4, 5,6,7
(rising edge) « 4‘ \
INT4, 6 )
(falling edge) ‘* ,I
internal INT « /
)
HALT instruction execution sequence Interrupt Acknowledge

sequence

Figure 3.3.5. Timing Chart for Releasing the HALT State by Interrupt in RUN/IDLE2 Modes
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0 IDLE2 mode except the internal operation of the MCU. In the RUN
mode, only the CPU stops executing the current

Figure 3.3.5 shows the timing for releasing the HALT instruction, and the system clock is supplied to all
state by interrUptS in the RUN/IDLE2 mode. internal devices. In the IDLE2 mOde, however, the SyS-

In the IDLE2 mode, the HALT state is released by an gee”\jigézck 's supplied to only specific internal /O
interrupt with the same timing as in the RUN mode, '

18 TOSHIBA CORPORATION
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a IDLE1 mode asynchronously with the system clock, however the
HALT release (restart of operation) is performed syn-
Figure 3.3.6 illustrates the timing for releasing the HALT chronously withit.
state by interrupts in the IDLE1 mode. The interrupts except NMI and INTO are disabled dur-
In the IDLE1 mode, only the internal oscillator oper- ing this mode. .
ates. The system clock in the MCU stops, and the When the IDLE1 mode is used, set TRUN <PRRUN>
CLK pin is fixed at the “1” level. to “0” to stop 9, 5 bit prescaler before “HALT” instruc-

In the HALT state, an interrupt request is sampled tion is executed.

SN a U AW AW AR U aAVAWAWAW AW AW AW AW
I
ax | | LT
I
A23to0 X Next h Nex} +2
ALE ,
— \ \ S(J \
AD15to 0 =+ —(Address)——(—Data )— - -(J-::fﬁs}”— - —5(;- —_—— == - —@@— _{.Efi)_ +- -
ﬁ \ ‘i‘j \ /__
WR i
{(
vl L
INTO IG F
(level) )]
INTO A\
(rising edge) )
HALT instruction execution sequence Interrupt Acknowledge
sequence

Figure 3.3.6. Timing Chart of HALT Released by Interrupts in IDLE1 Mode
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0 STOP mode state, independent of the internal operation of the
MCU. Table 3.3 (1) summarizes the state of these pins
Figure 3.3.7 is a timing chart for releasing the HALT in the STOP mode. Note, however, that the pre-halt
state by interrupts in the STOP mode. o1 al oLip. pine oo b retained by seting the niera
The STOP made Is seleated 10 stap all internal airoutts /O register WDMOD <DRVE> to “1”. The content of
including Inte ' - In this mode, at pl this register in initialized to “0” by resetting.
except the special ones are put in the high-impedance
Warming up
time
SETUR AW aW AW AW AW U N WAl aWaWaWalW
I —
ak | \ [T ===\ e —\
A23t00 X Nelx t == 2:: W [Next+2
A i ] s
AD15t00 = ={iadres)= 4 = Gata Y= 4 Lrddron) = 4= = L —— = = = = Giren)= + < Data I + ~{ciren
JE— {
RD \ / \ g \ /
WR . g A
NI LDy
INTO
(level) — —
INTO oA\
(rising edge) !
HALT instruction execution sequence Interrupt Acknowledge
sequence
Figure 3.3.7. Timing Chart of HALT Released by Interrupt in STOP Mode
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Only either the NMI, INTO, or RESET can release the
STOP mode.

When the STOP mode is released except by the
RESET, the system clock starts outputting after warm-
ing up time to get the stabilized oscillation.

A warming up time can be set using WDMOD
<WARM> bit.

See the example of warming up time in Table 3.3.2.
When the STOP mode is released by RESET, it is nec-
essary to keep the RESET signal at “0” long enough to
release to get the stabilized oscillation because the
warming up counter is ignored.

The warming up counter operates when the STOP
mode is released even when the system which is used
as an external oscillator. As a result, it takes warming
up time from inputting the releasing request to output-

Address
SYSCRO EQU 006EH
SYSCR1 EQU 006FH
WDMOD EQU 005CH

9000H RES  4,(WDMOD)
9002H LD
9005H HALT

NMI 3

ting the system clock.

The NORMAL/SLOW mode selection is possible after
released STOP mode.

This is selected by SYSCRO <RSYSCK> register.
Therefore, setting to <RSYSCK>, <RXEN>, <RXTEN>
is necessary before “HALT” instruction is executed.
Additionally, setting value to <SYSCK>, <XEN>,
<XTEN> are ignored.

(Setting Example)

The STOP mode is entered when the low frequency
(fs) operates, and after that high frequency operates
after releasing by NMI.

; Sets Warming Up Time to 214/fc
(SYSCRO), -11000 - - B ; Operates High Frequency after released.

Clears and Starts

Warming Up Timer
(High Frequency)

end

{

NMI Interrupt Routine
9006H LD XX, XX RETI

-:no change

TOSHIBA CORPORATION
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Table 3.3 (1) Pin States in STOP Mode

. TMP93CM40 TMP93CM41
Pin Name 110
DRVE=0 | DRVE=1 | DRVE=0 | DRVE=1
PO Input mode/ADOto 7 - - - -
Qutput mode - Output x X
P1 Input mode / AD8 to 15 - - - -
Qutput mode/A8to 15 - Qutput x X
P2 Input mode PD* PD* PD* PD*
Output mode/AOto 7, A16t0 23 PD* Output PD* Output
P30 (RD), P31 (WR) Qutput - Qutput - “1" Output
P32 to P37 Input mode PU PU
Output mode PU Output
P40, P41 Input mode PU* PU
Output mode puU* Output
P42 (C52/CAS2) Input mode PD* PD
Qutput mode PD* Output
P5 Input - _
P6 Input mode PU* PU
Qutput mode PU* Output
P7 Input mode PU* PU
Output mode PU* Output
P80 to P86 Input mode PU* PU -
Output mode PU* Output
P87 (INTO) Input mode PU PU
Output mode PU Output
P90 to P95 Input mode PU* PU
Output mode PU* Output
PA7 to PAD Input mode - -
Output mode - Qutput
PAT SCouT - "o
NMI Input nput Input
WDTOUT Output Output Qutput
ALE Output 0" "
CLK OQutput - "1
RESET Input Input Input
EA, AMB/16 Input Input Input
X1 Input - -
X2 Output o e
P97 to 96 Input mode - -
Output mode - Output
P96 XT1 - -
P97 XT2 " "
- :  Input for input mode / input pin is invalid; output mode / output pin is at high impedance.
Jnput, : Inputenable state.
Input : Inputgate in operation. Fix input voltage to 0 or 1 so that input pin stays constant.
Output: Outputstate
PU : Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a
pull-up pin resistor is not set.
PD . Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set.
* . Input gate disable state. No through current even if the pin is set to high impedance.
X :  Cannotset.

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.

22
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Table 3.3 (2) Operation During Halt and How to Release the Halt Mode

Halt mode

RUN

IDLE2

IDLE1

STOP

WDMOD<HALTM1, 0>

00

11

10

01

Block

CPU

Halt

1/0 port

Keep the state when the "HALT" instruction was executed

See Table 3.3 (1)

8 bit Timer

7

8 bit PWM Timer

16 bit Timer

Pattern Generator

-

Operate

Stop

Serial Interface

A/D Converter

Watch Dog Timer

Interrupt Controller

|

Halt Releasing Source

NMI

INTWD

INTO

INT4,5,6,7

INTTO, 1,2, 3

INTTR4,5,6,7

Interrupt

INTRXO, TXO

INTRX1, TX1

INTAD

RESET

OOOOOOOOOO\

Ol OOOOOOOO\
N

Note :

On condition that your system allows the interruption to insert during HALT
(STOP) operation and chooses the different clock source before and after HALT
operation, when the system receives the interrupt during HALT (STOP)

operation, the oscillation may be chosen the frequency the system operates

before HALT operation.

<SYSCK > and <RSYSCK > before HALT operation.

Note: On the condition that the system allows the interrup-
tion to insert during HALT (STOP) operation and
chooses the different clock source before and after
HALT operation, when the system receives the inter-
rupt during HALT (STOP) operation, the oscillation may

If your system avoids this, match the value

be chosen in the frequency the system operates
before HALT operation. If your system avoids this,
match the value <SYSCK> and <RSYSCK> before

HALT operation.

Table 3.3.2 Warming up Time After Releasing the STOP Mode Example

Operation clock after the stop Warming-up time [ms] Clock
mode WDMOD <WARM> = 0 WDMOD <WARM> = 1
fc 1.024 4.096
fc/2 2.048 8.192
fc/4 4.096 16.384 fc = 16MHz
fc/8 8.192 32.768
fc/16 16.384 65.536
fs 500 200 fs = 32.768kHz

TOSHIBA CORPORATION
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3.4 Interrupts

TLCS-900 interrupts are controlled by the CPU interrupt mask
flip-flop (IFF2 to 0) and the built-in interrupt controller.

TMP93CM40/M41 have altogether the following 22 inter-
rupt sources:

¢ Interrupts from the CPU"":2

e Interrupts from built-in I/Os 14

(Software interrupts, and lllegal (undefined) instruction execution)
¢ Interrupts from external pins (NMI, INTO, and INT4 to 7)6

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 interrupt source to the
CPU. When more than one interrupt is generated simulta-
neously, 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 Q). If the value
is greater than that of the CPU interrupt mask register, the
interrupt is accepted. The value in the CPU interrupt mask reg-
ister (IFF2 to 0) can be changed using the El instruction (con-
tents of the El num/IFF <2:0> = num). For example,
programming El 3 enables acceptance of maskable interrupts

with a priority of 3 or greater, and non-maskable interrupts
which are set in the interrupt controller. The DI instruction (IFF
<2 : 0> = 7) operates in the same way as the El 7 instruction.
Since the priority values for maskable interrupts are 0 to 6, the
Dl instruction is used to disable maskable interrupts to be
accepted. The El instruction becomes effective immediately
after execution. (With the TLCS-90, the El instruction becomes
effective after execution of the subsequent instruction.)

In addition to the general-purpose interrupt processing
mode described above, there is also a high-speed UDMA pro-
cessing mode. High-speed uDMA 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 1/Os at high
speed.

Figure 3.4 (1) is a flowchart showing overall interrupt
processing.

24
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General-purpose
interrupt processing

{ Interrupt Processing

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

ectorM
high-speed uDMA YES

start vector match

Data transfer by

NO
PUSH PC
PUSH SR
SR<IFF2 to 0>« Accepted
interruput
level + 1

INTNEST«— INTNEST + 1

PC « (8000H + V)

g

Interrupt processing

program

RETI Instruction
POP SR
POP PC

INTNEST«— INTNEST -1

high speed xDMA

COUNT ¢ COUNT -1

Note1l:

End

Figure 3.4 (1). Interrupt Processing Flowchart

|

high speed
#DMA
processing

In read-only mode,
always branches to NO
without conditional

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

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

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

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

(4)  The CPU increments the INTNEST (Interrupt Nesting
Counter).

(5)  The CPU jumps to address 8000H + interrupt vector,
then starts the interrupt processing routine.

The following diagram shows all the above processing
state number.

Bus Width of Bus Width of Interrupt Processing State Number
Interrupt Vector
Stack Area Area MAX mode MIN mode
, 8 bit 35 31
8 bit -
16 bit 31 27
, 16 bit 29 27
16 bit -
8 bit 25 23

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

Though acceptance of non-maskable interrupts cannot
be disabled by program, acceptance of maskable interrupts
can. A priority can be set for each source of maskable inter-
rupts. 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 inter-
rupt 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 1st instruction in the interrupt pro-
cessing routine, causing interrupt processing to nest. This is
the overlapped Non-Maskable interrupt (level “7”).) The CPU
does not accept an interrupt of the same level as that of the
interrupt being processed.

Resetting initializes the CPU mask registers <IFF2 to 0>
to 7; therefore, maskable interrupts are disabled.

The addresses 008000H to O080FFH (256 bytes) of the
TMP93CM40/M41 are assigned for interrupt processing entry
area.

26
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Table 3.4 (1) TMP93CM40/M41 Interrupt Table

Default Vector value | Address refer | High-speed
priority Type Interrupt source “ to vector staﬂr?ei?tor
1 Reset , or SWI0 instruction 0OO0OO0O0OH|[BO00O0OH -
2 SWI 1 instruction 0004H|8004H -
3 INTUNDEF : Illegal instruction, or SW12 0008H|[8008H -
4 Non- SWI 3 instruction 0O0OO0CH|BOOCH -
5 maskable [SWI 4 instruction 0010H|{8010H -
6 SWI 5 instruction 0014H|8014H -
7 SWI 6 instruction 0018H{8018H -
8 SWI 7 instruction 001TCH|[801CH -
9 NMI Pin 0020H|8020H 08H
10 INTWD . Watchdog timer 0024H|8024H 09H
11 INTO pin 0028H|8028H 0AH
12 INT4 pin 002CH|{802CH 0BH
13 INT5 pin 0030H|B8030H 0CH
14 INT6 pin 0034H 8034H 0DH
15 INT7 pin 0038H|8038H OEH
- (Reserved) 003CH|803CH OFH
16 INTTO : 8-bittimer0 0040H|8040H 10H
17 INTT1 : 8-bittimer1 0044H|B044H 11H
18 INTT2 : 8-bittimer2/PWMO 0048H|8048H 12H
19 INTT3 : B-bittimer3/PWM1 004CH|804CH 13H
20 INTTR4 . 16-bittimerd (TREG4) 0O0O50H|8050H 14H
21 Maskable |[INTTR5 : 16-bit timerd (TREGS) 0054H|8054H 15H
22 INTTRG 16-bit timer5 (TREG6) 0O058H|8058H 16H
23 INTTR?7 16-bit timer5 (TREGY) 005CH|[BO0OS5CH 17H
24 INTRXO  : Serial receive (Channel.0) 0060H|8060H 18H
25 INTTX0 . 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 . AJ/D conversion completion 0070H|8070H 1CH
- (Reserved) 0074H|8074H 1DH
to to to to to
- (Reserved) OO0OFCH|[80FCH 3FH
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3.4.2 High-Speed uDMA

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

The TLCS-900 can process at very high speed com-
pared with the TLCS-90 uDMA because it has transfer param-
eters in dedicated registers in the CPU. Since those dedicated
registers are assigned as CPU control registers, they can only
be accessed by the LDC instruction.

(1) High-Speed uDMA Operation

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

When a high-speed uDMA 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 decre-
mented. If the value in the counter after decrementing
is other than O, high-speed pDMA processing is com-
pleted. If the value in the counter after decrementing is

0, general-purpose interrupt processing is performed.
In read-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 TLCS-
900 has only 24 address pins for output. A 16M-byte
space is available for the high-speed pDMA.

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 1/0O and memory
and between 1/Os. For details of transfer modes, see
the description of transfer mode registers.

The transfer counter has 16 bits, so up to 65536 trans-
fers (the maximum when the initial value of the transfer
counter is 0000H) can be performed for one interrupt
source by high-speed PDMA processing.

Interrupt sources processed by high-speed uDMA pro-
cessing are those with the high-speed uDMA start
vectors listed in Table 3.4 (1).

The following timing chart is a high-speed uDMA cycle
of the Transfer Address Increment mode (the other
mode except the Read-only mode is same as this).
(Condition: MIN mode, 16bit Bus width for 16M Byte, O
wait).
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Setting to Reset/Interrupt Vector

(D Reset Vector

8000H | pC(7:0) Though the register mode is the maximum (MAX)
8001H | PC(15:8) mode after reset, The Reset Vector must be defined
8002H | pC (23:16) with in 64K byte area form 0000H to FFFFH.

8003H XX

@ Interrupt Vector (except Reset Vector)

Address refer tovector  +0 PC (7:0)
+1 | PC(15:8)
+2 | PC(23:16)
+3 XX

XX : don't care

(Setting Example)
Reset Vectir : 8100H, NMI Vector : 9ABCH, INTAD Vector : 123456h.

The value “99H" as a vector is for the explaining
and it does not have a special meaning.

ORG 8000H

DL 99008100H ; Reset=8100H
ORG 8020H

DL 99009ABCH ;s NMI=9ABCH
ORG 8070H

DL 99123456H ;INTAD = 123456H
ORG 8100H

ID  AB (cf)
i 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
b CA
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1 state | (Note1) (Note2)

(Note3)

DM1 DM?2 DM3 DM4 DM5 DM6 Dm7 DM8 pDM9 | DM10 | DM11 | DM12

X1 WWWWWWWWWWWWWWWW
—\ / / _ / I /

(Note3) (Note3)
A

ALE \ \ T\ T\ Jj T\ 1\
ADO to 15 L b e = — Hm0w01s Hoote 15 Mmoo 15[ oto1s b= — — —|— = = —{a0to15 - n0to 15 H avto 15 Hoot0 15 H a0t 15 {00t 15 -
Al6to 23 Dummy Dummy Sourcefaddress destinatign address Dummy Next t+2 Next + 4

RD \\ f

|-

7\ T

WR, HWR U /

High-speed «DMA cycle (COUNT#0)

(Note 1) This is added 2 states the case of the bus width of source address (Note 3) This may be a dummy cycle with instruction queue buffer.

area is 8 bit.
(Note 2) This added 2 states the case of the bus width of destination address
area is 8 bit.
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(Note 1) (N%e 2) (Noﬁe 3) (Noj}e 3)
DM DM2 DM3 DM4 DM5 DM6 DM7 DM8 DM9 DM10 | DM11 DIVHZVDM'IB DNHA‘J-\ DM15 | DM16
X1 WWWWWWWWWWWWWWWM
ale [\ 1\ f\ 1\ I\ / I\ \
ADOto 15 F——~—F———F—=—1+———H{a0tw15s Hoow1s J{aowots ] o0to15 }= == == = — - asto1s Hooto1s H a0wwis Hoowots = — = —|— = — -
A16to 23 K Dummy Dummy K Sourceladdress Destinatipn address Dummy next next + 2 Dummy
RD \ / \ / \ /
WR, HWR U /
(No)}e 4) (Note 4) (Ncﬁe 4)
L\Dj\/ﬂ_‘l\?‘j DM18 | DM19 | DM20 T DM21 | DM22 Y DM23 DMZd‘ DM25 | DM26 | DM27 | DM28 | DM29 | DM30 | DM31 | DM32
X1 VAV, AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVY AVAVAVAVAVAVAVAV AVAV
ALE \ [\ \ I\ \
ADOto 15 x Dummy X9P-6 X9P-4 XSP-2 Dummy 800Q0H + V 8002H +V dummy
. F \L T\ [
WR, HWR V— L/ |V
DM33 | DM34 | DM35 | DM36 | DM37
SEAVAVAVAVAVAVAVAVAVAY
ALE I\ 1\
ADO0to 15 | dummy Next Next + 2
RD \ T\ /]
WR, HWR
High-speed «DMA cycle (COUNT =0)
(Note 1) Thisis added 2 states the case of the bus width of source address (Note 3) This be a dummy cycle with instruction queue buffer.
area is 8 bit. (Note 4) Thisisadded 2 states the case of the bus width of stack address
(Note 2) This added 2 states the case of the bus width of destination address area is 8 bit.

area is 8 bit.
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@

ChannelQ

DMASO

DMADO

DMACO
DMAMO

Channel1

DMAS1

DMAD1

DMACT
DMAM1

Channel2

DMAS2

DMAD2

DMAC2
DMAM?2

Channel3

DMAS3

DMAD3

32 bit

DMAC3
DMAM3

<8 bit—

<——16 bit—

Register Configuration (CPU Control Register)

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

Transfer mode register 0

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

Transfer mode register 1

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

Transfer mode register 2

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

Transfer mode register 3

These Control Registers cannot be set only “LCD cr, r” instruction.

}(Use only lower 24 bits.)

(1t0 65536)
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3) Transfer Mode Register Details

(DMAMO to 3)

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

execution time
(Min) at 20 MHz

P Z: 0 =byte transfer, 1 =word transfer *

0 0 0 2 |Transferdestination addressINCmode ....... for 1/0 to memory 16 states
(DMADR + ) « (DMASN)
DMACNn«DMACH -1 (1.6 us)
if DMACNH =0 then INT.

0 0 1 Z [Transferdestination address DEC mode ...... forl/Oto memory 16 states
(DMADN =) « (DMASRN)
DMACn«DMACH - 1 (1.6 us)
if DMACNH =0 then INT.

0 1 0 2Z |Transfersource addressINCmode ... ... forl/Oto memory 16 states
(DMADN) « (DMASN +)
DMACNn«DMACH -1 (1.6 p5)
if DMACN =0 then INT.

0 1 1 Z |Transfersource addressDECmode ... forl/Oto memory 16 states
(DMADR) « (DMASNh =)
DMACneDMACH -1 (1.6 us)
if DMACnH =0 then INT.

1 0 0 Z |Fixedaddressmode .............................ooceeee. WOt 1O 16 states
(DMADN) « (DMASR)
DMACn«DMACNH -1 (1.6 ws)
if DMACnH =0 then INT.

1 0 1 0 |Read-onlymode ... ... forDRAM refresh 14 states
Dummye (DMASn) ; Reads 4 bytes.
DMASNn«DMASn +4 ; Incrementslower word only. (1.4 ps)
DMACn«DMACH - 1

1 0 1 1 |Countermode ... ... ... forinterrupt counter 11 states
DMASNn«<DMASN + 1
DMACNn«DMACH -1 (1.1 us)
if DMACH =0 then INT.

(1states = 100 ns at 20 MHz, High frequency mode)

Note : 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.)

Do not use undefined codes for transfer mode control.
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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: = 1MB

DRAM data bus size: = 8 bits

DRAM mapping address range: = 100000H to
1FFFFFH

Set the following registers first; refresh is performed
automatically.

O Register initial value setting

LD XX, 100000H
LDC DMASO, XIX
LD A, 00001010B
LDC DMAMO, A

“mapping start address

~read only mode (for
DRAM refresh)

O Timer Setting

Set the timers so that interrupts are generated at inter-
vals of 62.5us or less.

O Interrupt controller setting

Set the timer interrupt mask higher than the other inter-
rupt mask. Write the above timer interrupt vector value
in the High-Speed uDMA start vector register, DMAQV.

(Operation description)

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

When a 512 refresh/8ms DRAM is connected, DRAM
refresh is performed sufficiently if the uDMA is started
every 15.625us x 4 = 62.4ps or less, since the timing is
15.625ps/refresh.

(Overhead)

Each processing time by the High-Speed uDMA is
1.8us (18 states) at 20MHz with an 8-bit data bus.

In the above example, the micro DMA is started every
62.5us, 1.8us/62.5us = 0.029; thus, the overhead is
2.88%.

(Note)

When the Bus is released (BUSAK = “0”) which must
wait to accept the interrupt, DRAM refresh is not per-
formed because of the high-speed uDMA is generated
by an interrupt.

34
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3.4.3 Interrupt Controller

Figure 3.4.3 (1) is a block diagram of the interrupt circuits. The
left half of the diagram shows the interrupt controller; the right
half includes the CPU interrupt request signal circuit and the
HALT release signal circuit.

Each interrupt channel (total of 20 channels) in the inter-
rupt controller has an interrupt request flip-flop, interrupt prior-
ity setting register, and a register for storing the high-speed
UDMA start vector. The interrupt request flip-flop is used to
latch interrupt requests from peripheral devices. The flip-flop is
cleared to O at reset, when the CPU reads the interrupt chan-
nel vector after the acceptance of interrupt, or when the CPU
executes an instruction that clears the interrupt of that channel

(writes O in the clear bit of the interrupt priority setting register).

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

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 (e.g., INTEOAD, INTE45,
etc.) provided for each interrupt source. Interrupt levels to be
set are from 1 to 6. Writing O or 7 as the interrupt priority dis-
ables 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 gen-
erated simultaneously, interrupts are accepted in accordance
with the default priority (the smaller the vector value, the higher
the priority).

The interrupt controller sends the interrupt request with
the highest priority among the simultaneous interrupts and its
vector address to the CPU. The CPU compares the priority
value <IFF2 to O> 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 O>. Inter-
rupt 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 high-speed UDMA start vector. These are 1/O regis-
ters; unlike other DMA registers (DMAS, DMAD, DMAM, and
DMAQC), they can be accessed in either normal or system
mode. Writing the start vector of the interrupt source for the
MDMA processing (see Table 3.4 (1)), enables the correspond-
ing interrupt to be processed by UDMA processing. The values
must be set in the uDMA parameter registers (e.g., DMAS and
DMAD) prior to the uDMA processing.
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Interrupt controller

CPU

Interrupt request flip flop
1
NI s Q 1 N
RESET
AR N
Interrupt
vecror V read
V =80H Interrupt enable  rpseT
INTWD A V=90H [ flag on CPU side
Int t t -‘—l
Priority setting register Decoder B prior 4 ,,ng::[u.z crsaues FF2t0 0 |*—————El 1107
on __{)_). Y1 riority encoder - p
A v2
on+1—>D Q a:{}_,a Y1 I 1 o \
7 1y |2 Highest \V
prez—>| CLR |g{)—sc T 77 prionity o N3 nTRQ2ta0 3 | '”‘f;’”p‘ |—4—> Interrupt request
) Y5 +6 interrupt interrupt evel detect signal
Interrupt Y6 6 4 levelselect CI”  yoctorread ¥
FIF — 5
request o3 . 00 ifINTRQ2t0 0=
INTO s Q D+ o1 IFF2 toO then 1
RESET — R ’
Interrupt request flip flop read . » D2
ighese prierity =
Interrupt request clear Dn + 3 2 03
Interrupt request V read V = AOH N g;
INT2 A V =BOH — A Interrupt o
V = COH W, vector
e : V= DOH | genereten o7 B
o8 uri
INT7 A V= EOH 05e
INTTO A V = 100H o
INTTY A V=110H < ~
INTT2 A V =120H 1 5
NTT3 A V=130H 1
INTTR4 A V= 140H A
INTTRS A V = 150H
INTTRE A V= 160H 1
INTTR? A V=170H P HALT release
INTRXO A V=180H A
INTTXO A V= 190H RESET
INTRX1 A V= 1A0H 1
INTTX1 A V=1B0H 4 INTO
INTAD A V = 1COH NMI
#DMA start vector setting register 4input OR
D4 —
D3 —> . High-speeduDMA
p2—|D Q - Match request
D1 —
5 | detect
DO —»= CLR
] Ap— 2 2 High-speed sDMA
T
RESE DMAQV 8l channel specification
§ DMA1V
‘ DMA2V High-speed «DMA channel
) DMA3V priorty encoder
(Highest priority = ch 0)

Figure 3.4.3 (1). Block Diagram of Interrupt Controller
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(1) Interrupt Priority Setting Register

(Read-modify-write is prohibited.)

symbol | Address 7 i 6 i 5 i a4 3 o2 i1 ¢ 0
INTAD INTO
INTEOAD | 0070H 1ADC IADM2 : |IADM1 | IADMO 10C IoM2 : 1oMm1 : IOMO
RW w RW W
0 0 P00 0 0 0 i 0 0
INTS INT4
INTE4S 0071H i5C ISM2 : I5M1 @ I5MO 14C : 14M2  : 14M1 : 14MO0
RW ¢ w RW W
0 P00 P00 : 0 0 : 0 i 0 .
INT7 INT6
INTE67 0072H 17C I7M2 : 17M1 : 17MO 16C I6M2 : [6M1 @ 16MO
RW i W RAW i w
0 : 0 L0 : 0 0 : 0 i 0 H 0
INTT1 (Timer1) INTTO (Timer0)
INTET10 | 0073H ITIC : ITIM2 ; ITIM1 : ITIMO ITOC @ ITOM2 : ITOM1 @ ITOMQ
RAW W RIW  : W
0 0 i 0 o0 0 0 i 0 0
INTT3 (Timer3/PWM1) INTT2 (Timer2 / PWMO0)
INTEPW10| 0074H IPW1C ;LPWlMZ;\PWIMﬂLPWIMO IPWQC ;[F’WOMZ;\PWOMI;\F’WOMG
RIW  : W RIW w
0o i o0 o o0 0o i o i o0 : o
INTTRS (TREGS) INTTR4 (TREG4)
INTETSS | 0075H IT5C : ITSM2 @ ITSM1 & ITSMO IT4C_ ¢ IT4M2 © 1TAM1 : ITAMO
RW W RW W
0 0 i o 0 0 o0 i o i o0
__INTTR7 (TREG7) __INTTR6 (TREG6E)
INTET76 | 0076H 1IT7C : IT7M2 : IT7M1 : IT7MO IT6C : IT6M2 : IT6M1 : IT6MO
RW_ : w RW_: W
0 : 0 : 0 H 0 0 H 0 H [0] : 0
INTTXO INTRX0O
INTESO 0077H ITX0C ITXOM?2 : ITXOM1 @ ITXOMQ | IRXOC IRXOM2 : IRXOM1 : IRXOMO
RW w RW_: W
0 0 i 0 P 0 0 i 0 i 0 : 0
INTTX1 INTRX 1
ITX1C S ITX1IM2 S ITXIM1 S ITXTMO | IRX1C [ IRX1M2 [ IRX1M1 [ IRX1MO
INTES1 0078H - * - -
RAW W RW W
0 - o0 0 0 0 0 : 0 0
I_l____H I JL
1 I
L IxxM2 IxxM1 o0 Function (Write)
0 0 0 Prohibits interrupt request.
0 0 1 Setsinterrupt request level to "1".
0 1 0 Setsinterrupt request level to 2",
0 1 1 Sets interrupt request level to “3"
1 0 0 Setsinterrupt request level to “4".
1 0 1 Sets interrupt request level to “5".
1 1 0 Sets interrupt request level to “6".
1 1 1 Prohibits interrupt request.
_— IxxC Function (Read) Function (Write)
0 Indicates no interrupt request. Clears interrupt request flag.
1 Indicates interrupt request. | ----- Don'tcare-----

«Interrupt source
«bit Symbol
«Read / Write
«—After reset
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* Note about clearing interrupt request flag

The interrupt request flag of INTAD, INTRXO, INTRX1
are not cleared by writing “00” to IXXC because they

2) External Interrupt Control

are level interrupts.

They can be cleared only by resetting or reading
ADREGN/SCBUFN.

Interrupt Input Mode Control Register

IIMC 7 6 5 4 3 2 1 0
(0078H) bit Symbol WUEF | PRCKI | PRCKO
Read /Write
After reset 0 0 0
Function 1: INTO 0: INTO 1: Canbe
input edge accepted
enable mode in NMIT
1:INTO rising
level edge.
mode
Read-modify-write s J . |
prohibited.
e INTO input enable (Note) ’—» NMI rising edge enable
0 | INTO disable (P87 function only) 0 | Interrupt request generation at
1 | Inputenable falling edge
Notel : The INTO pin can also be used for standby release as described later. 1 | Interrupt request generation at
Even if the pin is not used for standby release, setting this register to rising/falling edge
“0” maintains the port function during standby mode.
Note2 : Case of changing from level to edge for INTO pin mode (<IOLE>“1"—"0")
Execution example: L o INTO level enable
LD (INTEQAD), xxxx00008B ; INTO disenable,clean the request flag o | Risnoedoe d =
LD (IIMC) , Xxxxx10xB ;Change from level to edge ising edge detect interrupt
LD (INTEOAD), xxxx0OnnnB ; Set interrupt levle “n” for INTO, clear 1 | High level interrupt

the request flag

Setting of External Interrupt Pin Functions

Interrupt | Pinname Mode Setting method
T Falling edge |[IIMC{NMIREE> =0
NMI — .
— Falling and rising .
__f edges IIMC<NMIREE> =1
_f  Risingedge |IMCKIOLE> =0, <IDIE> =1
INTO P87
77 U Level IIMCKIOLE> =1, <I0IE> =1
_f_ Rising edge TAMOC<CAP12ZM1,0> = 0,00r0,10r 1,1
INT4 P80
T\_ Fallingedge |T4MOD<CAP12M1,0>=1,0
INTS P81 & Rising edge _
4 Rising edge T5MOC<CAP34M1,0> =0,00r0,10r1,1
INT6 P84
RE Falling edge |T5MOD<CAP34M1,0>=1,0
INT7 P85 £ Rising edge —

38
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3) High-Speed uDMA Start Vector

the interrupt is processed in uDMA mode for the
channel whose value matched.

When the CPU reads the interrupt vector after accept- If the interrupt vector matches more than one channel,
ing an interrupt, it simultaneously compares the inter- the channel with the lower channel number has a
rupt vector with each channel’s uDMA start vector higher priority.

(bits 4 to 8 of the interrupt vector). When both match,

High Speed «DMAGO Start Vector (read-modify-write is not possible.)
DMAOV P65 4 i 3 . o2 01 i 0
(007CH) bit Symbol DMAOVS ; DMAOV7 | DMAOV6 | DMAOVS | DMAQV4
Read /Write w
After reset 0 0 : 0 0 0
High Speed xDMA1 Start Vector (read-modify-write is not possible.)
DMA1V 6 | 5 4 13 b2 b i
(007DH) bit Symbol ] DMATVE | DMAIV7 | DMAIVE : DMAIVS | DMA1VA
Read / Write W
After reset 0 0 ; 0 : 0 : 0
High Speed xDMA2 Start Vector (read-modify-write is not possible.)
DMA2V 6 ‘ 5 4 1 3 : 2 1 N
(007€H) bit Symbol : DMA2VS . DMA2V7 | DMA2V6 | DMA2VS | DMA2V4
Read / Write W
After reset 0 P i S0 1
High Speed xDMA3 Start Vector (read-modify-write is not possible.)
DMA3V 6 i 5 a4 i3 o2 i P
(007FH) bit Symbol : DMA3V8 ;| DMA3V7 | DMA3V6 | DMA3VS i DMA3V4
Read / Write w
After reset 0 0 0 0 0
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)

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 inter-
rupt is generated, it is possible that the CPU might
execute the fetched instruction to clear the interrupt

request flag while reading the interrupt vector after
accepting the interrupt. If so, the CPU would read the
default vector “0028H” and start the interrupt process-
ing from the address “8028H".

To avoid this, make sure that the instruction used to

clear the interrupt request flag comes after the DI
instruction.

40
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3.5 Functions of Ports

The TMPO3CM40/TMP96PM40 has 79 bits for I/O ports. The
TMPO3CM41 has 61 bits for I/O ports because Port0, Port1,
P30, and P31 are dedicated pins for ADO to 7, AD8 to 15, RD,

These port pins have 1/O functions for the built-in CPU
and internal I/Os as well as general-purpose I/O port functions.
Table 3.5 lists the function of each port pin.

and WR.
(R: 1 = With programmable pull-up resistor
L = WIth programmable pull-down)
Table 3.5 Functions of Ports
Port Name Pin Name Nurgil:]t;r of Direction R Direction Setting Unit Pin Name for Built-in Function
Port0 P00 to P07 8 1/0 - Bit ADO to AD7
Port1 P10 to P17 8 I/0 = Bit AD8 to AD15/ A8 to A15
Port2 P20 to P27 8 1/0 ! Bit A0 to A7/ A16 to A23
Port 3 P30 1 Output - (Fixed) RD
P31 1 QOutput - (Fixed) WR
P32 1 /0 1 Bit HWR
P33 1 /0 1 Bit WAIT
P34 1 /0 1 Bit BUSRQ
P35 1 /0 1 Bit BUSAK
P36 1 /0 1 Bit R/W
P37 1 /0 1 Bit RAS
Port4 P40 1 /0 1 Bit CS0/CASO
P41 1 /0 1 Bit CS1/CASt
P42 1 /0 ! Bit CS2 / CAS2
Ports P50 to P57 8 Input - (Fixed) ANO to AN7
Port6 P60 to P67 8 /0 1 Bit PG00 to PGO3, PG10 to PG13
Port7 P70 1 /0 1 Bit TIO
P71 1 /0 1 Bit TO1
P72 1 /0 1 Bit T02
P73 1 /0 1 Bit T03
Port8 P80 1 /0 1 Bit T14/INT4
P81 1 /0 1 Bit T15/INTS
P82 1 /0 1 Bit TO4
P83 1 /0 1 Bit T05
P84 1 /0 1 Bit TI6 / INT6
P85 1 /0 1 Bit TI7 /INT7
P86 1 /0 1 Bit T06
pg7 1 /0 1 Bit INTO
Port9 P90 1 /0 1 Bit TXDO
P91 1 /0 1 Bit RXDO
P92 1 /0 1 Bit CTSO
P93 1 /0 1 Bit TXD1
P94 1 /0 1 Bit RXD1
P95 1 /0 1 Bit SCLK1
P96 1 /0 - Bit XT
P97 1 /0 - Bit XT2
PortA PA7 to PAO 8 /0 - Bit SCOUT (PA7)
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Resetting makes the port pins listed below function as
general-purpose I/O ports.

I/0 pins programmable for input or output function as
input ports except P96/XT1, PO7/XT2.

To set port pins for built-in functions, a program is
required.

Since the TMP96C141 has an external ROM, some ports
are permanently assigned to the CPU.

* Notes about the bus release and programmable pull-
up/down I/O ports:

When buses are released (BUSAK = 0), the TMP96C141/
TMP96CM40/TMP96PMA40 sets the output buffer for ADO to
AD15, AQ to A28, and bus control signals (RD, WR, HWR, R/
W, RAS, CS0/CASO - CS2/CAS2) to off to set them to high
impedance. The internal programmable pull-up/pull-down
resistors continue to operate. Resistors are programmable only
for operations in input mode; not in output mode.

Pin states at bus release are shown below.

e POOtoPO7 - ADOto AD7
e P10toP17 - AD8toAD15
e P30 -~ RD
e P31 - WR
Pin state at bus release
Pin Name
Port mode Function mode
P00 to PO7
(ADO to AD7) The state is not changed .
P10to P17 (does not become high-impedance (HZ).) becomes high-impedance (HZ)
(AD8 to AD15)
P30 (RD) L
P31 (WR) becomes high-impedance (HZ) -
P32 (R The output buffer to OFF. The output buffer to OFF.
P37 (RAS) The programmable pull-up resistor is ON only when the The programmable pull-up resistor is ON regardless of the
output latch is equal to “1”. output latch.
Eig E%}m) : The output buffer to OFF.
o7 A ReT The programmable pull-down resistor is undefined.
P41 (CS1/CAST)
. The output buffer to OFF.
P42 (CS2/CAS2) The programmable pull-up resistor is ON only when the H:Z Olrgzlrj;r?]%;etglio ?JIFEdown resistor is undefined
output latch is equal to “0”. p P '
. The output buffer to OFF.
F201o P27 The state is not Chaﬂged: The programmable pull-up resistor is ON only when the
(A16 to A23) (does not become high-impedance (HZ).) output latch is equal o “0°

42
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The following are the example of the interface circuit of
the above pins when the bus releasing function is used.

When the bus is released, both internal memory and
internal I/0O cannot be accessed, but the internal I/0O continues
to operate.

P35 (BUSAK)

P42 (T52)

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

about3to 5k

P30 (RD)
P31 (WR)
P32 (HWR)

System control bus

P36 (RW)

P37 (RAS)
P40 (CSO)
P41 (CS1)

P20 (A16)
to
P27 (A23)

Address Bus (A23 to A16)

i

Example of external bus interface using bus release function.

The above circuit is necessary to fix the signal level when
the bus is released.

Reset sets P30 (RD), P31 (WR) to output, P40 (CS0),
P41 (CS1), P32 (HWR), P36 (R/W), P37 (RAS), and P35
(BUSAK) are set to input mode using a pull-up resistor, P42
(CS2) and P20 to P27 (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 value must be 3
to 5 kQ. (The value of the internal pull-down resistor is about
50 to 150kQ)

__ P20to 27 (A16 to 23) also needs a circuit like circuit P42
(CS2) to fix the signal level.

But for the P20 to P27 (A16 to 23) which does not have
the means (“L” is active), add pull down directly like the above
circuit.
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3.5.1 Port 0 (P00 to P07)
Port O is an 8-bit general-purpose I/0 port. I/0 can be set on a
bit basis using control register POCR to 0 and sets Port O to
input mode.

In addition to functioning as a general purpose I/O port,
Port 0 also functions as an address data bus (ADO to 7). To

access external memory, Port O functions as an address data
bus (AD 0O to 7) and all bits of the control register POCR are
cleared to O.

With the TMP9eCMO041, which needs external ROMs,
Port 0 always functions as an address data bus (ADO to 7)
regardless of the value set in control register POCR.

(T
Reset
Direction control
w (on bit basis)
3
o
o POCR write
-
w
Output
el
latch - L :gurt t(cJ) PO7
; Qutput buffer (ADO to AD7)
c PO write
W <1
-
- |
) AT—CP;
i~

PO read

Figure 3.5 (1). Port 0
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3.5.2 Port 1 (P10 to P17)

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

With the TMP93CM41, which needs external ROMs,
Port 1 always functions as an address data bus (AD8 to 15)
(AM8/16 = “0”), as an address bus (A8 to 15) (AM8/16 = “17)
regardless of the value set in control register P1CR.

Reset
(N
Direction control
{on bit basis)
b
" P1CR write
> T
° Function control
o {on bit basis)
® A
] P1FC write
© Qutput Port 1
= latch ol P10 to P17
. Output buffer (AD8 to AD15/ A8 to A15)
- P1write
e 1
iCL
AN
P1read

Figure 3.5 (2). Port 1
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Port 0 Register

PO 7 6 5 4 3 2 1 0
(0000H) bit Symbol PO7 P06 POS P04 P03 P02 PO1 P00
Read/Write RAW
After reset Input mode (Output latch register becomes undefined.)
Port 0 Control Register
POCR 7 6 5 4 3 2 1 0
(0002H) bit Symbol PO7C POGC POSC PO4C PO3C PO2C POIC POOC
Read / Write RV
After reset 0 [ 0 I 0 ] 0 [ 0 | 0 | 0 \ 0
Function 0:IN 1:0UT (At external access, Port 0 becomes AD7 to 0 and POCR is cleared to 0.)
| 1
L > Port0I/0setting
0 |Input
Port 1 Register ! |Output
P1 7 6 5 4 3 2 1 0
(0001H) bit Symbol P17 P16 P15 P14 P13 P12 P11 P10
Read/Write R/W
After reset Input mode (Output latch register is cleared to “0".)
Port 1 Control Register
P1CR 7 6 5 4 3 2 1 0
(0004H) bit Symbol P17C P16C P15C P14C P13C P12C PI1C P10C
Read/Write RV
Afterreset 0 1 0 l 0 | 0 | 0 l 0 | 0 ’ 0
Function < <See P1FCbelow.>>
Port 1 Function Register
P1FC 7 6 5 4 3 2 1 0
(0005H) bit Symbol P17F P16F P1SF P14F P13F P12F PI1F P10F
Read / Write RAW
After reset 0 [ 0 l 0 l 0 ] 0 l 0 ‘ Q ‘ 0
Function P1FC/P1CR=00:IN,01:OUT, 10: AD15t0 8,11 : A15t0 8
g i \ o = Port 1 function setting !
zsshig?toeci‘f{):\g;iesltsers POCR, RIFC<PIXF> 0 1
P1CR, and P1FC. PICR<P1XES
0 input port Address data bus
(AD151t08)
1 QOutput port I\(i(ﬁrse:;l;\;s

Note :

Figure 3.5 (3). Registers for Ports 0 and 1

<P1XF > is bit X in register PIFC; <P1XC>,in register

46
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3.5.3 Port 2 (P20 to P27)

Port 2 is an 8-bit general-purpose 1/O port. I/0O can be set on
bit basis using the control register P2CR and function register
P2FC. Resetting resets all bits of output latch P2, control regis-

input mode and connects a pull-down resistor. To disconnect
the pull-down resistor, write 1 in the output latch.

In addition to functioning as a general-purpose I/O port,
Port 2 also functions as an address data bus (A0 to 7) and an

ter P2CR and function register P2FC to 0. It also sets Port 2 to address bus (A16 to 23).
~_ Reset
Direction control
(on bit basis)
P2CR write
=1
kS Function control
(on bit basis)
T
5 P2FC write
- ¥
©
e Qutput Port 2
N latch g P20 to P27
Output buffer

@ 7 (AOto A7/A16to A23)
e P2 write
- N-ch

1

T‘—Qi' ( Programmable )

P pull-down

~_ P2 read

Figure 3.5 (4). Port 2

TOSHIBA CORPORATION

47



TMP93CM40/TMP93CM41

P2
(0006H)

P2CR
(0008H)

P2FC
(0009H)

Port 2 Register

7 6 5 i 4 i3 2 1 0
bit Symbol P27 P26 P25 : P24 : P23 P22 P21 P20
Read /Write RIW
After reset Input mode (Output latch register is cleared to “0".)

Port 2 Control Register

7 6 5 P4 103 2 L P00
bit Symbol pP27C P26C P25C : P24C P23C pP22C P21C P20C
Read /Write w
After reset 0 0 0 : 0 0 0 0 0
Function < <SeeP2FCbelow.>>

Part 2 Function Register

7 6 5 R - 2 1 0
bit Symbol P27F P26F PISF | P24F | P23F P22F P21F  :  P20F
Read /Write w
After reset 0 o ¢{ o i o ¢ 0 i 0 i 0 0
Function P2FC/P2CR=00:IN,01:0UT,10: A7t00,11: A23t0 16

I L Port 2 function setting I
Read-modify-write is P2FC<P2XF>
prohibited for registers 0 1
P2CR and P2FC. P2CR<P2XC>
0 Input port Address data bus
{A7to Q)
1 Output port .?:nge;s :ng)s

Figure 3.5 (5). Registers for Port 2

Note :

<P2XF > isbit X in register P2FC; <P2XC>;in register P2CR.
To set as an address bus A23 to 16, set P2FC after setting P2CR.

48
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3.5.4 Port 3 (P30 to P37)

Port 3 is an 8-bit general-purpose /0 port.

I/O can be set on a bit basis, but note that P30 and P31
are used for output only. I/O is set using control register PSCR
and function register PSFC. Resetting resets all bits of output
latch P3, control register P3CR (bits O 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/0 port,
Port 3 also functions as an 1/O for the CPU’s control/status sig-
nal.

With the TMP9B6C140, when P30 pin is defined as RD
signal output mode (<P30F> = 1), clearing the output latch
register <P30> to O outputs the RD strobe (used for the
pseudo static RAM) from the P30 pin even when the internal
address area is accessed. o

If the output latch register <P30> remains 1, the RD
strobe signal is output only when the external address area is
accessed.

With the TMPO3CM41, which comes with an external
ROM, Port 30 outputs the RD signal; P31, the WR signal,
regardless of the values set in function registers P30F and
P31F.
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Reset For TMP93CM41

Function
control
(on bit basis)

4
P3FC write

} S
S
Output
latch

A

B

P3 vtrite F
RD,

P3 read

data bus

> "] P30(RD)

L Shid
Output buffer P31(WR)

Selector

Internal

Reset

-

Direction
control |
(on bit basis)

P3CR write
1
Function

control |
(on bit basis)

1‘ . ~ Programmable
P3FC write {>o4 P ch(pu”_up )
— S

S
— = Output
latch

data bus

A _

[~ . ] P32(HWR)
8 P35(BUSAK)

P36(R/W)
P3 write P37(RAS)

<1

Internal

Selector

Output buffer

P3 read

Figure 3.5 (6). Port 3 (P30, P31, P32, P35, P36, P37)
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Reset

—

Direction
control |
(on bit basis)

* Bran(? b
P3CR write >0 B P-ch pruriﬁalmma e )
%

S
Output : b ; P33 (WAIT)
latch L D
Output buffer

data bus

P3 write

Internal

T |

P3 read

Internal
WAIT

2!

Reset

—

Direction
control
{on bit basis)

4
P3CR write
3
Function

control
(on bit basis)

data bus

p3 FCTwri‘ce Do_i P-ch ( Programmable )

puli-up
Ty
S

Output , ™ —— ] P34 (BUSRQ)

latch

Internal

P3 write

~J

Internal P3 read
BUSRQ

Figure 3.5 (7). Port 3 (P33, P34)
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Port 3 Register

P3 7 6 5 4 3 2 1 0
(0007H) bit Symbol P37 P36 P35 P34 P33 P32 P31 P30
Read / Write RAW
After reset Input mode (pulled-up) Output mode
Port 3 Control Register
P3CR 7 6 5 4 3 2 1 0
(000AH) bit Symbol P37C P36C P35C P34C P33C P32C
Read/Write W
After reset 0 0 : 0 0 0 0
Function 0:IN 1:0UT :
1 |
L 110 setting
0 |[Input
1 [Output
Port 3 Function Register
P3FC 7 6 5 : 4 3 2 1 0
(000BH) bit Symbol P37F P36F P35F P34F P32F P31F P30F
Read /Write w
After reset 0 o 0o i 0 A 0
Function 0:PORT 0:PORT :0:PORT (0:PORT | {0:PORT (0:PORT {0:PORT
1:RAS  (1:RW :1:BUSAK :1:BUSRQ : (1:HWR (1:WR (1:RD
Read-modify-write is ! l
prohibited for registers
P3CR and P3FC. — . .
I__ BUSRQ setting L P30 (RD) function setting
PIFC <P34F> 1 SP30> o 1
P3CR <P34C> 0 <P30F>
BUSAK setting 0 0 outiut _I output
Always RD RD output
P3FC <P35F> 1 1 output only for
< > 1 (for pseudo external
P3CR <P35C SRAM) access
>R/W setting L—> P30 (RD) function setting
P3FC <P36F> 1 =P31>
P3CR <P36C> 1 0 1
<P31F>
L—»RAS setting 0 “0" output | “1" output
P3FC <P37F> 1 1 WR output only for
external access
P3CR <P37C> 1
L——» HWR setting
Note) When P33/ WAIT pin is used as a WAIT pin, set PSCR<P33C> to P3FC <P32F> 1
“0” and Chip Select / WAIT control register <BnW1, 0> to“10”. PICR <P32C> ]

Figure 3.5 (8). Registers for Port 3
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3.5.5 Port 4 (P40 to P42) In addition to functioning as a general-purpose I/O port,
Port 4 is a 3-bit general-purpose /O port. /O canbe setona  Port 4 also functions as a chip select output signal (CSO to
bit basis using control register PACR and function register CS2 or CASO to CAS2).

P4FC. Resetting does the following:

- Sets the P40 and P42 output latch registers to 1.

- Resets all bits of the P42 output latch register, the control
register PACR, and the function register P4FC to O.

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

- Sets P42 to input mode and connects a pull-down resistor.
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Reset

—

Direction

control |
{on bit basis)

A
PACR write
3
Function

control
(on bit basis)

A Programmable
PAFC write S o P"h(pump )
I |

)
()Iutpr\;lt :\/\ D P40 (CS0 / CAS0),
atc

]
= ‘

T < | |outputbuffer P41 (CST/CAST)
v

P4 write — .
A L_CS0/CASO, CS51/CAS1

i—CL-

P4 rea

data bus

Internal

|7w >

!

Reset

[

Direction

control
(on bit basis)

Y

[}
P4CR write
T —
Function

control |
(on bit basis)

data bus

A
PAFC write

Ty
R
Output
latch

vy

>

™
V
Qutput buffer

{ ] Paz (C52/CAS2)

Internal

[
P4 write
/1

l Selector

F o

< N-ch

|

(9]
i
[N]
-
0|
>
wn
)

(Programmab\ e )
pull-down

{5

P4 read

Figure 3.5 (9). Port 4
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Port 4 Register

P4 7 i 6 i 5 Cooa b3 P2 : 1 P00
(000cH) bit Symbol ; P opaz i P4l . Pao
Read / Write R/W
After reset : Input mode

{o(Pull-down) I 1(Pullup) | 1 (Pull-up)

Port 4 Control Register

PACR 7 ¢ 6 5 i a4 i 3 . 2 1 0
(000EH) bit Symbol : i pa2c | PaIC | PAOC
Read /Write W
After reset H 0 : 0 0
Function : 0:IN 1:0UT
L |
1 /0 setting
0 |Input
1 | Output
Port 4 Function Register
PAFC 7 ¢ e i s i a4 i 3 L o2 0 S0
(0010H) bit Symbol ©opaze | PailF i PAOF
Read / Write : : w
After reset : 0 0 0
Function : : 0:PORT 1:C5/CAS
= |
Read-modify-write is not

possible for P4CR or PAFC.
Port (P40)

1 | CS0/CASO

0 |Port(P41)

1 |CS1/CAST

0 |Port(P42)
1 |C52/CAS2

Note: Tooutput chip select signal (CS0/TASD to CS2/ CAS2), set the corresponding bits of the control register
P4CR and the function register P4FC. o
The BOCS, B1CS, and B2CS registers of the chip select / wait controller are used to select the C5/ CAS
function.

Figure 3.5 (10). Registers for Port 4
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3.5.6 Port 5 (P50 to P57)

Port 5 is an 8-bit input port, also used as an analog input pin

PS5
(000DH)

for the internal A/D Converter.

—~
w
1
E \rl D Port 5
© Port 5 read P50 to P57
= ort5rea (ANO to AN7)
o
©
=
@ c .
+ onversion
< result A/D | | Channel
register converter selector
g AD read
Figure 3.5 (11). Port 5
Port 5 Register
7 6 5 : 4 H 3 2 1 0
bit Symbol P57 P56 P55 Ps4 P53 P52 P51 P50
Read / Write R
After reset Input mode

Note) The input channel selection of A/D Converter is set by A/D Converter mode register ADMOD2.

Figure 3.5 (12). Registers for Port 5
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3.5.7 Port 6 (P60 to P67) also functions as a pattern generator PGO/PG1 output. PGO is
Port 6 is an 8-bit general-purpose I/O port. I/O can be set on assigned to P60 to P63; PG1, to P64 to P67. Writing 1 in the
bit basis. Resetting sets Port 6 as an input port and connects ~ corresponding bit of the port 6 function register (P6FC)

a pull-up resistor. It also sets all bits of the output latch to 1. In~ eénables PG output. Resetting resets the function register
addition to functioning as a general-purpose I/O port, Port 6 PBFC value to 0, and sets all bits to ports.

Reset

,N—‘ Direction control

(on bit basis)

A

P6CR write

T 3

Function control
(on bit basis)

1

PEFCwrite
—— ""'—l P-ch
S Programmable
Output pull-up
latch L_, A S
A Selector ﬂ Port 6
P6 write

PGO, 1 B P60 to P67

r__. (PG00 to PG13)

S

data bus

Internal

§7

B |e—d
ﬂ Selector

it P6 read A

Figure 3.5 (13). Port 6
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P6
(0012H)

P6CR
(0014H)

P6FC
(0016H)

Port 6 Register

7 6 s Pooa i3 2 1 P
bit Symbol P67 P66 i P65 i P64 1 P63 P62 P61 i P60
Read / Write RAW
After reset Input mode (Pull-up)

1 1 : 1 : 1 : 1 1 1 1

Port 6 Control Register

7 6 i s . 4 i 3 2 1 P
bit Symbol PE7C PEEC : PESC i P6AC i PB3C P62C P6IC i PBOC
Read / Write W
After reset 0 0 0 0 0 0 ] Q
Function 0:IN 1:0UT

L Poth 61/0 setting
0 |Input
1 | Qutput
Port 6 Function Register

7 6 i 5 P4 13 2 1 S0
bit Symbol P67F P66F : PBSF | PBAF PB3F P62F P6IF | PBOF
Read / Write w
After reset 0 0 P00 S0 S0 0 0 0
Function 0:PORT 1:PG1-OUT 0:PORT 1:PGO-OUT

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

[—> Port 6 function setting

0

General-pu

rpose port

1

Stepping m
generation

ator control / Pattern
port

Figure 3.5 (14). Registers for Port 6
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3.5.8 Port 7 (P70 to P73) 71 as an 8-bit timer output (TO1), Port 72 as a PWMO output
Port 7 is a 4-bit general-purpose I/O port. /O can be seton bit ~ (TO2), and Port 73 as a PWM1 output (TO3) pin. Writing 1 in
basis. Resetting sets Port 7 as an input port and connects a the corresponding bit of the Port 7 function register (P7FC)

pull-up resistor. In addition to functioning as a general-purpose  €nables output of the timer. Resetting resets the function regis-
/O port, Port 70 also functions as an input clock pin TIO; Port  ter P7FC value to 0, and sets all bits to ports.

Rerset
M~

Direction control

(on bit basis) %H gp.ch

4
P7CR write Programmable
pull-up

S D P70

QOutput latch (T10)

i

P7 write
<1

Y
P7 read

Re?et

Direction control
(on bit basis)

A
P7CR write

Function control
(on bit basis)

Tz

S B

bus

Selector

A

TIO

data

Internal

P7ECwrite

S —l-' >0 lt‘I‘P_ch(Programmable)

Output latch pull-up
] AS

P7 it
wite Selector N P71to P73
L
(TO1 10 TO3)

Timer F/F OUT B
fTOW :Timer 1 -
TO2: Timer 2 B

TO3:Timer 3

!
Y
P7 read

Selector

S A

I

Figure 3.5 (15). Port 7
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Port 7 Register

p7 7 i 6 s i a4 i3 12 i 1 P
(0013H) bit Symbol i L oP73 i P72 i PTt i P70
Read / Write : RAW

Afterreset Input mode (Pull-up)
1 P o P

Port 7 Control Register

P7CR 7 6 5 4 : 3 2 } 1 ; 0
(0015H) bit Symbol i : ©P73C i P2 | PPIC i PIOC
Read / Write 3 w
After reset FAR R S R
Function : 0:IN 1 :OuUT

L Port71/0 setting

0 |Input
1 | Output
Port 7 Function Register
P7FC 7 6 5 4 3 2 1 0
(0017H) bit Symbol ; : R AR
Read / Write : ; w
After reset : 0 : 0 0
Function : i {0:PORT (0:PORT :0:PORT
: : : (1:T03 i1:TO2 i1:TO1

Read-modify-write is
prohibited for registers Setting P71 as TO1

P7CR and P7FC.
P7FC <P71F> 1
P7CR <P71C> 1
Setting P72 as TO2
P7FC <P72F> 1
P7CR <P72C> 1

L————Setting P73 as TO3

P7FC <P73F> 1

P7CR <P73C> 1

Note) P70/TIO pin does not have a register changing PORT/ FUNCTION,
For example, when it is used as an input port (P70), the input signal for P70 is
inputted to 8 bit Timer 0 as a timer input 0 (T10).

Figure 3.5 (16). Registers for Port 7
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3.5.9 Port 8 (P80 to P83)

clocks, an output for 16-bit timer F/F 4, 5 and 6 output, and an

Port 8 is an 8-bit genera|_purpose /0 port. /O can be set on a inpUt for INTO. ertlng “1”inthe CorreSponding bit of the Port 8
bit basis. Resetting sets Port 8 as an input port and connects function register (P8FC) enables those functions. Resetting

a pull-up resistor. It also sets all bits of the output latch register ~ resets the function register P8FC value to “0”, and sets all bits
P8 to 1. In addition to functioning as a general-purpose /O to ports.

port, Port 8 also functions as an input for 16-bit timer 4 and 5

(1) P8O0 to P86

Reset

(on bit basis)

Direction control

A
P8CR write

-

S

DG igP-ch

Programmable
pull-up

Qutput latch

)
P8 write
1

|—{ >_f.—| P80 (T14/INT4)
P81 (TIS/INTS)

data bus

TI4, TIS
TI6, TI7

W
PBread

S B P84 (TI6 / INTE)

P85 (TI7/INT7)
Selector

Al

Reset

Internal

(on bit basis)

Direction control

Y
P8CR write

¥

(on bit basis)

Function control

PBFC write

S -«——|>O; I P-ch (Programmab\e)
Qutput latch % \ pull-up
§ A S
P8 write
Selector ™ P82 (TO4)
L L] P83 (TOS)
Timer F/F OUT B P86 (TO6)
fTOd :Timer4
TOS : Timer 5 B
TO6: Timer 6 P
~ e Selector
P8read
S A
N I

Figure 3.5 (17). Port 8 (P80 to P86)
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(2) P87 (INTO) an INTO pin for external interrupt request input.

Port 87 is a general-purpose /0O port, and also used as

’\1 Reset
"
E Direction
o cgméo\ §o)n
t basis
© : i ——DO——! P-ch
o PBCR write Programmable
© v pull-up
" s [ ] P87 (INTO)
2 Qutput latch L
- [}
@ P8 write S B
-
< <——<]—i Selector v
P8 read A
=
Level /edge
INTQ interrupt —GT detect
IIMC<I0IE> IMC<IOLE >

Figure 3.5 (18). Port 87
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P8
(0018H)

P8CR
(001AH)

PBFC
(001CH)

Port 8 Register

7 6 5 L4 3 2 1 :
bit Symbol P87 i P86 Pgs | P84 i P83 P82 P81 i PBO
Read/Write R/W
After reset Input mode

1 1 1 P : 1 1 1

Port 8 Control Register

7 I 5 o4 i3 2 1
bit Symbol P87C  : P86C P8SC : PBAC  P83C P82C P8IC i P8OC
Read /Write w
After reset 0 0 0 0 0 : 0 0
Function 0:IN 1:0UT

L » Port81/Osetting
0 |Input
1 | Output
Port 8 Function Register

7 © 06 5 P4 i3 2 1
bit Symbol i P86F PB3F P82F
Read / Write : w W w
After reset 0 0
Function :0: PORT

£1:TO6

Read-modify-write is
prohibited for registers
P8CR and P8FC.

Note) P80/TI4, P81/TI5, P84/ TI6, P85/ TI7 pins do not have a register changing PORT/FUNCTION.

Therefore this is the same as P70/TI0 pin.
‘When P87/INTO pin is used as an INTO pin, set PBCR<P87C > to “0” and IMC<I0IE> to “1".

Figure 3.5 (19). Registers for Port 8

: Setting P82 as TO4

P8FC <P82F>

P8CR <P82C>

Setting P83 as TOS

P8FC <P83F>

P8CR <P83C>

Setting P84 as TO6

P8FC <P86F>

P8CR <P86C>
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3.5.10 Port 9 (P90 to P95)
e Port 90 to 95
Ports 90 to 95 is a 6-bit general-purpose I/O port. I/0Os 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 I/O port,
P90 to 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 (POFC) enables this function.

Resetting resets the function register value to “0” and
sets all bits to ports.
e Port 96 to 97

Ports 96 to 97 is a 2-bit general-purpose I/O port. I/0Os can be
set on a bit basis.

R%set

The output buffer for P96 to 97 to an open drain type
buffer

Resetting sets P96 to 97 to an output port and outputs
high-impedance (HZ) because output latch and control register
are set to “1”.

In addition to functioning as a general-purpose 1/0O port,
P96 to 97 can also function as a low frequency oscillator pin
fro dual clock mode. The dual clock function can be set by
programming system clock control register SYSCRO, 1.

(1) Port 90, 93 (TXDO/TXD1)

Ports 90 and 93 also function as serial channel TXD
output pins in addition to 1/0 ports.

They have a programmable open drain function.

P9 read

—
Direction control
(on bit basis)
A
PICR write

“»

3

o Function control

o (on bit basis)

- )

- PIFC write g»

—>o——]B-P<h

@ 5 Programmable
< Output latch —a s IJ pull-up

v [} >——4— ] P90(TXDO)

Selector
- P9 write ) P93 (TXD1)
Z|xpo, X0t ——————|8 Open drain
possible
— ODE<ODE1, 0>
5 B
ﬂ Selector

A€

Figure 3.5 (20). Ports 90 and 93
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(2)  Ports 91, 94 (RXDO, 1)

Ports 91 and 94 are I/O ports, and also used as RXD

input pins for serial channels.

g;p.ch @rogrammab\e )

ull-up

S B
Selector

A

P91 (RXDO)
L = P94 (RXD1)

™ Riset
Direction
control (on
- bit basis)
2 A
“ PICR write
]
-
2 s
_ Outputlatch
2 f
5 P9 write
<1
c N
P9 read
L RxDO, RxD1

Figure 3.5 (21). Ports 91 and 94
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(8 Port92 (CTS) pin and as a SCLKO I/O pin for serial channels.

Port 92 is an I/O port, and also used as a CTS input

L

Direction

control
(on bit basis)

A
POCR write

Function
control
(on bit basis)

4
PYFC write 4DO~—|§P-CI’\

S C’rogrammab[e )
Output latch —|—>A S pull-up

r\ [r———
P92 (SCLKO /CTS0)
P3 write Selector 1> D {

SCLKO OUT ———|B

Internal data bus

—

5 B

{l Selector

P9 read A

CTs0
SCLKO 4————<}—J

Figure 3.5 (22). Port 92
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(4)  Port 95 (SCLK) an SCLK1 I/0O pin for serial channel 1.

Port 95 is a general-purpose I/O port. It is also used as

Reset
— ;

Direction
control
(on bit basis)
A
PICR write

Function
control
(on bit basis)

e ¢
PIFC write [>o I p-ch

S @rogrammable )
Output latch —|—>A S ull-up

[} [ P95 (SCLK1)
P9 write Selector 1~ D

SCLK1OUT —»—>(B

Internal data bus

—

5 B

!
Selector
| T

P9 read A

SCLK1IN

Figure 3.5 (23). Port 95
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(6) Port 96 (XT1), 97 (XT2) used as a low frequency connecting pin.

Port 96, 97 are general-purpose I/0 ports. It is also

Reset ———q
~ ese -——*

BUS6 Dire%tion low frequency oscillation enable

Control |
{on bit basis)

POCR write
S
Cutput - [ ]P96 (XT1)
latch Qutput Buffer
(Open
P9 write DrainQutput)

¥
S

B

BUS6 Selector
Y

A

P9 read

ﬁ (ON at '1’)9 §7

5

BUS7 Direction
Control .

(on bit basis)

BUS6

data bus

Internal

Y

PACR write

v

S
Output > ‘ {]Pe7 (xT2)
latch o

utput Buffer

(Open
P9 write DrainQutput)
¥ low-frequency clock (fs)
S

B
[_BUST \;etec‘tor
. A
P9 read

BUS7

Figure 3.5 (24). Port 96 to 97
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Port 9 Register

P9 5 P4 - P2 1 P
(0019H) bit Symbol POs i P94 | P93 i P92 I P91 i P90
Read/Write RIW
After reset Input mode
1 . S P
Port 9 Control Register
POCR s ¢4 i3 i o2 i i0
(0018H) bit Symbol P9SC | PIC | PI3C | P92C | P9IC : PIOC
Read /Write w
After reset 0 0 : 0 0 0 i 0
Function 0:IN 1:0UT
{ L > Port91/0 setting I
Note) Port 96, 97's output buffer is an open drain output type. 0 |input
1 | Output
Port 9 Function Register
P9FC s i 4 i3 i o2 i1 10
(0010H) bit Symbol POSF [ P93F 1 PO © P9OF
Read / Write W Cowow oW
After reset 0 i 0 0 0
Function {0:PORT | {0:PORT {0:PORT i §0:PORT
$1:SCLKY i1:TxD1 i 1:5CLKO 11:TxDO
] |
l_,, P90 TxDO output setting (Note}
PIFC <P90F> 1
PICR <P90C> 1
L——> P92 SCLKO output setting
PIFC <P92F> 1
PICR <P92C> 1
T P93 TxD1 output setting {Note)
POFC <PI3F> 1
PICR <P93C> 1
P95 SCLK1 output setting
POFC <PY5F> 1
PICR <P95C> 1

Note) To set the TxD pin to open drain, write “1” in bit 0 (for TxDO pin) or bit 1 (for TxD1 pin) of the ODE

register.

P91/RXD0, P94 /RXD1 pins do not have a register changing PORT/FUNCTION.
Therefore this is the same as P70/ TIO pin

Figure 3.5 (25). Register for Port 9
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3.5.11 Port A (PAO to PA7) (only PA7), PA7 can also function as a clock output pin.
Port A is an 8-bit general-purpose /0 port. 1/O can be set on a The clock output is frp OF fgyg that is selected oscillator
bit basis by control register PACR. OUtpUt clock. It is selected by CKOCR <SCOSEL>.

Resetting sets Port A as an input port by resetting PACR. SCOUT function is enabled by setting PACR <PA7C>

It also sets all bits of the output latch register to “1”. and CKOCR <SCOEN>.

In addition to functioning as a general-purpose /O port

Reset ——
(M }
R

Direction Control
(on bit basis)

PACR write

-

S
Output
latch

[ ]ra0to PAG

‘7

PA write

¥
S

Select B
d electer
Y

—~_ A
PA read

Internal data bus

Figure 3.5 (26). Port AO to A6
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Reset ——
aY l

BUS7

BUS2

Direction Control

R

(on bit basis)

|

PACL write

Function Control

data bus

BUS7

R

(on bit basis)

i

CKOiR write

Internal

BUSY P

S
Qutput 4
latch

PA write

S
A

Y
Selecter
B

|
S

B
Selecter

PA read

\V

A

fepn —|A

fsys —=(B

Y
Selecter

4
CKOCR<SCOSEL>

Figure 3.5 (27). Port A7

[ ]pa7(scouT)
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Port A Register

PA 7 6 5 4 3 2 1 0
(001EH) bit Symbol PA7 PAG PAS PAS PA3 PA2 PA1 PAO
Read / Write RAW
After reset Input mode
1 1 1 P : 1 1 1 1
Port A Control Register
PACR 7 6 5 4 i3 2 1 0
(001FH) bit Symbol PATC PAGC PASC PAAC PA3C PA2C PAIC PAOC
Read / Write W
After reset 0 0 O R 0 0 0
Function 0:IN 1:0UT
Clock Output Control Register
PAFC 7 6 5 4 3 2 1 0
(006DH) bit Symbol SCOSEL | SCOEN | ALEEN CLKEN
Read/ Write RW
Afterreset 0 0 01 on
Function Clock Select | Clock Enable | ALE enable | CLK enable

‘ : ‘ L 11

R

| I_‘__[

s CLK pi

Write 00" in output control (Note 1)
0 | “HZ" output
(Note 1) The value after reset of <CLKEN >, <ALEEN > is following :
o 1 | CLK output
TMP93CM40 “0” (High impedance output) - —
TMP93CM41 “1” (CLK or ALE output) ALE pin output control (Note 1)
But during reset, CLK pin is pulled up internally regardless of 0 | "HZ" output
the products. 1 | ALE output

(Note 2) The output clock from SCOUT pin is fppy or fgys clock

eg)

The case of connected 20MHz oscillator to X1, X2 pin.

<SCOSEL>="0" — 20 MHzclock
<SCOSEL>="1" — 10 MHzclock

L—— SCOUT/PAT pin control

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

0

0 " Output mode

Input Port

0 frpy clock output

1 Note2)
1 fsys clack output

Figure 3.5 (28). Registers for Port A
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3.6 Chip Select/Wait Control, AM8/16 pin

TMP93CM40/M41 has a built-in chip select/wait controller
used to control chip select (CSO - CS2 pins), wait (WAIT pin),
and data bus size (8 or 16 bits) for any of the three block
address areas, and AM8/16 pin selects external data bus
width for TMPO3CM41.

3.6.1 AM8/16 pin
(1)  TMP93CM40

Set this pin to “1”. After reset, the CPU accesses the
internal ROM with 16 bit bus width. When the CPU
access an external bus area, the bus width is set by
Chip Select/Wait Control Register (described at 3.6.2),
P1CR and P1FC (The value “1” of this pin is ignored
and the value set by register is active).

) TMP93CMA41

(2-1) 16 bit bus width interlarded with 8 bit bus width
or fixed 16 bit bus width

Set this pin to “0”. Port 1/AD8 to 15/A8 to 15 pins are
then fixed to A8 to 15 function compulsorily and the
value of P1CR, P1FC are ignored.

When the CPU accesses an external bus area, the bus
width is set by Chip Select/Wait Control Register as
described in section 3.6.2.

However, the bus width program memory only after
reset must be 16 bit bus width.

(2-2) fixed bit bus width

Set this pin to “1”. Port 1/AD8 to 15/A8 to 15 pins are
then fixed to A8 to 15 function compulsorily and the
value of P1CR, P1FC are ignored. The value of bit 4:
<BOBUS>, <B1BUS>, or <B2BUS> described at
3.6.2 are ignored and the bus width is fixed to 8 bit.

3.6.2 Control Registers
Table 3.6 (1) shows control registers

One block address areas are controlled by 1-byte CS/
WAIT control registers (BOCS, B1CS, and B2CS). Registers
can be written to only when the CPU is in system mode. (There
are two CPU modes: system and normal.) The reason is that
the settings of these registers have an important effect on the
system.

(1) Enable

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

Resetting BOE and B1E to disable (0) and B2E to
enable (1).

(2)  CS/CAS Waveform select

Control register bit 5 (BOCAS, B1CAS, and B2CAS) is
used to specify waveform mode output from the chip
select pin (CS0/CASO - 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.

(8)  Data bus size select

Bit 4 (BOBUS, B1BUS, and B2BUS) of the control reg-
ister is used to specify data bus size. Setting this bit to
0 accesses the memory in 16-bit data bus mode; set-
ting 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.
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(4)

Wait control

Control register bits 3 and 2 (BOW1, 0; B1W1, 0; B2WA1,
0) are used to specify the number of waits. Setting these
bits to 00 inserts a 2-state wait regardless of the WAIT
pin status. Setting them to 01 inserts a 1-state wait
regardless of the WAIT status. Setting them to 10
inserts a 1-state wait and samples the WAIT pin status.
If the pin is low, inserting the wait maintains the bus
cycle until the pin goes high. Setting them to 11 com-
pletes the bus cycle without a wait regardless of the
WAIT pin status.

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

Address area specification

Control register bits 1 and 0 (BOC1, 0; B1C1, 0; B2CH1,
0) are used to specify the target address area. Setting

these bits to 00 enables settings (CS output, Wait
state, Bus size, etc.) as follows:

* CSO0 setting enabled when 7FO0H to 7FFFH is
accessed.

* CS1 setting enabled when 880H to 7FFFH is
accessed.

* CS2 setting enabled when 8000H to 3FFFFFFH is

accessed, for the TMPO3CM41, which does not have
a built-in ROM.

CS2 setting enabled when 10000H to 3FFFFFH is
accessed for the TMP93CM40, which has built-in
ROM.

Setting bits to 01 enables setting for all CS’s blocks
and outputs a low strobe signal (CSO/CASO ~ CS2/
CAS?2) from chip select pins when 400000H to
7FFFFFH is accessed. Setting bits to 10 enables them
800000H to BFFFFFH is accessed. Setting bits to 11
enables them when COO000H to FFFFFFH is
accessed.
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Table 3.6 (1) Chip Select/Wait Control Register

Code Name Address 7 6 5 4 3 2 1 0
BOE BOCAS BOBUS BOWA BOWO BOC BOCO
000 M m M m m m m
0 0 0 0 0 0 0
pocs | CS/WAT 0068H A
control 1-Master bi 0.050 | 0-16bit 00 - 2WAIT 00 - 7FO0H to 7FFFH
register of bit 010 6 1:CASO Bus 01 - 1WAIT 01 - 400000H to
1 8bit 10 1WAIT +n 10 800000H to
Bus 11: OWAIT 11+ CO0000H to
BIE BICAS BIBUS B1WA B1WO B1C1 B1C0
ook M m M m m m m
ics | CS/WAT 0069H 0 9 0 0 0 0 0
control 1-Master bi 0-051 | 0-16bit 00 - 2WAIT 00 - 880H to 7FFFH
register of bit 010 6 1 CAST Bus 01 - 1WAIT 01 - 400000H to
1:8 i 10 1WAIT + n 10 800000H to
Bus 11: OWAIT 11- CO0000H to
BOE B2CAS B2BUS B2WA B2WO B2C B2C0
002 M m M m m m m
pocs | CS/WAT 006AH ! 9 0 0 0 0 0
control 1- Master bit 0052 | 0-160bit 00 2WAIT 00 8000H 10
register ol bit 010 6 1:CA2 | Bus 01 - 1WAIT 01 - 400000H to
1:8 i 10 1WAIT +n 10 800000H to
Bus 11: OWAIT 11: CO0000H to

Note:  Only block 2 is enable (16-bit data bus, 2-wait mode) after reset.
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Table 3.6 (2) Dynamic Bus Sizing

Operand Operand Memory CPU Address CPU Data

Data Size Start Address Data Size D15 to D8 D7 to DO
2n+0 8 bits 2n+0 XXXXX b7 to b0
8 bits (even number) 16 bits M40 -~ b7 to b0
n+1 8 bits n+1 XXXXX b7 to b0

(odd number) 16 bits n+1 b7 to b0 Xo0KK
8 bils 2n+0 XXXXX b7 to b0
2n+0 n+1 XXXXX b15to b8
(even number) 16 bits M40 b15 to b8 b7 to b0
16 bits 8 bits 2n+1 XXXXX b7 to b0
n+1 2n+2 XXXXX b15to b8

(odd number) 16 bits on+1 b7 to b0 XXXXK
2n+2 XXXXX b15to b8
2n+0 XXXXX b7 to b0
2n+1 XXXXX b15to b8
M40 8 bits 2n+2 XXXXX b23to b16
(even number) 2n+3 XXXXX b31to b24
16 bis 2n+0 b15to b8 b7to b0
2 bi 2n+2 b31 to b24 b23 to b16

its

2n+1 XXXXX b7 to b0
2n+2 XXXXX b15to b8
o+ 1 8 bits 2n+3 XXXXX b23 to b16
(odd number) 2n+4 XXXXX b31to b24

2n+1 b7 to b0 XXXXX
16 bits 2n+2 b23 to b16 b15to b8
2n+4 XXXXX b31 to b24

xxxxx:  During a read, data input to the bus is ignored. At write, the bus is at high impedance and the write strobe signal remains non-active.
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3.6.3 Chip Select Image

mapped there mainly for possible extensions to external RAM.
8000H to 3FFFFFFH (approximately 4M bytes) for CS2

An image of the actual chip select is shown below. Out of the

whole memory area, address areas that can be specified are
divided into four parts. Addresses from 000000H to 3FFFFFH
are divided differently: 7FOOH to 7FFFH is specified for CS0;
880H to 7FFFH, for CS1; and 8000H to S3FFFFFH, for CS2.
The reason is that a device other than ROM (i.e., RAM or I/0)

might be connected externally.

7F00 to 7FFFH (256 bytes) for CS0 are mapped mainly

for possible expansions to external I/0.

880H to 7FFFH (approximately 31K bytes) for CS1 are

000000H

7FO0H
8000H

400000H

800000H

CO0C000H

FFFFFFH

Note 1:

Note 2:

Note 3:

are mapped mainly for possible extensions to external ROM.
After reset, CS2 is enabled in 16-bit bus and 2-wait. With the
TMP93CM41, which does not have a built-in ROM, the pro-
gram is externally read at address 8000H in this setting (16-bit
bus, 2-wait). With the TMPO3CM40, which has a built-in ROM,
addresses from 8000H to FFFFFH are used as the internal
ROM area; CS2 is disabled in this area. After reset, the CPU

reads the program from the built-in ROM in 16-bit bus, 0-wait

mode.

T52
Z B2C1,0= “00"
BOC1,0= “01" B1C1,0= “01" B2C1,0= “01”
BOC1,0= 10" B1C1,0= “10" B2C1,0= “10”
BOC1,0= “11" B1C1,0= “11" B2C1,0= “11"

(Mainly for 1/0)

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

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. (However, when addresses 7F00H to TFFFH for CS0 and 880H to 7FFFH for CS1 are
specified, in other words, specifications overlap, only the CS0 setting / pin is active.)

When the bus is released (BUSAK =“0"), CS0 to CS2 pins are also released (the output
buffer is OFF). Refer to | Note about the bus release | in 3.5 Functions of Ports about the

state of pins.

(Mainly for RAM)

(Mainly for ROM)
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3.6.4 Example of Usage

(1)  Example of Usage - 1

Figure 3.6 (1) is an example in which an external mem-
ory is connected to the TMPO3CM41. In this example,
a ROM is connected using 16-bit Bus; a RAM is con-
nected using 8-bit Bus.

74HC573
b Q
TMP93CM41 Address Bus /l'
50 bl us IR
oo Spperbyte || < b 5 it bus S abitbus
st p— pper byte Lower byte itbu
< b Q ROM RAM /0
€S2 O=— ™ OF oF ROM  |log we OF WE
ALE LE
ADSJ*AgLﬁ L4 T ll
to 5
AD15
ADD
_ to < 5
EA  AD7
AMS8/16
RD ©
WR &

Figure 3.6 (1). Example of External Memory Connection (ROM = 16 bits, RAM and I/0 = 8 bits)

Resetting sets pins CSO to CS2 to input port mode.
CS0 and CS1 are set high due to an internal pull-up

P4CR
P4FC
BOCS
B1CS
B2CS
LD
LD
LD
LD
LD

(Note)

EQU OEH
EQU 10H
EQU 68H
EQU 69H
EQU BAH

(BOCS), 1X0100008
(B1CS),1X0111008
(B2CS), 1X0001008
(P4CR), XXXXX111B
(P4FC), XXXXX111B

X: don’tcare

resistor; CS2, low due to an internal pull-down resistor.
The program used to set these pins is as follows:

; CS0 =8 bit, 2WAIT, 7F00H to 7FFFH
; CS1=8bit, OWAIT, 880H to 7EFFH
; €52 = 16 bit, TWAIT, 8000H to 3FFFFFH

}@, S1, CS2 output mode setting
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(2) Example of Usage - 2 ory is connected to the TMP93CM41. In this example,
a ROM, a RAM, and I/O are connected using 8-bit
bus.

Figure 3.6 (2) is an example in which an external mem-

TMP93CM41 Address Bus [
=5 lbd 74HC573 é l/L EL J\} }1 J\
%g? o = 8 bit bus © 8 bit bus © 8 bit bus

it D Q ROM RAM 1{o]
2 p—ror O OF WE OF WE
ALE LE

A8 L 4

to
A15

~aDO

BN :
AD7

RESNVIVETS

RD [

WR 0>

Figure 3.6 (2). Example of External Memory Connection (ROM and RAM and I/0 = 8 bits)

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

PACR EQU  OEH
P4FC EQU  10H
BOCS EQU  68H
BICS EQU  69H
B2CS EQU  BAH
LD (BOCS),1X0X0000B  ; CSO =8 bit, 2WAIT, 7FO0H to 7FFFH
LD (BLCS),1X0X1100B  ; CS1=8 bit, OWAIT, 880H to 7EFFH

LD (B2CS).1X0X0100B  ; CS2 =8 bit, 1WAIT, 8000H to 3FFFFFH
LD (P4CR),XXXXX111B

}C'SVO, CS17, €S2 output mode setting
LD (P4FC), XXXXX111B

(Note)X : don't care
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3.7 8-bit Timers

TMP93CM40/M41 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 tim-
ers.

e 8-bit interval timer mode (2 timers)
e 16-bit interval timer mode (1 timer)

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

e 3-bit pulse width modulation (PWM: variable duty with con-

stant cycle) output mode (1 timer)

Figure 3.7 (1) shows the block diagram of 8-bit timer
(timer O and timer 1).

Each interval 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 O and timer 1.

Among the input clock sources for the interval timers, the
internal clocks of @T1, @T4, ¢I16, and @256 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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TFFCR<TFF1C1,0>

*1 Set FIF control <]

*2 Clear
*3 Invert ,,w*zral

'
Software trigger —> TEF1

—>T01

TRUN<TORUN> TRUN<TIRUN>

>0

TFFCR<TFF1IE>
b Selector
N
[__‘

TMOD<T10M1,0>

RUN Clear RUN lc‘ea’
TIO pin—s- 8-bit 8-bit "‘
$T1 —|selector [ up-counter up-counter TFFCR<TFF1IS>
T4 —> (uUco) 2 éT1  —>| Selector (uc)
716 —>= Over > $T16 —>
‘} 4 flow #7256 =

TMOD<TOCLK1, 0> 4
TMOD<T10M1, 0, PWMMI1, 0> TMOD<TICLKT, 0>

E 2 L

8-bit 8-bit
comparator comparator
(CPO) (CP1)
INTTO

Selector TMOD<T10M1, 0>
l—

e
ister TREG
PWMTRG Select register TREGO 8-bit timer '
TREG-WR register INTT1
TREG1

:

TFFCR<DBEN>

T

Internal bus

Figure 3.7 (1). Block Diagram of 8-Bit Timers (Timers 0 and 1)
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O Prescaler Figure 3.7 (2) shows the block digram. Table 3.7 (1)
shows prescaler clock resolution to 8, 16 bit Timer.

There are 9 bit prescaler and prescaler clock selection
register to generate input clock for 8 bit Timer O, 1, 16
bit Timer 4, 5 and Serial Interface.

——> toCPU

> System clock (fsys)

—3 0 8bit PWM prescaler
9bit Prescaler
——"[Z i4|8|15‘32l6ﬂl128|256[5'\2‘
!n $T1

a2

3

I
—»|Selector

:ﬁs }tosbitTimerOJ
L i7256
. SYSCRO
e <PRCK1:0> #T1 obitT as
T4 to1 it Timer 4,
; @ run/stop :m;
XT1 = ° &clear
‘5 v
- TRUN<PRRUN>
AN ;
= SYSCR1<SYSCK> 12 > toserialinterface0, 1
T8
o L — :Taz
i3 [[%atsf e %
SYSCR1<GEAR2:0>

X1 2|4a|8(186

:

Figure 3.7 (2). Prescaler Block Diagram

Table 3.7 (1) Prescaler Clock Resolution to 8, 16 bit Timer

at fc=16 MHz, fs = 32 kHz

iﬁ)lfit system i‘sice;t prescaler Gear value Prescaler Clock Resolution
<SYSCK> | <PRCK1 0> | <GEARZIO0> T 474 4TI6 47256
1(fs) XXX 93 (250 ws) |fs725 (1ms)  [fsra7 (ams)  |Tsi211 (64 ms)

000 (fc) ferga (0.5us) |faas (2ps)  [ferar (8us)  |feran1 (128 4s)

00 001 (ferp)  [fea (1ps)  [foae (8us)  [foas (16 45)  |T€/212 (256 45}

f
0(fa) (rer) 010(fg)  |feas @2u)  |fozr @) |fu2s (B2 [Forp13 (512 )

011(ferg)  |ferpe (848 [foas (16 s) | Trp10 (64 ps) | fer212(1.024 ms)

100 (forg) |forar Bus)  |Tuas (324) |Topnn (128 ws) | fer215(2.048 ms)

XXX o XXX fsipa (250 u5) [foras (1ms)  |fsrp7 (ams)  [fsr211 (64 ms)
(low frequency clock)
(note)
XXX 10t XXX fer (8Bus)  |feize (32ps) |ferann (128 ps) |fe/215(2.048 ms)

(fery6 clock)

XXX : don't care ~«———— 16 bit Timer ——

(Note) Thefc/ 16 clock as a prescaler clock cannotbe |—————— 8bit Timer
used when the fs is used as a system clock.
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The 1/4 times clock selected among fgp clock is input
to this prescaler. This is selected by prescaler clock
selection register SYSCRO <PRCK1 : 0>.

Resetting sets <PRCK1 : 0> to “00”, therefore, frpy /4
clock is input.

The 8 bit Timer 0, 1 uses 4 types of clock: @T1, T4,
2116, and gT256 among the prescaler output.

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

When the IDLE1 mode (operates only oscillator) is
used, set TRUN <PRRUN> to “0” to stop this prescaler
before “HALT” instruction is executed.

O 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 T10 pin and the three internal clocks @ T1, ¢
T4, and @I'16, according to the set value of TMOD reg-
ister.

The input clock of timer 1 differs depending on the
operation mode. When set to 16-bit timer mode, the
overflow output of timer O 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 @I256 as well as the comparator out-
put (Mmatch detection signal) of timer O according to the
set value of TMOD register.

Example : When TMOD <T10M1,0> = 01, the over-
flow output of timer O 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 <TO1M1, 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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O Timer register

This is an 8-bit register for setting an interval time.

When the set value of timer registers TREGO, TREGT,

matches the value of up-counter, the comparator

match detect signal becomes active. If the set value is
OO0H, 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 control register TFFCR <DBEN> bit

controls whether the double buffer structure in the

Up-counter

i}

r Comparator (CPQ) ]
PN

‘ Timer registers 0 (TREGO) ‘
AN

Shift trigger

[ Register buffers 0 |

Write

Selector

TREGO 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 transferred from the register buffer to the timer regis-
ter when the 2" - 1 overflow occurs in PWM mode, or
at the PPG cycle in PPG mode. Therefore, during timer
mode, the double buffer cannot be used.

When reset, it will be initialized to <DBEN> = 0 to dis-
able 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.

Matching detection of PPG

(R G — e

2n -1 overflow of PWM

TREGO WR

{ 3
Internal bus

TFFCR<DBENZ=>

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.
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The memory address of each timer register is as fol-
lows.

TREGO: 000022H

TREG1: 000023H

All registers are write-only and cannot be read.

O 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.

O Timer flip-flop (timer F/F: TFF1)

The status of the timer flip-flop is inverted by the match
detect signal (comparator output) of each interval timer
and the value can be output to the timer output pins
TO1 (also used as P71).

A timer F/F is provided for a pair of timer O and timer 1
and is called TFF1. TFF1 is output to TO1 pin.
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TRUN

(0020H)

SYSCR1
(0DGEH)

7 6 5 & 13 . 2 . 1 o0
bit Symbol PRRUN TS5RUN T4RUN P1RUN PORUN : T1RUN : TORUN
Read/Write RW RAW
After reset 0 o ¢ o f{ o i 0o i 0o i o0
Prescaler & Timer Run/Stop CONTROL
Function 0:Stop & Clear
1: Run (Countup)
1
> Count Operation
0 |Stopandclear
1 |Count
PRRUN Operation of prescaler
TSRUN 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
bit Symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
Read/Write RAW
Afterreset 1 0 0 0 0 Q 0 0
High Low High Low selectclack | Warming Up oo jact prescaler clock
. Frequency Frequency | Frequency Frequency after Timer 00: fpn
Function oscillator oscillator oscillator oscillator released Owrite: 01:fs
(fe) (fs) (fc) after {fs) after 5TOPmode | don'tcare | 5. 4q¢
0:stop 0:stop released released 0:fc Twrite : 11 : (reserved)
1: oscillaton | 1: oscillaton | STOP mode | STOP mode | 1:fs start timer
0:stop 0:stop Oread:
1: oscillaton | 1: oscillaton end
warming
up
1read:
notend
warming
up

I__,_l

L—» select gear value of high frequency
00 |frpH

01 [fs

1/ 4times clock

11 (reservé-c'i')

Figure 3.7 (4). Timer Operation Control Register/System Clock Control Register
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TMOD
(0024H)

7 : 6 5 : 3 ; 2 ; 1 0
bit Symbol | T10M1 § T10MO | PWMM1 : PWMMO | TICLK1 | TICLKO | TOCLK1 i TOCLKO
Read/Write w
After reset a 0 0 : Q 0 0 0

Operation mode i PWM cycle Source clock of timer1 Source clock of timer0
00: 8 bit Timer £ 00: - i 00: TOOTRG £ 00: TIO
Function 191 16 bit Timer ©01:26-1 D 01:gT 01 gT1
10: 8 bit PPG © 1012741 :10: 4T16 S 10: 474
11: 8 bit PWM ©11:2849 : 11: ¢T256 ©11:4T16

I

Prohibit Read
Modify Write

(I

Input clock of timer 0

(Prescaler)

00 |Externalinput (TIO0)
01 [¢T1 (Prescalen
1‘I ¢T16 tPrescaIer)

L———— Input clock of timer 1

TMOD<T10M1,0> #01

TMOD
<T10M1,0> =01

00 |Comparator output
of timer 0

01 |Internal clock ¢T1

10 |Internal clock sT16

Overflow
output of timer

(16-bit timer

11 |Internal clock 47256 | Mode)
> Select PWM cycle
00 —
.............. 25_
27 -1
11 281

timer 0 and 1.

Set the operation mode of

00 |Two 8-bit timers
01 |16-bittimer

11 |8-bit PWM output

{timer 0 and timer

10 {8-bitPPG output

+ 8-bit timer (timer 1)

(timer0)

Figure 3.7 (5). Timer Mode Control Register (TMOD)
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TFFCR

(0025H)

7 6 5 4 3 1 2 110
bit Symbol DBEN TFFICT  TFF1CO TFFHIE : TFFIIS
Read/Write RAW W RAW
After reset : 0 : 0 0 : 0 0
i Double : go: Invert TFF1 TFF1 S TFF1
: buffer ‘Inversion : Inversion
Functi 0: Disabl 01:5et TR trigger source
uneren 21:Enab[e 10: Clear TFF1 ;O:Disable :0: Timer 0
: 11: don't care {1:Enable 1: Timer 1
Always read as :
e

Selectinverse signal of timer F/F1
(“Don't care” except in 8-bit timer mode)

LM:%%<T10M1,0 01 10 11

0 |Inversionby 16-bit timer mode | PPG mode PWM mode
t!merO match Inversion by Inversion by Inversion by
signal match signal matchsignal of | matchand

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

———— Inver

sion of Timer F/F1 (TFF1)

Disable invert

Enable invert

rol of Timer F/F1 (TFF1)

Set TFF1to “1”.

Invert the value of TFF1

Clear TFF1to “0”

Don't care

-—— Double Buffer Control of TREGO

0
1

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: O Generating interrupts in a fixed cycle

(1) 8-bit timer mode 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.

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.

Example: To generate timer 1 interrupt every 40
microseconds at fc = 16 MHz, set each
register in the following manner.

#*  Clock Condition

system clock low frequency (fs)

clock gear T OXXX
prescaler clock : low frequency (fs)
MSB LSB

TRUN
TMOD

1+
1
>
[
[
1
[
o
1

Stop timer 1, and clearitto “0".

Set the 8-bit timer mode, and select 4T16 (4 ms at fs = 32 kHz)
asthe input clock.

Set the timer register 15+ ¢716 = 250 = FAH

Enable INTT1, and setitto “Level 5”.

Start timer 1 counting.

1+
L=}
(=}
>
><
o
[y

I

1

TREGIT « 11111010
INTETI0 ¢« 1101 - - - -
TRUN «1X-=---1-

Note : X:don’t care —; no change

Use the following table for selecting the input clock.

Table 3.7 (1) 8-Bit Timer Interrupt Cycle and Input Clock

Input Clock :::i;r:';tﬁ%ﬂ:) Resolution ::ﬁ;r:pztoﬁ\)l’;l:) Resolution
¢l (8/fc) 0.5p5 ~ 12815 0.518 0.4ps ~102.4ps 0.4y
@r4 (32/fc) 218 ~ 51218 218 1.6p5 ~ 409.615 1.615

@I16 (128/fc) 815 ~ 2.048ms 815 6.41s ~ 1.638ms 6.415
Q1256 (2048/fc) 128ys ~ 32.708ms 128s 102.4ys ~ 2.621ms 12815

Note:  The input clock of timer O and timer 1 are different from as follows:
Timer O: TIO input, ¢@T1, ¢@r4, ¢r16

Timer 1: Match Output of Timer O, ¢I'1, ¢T16, ¢I256
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0 Generating a 50% duty square wave pulse Example: To output a 3.0us square wave pulse from
TO1 pin at fc = 16MHz, set each register in

The timer flip-flop (TFF1) is inverted at constant inter- the following procedures. Either timer O or

vals, and its status is output to timer output pin (TO1). Emg 1 may be used, but this example uses

¥ Clock Condition
systemclock : High Frequency (fc)
clock gear : 1(fe)
prescaler clock :  system clock (fsys)

TRUN ¢« - X - ---10 - Stop timer 1, and clear itto “0”.

TMOD «00XX01-- Set the 8-bit timer mode, and select ¢T1 (0.5 us at fc =16 MHz) as
the input clock.

TREG1 « 00000011 Setthe timerregisterat3.0 us+¢T1+2=3.

TFFCR ¢ = - =--1011 Clear TFF1 to “0”, and set to invert by the match detect signal
from timer 1.
- l -—
PICR « XK XXX } Select P71asTO1 pin.
P7FC « X X X X --1X
TRUN « 1 X -=---1- Start timer 1 counting.
Note: X;don’t care —;no change
L S S Y Uy Iy
TRUN
<TT1RUN>
BIT7to 2

Up-
counter BIT1

pro— 0 | 1 L2 [3ffl 7 12 [3sfe] v [ 2 I3]0
1

Comparator 11 (ﬂ_ 11
(R derocn”" el M W
- L;Q =l M
M I I
UC clear I
TFF1 K{ | —
—

ol Bt

i
+
101 /

1.5 us at fc= 16 MHz

Figure 3.7 (7). Square Wave (50% Duty) Output Timing Chart
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O Making timer 1 count up by match signal from timer
O comparator

Comparator output

N

Set the 8-bit timer mode, and set the comparator out-
put of timer O as the input clock to timer 1.

[

(Timer 0 match)

Timer 0 up-counter
(when TREGO = 5)

1 X 2CXOG XXX XXX X2X3)

Timer 1 up-counter 1

X

2 X 1

(when TREG1=2)

n

Timer 1 match output

Figure 3.7 (8). Timer 1 Count Up by Timer 0

0 Output inversion with software

The value of timer flip-flop (TFF1) can be inverted, inde-
pendent of timer operation.

Writing “00” into TFFCR <TFF1C1, 0> (memory
address: 000025h of bit 3 and bit 2) inverts the value of
TFF1.

O Initial setting of timer flip-flop (TFF1)

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

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

Note: The value of timer register cannot be read.

@

16-bit timer mode

A 16-bit interval timer is configured by using the pair of
timer O and timer 1.

To make a 16-bit interval timer by cascade connecting
timer O and timer 1, set timer O/timer 1 mode register
TMOD <T10M1, 0> to “0, 1”.

When set in 16-bit timer mode, the overflow output of
timer O will become the input clock of timer 1, regard-
less of the set value of TMOD <T1CLK1, O>. Table 3.7
(2) shows the relation between the cycle of timer (inter-
rupt) and the selection of input clock.
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Table 3.7 (2)
Interrupt Cycle . Interrupt Cycle .
Input Clock (at fc = 16MHz) Resolution (at fc = 20MHz) Resolution
@I (8/fc) 0.5p8 ~ 32.786ms 0.5p8 0.415 ~ 26.214ms 0.4ps
@4 (32/fc) 218 ~131.072ms 218 1.6ps ~ 104.857ms 1.6p5
@I16 (128/fc) 815 ~ 524.288ms 81 6.415 ~ 419.430ms 6.415

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

#  Clock Condition

system clock
clock gear

prescaler clock :

When counting with input clock of ¢T16 (8us @ 16MHz)
0.5 sec + 8ps = 62500 = F424H

Therefore, set TREG1 = F4H and TREGO = 24H, respec-
tively.

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

With the timer 1 comparator, the match detect signal

Setting example:

To generate an interrupt INTT1
every 0.5 seconds at fc = 16MHz,
set the following values for timer
registers TREGO and TREGH.

High Frequency (fc)

1 (fe)

system clock (fsys)

is output at each comparator timing when up-counter
UC1 and TREG1 values match. When the match
detect signal is output simultaneously from both com-
parators of timer O 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 TREGO = 80H

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

(UC1, Uco)

Timer 0 comparator
match detect signal

1

L0 1

Interrupt INTT1

Timer output TO1

x Inversion

Figure 3.7 (9). Output Timer by 16-Bit Timer Mode
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8-bit PPG (Programmable Pulse Generation) Output
mode

Square wave pulse can be generated at any frequency
and duty by timer 0 and timer 1. The output pulse may
be either low-active or high-active. In this mode, timer
1 cannot be used.

Timer O outputs pulse to TO1 pin (also used as P70).
In this mode, a programmable square wave is gener-
ated by inverting timer output each time the 8-bit up-

tH

t

counter (UCO) matches the timer registers TREGO and
TREGH.

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.

|— ]

TREGO and UCO match

(Interrupt INTTO) /
TREG1 and UCO match

(Interrupt INTT1)
TO1

TREGO

 TREG1

Figure 3.7 (10). 8-Bit PPG Output Waveforms
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TO1
TIOpin —> TRUN<TORUN > T
T —= 8-bit TFF1  |=— TFFCR<TFFUIE> =1
$T4 —| Selector
#T16 —») up-counter (UCO)
T T J ‘ Inversion
TMOD <TOCLK1, 0>
INTTO
Iy
{ Comparator }—» | Comparator l INTT1
S
TREGO-WR—| “E1ECOT | Shift trigger
4 Register buffer l I TREG 1 ]
TFFCR<DBEN> TT ﬁ

internal bus

Figure 3.7 (11). Block Diagram of 8-Bit PPG Output Mode

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

Match with TREGO "
and up-Counter

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

{ Shift from register buffer
<

TREGO
(Value to be compared) Q; x/f‘t\ Q:
Registe buffer Q: x Qs
K TREG 0 (register buffer)
write

Figure 3.7 (12). Operation of Register Buffer
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Example: Generating 1/4 duty 50kHz pulse (at fc = 16MHz)

[ I I

271

*  Clock Condition
system clock
clock gear

prescaler clock :

e Calculate the value to be set for timer register.
To obtain the frequency 50kHz, the pulse cycle t
should be: t = 1/50kHz = 20ps.

Given ¢@T1 = 0.5ps at 16MHz),
20ps + 0.5us = 40
Consequently, to set the timer register 1 (TREG1) to

High Frequency (fc)
1 (fe)
system clock (fsys)

TREG1 = 40 = 28H and then duty to 1/4, tx 1/4 =
20ps x 1/4 = 5us

Bps + 0.5pus =10
Therefore, set timer register O (TREGO) to TREGO = 10
= 0AH.

765643210

TRUN ¢« - X----00 Stop timer 0, and clear itto “0”.

TMOD « 1 0 XXX X001 Set the 8-bit PPG mode, and select 4T1 as input clock.

TREGO « 0 0001010 Write “0AH".

TREG1 « 00101000 Write “28H".

TFFCR ¢« = - -1011X Sets TFF1 and enable the inversion and double buffer
enable.
Writing 10" provides negative logic pulse.

PICR ¢« X XXX --1-

PTFC « X X X X - = 1 X SetP71asthe TO1 pin.

TRUN ¢1X----11 Start timer 0 and timer 1 counting.

Note: X ;don’t care -;nochange
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(4)

8-bit PWM Output mode

This mode is valid only for timer 0. In this mode, maxi-
mum 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 =6, 7, or 8; specified by TO1MOD <PWMOT1,

TREGO and

0>) counter overflow occurs. Up-counter UCO is
cleared when 2n - 1 counter overflow occurs. For
example, when n = 6, 6-bit PWM will be output, while
when n =7, 7-bit PWM will be output.

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

(Set value of timer register) <(Set value of 2" - 1
counter overflow)

(Set value of timer register # 0)

UCO match
2n-1
overflow / /ﬂ / /"
(interrupt INTTO)
TO1 ) 3
| Lo L

(PWM cycle)

Figure 3.7 (13). 8-Bit PWM Waveforms
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Figure 3.7 (14) shows the block diagram of this mode.

TO1
TRUN <TORUN> i
TIO —> ‘ <7~J
8-bit up-counter TFFCR

71— <TFFIC1,0

T4 | Selector Clear TFF1 .0,
#16 (uco) TFF1IE, TFF1IS>
é —>

control <PWMM1,0>

T ? 201 ™OD nvert
<T10M1,0>=11
TMOD <Ti > '
OD <TOCLK1,0 ::> overflow TMOD

Overflow

I Comparator }

ﬁ ‘ INTTO
L [ TREGO |

Selector Shift trigger
TREGO-WR—>

[ Register buffer I

TFFCR <DBEN> ﬁ

£

Internal bus

Figure 3.7 (14). Block Diagram of 8-Bit PWM Mode
In this mode, the value of register buffer will be shifted in

Use of the double buffer makes easy the handling of
TREGO if 2" - 1 overflow is detected when the double buffer of small duty waves.
TREGO is enabled.
Match with TREGO n n

Up-counter = Q4 Up-counter = Q

2n— 1 overflow

[ shiftinto TREGO
TREG 0 Q1 *

(value to be compared) jT

Register buffer Q2 X

Q2

Q3
A TREGO (register buffer) write

Figure 3.7 (15). Operation of Register Buffer

Example: To output the following PWM waves to TO1 To realize 63.5us of PWM cycle by ¢T'1 = 0.5us (@ fc =
pin at fc = 16MHz. 16MHz2),

63.5us + 0.5s = 127 = 27 - 1
] [ 1 [

Consequently, n should be set to 7.
‘—%T’| As the period of low level is 36s, for g1 = 0.5us, set the
~ 35w

following value for TREGO:
#  Clock Condition

systemclock : High Frequency (fc) 36ps + 0.5us = 72 = 48H
clock gear ;o 1(fo)
prescaler clock :  system clock (fsys)
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MSB LSB
765643210
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.
TREGDO « 01001000 Writes "48H".
TFFCR « X X X X 1 01 X Clears TFF1, enable the inversion and double buffer.
PTCR ¢ X X X X - -1 - _
PIFC € X X X X = — 1 X } Set P71 asthe TO1 pin.
TRUN ¢ 1 X = = = = - 1 Start timer 0 counting.
Note: X;don’tcare  —;nochange

Table 3.7 (3) PWM Cycle

at fc=16 MHz, fs=32 kHz

PWM Cycle
select prescaler [select system
Gear val
clock clock <92EX3R;?D> 26-1 27-1 28-1
<PRCK1,0> <SYSCK> :
$T1 ¢T4 $T16 ¢T1 ¢T4 $T16 $T1 $T4 $T16
1 (fs) XXX 15.75ms |63.00ms |2°2 Ooms 31.75ms 127,uoms 508 ooms 63.75 ms 255'°°m, 1.02s
000 (fc) 31545 |12604s [S080pus (6354 (25404 [1.02ms |12754s (51004 [2.04ms
00 001 (fe/z) 63045 |25204s [1.01ms [12704s [508.04s [203ms [25504s |1.02ms [|4.08ms
(fepw)
0 (fc) 010 (ferg) 126045 504045 |202ms |25404s |102ms |406ms [51004s [2.04ms [8.16ms
011 (fug)  |25204 |1.01ms |a03ms [50804s [203ms [813ms [1.02ms [a08ms |1632ms
100(fC11§} 5040us [2.02ms |8.06ms [1.02ms [4.06ms [16.26ms [2.04ms [8.16ms [32.64ms
01
(low frequency XXX XXX 15.75ms |63.00ms |252.00 [31.75ms [127.00 [508.00 [63.75ms [255.00 [1.02s
ms ms ms ms
clock)
10
XXX XXX 504045 |202ms |B06ms [1.02ms |4.06ms [1626ms [204ms [8.16ms [32.64ms
(fes16 clock)

XXX : don't care
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(5) Table 3.7 (4) shows the list of 8-bit timer modes.

Table 3.7 (4) Timer Mode Setting Registers

Register name TMOD TFFCR
Name of function in T10M PWMM T1CLK TOCLK TFF1IS
Function Timer mode PWMO cycle Upper timer input Lower timer T@er FIF invert
clock input clock signal select

External clock,
16-bit timer mode 01 - - #T1, T4, ¢T16 -
{00,01,10,11)

8-bittimer x 2 channels Lower timer External clock, |0: Lower timer
00 _ match: #T1, 474, 4716 output
#T1, 16,256 (00,01,10,11) 1: Upper timer
(00,01, 10, 11) output
External clock,
8-bit PPG x 1channel 10 - - ;5T1,55T4,¢T16 -
(00,01,10,11)
8-bit PWM x 1channel " 26.1,27-1,28-1 - External clock, -
(01,10, 11) $T1,6T4,4T16
(00, 01,10, 11)
8-bit timer x 1channel 1 - #T1. 4716, 37256 - Output disabled

(01,10,11)

Note: -; Don't care
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3.8 8-Bit PWM Timer

The TMP93CM40/TMP93CM41 has two built-in 8-bit PWM
timers (timers 2 and 3).
They have two operating modes.

e 3-bit PWM (pulse width modulation: variable duty at fixed
interval) output mode

e 8-bit interval timer mode

Figure 3.8 (1), (2) are block diagrams of the 8-bit PWM
timer (timers 2 and 3).

PWM timers consist of an 8-bit up-counter, 8-bit com-
parator, and 8-bit timer register. Two timer flip-flops (TFF2 for
timer 2 and TFF3 for timer 3) are provided.

Input clocks ¢P1, ¢gP4, and ¢P16 for the PWM timers can
be obtained using the built-in prescaler.

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

PWM timer 0 and 1 can be used independently.

All PWM timers operate in the same manner, thus, only
the operation of PWM timer O will be explained below.

100
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F/F2
(TFF2) [ PWM2-0UT
POMOD <PWMOM > (T02)
TRUN <PORUN> ¥
- Set Clear
<]
8
o
2 F/F control
@
vy
gP1— RUN T T PFFCR <FF2C1,0>
4P4 — Clock | .| 8-bit up counter PFFCR <FF2TRG1, 0>
4P16— control e
T T [— Overflow
2n-1
POMOD <T2CLK1, 0>
A
POMOD <PWNMOS1, 0>
Interrupt
8-bit comparator Match detect Pt — INTT2
control
(CP2)
ﬁ POMOD <PWMOINT >
8-bit timer register
TREG2
Shift trigger B
. kT
Selector
I Register buffer 1 s A TREG-WR
Register write f
T
POMOD <DB2EN>
i 3
Internal bus

Figure 3.8 (1). Block Diagram of 8-Bit PWM Timer O (Timer 2)
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P1IMOD <PWM1M>

TRUN <P1RUN>

Selector

FEL L o
(TO3)
SetT TCIear
F/F control

RUN
$P1 —
4P4— Clock || 8-bit up counter
P16 control (uc3)

T f Overflow

P1MOD <T3CLK1,0>

PIMOD <PWM151,0>

T T PFFCR <FF3C1, 0>
PFFCR <FF3TRG1, 0>

Int t
i Match detect nterrupt | INTT3
8-bit comparator control
(CP3)
ﬁ PIMOD <PWMI1INT>
8-bit timer register
TREG3
Shift trigger B
v e
Selector
[ Register buffer } s A TREG-WR

Register write T
T
P1IMOD <DB3EN>

§ 3
Internal bus

Figure 3.8 (2). Block Diagram of 8-Bit PWM Timer 1 (Timer 3)
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O Prescaler Figure 3.8 (3) shows the block diagram. Table 3.8 (1)
shows prescaler clock resolution to 8 bit PWM Timer

There are 5 bit prescaler and prescaler clock selection 0, 1.

register to generate input clock for 8 bit PWM Timer O, 1.

toCPU
—[]

Sbit prescaler
i 214181632
FPH «----
vy Y t
o 4P16
- #P4 to 8 bit PWM Timer 0, 1
1 ¢P1
— o
Ll
t0 9 bit prescaler for 8 bit Timer 0, 1, 16 bit Timer 4,5,
SYSCRO Serial interface 0, 1
@ <PRCK1:0>
P
o
15 o run/stop
XTI Y &clear
w
@ * TRUN<PRRUNZ>
-
9
e SYSCR1<SYSCK>
sl
|t [ttt *
SYSCR1<GEAR2:0>

X1 2141816

Figure 3.8 (3). Prescaler Block Diagram]

Table 3.8 (1) Prescaler Clock Resolution to 8 Bit PWM Timer 0, 1

at fc= 16 MHz, fs=32kHz

Select system | Select prescaler Prescaler Clock Resolution

clock clock Gear value

<SYSCK> | <PrcKk1,0> | <GEARZ:0> 4P1 4Pa P16
1(fs) XXX fsip2 (125 us) |Tsr2a (500 us) |Tsi26 (2 ms)

000 (fc) ez (0.25 ws) |feiza (1 us) feroe (4 ps)

00 001(fra)  |feraz (0550 |faas (2 us) fera7 (8 ps)

(frpr)
0(fc) FPH o10(fg)  |fma (1) |fugs (4us)  |faras (16 4)

011{fug)  [feis (2 4s) ferp7 (8 us) fere (32 49)

100 (ferig)  |Teras (4 409 foige (164s) | ferai0 (64 ps)

01
XXX (low frequency | XXX fsrz (12548) [fsr2a (5004s) |T5/26 (2ms)
clock)

10
(fchﬁ clock)
XXX : don'tcare

XXX XXX ferae (4 49) fooe (164s) | f210 (64 ps)

(Note) Thefe/16 clock as a prescaler clock can not be used
when the fs is used as a system clock.
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The 1/2 times clock selected among fgpy clock, fc/16
clock, and fs clock is input to this prescaler. This is
selected by prescaler clock selection register SYSCRO
<PRCK1 : O0>.

Resetting sets <PRCK1 : 0> to “00”, therefore, frp /2
clock is input. The register TRUN <PRRUN> which
controls this prescaler is also used at 9 bit prescaler.
So, this prescaler cannot be operated independently.
The 8 bit Timer 0, 1 uses 3 types of clock: eP1, gP4,
and P16 among the prescaler outputs.

The prescaler can be run or stopped by TRUN
<PRRUN> described of the 8 bit Timer.

Counting starts when <PRRUN> is set to “1”, while
the prescaler is cleared to zero and stops operation
when <PRRUN> is set to “0”.

When the IDLE1 mode (operates only oscillator) is
used, set TRUN <PRRUN> to “0” to stop this pres-
caler before “HALT” instruction is executed.

0 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 PWMO is selected from the
internal clocks ¢P1, ¢P4, and ¢P16 (PWM dedicated
prescaler output) depending on the <T2CLK1:0>.
Operating mode is also set by POMOD <PWMOM>. At
reset, they are initialized to “0”, thus, the up-counter is

Up-counter

!

I Comparator j

l

[ Timer register (TREG2) J

in PWM mode. In PWM mode, the up-counter is
cleared when a 2" - 1 overflow occurs; in timer mode,
the up-counter is cleared at compare and match.
Count/stop and clear of the up-counter can be con-
trolled for each PWM timer using the timer operation
control register TRUN. Resetting clears all up-counters
and stops timers.

O Timer registers

The 8-bit register is used for setting an interval time.
When the value set in the timer register (TREG 2)
matches the value in the up-counter, the match detect
signal of the comparator becomes active.

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

TREG2 is a double buffer enable/disable controlled by
POMOD <DB2EN> : disabled when <DB2EN> = O,
enabled when <DB2EN> = 1.

Data is transferred from register buffer to timer when a
2" - 1 overflow occurs in the 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 timer mode for
timers O and 1.

At reset, <DB2EN> is initialized to O to disable double
buffer. 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.

ﬁ Shift trigger
|

[ Register buffer |

TF e

—T—— 8-bit match detect

PWM2n-1overflow

<—T—<— TREG2 WR

Selector

Internal bus

<DB2EN>

Figure 3.8 (4). Structure of Timer Registers 2

The timer register and 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.
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Memory addresses of the timer registers are as follows:
TREG2 : 000026H
TREGS : 000027H
Both timer registers are write only; however, register

buffer values can be read when reading the above
addresses.

O 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. A timer
interrupt (INTT2) is generated at compare and match if
the interrupt select bit <PWMOINT> of the mode regis-
ter (POMOD) is set to 1. 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.

O Timer flip-flop

The value of the timer flip-flop is inverted by the match
detect signal (comparator output) of each interval timer
or 2" - 1 overflow. The value can be output to the timer
output pin TO2 (also used as P72).
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7 { 6 . 5 i 4 3 i 2 i 1 i 0
POMOD |bit Symbol | FF2RD : DB2EN i PWMOINT : § T2CLK1 | T2CLKO | PWMOST i PWMOSO
28H f
(0028H) Read/Write R : w
After reset - 0 0 : 0 0 0 : p 9
Flip-flop :1: Double {0271 :o:ngﬂ i 00: gP1 © 00: 26-1
: H £l mode H
(FIF2)  © Bufferzi oo L 01: gpa f01:27
Function |output | Enable | : 10 ¢P16 10: 2841
: i1: compare | mode |
data ; P g match | . 11:Don'tcare 1: Don't care
: i interrupt :

Read-modify-write is
prohibited.

I: Select PWMO cycle

00 26-1

01 |27
10 |28-1

11 |Don’t care

—— Select PWMO input clock
00 {gP1

01 |¢ P4

10 |4 P16

11 |Don't care

select PWMOQ mode
0 [PWM mode

1 |8-bittimer mode

select PWMQO interrupt

0 |Overflow interrupt

1 E'u'r'r'l'p'ére and métch
interrupt

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 5 | 4 i 3 | 2 T 1 q
P1MOD |bit Symbol | FF3RD : DB3EN :PWMIINT: PWMIM | T3CLK1 : T3CLKO | PWMIS1 i PWMI1S0
(0029H) [ write RO w
After reset - i o0 i 0o i 0o i o f o i o i o
flip-flop :1: Double [9:2™1  i0:PWM 0. 4p9 © 00:26-1
: i overflow : mode :
(F/F3) i Buffer3: interrupt | ! 01: ¢P4 S 01:271
Function |output | Enable | d:Timer 0. 4p1g L 100281
: :1: Compare | mode :
data © and : 11: Don't care i 11:Don'tcare
: match :
interrupt :

Read-modify-write is
prohibited.
Select PWM1 cycle

00 |26-1
01 |27-1

10 (281

11 |Don’t care

—— Select PWM1 input clock

00 |4 P1

01 |4Pa
P16

11 |Don’t care

1 |8-bittimer mode

Select PWM1 interrupt

0 |Overflow interrupy
"] |Compare and ‘match
interrupt

Control double buffer
0 [Disable

1 |enable

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

Figure 3.8 (6). 8-Bit PWM1 Mode Control Register

TOSHIBA CORPORATION 107



TMP93CM40/TMP93CM41

7 ¢ & . 5 i o4 3 i 2 i 1 i 0
PFFCR  [bit Symbol | FF3C1 | FF3CO © FF3TRGT | FF3TRGO : FF2C1 | FF2C0 | FF2TRGI : FF2TRGO
(002AH) : : :
Read/Write w RIW w RW
After reset o i 0 o i 0 0o i o0 o i 0

Function

00: Don't care
01:S5et TFF3

10: Clear TFF3
11: Don't care

: Disable TFF3inverted. :
: Invert by match.
: Setby match ;

clear by overflow,

: Clear by match ;

set by overflow.

00: Don't care
01:5etTFF2

1 10: Clear TFF2
11: Don't care

100 : Disable TFF2 inverted.
:01 © Invert by match.
310 : Set by match;

11 : Clear by match;

clear by overflow,

set by overflow.

;

L)Select PWM timer F/F2 (TFF2) trigger

10

1

00
01

D\sable TFFZ mgger

.“591 by compare and maxch

Clear by 2“ 1 overfluw

clear b by compare and match

Set by 2n-1 overflow.

Invert by compare and match

L - Control PWM timerF/F2 (TFF2)

Don tcare

Don't care

Set TFFZ to “ 1 "’
CIearTFFZto 0

Select PWM timer
F/F3 (TFF3) trigger

00

10

1

01

| Set hy compare and match

D\sable TFF3 tngger

Invert by compare and match

Clear by 2" 1 overﬂow

1 C\ear by mmpare and match

Set by 2n-1 overflow.

Control PWM timerF/F3 (TFF3)

Don t care

Set TFF3 to “ 1 !

Don’ tcare

Cleaf TFF3 to "0"

Figure 3.8 (7). 8-Bit PWM F/F Control Register
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7 6 5 a 3 2 i1 o0
TRUN bit Symbol | PRRUN TSRUN T4RUN P1RUN PORUN T1RUN : TORUN
(0020H) Read/Write RAW RIW
After reset 0 : 0 : 0 : 0 : 0 : 0 0
Prescaler & Timer Run / Stop CONTROL
Function 0:Stop & Clear
1: Run(Countup)
L, CountOperation
0 |Stopand clear
1 |Count
PRRUN Operation of prescaler
T5RUN Operation of 16-bit timer (timer5)
T4RUN Operation of 16-bit timer (timer4)
PIRUN Operation of PWM timer (PWM1 / timer3)
PORUN Operation of PWM timer (PWMQ / timer2)
T1RUN Operation of 8-bit timer (timer1)
TORUN Operation of 8-bit timer (timerQ)
7 6 5 4 3 2 1 0
SYSCRQ | bit Symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
(006EH) [Readnwrite RW
After reset 1 0 0 0 0 0 0 0
High Low High Low select clock | Warming Up Leeject gear value of high
. Frequency | Frequency | Frequency | Frequency | after Timer frequency (fs)
Function oscillater oscillator oscillator oscillator released Qwrite : 00 : frpy
(fc} {fe) (fc) after {fc) after STOPmode | dontcare | 4. ¢
0 : stop 0:stop released released 0:fc 1write : 10: fc16
1:oscillator | 1: oscillator | STOP mode | STOPmode |1:1s starttimer b4y iecerved)
0:stop 0:stop Oread:
1: oscillator | 1: oscillator end
warming
up
Tread:
not end
warming
up

\_‘_l

I——> select gear value of high frequency

00

divided clock

(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 condi-
tions.

Condition 1:

e TFF2 is cleared to O when the value in the up-
counter (UC2) and the value set in the TREG2
match.

e TFF2is setto 1 when a 2" - 1 counter overflow (n
=6, 7, or 8) occurs.

PWM timing

Condition 2:

e TFF2 is set to 1 when the value in the up-counter
(UC2) and the value set in TREG2 match.

e TFF2 is cleared to O when a 2" - 1 counter over-
flow (n =6, 7, or 8) occurs.

The up-counter (UC2) is cleared by a 2" - 1 counter
overflow.

The PWM timer can output 0% to 100% duty pulses
because a 2" - 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
<FF2TRGH1, 0> = 1, 0) must be set and 2" - 1 (value for
overflow) must be set in TREG2. To obtain 100% out-
put (always high), the mode must be changed: PFFCR
<FF2TRG1, 0> = 1,1 then the same operation is
required.

21
PWM counter m-1 X m Xm +1 \\ 2"-3 X 2"-2 x \ o0 K 01

Timing in Match detect

detail

2n-1overflow

M

counter clear

Match detect A

Overall

timing 2n-1overflow

/ d
(Note) \ {
Timer F/F output

<J_Q "

(TO2/703)

Figure 3.8 (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.

¢ml¢mlyp1al

Clock control 8-bit up-counter

(ucz)

Clear

POMOD
<PWMO051,0>

il

POMOD<T2CLK1,0>

—

2n-1overflow

control overflow
overflow
8-bit Match PFFCR<FF2TRG1,0>
comparator e
(©p2) PFFCR<FF2C1,0>
TT Timer |—= TO2
Ll FIF
8-bit
i i control
timer register
(TREG2)
B
Shift trigger
Selcto\r{ —gg’_ﬁ ~—|Interrupt
TREG2ZWR —=[A S Register buffer T
control

POMOD<DB2EN>

i

Internal bus

POMOD <PWMOINT >

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 2" -1 overflow
is detected, when double buffer is enabled.

easy.

Match with TREG2

Using double buffer makes handling small duty waves

(Up-counter = Q1)

(Up-counter = Q2)

2n-1
averflow
(Shift from register buffer
TREG 2 Q \x Q,
(Compared value) .
AP
Register buffer Q. ) Qs

K Register buffer write

Figure 3.8 (11). Register Buffer Operation

TOSHIBA CORPORATION



TMP93CM40/TMP93CM41

Example: To output the following PWM waves to TO2 To implement 31.75us PWM cycle by pP1 = 0.25us (@ fc
pin using PWMO at fc = 16MHz. = 16MHz)

31.75us + 0.25us = 127 = 27 -1.

% Clock Condition Consequently, setnto 7.
systemclock : High frequency (fc) Since the low level cycle = 15ps; for @P1 = 0.25us
clock gear ¢ 1(fe)
prescaler clock : system clock (fsys) 15us + 0.25 = 60 = 3CH

i I [ set the 3CH in TREG2.
~—5
15 us
31.75;15
76543210
TRUN ¢ - X = - -0 - - Stops PWMO and clears it to 0.
POMOD « -0 000001 Sets PWM (27-1) mode, input clock ¢P1, overflow
interrupt, and disables double buffer.
TREG2 « 0O 111 0 Writes 3CH.
POMOD « - 100000 Enables double buffer.
PFFCR ¢ - - - -011 Sets TFF2 and a mode where TFF2 is set by compare and
match, and cleared by overflow.
PICR « X XXX -1- - l Sets P72 a5 TO2 pi
PIFC e« X XX X -1-x [ Cewr/easioeenm
TRUN 1 X ---1-- Starts PWMO counting.
Note: X;don’t care - ;no change
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Table 3.8 (2) PWM Cycle and 2" -1 Counter Setting

atfc = 16 MHz, fs = 32 kHz

PWM Cycle
selectsystem | select prescaler Gear value
clock clock <GEARZ : 0> 26-1 27-1 28-1
<SYSCK> <PRCK1,0> :
4P1 #P4 $P16 #P1 #P4 4P16 $P1 P4 4P16
1(fs) XXX 788ms [3150ms usuoms 15.88 ms | 63.50 ms ZSﬂOOms 31.88ms ’27‘5°ms swuom
000 (fc) 15.8us |630pus |2520us [31.8us [127.04s |50B0us [63Bus |25504s |1.02ms
Q0 001 (ferp) 31 5.5 [1260u5 (5040 |63 5.4 |25404s |1.02ms [1275us {51005 |204ms
0 (fc) (fepr) 010 (fcrg) 630us |25204s [101ms |1270pus |5080,s |203ms |2550p,s [1.02ms [408ms
o (k/s) 127.0 45 |5080us [2.03ms [254 s 1.02ms [4.06ms [5100pus [2.04ms [8.16ms
100{f¢/16) |25204s [101ms |403ms |5080,s [203ms |813ms [102ms |a08ms [1632ms
01
XXX XXX 7.88ms |3150ms [126.00 |1588ms |63.50ms [254.00 |31.88ms [127.50 |510.00
(low frequency) ms ms ms ms
10
XXX £ XXX 25204 |1.01ms [4.03ms |50804s [2.03ms |8.13ms |102ms |408ms [16.32ms
(f¢/16 clock)

(2)  8-bit timer mode

XXX : don't care

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.

O Generating interrupts at a fixed interval

To generate timer 2 interrupt (INTT2) at a fixed interval

7

TRUN € -

POMOD « X

TREG2 « 1

INTEPW10 « -

TRUN «1
Note :

0

X

1

0

X ;don’t care

[
=)
1
[

¥  Clock Condition
system clock
clock gear

Select an input clock using Table 3.8 (1).

prescaler clock :

using PWMO timer, first stop PWMO, then set the oper-

ating mode, input clock, and interval in the POMOD
and TREG2 registers. Next, enable INTT2 and start

counting PWMO.

Example: To generate a timer 2 interrupt every

40ps at fc = 16MHz, set registers as fol-
lows:

High frequency (fc)
1 (fe)

Stops PWMO and clears it to 0.
Sets 8-bit timer mode and selects ¢P1 (0.25 us) and
compare interrupt.
Sets 40 45/0.25 ps = AOH in timer register.
Enables INTT2 and sets interrupt level 4.
Starts counting PWMO.

-;no change

Note:

system clock (fsys)

To generate interrupts in 8-bit timer mode, bit 5 (interrupt control bit
<PWMOINT> must be set to 1.
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O Generating a 50% square wave Example: To output a 3.0us square wave at fc = 16MHz from
TO2 pin, set register as follows:

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).

3  Clock Condition
systemclock : High frequency (fc)
clock gear o 1(fe)
prescaler clock :  system clock (fsys)

TRUN « - X ---0 - - Stops PWMO and clears it to 0.

POMOD « X 01100 X X Sets 8-bit timer mode and selects ¢P1 (0.25 us) as the
input clock.

TREGZ « 0 0000 1 Sets 3.0 45/0.25 us/2 = 6in the timer register.

PFFCR ¢ - - - =100 1 Clears TFF2 to 0 and inverts using comparator output.

P?CR*—XXXX-I-—‘L

P7FC XXX X-1-X J Sets P72 as TO2 pin.

TRUN 1X-=--1-- Starts counting PWMO.

Note: X;don’t care -;no change

TRUN |
Up-counter 01___ Y 02 )03 Y04 )05 Y06 X )Yor) oz Y02 ) o5 o6 Y Xory o2 |

Comparator
timing

Match ,ﬂ | |
detect
UCclear M ﬂ
\
|

-

TFF2

1.5 ps (at fc= 16 MHz)

TO2 f/
l
\

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¢P41¢P16i

Clock control

POMOD<T2CLK1, 0>

8-hit up counter
[(V]er)}

Clear

B

NS

8-bit comparator

(cP2)

Match

Timer
F/F

l

8-bit
timer register
(TREG2)

Selector Yl Shift trigger TT

Register buffer

i

TREG2 WR A s
POMOD<DB2EN>
Register write S

Internal bus

control

—= TO2

44
PFFCR<FF2C1,0>

PFFCR<FF2TRGI1, 0>

Interrupt

control

f— INTT2

POMOD<PWMOINT >

Figure 3.8 (13). Block Diagram of 8-Bit Timer Mode
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3.9 16-Bit Timer

TMP93CM40/TMP93CM41 contains two (timer 4 and timer 5)
multifunctional 16-bit timer/event counter with the following
operation modes.

e 16-bit interval timer mode

16-bit event counter mode

16-bit programmable pulse generation (PPG) mode
e 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, two 16-bit capture registers (one of them
applies double-buffer), two comparators, capture input con-
troller, and timer flip-flop and the control circuit.

Timer/event counter is controlled by four control regis-
ters: TAMOD/T5MOD, T4FFCR/T5FFCR, TRUN and T45CR.

Figure 3.9 (1), (2) show the block diagram of 16-bit timer/
event counter (timer 4 and timer 5).

Timer 4 and 5 can be used independently.

All timers operate in the same manner except the follow-
ing points, thus, only Timer 4 operation will be explained
below.

Different Points Between Timer 4 and 5

Timer 4 Timer 5
Timer Out Pin '
(for upper timer register) T05 pin (TFF5) ]
| Dogs not exist
Different Phased Pulse Output Mode s i s

116
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S Internal bus

Upper byteﬁ ﬂLower byte Upper byteﬁ ﬁLcwer byte

Capture register 1 Capture register 2
TAMOD < CAP1IN> CAPT CAP2 TAMOD < CAP2T5, EQ5T5>
4 Trigger. . TAFFCR
Software Capture TT Tr\ggerT TT U
TR Capture ’
Ti4

Timer TFFa TO4
control
TS F/F

TRUN<T4RUN >,
Clear Control
T4MOD ‘*;TFL ” —
<CAP12M1, MO > selector 16-bit up-counter
Ti4 #1716 > uca PGO
l shift
I TRUN<T4RUN> TAMOD<CLE> trigger 55
il TAMOD <TACLK1, 0> -
a 1l
Match Match
Comparator detection Comparator | | detection
CP4 CP5
TREG4 TREGS
ﬁ(—— Selector
<— TREG4-WR
Register bufferd
TASCR<DBA4EN>
Upper byte T TTLower byte Upper byte Lower byte
Internal bus

Figure 3.9 (1). Block Diagram of 16-Bit Timer (Timer 4)
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Internal bus

Upper byte TT

ﬁ\.ower byte

Capture register 3

CAP3

TFF1—>

Tie
TIS

INT7?

TSMOD <CAP3IN>

Upper by‘teﬁ

5

ﬁLower byte

Capture register 4

CAP4

Trigger )
Software Capture ﬁ Trigger T ﬁ TiliCR
Capture ) Timer
-
control
FIF
+ TRUN<TSRUN>
—— ] a Control
T5MOD éfr; ear - -
<CAP34M1, MO> #T4 > 16-bit up-counter l
! _ »| Selector |————— P
Ti6 #T1E ucs PGO tor
l A shift ZF
4 * TRUN<TS5RUN> TSMOD<CLE> trigger;;
[¥=]
- TSMOD<T6CLKT, 0> ——
z
Match ll Match
Comparator detection Comparator detection
CP6 cP7
TREG6 TREG7
T}—— Selector
~<——— TREG6-WR
Register buffer 6
TASCR<DBGEN>
Upper byte Lower byte Upper byte Lower byte

Internal bus

Figure 3.9 (2). Block Diagram of 16-Bit Timer (Timer 5)
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7 i 6 i s i 4 i 3 2 i 1 P
TAMOD |bit Symbol | CAP2TS : EQSTS | CAPIIN :CAP12M1:CAPI2MO; CLE | TACLK1 : TACLKO
(0038H)[Readvrite RIW Poow RIW EOoRwW RAW
After reset o i 0 Tt 0 o0 i o i 0
TFF5 invert trigger :0: zOﬁ; gng“_’eg]Iming aE (u:ll:d i Timer 4 source clock
. ) apture :00: Disable i Clear
0: Disable trigger 1 don't INT4occurs atrise edge. ©  Enable 00:T14
Function |1: Enable trigger .care 01:mar TSt ; 01 g™
Invert Elnverr. : INT4 occurs atrise edge. : :10: 4T4
: : “10: T8 Tia : :
when the :whenthe : ‘NNZ . ‘th'” " : 110 4T16
UC value is iup-counter: | cours ot Tall ecge- ;
iup : T1ITERI T TFE1 :
Ig:gzed to l_'[ﬂ:g.éf;es INT4 occurs at rise edge.

Timer 4 input clock

00 |External clock (Ti4)

01 |gT1
10 |¢T4
1M [¢T16

ng the up-counter UC4

0 |Cleardisable
1 |Clear by match with TREGS.

Figure 3.9 (3). 16-Bit Timer Mode Controller Register (T4MOD) (1/2)
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7 ¢ 6 i 5 i 4 o3 i 2 b1 1
TAMOD |bit Symbol | CAP2TS © EQSTS | CAP1IN CAP12M1:CAPIZMO; CLE | T4CLK1 & TACLKO
(0038H) [ peagwrite RAW Pow RAW Porw RIW
After reset o 0 1 o i 0 o i 0o . 0
TFFSinvert trigger (0 Soft- Capture timing (11UC4 Timer 4 source clock
0: Disable tri Capture :00: Disable i Cear 1
F 4 » Visabletrigger §1'don't i INT4 occurs atrise edge. : Enable '
unction 1 4: Enable trigger §care  Ofimar Tst : P 01:4T1
Invert E\I'Wel“t : INT4 occurs at rise edge. 10: ¢T4
when the iwhenthe : (0:mar may P11 4T16
UCvalueisiup-counter; H INT4 occurs at fall edge. : :
loaded to imatches | TR TERL :
CAP2 TREGS : INT4 occurs at rise edge.
I | . 1

Capture timing of timer4

Capture control INT4 control
00 |Capture disable Interrupt occurs
........... s e e edge

CAP1 at Tl4 rise
01 of Ti4 (INT1)

CAP2 atTI5 rise

CAP1 at Tl4 rise at the fall edge
10 of TI4 (INT1)
CAP2 at Tl4 fall input.
.......................... e e e
CAP1 at TFF1 rise at the rise edge ]
11 of TI4 (INT1)

CAP2 at TFF1 fall input.

L » Software capture

0 |Theup-counterd value is loaded to CAP1
(software capture).

1 |Alwaysread as”1".

Timer flip-flop 5 (TFF5) invert trigger

0 |Triggerdisable (Invert Prohibition) ) B

1 |Trigger enable (Invert permission)

CAP2TS : Invertwhen the up-countervalue is loaded to CAP2
EQS5TS : Invertwhen the up-counter matches TREGS

Figure 3.9 (4). 16-Bit Controller Register (T4AMOD) (2/2)
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7 6 ¢ 05 o4 ¢ o3 o2 i1 10
TAFFCR |bit Symbol | TFFS5C1 | TFFSCO CAP2T4 : CAPITA | EQSTA ¢ EQaTa TFF4C1 TFF4CO
(0039H) [ cagwrite w RIW RW L RW RW w
After reset 0 : 0 0 0 0 0 0 0
00: Invert TFF5 jTFF4 invert trigger slnvert TFF4
01:5et TFFS '0: Disable trigger : Set TFF4
Function {10: Clear TFF5 ;1: Enable trigger :Clear TFF4
11: don't care : . T . :don'tcare
3nvertwhen ‘Invertwhen :lnvertwhen élnvertwhen
Alwaysread as “11".  theUCvalue the UCvalue ithe UC ithe UC Always read as
isloaded to fisloaded to imatches ‘matches "1
CAP2 i CAP1 {TREGS ‘TREGA :
I |
|-> Timer flip-flop 4 (TFF4) control
00 |Inverts the TFF4 value (software inversion).
01 |[SetsTFF4to “1".
10 |Clear TFF4to “0".
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 : Invertwhen up-counter matches TREGS
EQ4T4 : Invertwhen up-counter matches TREG4

Timer flip-flop 5 (TFF5) control

00 |inverts the TFF5 value (software inversion).
01 SQtTFF5m1 IR
10 . c|earTFF5to'g e

11 |Don'tcare (Alwaysreadas“11")

Figure 3.9 (5). 16-Bit Timer 4 F/F Control (T4FFCR)
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T5MOD
(0048H)

5 o4 3 : 2 : 1 0
bit Symbol | CAP3IN [CAP34M1iCAP3AMO: CLE | TSCLK1 : TSCLKO
Read/Write wo RAW PoRw RW
After reset 1 0 0 Q 0 : o]

{0: Soft-  Capture timing 1:UCS | Timers source clock
Capture :00: Disable i Clear 00: 116
. don't i INTéoccursatriseedge. | Enable .

Function Care O1:mer Tt P01 gTH
: INT6 occurs at rise edge. : : 10: ¢T4
(10:TIET  TI6| : :
: INT6 occurs at fail edge : : 1 ;1716
1ITRRIY TRRL :
i INT4occurs at rise edge. i

L, Cleari

— Timer 5 input clock

$T1
10 |[¢T4
1 |¢T16

External clock (TI4)

ng the up-counter UC5

0 |Cleardisable

1 |Clear by match with TREG?7

Figure 3.9 (6). 16-Bit Timer Mode Control Register (TSMOD) (1/2)
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T5MOD [bit Symbol

(0048H) Read/Write

5 a4 ¢ 3 i 2 i 1 i 0
{ CAP3IN iCAP34MI |CAP34MO: CLE | TSCLK1 ; TSCLKO
w RAW PoRw RW
After reset : 1 ] 0 : 0 0 0
i0: Soft-  :Capture timing A1 UCS ! Timer 5 source clock
Capture :00: Disable i Clear
1-don't . INT6occursatrise edge. Enable
01:meT n7t
care

INT6 occurs at rise edge. |
$10:TIET T :
i INT6 occurs at fall edge. :
TITFRIT TRR ;
I INT4occurs at rise edge. |

[

,:ner 5 Capture timing

Capture control

INT6 Control

00 |Capture disable

CAP3 at Ti6 rise

01
CAP4 atTi7 rise
10 CAP3 atTIb rise
CAP4 at TiI6 fall
CAP3 at TFF1 rise
1

"l at the rise edge

I THEEFF B GEETTE T

|Interrupt occurs™

Interrupt occurs

of TI6 (INT6) 4
input.
at the fall edge

of Ti6 (INT6) \_
input.

at the rise edge
of Ti6 (INT6) _f |

CAP4 at TFF1 fall input.

L » Software capture

uqe

1 JAlwaysread as

0 |Theup-counter5value is loaded to CAP3.

Figure 3.9 (7). 16-Bit Timer Control Register (TSMOD) (2/2)
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7 . 6 i 5 4 3 1 2 i 1 i g
T5FFCR | bit Symbol ' | CAPATE | CAP3T6  EQ7T6 - EQ6T6 | TFF6CI | TFF6CO
(0049H)f peacrwrite PORW RW i RW RW w
After reset 0 0 0 0 0 0
ETFFGinverttrigger {00 Invert TFFE
:0: Disable trigger :01:Set  TFF6
“1: Enable trigger 10: Clear  TFF6
Function H : H H “11:don’tcare
glnvenwhen ;Inverlwhen glnvertwhen ginvenwhen H
ithe UCvalue ithe UCvalue *the UC ithe UC {3 Always read as
s loaded to ;is\oadedtc imatches  imatches "1
icapa ‘CAP3 { TREG7 {TREGE i
L |
L Timer flip-flop & (TFF6) control
00 [Invertsthe TFF6 value (software inversion).
01 |SetsTFF6to “1"
10 |Clear TFF6to “0".
11 |Don’t care (Always read as “11") .
— Timer flip-flop 6 (TFF6) invert trigger
0 |Trigger disable (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 : Invertwhen up-counter matches TREGH

Figure 3.9 (8). 16-Bit Timer 5 F/F Control (TSFFCR)
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4 3 i 2 i 0
T45CR  |bit Symbol PGIT | PGOT : DBBEN | DB4EN
(003AH) Read/Write RW
After reset : 0 0 0 0
;PG% shift ‘pGO shift
Trigger iTrigger : .
go'ab‘t '0:8 bit 50: Disable
iTimer Trigger: Timer Trigger: 1: Enable
{Mimer 0.1} (Timer 0.1 noible  Double
e T6bR 1 aBbit b tferof i buffer of
:Timer Trigger: Timer Trigger: TREG6 TREG4
i(Timer 5) HTimerd)  :

L Double buffer countrol

0 |Disable

1 |Enable

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

Figure 3.9 (9). 16-Bit Timer (Timer 4, 5) Control Register (T45CR)
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7 ¢ 6 . 5 i 4 : 3 i 2 i 1 i 0
TRUN  |bit Symbol | PRRUN | : TSRUN : T4RUN : PIRUN i PORUN  TIRUN | TORUN
(0020H) Read/Write RW : W
After reset 0 0 0 0 0 0 0
Prescaler & Timer Run /Stop CONTROL
Function 0 : Stop & Clear
1 : Run (Count up)
L, CountOperation
0 |Stopand clear
1 |Count
PRRUN . Operation of prescaler
TS5RUN . Operation of 16-bit timer (timer5)
T4ARUN : 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
SYSCR1 | bit Symbol XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
(006EH) Read/Write RIW
Afterreset 1 0 0 0 0 Q 0 0
High Low High Low selectclock | WarmingUp Lo 0t gear value of high
. Frequency | Frequency | Frequency | Frequency | after Timer frequency (fs)
Function ascillator oscillator oscillator oscillator released Owrite: 00: fpy
() Q) (f¢) after {fe) after STOPmode | don'tcare | o4 ¢
0:stop 0:stop released released 0:fc Twrite: 10 fc/16
1: oscillaton | 1: oscillaton | STOP mode | STOP mode | 1:fs starttimer 4 1. (reserved)
0:stop 0:stop Oread:
1: oscillaton | 1: oscillaton end
warmmg
up
Tread:
notend
warming
up

\_(__1

I—» select gear value of high frequency
00 |frpH

o1t 1 r1/4times clock
10 [fc/16

1 |(reserved)

Figure 3.9 (10). Timer Operation Control Register/System Clock Control Register
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O Prescaler

There are 9 bit prescaler and prescaler clock selection
register to generate input clock for 8 bit Timer O, 1, 16

$—— to CPU
——[J |
> to 8 bit PWM prescaler
fepn oo )
9 bit prescaler
e ﬁ—blzlals]mlazlsai\zelzsslsq
o
il
— 471
v 474
+ = $T16
SYSCRO #1256
o] | <PRCK1:0> ﬂ
v run/stop
XT1 [ o & clear
@
Ll
| B TRUN<PRRUN>
e )
2 SYSCR1<SYSCK> #T0
w 472
| 478
f — 432
—]
SYSCR1<GEAR2:0>

X1

bit Timer 4, 5 and Serial Inteface 0O, 1.

Figure 3.9 (11) shows the block diagram. Table 3.7 (1)

shows prescaler clock resolution to 8, 16 bit Timer.

Figure 3.9 (11). Prescaler Block Diagram

} t0 8 bit Timer 0, 1

¢
$T4 to 16 bit Timer 4,5
$T16

to serial Interface 0, 1

Table 3.7 (1) Prescaler Clock Resolution to 8, 16 bit Timer

at f¢= 16 MHz, fs =32 kHz

z:s\leec; dock ile:f(t prescaler Gear value Prescaler Clock Resolution
<SYSCK> | <PRCK1,0> | <GEARZ:0> 4T T4 $T16 47256
1 (fs) XXX fsrp3 (250 p9) |25 (1ms)  |Fsr7 (ams)  |Fsra11 (64 ms)
000 () fegs (0.508) |Toras @us)  |forar (Bps)  |feran (128 us)
00 001 (fer2)  |fae (1ps)  [Tage (aps)  |Toas (16 48) | foraiz (256 us)
0(f0) i 010y [fias (2,0 [Ty (Bes) | (32us) |Tozi3 (512 )
o011 (ferg)  |ferae (Bus)  [forps (16 4s) [Tr210 (64 sy |Tcr14(1.024 ms)
100(firg) [fapr (8us)  |fauge (32,) |Tuant (128 us) |f/215(2.048 ms)
XXX ton ﬁeilmmk) XXX 503 (250 ws) [fsras (1ms)  [fsi27 (ams)  [fs211 (64 ms)
XXX (fcu:]c\ock) XXX fergr (8rs)  |ferpe (32,8) |Feipnr (128 s) |fer215(2.048 ms)

XXX :don'tcare

(Note) The fc/16 clock as a prescaler clock can not be used

when the fs is used as a system clock.

-« 16 bit Timer ————»

~<———————— B bit Timer
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The 1/4 times clock selected among 2 times system
clock, fc/16 clock, and fs clock is input to this pres-
caler. This is selected by prescaler clock selection reg-
ister SYSCRO <PRCK1 : 0>.

Resetting sets <PRCK1 : 0> to “00”, therefore, 2 times
system clock is input.

The 16 bit Timer 4, 5 uses 3 types of clock: gT1, oT4,
and oT16 among the prescaler outputs.

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

When the IDLE1 mode (operates only oscillator) is
used, set TRUN <PRRUN> to “0” to stop this prescaler
before “HALT” instruction is executed.

0 Up-counter

UC4 is a 16-bit binary counter which counts up
according to the input clock specified by T4AMOD
<T4CLK1, 0> or TSMOD <T5CLK1, 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 Tl4 pin (also used as
P80/INT4 pin) can be selected. When reset, it will be
initialized to <T4CLK1, 0> = 00 to select Tl4 input
mode. Counting or stop and clear of the counter is
controlled by timer operation control register TRUN
<T4RUN>.

When clearing is enabled, up-counter UC4/UC5 will be
cleared to zero each time it coincides matches the
timer register TREG5, TREG?7. The “clear enable/dis-
able” is set by TAMOD <CLE>.

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

O Timer Registers

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

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

TREG 4 TREG S
\ Upper 8 bits I Lower 8 bits ‘ ! Upper 8 bits I Lower8bitsJ
:::) Timer 4
000031H 000030H 000033H 000032H
TREG 6 TREG 7
‘ Upper 8 bits lLoweerlts } [ Upper 8 bits l Lower 8 bits ]
:> Timer 5

000041H 000040H

TREG4 timer register is of 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. : dis-
abled when <DB4EN> = 0, while enabled when
<DB4EN> = 1.

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

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

TREG4, TREG6 and register buffer are allocated to the

000043H

000042H

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

O 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.
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CAP1

Upper 8 bits | Lower 8 bits

000035H 000034H

CAP3

‘ Upper 8 bits \Loweerits ‘

000045H 000044H

O Capture Input Control

This circuit controls the timing to latch the value of up-
counter UC4 into (CAP1, CAP2). The latch timing of
capture register is controlled by register T4AMOD
<CAP12M1, O>.

e When T4MOD <CAP12M1, 0> =00

Capture function is disabled. Disable is the default on
reset.

¢ \When T4MOD <CAP12M1, 0> = 01

Data is loaded to CAP1 at the rise edge of Tl4 pin (also
used as P80/INT4) input, while data is loaded to CAP2
at the rise edge of TI5 pin (also used as P81/INT5)
input. (Time difference measurement)

e When T4MOD <CAP12M1, 0> = 10

Data is loaded to CAP1 at the rise edge of Tl4 pin
input, while to CAP2 at the fall edge. Only in this set-
ting, interrupt INT4 occurs at fall edge. (Pulse width
measurement)

¢ When T4AMOD <CAP12M1, 0> = 11

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

Besides, the value of up-counter can be loaded to
capture registers by software. Whenever “0” is written
in TAMOD <CAPIN>, the current value of up-counter
will be loaded to capture register CAP1. It is necessary
to keep the prescaler in RUN mode (TRUN <PRRUN>
to be “17).

CAP2

‘ Upper 8 bits JLoweerits |
000037H

000036H

CAP 4

| Upper 8 bits ] Lower 8 bits |
000047H

000046H

O Comparator

These are 16-bit comparators which compare the up-
counter UC4 value with the set value of (TREG4,
TREGS) to detect the match. When a match is
detected, the comparators generate an interrupt (INTT4,
INTT5), respectively. The up-counter UC4 is cleared only
when UC4 matches TREGS. (The clearing of up-
counter UC4 can be disabled by setting T4AMOD
<CLE>=0.)

O Timer Flip-Flop (TFF4)

This flip-flop is inverted by the match detect signal
from the comparators and the latch signals to the cap-
ture registers. Disable/enable of inversion can be set
for each element by T4FFCR <CAP2T4, CAP1T4,
EQ5T4, EQ4T4>. TFF4 will be inverted when “00” is
written in T4FFCR <TFF4C1, 0>. Also it is set to “1”
when “10” is written, and cleared to “0” when “10” is
written. The value of TFF4 can be output to the timer
output pin TO4 (also used as P82).

O Timer Flip-Flop (TFF5)

This flip-flop is inverted by the match detect signal
from the comparator and the latch signal to the cap-
ture register CAP2. TFF5 will be inverted when “00” is
written in T4FFCR <TFF5C1, 0>. Also it is set to “1”
when “10” is written, and cleared to “0” when “10” is
written. The value of TFF5 can be output to the timer
output pin TO5 (also used as P82).

Note: This flip-flop (TFF5) is contained only in the 16-bit timer 4.
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(1) 16-bit Timer Mode In this example, the interval time is set in the timer reg-
ister TREGS to generate the interrupt INTTRS.

Generating interrupts at fixed intervals:

765643210

TRUN «-X-0---- Stop timer 4.
INTET54 «+ 11001000 Enable INTTR5 and sets interrupt level 4. Disable
INTTRA.
TAFFCR « 11000011 Disable trigger.
TAMOD « 001001 * * Select internal clock for input and
(** =01, 10, 11) disable the capture function.
TREG5S e K ok ok ok K K ok % Setthe interval time (16 bits).
* %k %k Kk Kk Kk x *k
TRUN c1X-1--- - Start timer 4.
Note: X;don’t care -;no change
(2)  16-bit Event Counter Mode ture” once and read the captured value.
The counter counts at the rise edge of Tl4 pin input.
In 16-bit timer mode as described in above, the timer TI4 pin can also be used as P80/INT4.
can be used as an event counter by selecting the Since both timers operate in exactly the same way,
external clock (T14 pin input) as the input clock. To read timer 4 is used for the purposes of explanation.
the value of the counter, first perform “software cap-
76543210
TRUN « - -0---- Stop timer 4.
P8CR € - - - - - - - 0 Set P80 to input mode
INTET54 « 11001000 Enable INTTRS and sets interrupt level 4, while
disables INTTR4.
T4FFCR « 11000011 Disable trigger.
TAMOD « 00100100 Select TI4 as the input clock.
TREGE  « * * & o & % x « Set the number of counts (16 bits).
TRUN «1X-1---- Starttimer 4.

Note : When used as an event counter, set the prescaler in RUN mode.
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(8)  16-bit Programmable Pulse Generation (PPG) Output
Mode

Since both timers operate in exactly the same way,
timer 4 is used for the purposes of explanation.

The PPG mode is obtained by inversion of the timer

765643210
TRUN €«-X-0----
TREGA & * % * % % % * x
TREGE & * * % % & % * x
T45CR « 0 X X X - - -1
TAFFCR « 11001100
T4MOD <« 001001 **

(**=01,10,11)
P8CR € - - - - - 1--
P8FC «X-XX-1XX
TRUN €1 X-1----

Note: X ; don’t care

Match with TREG4
(interrupt INTTR4)

il

j

-;no change

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 TREGS)

Stop timer 4.

Set the duty. (16-Bit)

Set the cycle. (16-Bit)

Double Buffer of TREG4 enable

(Change the duty and cycle at the interrupt INTTRS)
Set the mode to invert TFF4 at the match with
TREG4 /TREG5, and also set the TFF4 to “0”.

Select the internal clock for the input, and disable
the capture function.

Assign P82 as TO4.
Starttimer 4.

[l

Match with TREGS
(interrupt INTTR5)

TO4 pin

|3

[ —
U U u

Figure 3.9 (11). Programmable Pulse Generation (PPG) Output Waveforms
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When the double buffer of TREG4 is enabled in this at match with TREG5. This feature makes easy the handling of
mode, the value of register buffer 4 will be shifted in TREG4 low duty waves.

] 1

Up-counter =Qq Up-counter =Q2

Match with TREG4

Match with TREG5
atehwi [ Shift into the TREGS

TREG4

(value todb)e Qi \X Q2

compare 7

Register buffer Q2 X Q3

Write into the TREG4

Figure 3.9 (12). Operation of Register Buffer

Shows the block diagram of this mode.

TRUN <TARUN > TO4 (PPG output) TOS

T4 5 —— T

#T1 —-. 16-Bit up-counter FIF FIF
Selector I

474 —n-- uca cear (TFFa) (TFFS)

$TI6
] 1
N ~7
match
16-Bit Comparator 16-Bit Comparator , match
FAN /T
TREG4
AN
Selector
TREG4-WR —>
Register buffer 4 TREGS
TASCR<DB4EN> ﬁ ﬁ
Internal bus

Figure 3.9 (13). Block Diagram of 16-Bit PPG Mode
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(4)  Application Examples of Capture Function rupt function, they can be applied in many ways, for
example:
The loading of up-counter (UC4) values into the cap-
ture registers CAP1 and CAP2, the timer flip-flop TFF4 O One-shot pulse output from external trigger pulse
inversion due to the match detection by comparators 0 Frequency measurement

CP4 and CP5, and the output of TFF4 status to TO4

O Pulse width measurement
pin can be enabled or disabled. Combined with inter-

O Time difference measurement
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O One-Shot Pulse Output from External Trigger Pulse

Set the up-counter UC4 in free-running mode with the
internal input clock, input the external trigger pulse
from TI4 pin, and load the value of up-counter into
capture register CAP1 at the rise edge of the Tl4 pin.
Then set to TAMOD <CAP12M1, 0> = 01.

When the interrupt INT4 is generated at the rise edge

of Tl4 input, set the CAP1 value (c) plus a delay time (d)
to TREG4 (= ¢ + d), and set the above set value (c + d)
plus a one-shot pulse width (p) to TREGS (= ¢ + d + p).
When the interrupt INT4 occurs the T4FFCR <EQ5T4,
EQ4T4> register should be set that the TFF4 inversion
is enabled only when the up-counter value matches
TREG4 or TREG5. When interrupt INTTR5 occurs, this
inversion will be disabled.

(’ Set the counter in free-running mode.

Count clock M----M——M——M——-

(internal clock)

c+d+p

Tl4 pin input
(external trigger pulse)

—'&

Load the up-counter value into Capture
Register 1 (CAP1) INT4 occurred

I

Match with TREG4

Inversion
enable

(

|
r INTTRS occdrred

Match with TREGS

Disables inversion

caused by loading

of the up-counter
# value into CAP1.

Timer output pin TO4

\

1 Inversion

1
1
enable i

Jil

Delay time

Pulse width |

e

(d)

(p)

Figure 3.9 (14). One-Shot Pulse Output (with Delay)
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Setting Example:

To output 2ms one-shot pulse with

3ms delay to the external trigger pulse to Tl4 pin.

#  Clock Condition

system clock
clock gear
prescaler clock :

Main setting
'_)-
- r

T4AMOD «

-101001

TAFFCR « 110000 10

PSCR « - - - - - 1--
PBFC ¢« X -XX-1XX }
INTE4S « - ---1100

INTET54« 1 0001000
LTRUN ¢ 1X-1----

Setting of INT4

TREG4 «
TREGS
TAFFCR «

CAP1+3ms/4T1
TREG4+2ms/ ¢T1
- - - - 1 1 - =

=

INTETS4¢ 1100 - - - -

Setting of INT5

TAFFCR « - ---00 - -

INTET54¢ 1000 - - - -

Note: X;don’t care - ;no change

High frequency (fc)
1 (fe)
system clock (fsys)

Keep counting (Free-runnig)
Count with ¢T1.

Load the up-counter value into CAP1 at the rise edge
of Tl4 pin input.

Clear TFF4 to zero.

Disable TFF4 inversion.

Select P82 as the TO4 pin.
Enable INT4, and disable INTTR4 and INTTRS.

Start timer 4.

Enable TFF4 inversion when the up-counter value
matches TREG4 or 5.
Enable INTTR5.

Disable TFF4 inversion when the up-counter value
matches TREG4 or 5.
Disable INTTRS.

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 (c) plus the
one-shot pulse width (p) to TREG5 when the interrupt

INT4 occurs. The TFF4 inversion should be enabled
when the up-counter (UC4) value matches TREGS,
and disabled when generating the interrupt INTTR5.
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Count clock ”””"“” ”l”””l ””"””
C

(internal clock) c+p

T4 pin input
(external trigger pulse Load the up-counter value into Capture
ggerp ) ) Register 1 (CAP1). INT4 occurred P

Load the up-counter value into
~ INTTRS Capture Register 2 (CAP2).

Match with TREGS /ﬂ occurred
1

i Inversion
| enable
Timer output pin TO4

/ Pulse width

Enables inversion caused
by loading of the up-
counter value into CAP1.

i
i
i
i
1
]

'
i
1
1
1
I
i
]
]
]
i
]
'
'

| !
(p) ! Disables inversion caused by loading of
the up-counter value into CAP2.

1
1
1
1

Figure 3.9 (15). One-Shot Pulse Output (without Delay)

O Frequency Measurement The TI4 pin input should be selected for the input clock
of Timer 4. The value of the up-counter is loaded into
the capture register CAP1 at the rise edge of the timer

in this mode. The clock is input through the T14 pin, flip-flop TFF1 of 8-bit timers (Timer 0 and Timer 1), and

and its frequency is measured by the 8-bit timers into CAP2 at its fall edge.
(Timer O and Timer 1) and the 16-bit timer/event The frequency is calculated by the difference between
counter (Timer 4). the loaded values in CAP1 and CAP2 when the inter-

rupt (INTTO or INTT1) is generated by either 8-bit timer.

The frequency of the external clock can be measured

Count clock “”I“””I "”"”

(internal clock) 1 2

TFF1 Yﬁ] ;L ! .L—
Loading UC16 into CAP1 ! &l j :ﬂm i
Loading UC16 into CAP2 \\E !.[ = E !.IL
TNTTOANTTY n n " "
Figure 3.9 (16). Frequency Measurement
For example, if the value for the level “1” width of TFF1 between CAP1 and CAP2 is 100, the frequency will be

of the 8-bit timer is set to 0.5 sec. and the difference 100/0.5 [sec.] = 200 [Hz].
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0O Pulse Width Measurement

This mode allows measuring 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 Tl4 pin.
Then the capture function is used to load the UC4 val-
ues into CAP1 and CAP2 at the rising edge and falling

(internal clock)

edge of the external trigger pulse respectively. The
interrupt INT4 occurs at the falling edge of Tl4.

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

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

Count clock ”” ”” I “”””"
c1 Cc2

Ti4 pin
(external pulse) H
C1

:

Loading UC16 into CAP1

Loading UC16 into CAP2

— T "1 "
N
N

INT4

Figure 3.9 (17). Pulse Width Measurement
Only in this pulse width measuring mode (T4AMOD <CAP12M1, 0> = 10), external interrupt INT4 occurs at the falling edge of Tl4 pin input. In other

modes, it occurs at the rising edge.

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

O Time Difference Measurement

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

Keep the 16-bit timer/event counter (Timer 4) counting

(free-running) with the internal clock, and load the UC4
value into CAP1 at the rising edge of the input pulse to
Tl4. Then the interrupt INT4 is generated.

Similarly, the UC4 value is loaded into CAP2 at the ris-
ing edge of the input pulse to T15, generating the inter-
rupt INTS.

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 ””I”"l

(internal clock) c1

i1

Tl4 pininput

[

TIS pininput

/ \i]
Loading UC16 into CAP1 \

Loading UC16 inta CAP2 \

INT1

INT2

Time difference

L

Figure 3.9 (18). Time Difference Measurement

Different Phased Pulses Output Mode (This mode can
only be used in Timer 4)

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

Counter
{free-running)

Match with TREG4

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

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

Match with TREGS

TO4

TOS

Figure 3.9 (19). Phase Output
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Cycles (counter overflow time) of the above output waves

are listed below.

Table 3.9 (2) Timer Output Cycle on the Different Phased Pulse Output Mode

at fc= 16 MHz, fs = 32kHz

select system | select prescaler Gear value Counter Overflow Time
clock dock <GEAR2 : 0>
<SYSCK> <PRCK1,0> : #T1 4T4 #T16
1(fs) XXX 16.384 5 65.536s 262.144s
000 (fc) 32.768 ms 131.072ms | 524.288 ms
00 001 (ferp) 65.536 ms 262.144 ms 1.049s
f
0(fg (Fepr) 010 (ferg) 131.072ms | 524.288ms 2.097 s
011 (ferg) 262.144 ms 1.0495 4.194 5
100 (f¢/16) 524.288 ms 2.097s 8.389s
XXX o1 XXX 16384 655365 | 262.1445
(low frrgency clock)
10
XXX XXX 524.288 ms 2.097s 8.389s
(/16 clock)

xxx : don’t care
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3.10 Stepping Motor Control/Pattern Generation Port

TMP93CM40/M41 has two channels (PGO and PG1) of 4-bit
hardware stepping motor control/pattern generation (herein
after called PG) which actuate in synchronization with the (8-
bit/16-bit) timers. The PG (PGO and PG1) are shared in 8-bit I/
O ports P6.

Channel 0 (PGO) is synchronous with 8-bit timer O or
timer 1, 16-bit timer 5, to update the output.

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

L= B PV

Internal Bus

the PG port.

PGO and PG1 can be used independently.
All PG operate in the same manner except the following
points, and thus only the operation of PGO will be explained

below.
Different Points Between PGO and PG1
PGO PG1
Trigger Signal from Timer 4 from Timer 5

M b7 ﬁ
PGO3 I P63 /PGO3
| U (P67 /PG13)

1-2 excitation Ol
‘—‘—* 1/2 excitation

o PGOZ'——»[:] P62/PGO2

(P66 /PG12)

PGO1 }_—#_.D P61/PGO1
(P65/PG11)

F‘GUD—%D P60 / PGOO
(P64 /PG10)

Figure 3.10 (1). PG Block Diagram

v C
w Q|
o
@ ®
>+
@ Q)
[
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PGO1CR
(004EH)

7 6 5 4 i 3 f 2 i 1 i 0
bit Symbol PAT1 ccw PG1IM PG1TE PATO Cccwo PGOM PGOTE
Read/Write R/W R/W
After reset 0 : 0 0 : 0 3 0 : 0 0 : 0
PG1write :PG1 PG1 mode PG1 {PGOwrite :PGO :PGO mode :PGO
mode ‘Rotaing  i(excitation)trigger :mode :Rotaing i(excitation)trigger
0: 8bit idirection 0 Iex(itawnéiennpaﬁe 0 8bit :;direction 0 1exmamn§inpl.ll:l
Function write  (0: Normal : ;' cationt 1 write : Normal : 20' at ienable
s rotation:,  *“"H0MNg. gisable : . rotation:, 2¥"M%): gicable
1: 4bit . 12 : :1: 4bit BB :
. :1: Revers; i :1: enable . Reverse : ) :1: enable
write | . excitation ; I owrite "~ 1 excitation:
rotation: H H :  rotation: :
| l | | |

\———— Set the operation mode of PGO

L’ PGO Trigger input enable

0 | Triggerinputdisable to PGO

1 | Triggerinputenable to PGO

0 1 or 2 excitation (full step)

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

PGO (stepping motor control)
Rotaing direction control

0 Normal rotation /PG mode

1 Reverse rotation

Selecting PGO write mode

0 8-bit write
4-bit write /PG mode

(Only shifter alternate register can be
written.)

Figure 3.10 (2a). Pattern Generation Control Register (PGO1CR)
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PGO1CR
(004EH)

7 6 5 i 4 3 2 1 0
bit Symbol | PAT1 CcCW1 i PGIM PGITE PATO CCWo PGOM PGOTE
Read/Write R/W RIW
After reset 0 H 0 0 0 : 0 : 0 0 0
PG1write :PG1 PG1 mode PG1 PGOwrite :PGO PGO mode :PGO
mode {Rotaing  i(excitation):trigger :mode ‘Rotaing  {excitation) trigger
0: 8bit ;direction 0 1e-zma:ionéwE!nnpubtJ D Shit Edrrection O TExcltat\cr’é\ef‘rI‘pal_lbtle
Function | write :0: Normal : g; dtation: able i write  0:Normal ! ;’;kc‘lamni
. ¢ rotationi, o t%D: disable i .. rotation :0: disable
1: bit ‘1:Reverse i 2 1:enable i 4b'.t i1: Reverse [ 172 i1: enable
write .1 excitation : :owrite .1 excitation:
¢ rotation: : i rotation: :
[ | | | |
PG1triggerinputenable
0 | Triggerinputdisable to PG1
1 Trigger input enable to PG1
L Setthe operation mode of PG1
0 1 or 2 excition (full step)
1 1-2 excitation (half step) / PG mode
PG1 (stepping motor control)

Rotaing direction control

0 Normal rotation /PG mode

1 Reverse rotation

Selecting PG1 write mode

0 | 8-bitwrite
4-bit write /PG mode
(Only shifter alternate register can be

written.)

Figure 3.10 (2b). Pattern Generation Control Register (PGO1CR)
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PGOREG
(004CH)

7 6 5 4 3 2 0
bit Symbol | PGO3 PGO2 PGO1 PG00 SA03 SA02 | SAO1 SAQ00
Read/Write w R/W
After reset 0 0 : 0 0 Undefined

Function

Pattern Generation 0 (PG0) output
latch register

Reading the P6 that is set to the
PG port allows to read-out.

iShift alternate register 0
or the PG mode (4-bit write) register

Prohibit Read
modify write

Figure 3.10 (3). Pattern Generation 0 Register (PGOREG)

7 6 5 4 3. F 2 1 0
PG1REG |bit Symbol [ PG13 PG12 i PGMN PG10 SA13 SA12 SAT1 SA10
(0040H) [Reagmwrite w RAW
Afterreset| 0 0 i 0 i 0 Undefined
Pattern Generation 1 (PG1) output  (Shift alternate register 1
latch register {For the PG mode (4-bit write) register
Function Reading the P6 that is set to the
PG port allows to read-out.

Prohibit Read
modify write

Figure 3.10 (4). Pattern Generation 1 Register (PG1REG)
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T45CR
(003AH)

7 5 ¢ 4 i 3 12 i 1 0
bit Symbol - : PGIT | PGOT : DBGEN : DB4EN
Read/Write R/W RAW
After reset 0 0 : 0 0 0

Fixat"0" : PGIshift  iPGOShitt | Double buffer

trigger ‘trigger D Disable

X Always? 0:8-bittimer :0:8-bittimer : 1: Enable

read as ; : N i
Function " H i trigger { trigger ]

¢ (timerQ, 1) : (timer0, 1) : Double : Double
1:16-bit timer :1: 16bit timer | by ffer of : buffer of
i trigger [ trigger TREG6 : TREG4
© {timerS) 1 (timerd) :

I l |

|

L> Double buffer control

1 Enable

0 Disable

DBGEN : Double buffer of TREG6
DB4EN : Double buffer of TREG4

- Selecting PGO shift trigger

0 | 8-bittimertrigger(timer0, 1)
1 16-bit timer trigger (timer 4)

Selecting PG1 shift trigger

0 | 8-bittimertrigger (timer0, 1)
1 16-bit timer trigger (timer 5)

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

Figure 3.10 (5). 16-bit Timer Trigger Control Register (T45CR)
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8-Bit timer
(timer 0, 1)

16-Bit timer 4

16-Bit timer 5

.
> A >
Select PGO | _ Port60to 63
B S _—
PGOT .
—= A —
Select PG1 | _ Port6dto67
B S —
4
PGIT

Figure 3.10 (6). Connection of Timer and Pattern Generator

M Pattern Generation Mode

PG functions as a pattern generation according to the
setting of PGO1CR <PAT1>. In this mode, writing from

CPU is executed only on the shifter alternate register.

Writing a new data should be done during the interrupt
operation of the timer for shift trigger, and a pattern
can be output synchronous with the timer.

In this mode, set PGO1CR <PGOM> to 1, and
PGO1CR <CCWO0> to 0.

The output of this pattern generator is output to port 6;
since port and functions can be switched on a bit
basis using port function control register P6FC, any
port pin can be assigned to pattern generator output.

Figure 3.10 (7) shows the block diagram of this mode.

Trigger Signal from Timer n n
/Timer Interrupt Writing data to SA3 to 00 ol

‘ L Timer interrupt ri |
Shift alternate register nf‘ll\ X n | \ X
output &\ Shifting data from \\\
(5403 to 00) SA03 to 00 to PGO3 to 00
Pattern Generator register X n-1 X

output
(PGO3 to 00)

Example of pattern generation mode
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S )
Shift alternate register PGO3 D&%Oﬁ

]

1
PG02 )

bus

BUS2

® 1
N PGO1
" PGIU‘I (P61)
1
PGOO
PGOO Ceeeo)
]
™
Shift due to the shift trigger from timer
Figure 3.10 (7). Pattern Generation Mode Block Diagram (PGO)
In this pattern generation mode, only writing the output mode. Accordingly, the data shifted by trigger signal from a

latch is disabled by hardware, but other functions do the same timer must be written before the next trigger signal is output.
operation as 1-2 excitation in stepping motor control port
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(2)  Stepping Motor Control Mode Figure 3.10 (8) and Figure 3.10 (9) show the output
waveforms of 4-phase 1 excitation and 4-phase 2
excitation, respectively when channel O (PGO) is

O 4-ph 1-Step/2-Step Excitation
phass o P selected.

Triggersignal

from timer . |'|_ n |'| n m n ﬂ__
PG00 (P60) ba b7 b6 bs ba I l
bG01 (P81) bS b4 b7 [ee b5 r‘""
PGO2 (P62) -bﬁ_l bS b4 b7 [bs |
PGO3 (P63) b7 b6 bs b4 b7 ]——l___
t

Initial value PGOREG « 0100 x x x x

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

@  Normal Rotation

Trigger signal

L | I | NN NN | O ) NN | MO |
pG00 (P60) b4 bs b6 b7 b4 [ 1
PGO1 (P61) ji—]bﬁ—lb? b4 b5 I_IV
PGO2 (P62) —bﬁ_l b7 ba bS s
PGO3 (P63) b7 ba bs fes o7 I

f

Initial value PGOREG « 0100 x x x X

@  Reverse Rotation

Figure 3.10 (8). Output Waveforms of 4-Phase 1-Step Excitation (Normal Rotation and Reverse Rotation)
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Trigger signal

from timer . |'| rl_ n ﬂ I-I I-I I-I

PG00 (PE0) E‘.._I b7 b6 [bs ba | 1

PGO1 (P61) ;bf’ b4 b7 b6 lbs l—

PG02 (P62) bﬁ_l b5 b4 b7 b6

PGO3 (P63) b7 b6 b5 b4 [ I I_
}

Initial value PGOREG « 1100 X x x X

Figure 3.10 (9). Output Waveforms of 4-Phase 2-Step Excitation (Normal Rotation)

The operation when channel O is selected is explained
below.

The output latch of PGO (also used as P6) is shifted at
the rising edge of the trigger signal from the timer to be
output to the port.

The direction of shift is specified by PGO1CR
<CCWO0>: Normal rotation (PG00 - PGO1 - PG02 -
PG03) when <CCWO> is set to “0”; reverse rotation
(PGOO ~ PGO1 ~ PG0O2 ~ PGO3) when “1”. Four-

phase 1-step excitation will be selected when only one
bit is set to “1” during the initialization of PG, while 4-
phase 2-step excitation will be selected when two con-
secutive bits are set to “1”.

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

Figure 3.10 (10) shows the block diagram.

Shift alternate Register PGi%)—utpu‘t latch

b7 | PGo3 —=[]PGO3 (P63)
e - B P
f b6 Eoz }——»El PGO2 {P62)
T N Y
o2 Em P—»Elpem (P61)
e B N P

ba [ PG00 —=[1PG00 (P60)

e ew ]

§ L isshowing to shift the signal at the
rising edge of trigger signal from
timer.

Figure 3.10 (10). Block Diagram of 4-Phase 1-Step Excitation/2-Step Excitation (Normal Rotation)

TOSHIBA CORPORATION



TMP93CM40/TMP93CM41

0 4-Phase 1-2 Step Excitation

Figure 3.10 (11) shows the output waveforms of 4-

Trigger signal

from timer

PGOO (P60)
PGO1 (P61)
PGO2 (P62)

PGO3 (P63)

Note :

Trigger signal
from timer

PG00 (P60)
PGO1(P61)
PG02 (P62)

PGO3 (P63)

phase 1 -2 step excitation when channel O is selected.

M [1 I [ [ [
%b4 b0 b7 b3 b6 |b2 b5 b1
%bS b1 b4 b0 b7 b3 b6 li
ébe IbZ bS bi b b0 b7 b3
Sb? b3 b6 b2 bs b1 b4 bo

Initill value PGOREG « 11001000
bn denotes the initial value PGOREG <« b7 b6 b5 b4 b3 b2 bl b0
@  Normal Rotation

I I I [ [ [
§b4 b1 bS b2 b6 b3 b7 Lo
b5 b2 b6 b3 b7 | bo b4 b
ébB b3 b7 b0 b4 b1 bs b2
tﬁ_] b0 ba b1 bS b2 b6 b3

Initial value PGOREG « 11001000

@  Reverse Rotation

Figure 3.10 (11). Output Waveforms of 4-Phase 1-2 Step Excitation (Normal Rotation and Reverse Rotation)
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The initialization for 4-phase 1-2 step excitation is as
follows:

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

For example, if b7, b3, and b6 are set to “1", the initial
value becomes “11001000”, obtaining the output
waveforms as shown in Figure 3.10 (11).

To get an output waveform of negative logic, set values
1s and O’s of the initial value should be inverted. For

example, to change the output waveform shown in
Figure 3.10 (11) into negative logic, change the initial
value to “00110111”.

The operation will be explained below for channel 0.
The output latch of PGO (shared by P6) and the shifter
alternate register (SAQ) for Pattern Generation are
shifted at the rising edge of trigger signal from the timer
to be output to the port. The direction of shift is set by
PGO1CR <CCWO>.

Figure 3.10 (12) shows the block diagram.

PGO Qutput
Shifter alternate
register Inl
o7 PGO3 = PGO3 (P63)
)
AL
N
41
“1b6
: > PG02 — PGO02 (P62)
I T
«=
< I 4L
<1}
- b PGO1 '——- PGO1 (P61)
=4
B L
o]
| 4L
b4 PGOO }__> PG00 (P60)
AL
oo ]
A

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

Figure 3.10 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation)
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Setting example: To drive channel O (PGO) by 4-phase 1-2

(8)  Trigger Signal From Timer

The trigger signal from the timer which is used by PG is

step excitation (normal rotation) when

timer O is selected, set each register as

follows:

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

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

76543210
TRUN - X - - - - - 0 Stop timer 0, and clear it to zero.
TMOD «00XX--01
TFFCR « X X 01010
TREGD « * * * * * * x x Set the cycle in timer register.
P6BCR «----1111 Set P60 to P63 bits to the output mode.
P6FC ¢ ----1111 Set P60 to P63 bits to the PG output.
PGOICR ¢« - - --0011
PGOREG « 11001000 Set aninitial value.
TRUN €1 X - - - - - 1 Start timer 0.
Note: X;don’tcare - ;no change

not equal to the trigger signal of timer flip-flop (TFF1,

TFF4, TFF5, and TFF6) and differs as shown in Table

Table 3.10 (1) Select of Trigger Signal

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

TFF1 Inversion

PG Shift

8-bit timer mode

Selected by TFFCR <TFF11S> when the up-counter value matches
TREGO or TREG1 value.

16-bit timer mode

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

PPG output mode

When the up-counter value matches with both TREGO and TREG1.

When the up-counter value matches TREG1 value (PPG cycle).

PWM output mode

When the up-counter value matches TREGO value and PWM cycle.

Trigger signal for PG is not generated.

Note:

Channel 1 of PG can be synchronized with the 16-bit
timer Timer 4/Timer 5. In this case, the PG shift trigger
signal from the 16-bit timer is output only when the up-
counter UC4/UC5 value matches TREGS5/TREGY.

When using a trigger signal from Timer 4, set either

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

T4FFCR <EQ5T4> or TAMOD <EQ5T5> to “1” and a

trigger is generated when the value in UC4 and the
value in TREG5 match. When using a trigger signal
from Timer 5, set TSFFCR <EQ7T6> to 1. Generates a
trigger when the value in UC5 and the value in TREG7
match.
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(4)

Application of PG and Timer Output

As explained in “Trigger signal from timer”, the timing to
shift PG and invert TFF differs depending on the mode
of timer. An application to operate PG while operating

an 8-bit timer in PPG mode will be explained below.

L+

To drive a stepping motor, in addition to the value of
each phase (PG output), synchronizing signal is often
required at the timing when excitation is changed over.
In this application, port 6 is used as a stepping motor
control port to output a synchronizing signal to the TO1
pin (shared by P71).

TREG1
TO1 (P71) I_I I B
PGOO (P60) TREGO | |

PGO1 {P61) J L
PGO2 (P62) I I_
PGO3 (P63) | |

Figure 3.10 (13). Output Waveforms of 4-Phase 1-Step Excitation

Setting example:

Stop timer 0, and clear it to zero.
Set timer 0 and timer 1 in PPG output mode and select

4T1as the input clock.

TRUN « - --=--00
TMOD «10XXXXO01
TFFCR « 0
TREGO « * % * % % % %
TREGI(..*’I**E‘**I'
P7CR «XXXX--1-
P7FC €« X XX X--1X
PGCR «----1111
P6FC - - - 1111 }
PGOICR ¢« - - - - 0001
PGOREG(—*****‘**
TRUN «1X----11
Note: X;don't care -;no change

X X X 011X Enable TFF1 inversion and set TFF1to “1".
Set the duty of TO1 to TREGO.
Set the cycle of TO1 to TREGT.

} Assign P71asTO1.

Assign P60 to 63 as PGO.

Set PGO in 4-phase 1-step excitation mode.
Setan initial value.
Starttimer 0 and timer 1.
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3.11 Serial Channel

TMP93CM40/TMPI93CM41 contains two serial I/0 channels
for full duplex asynchronous transmission (UART) as well as for

— o |/O interface mode
(channel 1 only)

L e Asynchronous transmission
(UART) mode (channel 0 and 1)

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

4E

|/O extension.

The serial channel has the following operation modes:

To transmit and receive I/O data as well as

the synchronizing signal SCLK for extending 1/0.

Mode 0:

Mode 1: 7-bit data
Mode 2: 8-bit data
Mode 3: 9-bit data

Different Points Between Channel 0 and Channel 1

Channel 0 Channel 1
Figure 3.11 (1) shows the data format (for one frame) in
each mode. TXDO (P90), RXDO
) an TXD01 (P93), RXD1
Serial Channel 0 and 1 can be used independently. Pin Name (P91), CTSO/SCLKO (PS3)
. (P94), SCLK1 (P95)
All channels operate in the same manner except the fol- (P92)
lowing points, thus, only the channel O will be explained below. Handshake Function Exist Does Nﬁmt
(Not for CTS pin)
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® Mode 0 (I/O interface mode)

- Transfer direction

® Mode 1(7-bit UART mode)

OO0 00005
D00 0000

® Mode 2 (8-bit UART mode)

s fore X XX Y o
M6 0 60 0 0 0 0 DL

® Mode 3 (9-bit UART mode)

oo aa00000
S0 6 63 6 0 £ €3 63 D I

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

Figure 3.11 (1). Data Formats

The serial channel has a buffer register for transmitting
and receiving operations, in order to temporarily store transmit-
ted or received data, so that transmitting and receiving opera-
tions can be done independently (full duplex).

However, in 1/O interface mode, SCLK (serial clock) pin is
used for both transmission and receiving, the channel
becomes half-duplex.

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

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

In the UART mode, a check function is added not to start

the receiving operation by error start bits due to noise. The
channel starts receiving data only when the start bit is detected
to be normal at least twice in three samplings.

When the transmission buffer becomes empty and
requests the CPU to send the next transmission data, or when
data is stored in the receiving data register and the CPU is
requested to read the data, INTTX or INTRX interrupt occurs.
Besides, if an overrun error, parity error, or framing error occurs
during receiving operation, flag SCOCR/SC1CR <OERR,
PERR, FERR> will be set.

The serial channel 0/1 includes a special baud rate gen-
erator, which can set any baud rate by dividing the frequency
of four clocks (@T0, @2, @8, and ¢@r32) from the internal pres-
caler (shared by 8-bit/16-bit timer) by the value 2 to 16.

In /O interface mode, it is possible to input synchronous
signals as well as to transmit or receive data by external clock.
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3.11.1 Control Registers SCOCR, SCOMOD, and BROCR. Transmitted and received
The serial channel is controlled by three control registers data is stored in register SCOBUF.
7 i 6 o5 i oa i o3 i 2 i 1 1 o
SCOMOD bitSymbol | TB8 | CTSE . RXE | WU : SM1 : SMO | SCI | 5C0
(0052H) | Read/write ; : ; il : : ;
After reset 0 : 0 : 0 H 0 : 0 : 0 : 0 : 0
Transfer -;Hand EReceiving éWake up ESerial transmission §Serianransmission
data :shake %Functiorw ;Function ;mode Eclock (UART)
Bit8 :0: Receive: 00: VO interface i00: TOO Trigger
: : disable : . : :
. : S, i0: disablei ~ mode 01: baud rate
Function : :1: Receive: i : :
10: CTS © enable i 1: Enable 501: 7-bit UART : generator
i disable; 910: 8-bit UART {10: Internal clock @1
i:c1s i11: 9-bit UART i11: don’tcare
enable : : :

[ ] ] | {———] | J |

L—» Serial transmission clock (UART)

00 |Timer 0 match detect signal

01 |Baud rate generator
10 |Internal clock @1

11 |don't care

L——— Serial transmission mode

00 |1/O Interface mode

01 i 7-bitlength
10 |{UART | 8-bitlength
11 {9-bitlength

——— Wake-up Function

9-bit UART Other mode

0 |Interrupt when
da i

d don’tcare

1 |Interruptonly
when RB8 = 1

l———————— > Receiving Function

0 |Receive Disable
1 |Receive Enable

Hand shake function (CTS Pin) enable

1 [Enable

0 |Disable (always Transferable) ‘

Transmission data bit 8

Note: Thereis SCIMOD (56H)in Channell

Figure 3.11 (2). Serial Mode Control Register (Channel 0, SCOMOD)
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7 6 ¢ s &4 3 1 2 i 1 i g
SCOCR bit Symbol |  RBS EVEN : PE | OERR : PERR FERR SCLKS 10C
(0051H) Read/Write R RW : R{cleared to Zero when read) RW
After reset i 0 . 0 o i o I o i o I o0
Received :Parity  :Parity | £0:SCLKO (0:
déta i0: Odd :addi.tian 1: error (_f_) EBaud Rate
Bit8 :1:Even 0:Disablei. ... : Generator
Function : 1: Enable : : : ) 11: SCLKO :1:SCLKO
: H : Qverrun : Parity : Framing : T
: : : : (~—L) éPm input
I I | ] 1 | 1 1
|—> Select I/O interface input clock (Note1)
0 |Baud rate generater
1 |SCLKO Pininput
Edge selection in SCLK pin input mode
Transmits and receives ( _'f_ )
0 data at raise edge of SCLK
Transmits and receives ( i )
! data at fall edge of SCLK
L >Framing error flag
‘———Parity error flag Cleared to Zero
when read.
————>Overrun error flag
'——————————————> Enable parity addition
0 |Prohibition (disable)
1 |Permission (enable)
Addition / check of even parity
0 |Odd parity
1 |Even parity
Receving data bit 8
Note: Serial control register for channel 1is SC1CR (55H).
Note :

testing instruction.

As all error flags are cleared after reading do not test only a single bit with a bit-

Figure 3.11 (3). Serial Control Register (Channel, SCOCR)
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7 . 6 . 5 i a4 i 3 i 2 i 1 i @0
OCR | bit Symbol — : BROCK1 : BROCKO | BROS3 : BROS2 : BROS1 : BROSO
(0053H) Read/write : RW
After reset 0 : : 0 : 0 : 0 0 : 0 0
Fixat “0" { :
: 1 00: ¢TO :
. P01 gT2 : Setting of the Divided frequency
Function : :
£10: 478 ‘
P11: 4732
| i

Setting of the divided frequency
of baud rate generator

0000 |16divisions

0001 |Don'tset

0010 |2to 15divisions

11

L Selecting the input clock of
baud rate generator

00 |Internal clock ¢TO

01 |Internal clock ¢T2

10 |internal clock ¢T8

11 |Internal clock ¢732

Note: Set TRUN<PRRUN > to “1” when the baud rate generator is used.

Figure 3.11 (4). Serial Channel Control (Channel 0, BROCR)

7 6 5 4 3 2 10
[ TB7 | TB6 : TB5 TB4 : TB3 TB2 TB1 | TBO }(Transmission)

SCOBUF

(50H) 6 5 4 3 2 1 0

| RB7 RB6 RBS ' RB4 | RB3 | RB2 : RB1 : RBOJ (Receiving)

Figure 3.11 (5). Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF)
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5 1 4 3 2 1 0
SCIMO bitSymbol | TB8 RXE | WU SM1 : SMO | SCi 5C0
TMQD - - : )
Read/Write R/W
(0056H) - . .
Afterreset 0 0 : 0 0 : 0 H 0 0
Transfere ;Receivmg ;Wake up Serial Transmission  Serial Transmission
data ‘Function iFunction ‘mode ‘clock (UART)
Bit8 :0: Receive:0: disable :00: l/Ointerface ‘00: TOOTrigger
disable : 1: enable |  mode ‘01: Baud rate
Function i1: Receive! 01: 7-Bit UART generator
Enable : i10: 8-Bit UART :10: Internal clock @1
i11: 9-Bit UART 11: don'tcare
L 1 | | | |

Note :

!—> Serial transmission clock (For UART)

rnal clock &1

11 |don't care

00 |Timer 0 match detectsignal

01 |Baud rate generator

The clock selection for the 1/O interface

mode is controlled by the serial control

register (SC1CR).

—> Serial transmission mode

Q0 |I/Ointerface mode

o1 {7.8itlength

10 |UART mode : g.8it length

11 i 9-Bitlength

Wake up Function

9-Bit UART Other mode
0 |Interrupt when
data are received don't care

1 |Interruptonly
whenRB8 =1

Receiving control

0 [Re

disab

1 |Receive enable

Transmission data bit 8

Figure 3.11 (6). Serial Mode Control Register (Channel 1, SC1MOD)
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7 i 6 i s i 4 i 3 4+ 2 { 1 i o
bitSymbol | RB8 : EVEN : PE . OERR : PERR | FERR | SCLKS : I0C
(gg;;ﬁ:) Read/Write R i RAW : R (clear to Zero when read) RW
After reset o0 ¢ 0 ¢ 0 i 0 i 0 0 : 0
Received ?Parity §Parity : 0: SCLK1 D
data (0:0dd iaddition : 1: error f¢ =) iBaudrate
Bit8 1: Even : Disable;. ( 4 } Egeneramr
Function : : Enabie Overrun | Parity Framing 1: SCLK1 1 SFLKI
H : : : iPin input
, 1
L | 1 | 1 | | 1

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

L Sele

ct /0 interface input clock (Notet}

SCLK1 Pininput

Baud rate generate

— Edge selection in SCLK pin input mode

0

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

Transmits and receives ( ~ ¥ )

data at fall edge of SCLK

L Framingerror flag
L————> Parity error flag
————> Overrun error flag

Enable parity addition

Cleared to Zero
when read

Disable

Enable

ition / check of even parity

Odd Parity 7

Even Parity

testing instruction.

Receiving databit 8

Figure 3.11 (7). Serial Control Register (Channel 1, SC1CR)
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7 6 | s i a4 L 3 i 2 i 1 i o
BR1CR | Dit Symbol — { BRICK1 | BRICKO i BR1S3 : BRiS2 | BRIS1 | BRI1SO
(0057H)| rReadmwrite : RW
After reset 0 0 i 0 0 { 0 0 0
Fixat “0" : : :
j  00: $TO
Function 01: ¢T2 Setting of the Divided frequency
i 10: ¢78
11: 4732
| |
Setting of the divided frequency of baud rate
generator
0000 |16divided ]
0001 |Bentset .
0010
to 2 to 5divisions
1111
L » Selecting the input clock of baud rate generator

00 [Internal clock ¢TO

01 [Internal clock 472

11 |[Internal clock T32

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

mode.

Figure 3.11 (8). Baud Rate Generator Control Register (Channel 0, BROCR)

7

6 5 4 3 2

1 0

[ TB7 | TB6 | TB5 | TB4 | TB3 | TB2

TB1 : TBO l(Transmission)

SC1BUF
(0054H)

6 5 4 3 2

1 0

i RB7 © RB6 : RBS : RB4 : RB3 ' RB2

' RB1 : RBO ‘(Receiving)

Figure 3.11 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF)
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A - T T T O I
p bit Symbol : i P9SF i i P93F i P92F i i P9OF
(001DH)| Readrwrite : Coow Poow i ow oW
' Poo I N B 0
: { 0:PORT ! : 0: PORT : 0:PORT : : 0: PORT
: {1:SCLKY P 1:TxD1 : 1:SCLKO: © 1: TxDO
Prohibit Read
modify write

L Setting TXDO/TXD1 output

0 |Port output

1 |TxD output

> Setting SCLKO / SCLK1 output

0 |Port output

1 |SCLK output

Figure 3.11 (10). Port 9 Function Register (P9FC)

7 L6 1os o4 i3 o2 1 i o
ODE | bitSymbol T~ T~ o~ i T—~__ ODE1 : ODEO
(0058H) Readrwrite : : i : : : RW
: : : : . " o

i P93 i P90

0: CMOS  0: CMOS

1: OPEN (1: OPEN
Drain Drain

: H

Setting P90 as Open-drain output
0 [CMOS output

1 |Open-drain output

———— Setting P93 as Open-drain
0 |CMOQS output

1 |Open-drain output

Port 3.11 (11). Port 9 Open Drain Enable Register (ODE)
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3.11.2 Configuration
Figure 3.11 (12) shows the block diagram of the serial channel O.

r—=---== Serial clock generation circuit ~====--=----oocoooanon

BROCR<BROCK1, 0>

TJOOTRG (Timer 0 comparator output)

r i
; |
1 . !
| | <eaosa.o>i LI - |
| ! - - ! o o |
! 470 1| 5 @ 1 - c | SIOCLK
! #T2 L g " | v @ i
! $T8 {2 - i @ @ :
| g2 (0 [ Ha L (] S
| ; O T
: 1~ Baudrate ----i SCOMOD SCOMOD !
| System generator <sC1,0> <SM1,0>]
| clock / fgys (1) '
; l-| +2 - |
' 2 11O interface mode i
1 b |
i e |
! @ !

ScLKoCH < |

(Shared | [

byP92) "TTTTTTTTTTTTTTToTTIommmommm o fe oo °

SCOMOD
<loC>
SCLko 3

(Shared by P92)

SCOMOD

Receive SCOMOD Serial channel Transmission
counter <WU> —>interrupt counter
(UART only = 16) control (UART only + 16)
RXDCLK ¥ 4 T T TXDCLK § A
< RXE > - Receive Transmission
control control
SCOCR
<PE> <EVEN>

RxD0 [C——p

(Shared by P91)

INTRXO INTTXO

Parity control

| Receive buffer1(Shift register)

[RBS [Re:eivebuffarZ(SCOBUF) H Error flag I
T

1
SCOCR
<OERR><PERR><FERR>

Py

C

’ TB8 | Transmission buffer (SCOBUF)

|

Thereisntin
channel 1

O TxDO
(Shared by P90Q)

Internal bus

Figure 3.11 (12). Block Diagram of the Serial Channel 0
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Figure 3.11 (13) shows the block diagram of the serial channel 1.

poooooees Serial clock generation circuit —=--=---=--=---==--=---- .
i i
| BRICR<BRICK1, 0> TOOTRG (Timer 0 comparator output) |
T o B . !
: ] W L N .
H 1 - 1 © UART ° H
! #10 == 5 s : o - | SIOCLK
! $T2 — & = : Y @ '
! T8 —af 2 2 i > 3 '
I # v Y \
i SEPRR=t v I © © |
1 ' H 1
| i
; !__Baudrate ___} ti T * i
i generator SCIMOD SCIMOD
! System <5C1,0> <SM1,0> |
! clock /fsys (¢1) N H
' [e] 1
1 - 1
' ¢ | 1O interface mode '
] - ]
SCLK1 O- 2 !
input ! i
(Shared ! |
By PO5) L= mmmmmm e e o e e
SC1IMOD
<loC>
SCLK1 3 .
Output INTRX1 INTTX1
(Shared % *
by P95) Receive SCIMOD| Serial channel Transmission
counter WU>-=  interrupt counter
(UART only = 16) control (UART only +16)
RXDCLK | 4 T T TXDCLK | }
SC1IMOD Receive Transmission
<RXE>— control control
SCI1CR
<PE> <EVEN>
Parity control
RxD1 D——4 Receive buffer1{Shift register)
(Shared by P94) {}
l RB8 ‘ Receive buffer2 (SC1BUF) ‘ I Error flag | [ TB8 | Transmission butfer (SCH!iI—.CI TxD1
T T (Shared by P93)
SCICR
<OERR> <PERR> <FERR>
S Internal bus ()

Figure 3.11 (13). Block Diagram of the Serial Channel 1
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O Prescaler Timer 4, 5 and Serial Interface 0, 1.

Figure 3.11 (14) shows the block diagram. Table 3.11
There are 9 bit prescaler and prescaler clock selection (1) shows prescaler clock resolution to the baud gen-
to generate input clock for 8 bit Timer O, 1, 16 bit erator.

— to CPU
+——> to 8bit PWM prescaler

9bit Prescaler

—bl2{4|B|'\6132|Eﬂ]128l255[512l

T16

§Tt
;T“ to 8 bit Timer0, 1
L L1256

SYSCRO

<PRCK1:0> P
run/stop 474 > 10 16bit Timerd, 5
#T16
&clear

XT1 e

TRUN<PRRUN>

o
-
v
w
w
w

#1
T0 .
SYSCR1<SYSCK> 12 b toSerial

T8
srzz Interface0, 1
—b

>

—|Selector

te| 19y [ffiag| g

SYSCR1<GEAR2:0>

X1 2/4|8/16

Figure 3.11 (14). Prescaler Block Diagram

Table 3.11 (1) Prescaler Clock Resolution to Baud Rate Generator

at fc=16 MHz, fs =32 kHz

ZEJ:E'( system E?Lecﬁt Prescaler Gear value Prescaler Output Clock Resolution
<SYsck> | <PRCK1,0> | SGEARZ:0> 4T0 472 T8 4722
1(fs) XXX fs2 fsi9a /26 fsrz8
000 (fc) fera2 fes2a fe/26 feroe
00 001 (fer2) fera3 ferzs fe/p7 ferpe
(fepn)
0(f0) PP 010 (ferg) fe/oa fo/z6 fo/oe ft/a10
011 (fug) feras ferar fer9 feipn
100 (fer16) ferae feras fera10 fera12
01
XXX XXX — fs/2a fsio6 fs/as
(low frequency
clock)
XXX 10 XXX - fere fesan0 fep12
(fct‘1 6 clock)
XXX :don‘tcare - :cannotuse

(Note) Thefc/ 4 clock as a prescaler prescaler clock can not be used when the fs is used as a system clock.
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The 1/4 times clock selected among fgpy clock, fc/16
clock, and fs clock is input to this prescaler. This is
selected by prescaler clock selection register SYSCRO
<PRCK1 : 0>.

Resetting sets <PRCK1 : 0> to “00”, therefore, frp /4
clock is input.

The Baud Rate Generator uses 4 types of clock: @TO,
212, 218, and @T32 among the prescaler output.

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

When the IDLE1 mode (operates only oscillator) is
used, set TRUN <PRRUN> to “0” to stop this prescaler
before “HALT” instruction is executed.

o UART mode

Transfer rate =

0 Baud Rate Generator

Baud rate generator comprises a circuit that generates
transmission and receiving clocks to determine the
transfer rate of the serial channel.

The input clock to the baud rate generator, @TO, oT2,
218, or o132 is generated by the 9-bit prescaler which
is shared by the timers. One of these input clocks is
selected by the baud rate generator control register
BROCR <BROCK1, 0>.

The baud rate generator includes a 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.

Input clock of baud rate generator 16

Frequency divisor of baud rate generator

e |/O interface mode

Transfer rate =

Input clock of baud rate generator =90

Frequency divisor of baud rate generator

Accordingly, when source clock fc is 12.288 MHz, input clock is ¢l2 (fc/16), and frequency divisor is 5, the transfer rate

in UART mode becomes as follows:

Transfer rate =

fc/16 16

= 12.288 x 106/16/5/16 = 9600 (bps)

Table 3.11 (2) shows an example of the transfer rate in UART mode.
Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.9 (3) shows an example of baud rate using timer
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Table 3.11 (2) Selection of Transfer Rate (1) (When Baud Rate Generator is Used)

Unit (kbps)
Input Clock
fc [Mhz] Frequency (fqt):Tlg) (f(lf/T125) (fc(p/Tﬁi) (f323525)
Divisor
9.830400 2 76.800 19.200 4.800 1.200
1 4 38.400 9.600 2.400 0.600
1 8 19.200 4.800 1.200 0.300
T 0 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2.400 0.600
1 A 19.200 4.800 1.200 0.300
14.745600 3 76.800 19.200 4.800 1.200
T 6 38.400 9.600 2.400 0.600
1 C 19.200 4.800 1.200 0.300
Note 1: Transfer rate in I/0 interface mode is 8 times as fast as the values given in the above table.
Note 2: This table is calculated when fc is selected as a system clock, 1 as a clock gear, and system clock as a prescaler clock.
Table 3.11 (3) Selection of Transfer Rate (1) (When Timer 0 (Input Clock ¢T1) is Used)
Unit (Kbps)
TREGO fo 12.288MHz 12MHz 9.8304MHz 8MHz 6.144MHz
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 48
10H 6 48 3
14H 48 2.4

How to calculate the transfer rate (when timer O is used):

Transfer rate = fc
TREGO x8x 16

L (When Timer O (input clock ¢T1) is used)

Note 1: Timer O match detect signal cannot be used as the transfer clock in I/O interface mode.

Note 2: This table is calculated when fc is selected as a system clock, 1 as a clock gear, and system clock as a prescaler clock.
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0O Serial Clock Generation Circuit

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

1) 1/O interface mode (channel 1 only)

When in SCLK output mode with the setting of SC1CR
<IOC> = “0", the basic clock will be generated by
dividing by 2 the output of the baud rate generator as
described before. When in SCLK input mode with the
setting of SC1CR <IOC> = “1", the rising edge or fall-
ing edge will be detected according to the setting of

SC1CR <SCLKS> register to generate the basic clock.

2) Asynchronous Communication (UART) mode

According to the setting of SCOCR <SC1, 0>, the
above baud rate generator clock, internal clock ¢l
(500 Kbps @ fc = 16 MHz), or the match detect signal
from timer O will be selected to generate the basic
clock SIOCLK.

O Receiving Counter

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

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

For example, if the sampled data bit is “1", “0” and “1”
at 7th, 8th and 9th clock respectively, the received
data is evaluated as “1”. The sampled data “0", “0”
and “1” is evaluated that the received data is “0”.

O Receiving Control
1) 1/O interface mode (channel 1 only)

When in SCLKO output mode with the setting of
SCOCR <IOC> = “0", RxDO signal will be sampled at
the rising edge of shift clock which is output to SCLKO
pin.

When in SCLKO input mode with the setting SCOCR

<lOC> = “1", RxDO signal will be sampled at the rising
edge or falling edge of SCLKO input according to the
setting of SCOCR <SCLKS> register.

2) Asynchronous Communication (UART) mode

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

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

O Receiving Buffer

To prevent overrun error, the receiving buffer has a
double buffer structure.

Received data is stored one bit by one bit in the receiv-
ing buffer 1 (shift register type). When 7 bits or 8 bits of
data are stored in the receiving buffer 1, the stored
data is transferred to another receiving buffer 2
(SCOBUF), generating an interrupt INTRXO/INTRX1.
The CPU reads only receiving buffer 2 (SCOBUF). Even
before the CPU reads the receiving buffer 2 (SCOBUF),
the received data can be stored in the receiving buffer
1. However, unless the receiving buffer 2 (SCOBUF) is
read before all bits of the next data are received by the
receiving buffer 1, an overrun error occurs. If an over-
run error occurs, the contents of the receiving buffer 1
will be lost, although the contents of the receiving
buffer 2 and SCOCR <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
SCOCR <RB8>.

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

O Transmission Counter

Transmission counter is a 4-bit binary counter which is
used in asynchronous communication (UART) mode
and, like a receiving counter, counts by SIOCLK clock,
generating TXDCLK every 16 clock pulses.
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soc JLILA LN AR AN NARNANLNNN

1516 & 2 3 4 5 6

TXDCLK J

9 10 11 12 13 14 15 16 1 2

H

Figure 3.11 (15). Generation of Transmission Clock

O Transmission Controller
1) /O interface mode

In SCLKO output mode with the setting of SCOCR
<IOC> = “0", the data in the transmission buffer are
output bit by bit to TxDO pin at the rising edge of shift
clock which is output from SCLKO pin.

In SCLKO input mode with the setting SCOCR <IOC> =
“1", the data in the transmission buffer are output bit by
bit to TxDO pin at the rising edge or falling edge of
SCLKO input according to the setting of SCOCR
<SCLKS> register.

2) Asynchronous Communication (UART) mode

When transmission data is written in the transmission
buffer sent from the CPU, transmission starts at the ris-
ing edge of the next TXDCLK, generating a transmis-
sion shift clock TXxDSFT.

Handshake function

Serial channel 0 has a CTSO0 pin. Using this pin, data
can be sent in units of one frame; thus, overrun errors
can be avoided. The handshake function is enabled/
disabled by SCOMOD <CTSE>.

When the CTSO pin goes high, after completion of the
current data send, data send is halted until the CTSO
pin goes low again. The INTTXO Interrupts are gener-
ated, requests the next send data to the CPU.
Though there is no RTS pin, a handshake function can
be easily configured by setting any port assigned to the
RTS function. The RTS should be output “High” to
request data send halt after data receive is completed
by a software in the RXD interrupt routine.

93CM40/M41

RxD

Sender

RTS {any port)

Receiver

Figure 3.11 (16). Handshake Function
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Timing to write —I_I—“

transmission buffer
Send is suspended
CTS | from (1) to (2).

13 14 15 16 3 14 15 16 1 2 3
SOCLK  —t P | | I | | |
TxDCLK ) 4 ]
{4
TxD ’ \ startbit A bit0

Note 1: Ifthe CTS signal rises during transmission, the next data is not sent after the

completion of the current transmission.

Note 2: Transmission starts at the first TxDCLK clock fall after the CTS signal falls.

Figure 3.11 (17). Timing of CTS (Clear to Send)

O Transmission Buffer

Transmission buffer (SCOBUF) shifts to and sends the
transmission data written from the CPU from the least
significant bit (LSB) in order, using transmission shift
clock TxDSFT which is generated by the transmission
control. When all bits are shifted out, the transmission
buffer becomes empty and generates INTTXO inter-
rupt.

0 Parity Control Circuit

When serial channel control register SCOCR <PE> is
set to “1", it is possible to transmit and receive data
with parity. However, parity can be added only in 7-bit
UART or 8-bit UART mode. With SCOCR <EVEN> reg-
ister, even (odd) parity can be selected.

For transmission, parity is automatically generated
according to the data written in the transmission buffer
SCBUF, and data are transmitted after being stored in
SCOBUF <TB7> when in 7-bit UART mode while in
SCOMOD <TB8> when in 8-bit UART mode. <PE>
and <EVEN> must be set before transmission data are
written in the transmission buffer.

For receiving, data is shifted in the receiving buffer 1,
and parity is added after the data is transferred in the
receiving buffer 2 (SCOBUF/SC1BUF), and then com-
pared with SCOBUF <RB7> when in 7-bit UART mode

and with SCOMOD <RB8> when in 8-bit UART mode.
If they are not equal, a parity error occurs, and SCOCR
<PERR> flag is set

@ Error Flag

Three error flags are provided to increase the reliability
of receiving data.

1. Overrun error <OERR>

If all bits of the next data are received in receiving buffer
1 while valid data is stored in receiving buffer 2
(SCBUFO0), an overrun error will occur.

2. Parity error <PERR>

The parity generated for the data shifted in receiving
buffer 2 (SCBUF) 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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®@ Generating Timing

1) UART mode

Receiving
Mode 9 Bit 8 Bit + Parity 8 Bit, 7 Bit + Parity, 7 Bit
Interrupt timing Center of last bit (Bit 8) Center of last bit (parity bit) Center of stop bit
Framing error timing Center of stop bit Center of stop bit Center of stop bit

Parity error timing

Center of last bit (Bit 8)

Center of last bit (parity bit)

Center of stop bit

Overrun error timing

Center of last bit (Bit 8)

Center of last bit (parity bit)

Center of stop bit

Note:  Framing error occurs after an interrupt has occurred. Therefore, to check for framing error during interrupt operation, it is necessary to wait for 1 bit

period of transfer rate.

Transmitting

Mode

9 Bit

8 Bit + Parity

8 Bit, 7 Bit + Parity, 7 Bit

Interrupt timing

Just before last bit is transmitted.

—

—

2) 1/O Interface mode

SCLK output mode

Immediately after rise of last SCLK signal. (See Figure 3.11 (20))

Transmission interrupt timing

SCLK input mode

Immediately after rise of last SCLK signal (rising modg), or immediately after fall in falling mode.
(See Figure 3.11 (21))

SCLK output mode

Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after
last SCLK. (See Figure 3.11 (22))

Receiving interrupt timing

SCLK input mode

Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after
SCLK. (See Figure 3.11 (23))
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3.11.3 Operational Description for transmitting or receiving data to or from the external

shifter register.
This mode includes SCLK output mode to output syn-
chronous clock SCLK and SCLK input mode to input

(1)  Mode 0 (/O interface mode)

This mode is used to increase the number of I/0 pins

external synchronous clock SCLK.

Output Input
extension extension
TMPI3CMA0/MA1T Shiftregister A | — | Tmposcviaovat Shiftregister A | «—
B| — B| =—
TxD Sl C| — RxD QH C| =~
D| — D| =-—
SCLK SCK E| — SCLK CLOCK E| -—
Fl— F| =
Port RCK G| — Port S/L G| =—
H| — H| =—
TC74HC595 or TC74HC165 or
the like the like
Figure 3.11 (18). Example of SCLK Output Mode Connection
Output port Input port
extension extension
TMPI3CMA0/MA1 Shiftregister A| — | TMPI3CMAaO/MA1 shiftregister A| «—
B| — B| =—
TxD Sl C|— RxD QH C| -—
D| — D| =
SCLK SCK E| — SCLK | CLOCK E| —
Fl — Fl -—
Port RCK G| — Port s/t G| =
H| — H| —
TC74HC595 or TC74HC_’}65 or
External clock— the like External clock | the like

Figure 3.11 (19). Example of SCLK Input Mode Connection
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O Transmission

In SCLK output mode, 8-bit data and synchronous clock
are output from TxDO pin and SCLKO pin, respectively,

Timing to write n,\

each time the CPU writes data in the transmission buffer.
When all data is output, INTESO <ITXOCO> will be set to
generate INTTXO interrupt.

transmission
data

{4
)]

AN
SCLK1 output ~t 4 LA LA L4 L4

TxD1 X bito X biti X__ G X bie X itz X

TXDSFT ﬂ

., n__mn 1

ITX1C (INTTX1

—

interrupt request)

I
)]

Figure 3.11 (20) Transmitting Operation in I/O Interface Mode (SCLK Output Mode) (Channel 1)

In SCLK output mode, 8-bit data are output from TxDO
pin when SCLKO input becomes active while data are

written in the transmission buffer by CPU.

When all data are output, INTESO <ITXOC> will be set
to generate INTTXO interrupt.

SCLK1 input LA ]

P Y B

(SCLKS = 0: Rising edge mode)

v ™ v

SCLK1 input
(SCLKS = 1: Falling edge mode)

TxD X _bito X bit1 )(5\ bits X bite6 X bit7 X
TxDSFT I n M

ITX1C (INTTX1

——

interrupt request)

Figure 3.11 (21). Transmitting Operation in I/0 Interface Mode (SCLK Input Mode) (Channel 1)
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O Receiving <IRXOC> is cleared by reading the received data.
When 8-bit data are received, the data will be trans-
ferred in the receiving buffer 2 (SCOBUF) at the timing
shown below, and INTESO <IRXOC> will be set again
to generate INTRXO interrupt.

In SCLK output mode, synchronous clock is output
from SCLKO pin and the data is shifted in the receiving
buffer 1 whenever the receive interrupt flag INTESO

IRX1C I = - {;\

SCLK1 ~—-t 4 LA Lar LA LXK

RxD1 bit0  bit S W b6 X _bit7_ Y
- . . Generate
Eﬁr:?ggéﬂf:;égﬂﬁg INTRX1 \|'|

Figure 3.11 (22). Receiving Operation in I/0 Interface Mode (SCLK1 Output Mode) (Channel 1)

In SCLK input mode, the data is shifted in the receiving data will be shifted in the receiving buffer 2 (SCOBUF) at
buffer 1 when SCLK input becomes active, while the the timing shown below, and INTESO <IRX0C> will be set
receive interrupt flag INTESO <IRXOC> is cleared by read- again to generate INTRXO interrupt.

ing the received data. When 8-bit data is received, the

(Sgcl-ﬁ(igsiz%?tmsing edge mode) l_* I_A L_gg_A 1_4\ L_A
v vy v [y

SCLK1 input
(SCLKS = 1: Falling edge mode) .
RxD1 bro X b1 Yotz jD( 56 X b7 Y
1
imi ‘ Generate
Timing to shift data ~
in thegreuew]ng INTRX1 n
buffer 2

Figure 3.11 (23). Receiving Operation in I/0 Interface Mode (SCLK Input Mode) (Channel 1)

Note: For data receiving, the system must be placed in the receive enable state (SCOMOD <RXE> = “1”)
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(2) Mode 1 (7-bit UART Mode)

The 7-bit mode can be set by setting serial channel
mode register SCOMOD <SM1, 0> to “01”.

In this mode, a parity bit can be added, and the addi-
tion of a parity bit can be enabled or disabled by serial
channel control register SCOCR <PE>, and even parity

or odd parity is selected by SCOCR <EVEN> when
<PE> is set to “1” (enable).

Setting example:  When transmitting data with the fol-
lowing format, the control registers
should be set as described below.

Channel 0 is explained here.

U even
start parityl stop

~—— Direction of transmission (transmission rate: 2400 bps at fc = 12.288 MHz)

#* Clock Condition

High Frequency (fc)
1 (fc
System clock (fSYS)

} Select P90 as the TxD pin.

Set 7-bit UART mode.

Set transfer rate at 2400 bps.

Start the prescaler for the baud rate generator.
Enable INTTXO0 interrupt and set interrupt level 4.
Set data for transmission.

[System clock
clock gear
prescaler clock :
76543210

POCR ¢« X X - - - - - 1
POFC ¢« X X - X - X X1
SCOMOD « X 0 - X 0101
SCOCR « X1 1 XX X000 Add an even parity.
BROCR «0X100101
TRUN €1 X------
INTESO ¢« 1100 - - - -
SCOEUF«*‘**C*#G

Note: X; don’t care -; no change

(3)  Mode 2 (8-bit UART Mode)

The 8-bit UART mode can be specified by setting
SCOMOD <SM1, 0> to “10”. In this mode, parity bit
can be added, the addition of a parity bit is enabled or

ity is selected by SCOCR <EVEN> when <PE> is set to
“1” (enable).

Setting example:  When receiving data with the follow-
ing format, the control register

should be set as described below.

disabled by SCOCR <PE>, and even parity or odd par-

D000 00 00T

Direction of transmission (transmission rate: 9600 bps at fc = 12.288 MHz)

¥ Clock Condition

System clock
clock gear

prescaler clock :

High Frequency (fc)
11 (fo)
System clock (fSYS)
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Main setting

= o~

P9CR
SCOMOD
SCOCR
BROCR
TRUN
INTESO

1
>x O O x O

= o >
><

N R I O

1

1

1

1
[y
[y
o
o

Interrupt processing

Acc « SCOCR AND 00011100 }

if Acc # 0 then ERROR
Acc « SCOBUF

Note: X;don't care

Mode 3 (9-bit UART Mode)

The 9-bit UART mode can be specified by setting
SCOMOD <SM1, 0> to “11”. In this mode, parity bit
cannot be added

For transmission, the MSB (9th bit) is written in
SCOMOD <TB8>, while in receiving it is stored in SCCR
<RB8>. For writing and reading the buffer, the MSB is
read or written first, then SCOBUF.

Select P91 (RxD) as the input pin.

Enable receiving in 8-bit UART mode.

Add an odd parity.

Set transfer rate at 9600 bps.

Start the prescaler for the baud rate generator.
Enable INTTXO interrupt and set interrupt level 4.

Check for error.

Read the received data.

- ;no change

Wake-up function

In 9-bit UART mode, the wake-up function of slave
controllers is enabled by setting SCOMOD <WU> to
“1”. The interrupt INTRXO occurs only when <RB8> =
1.

TxD RxD TxD

Master Slave 1

RxD

TxD

RxD TxD RxD

Slave 2 Slave 3

Note: TxD pin of the slave controllers must be in open drain output mode.

Figure 3.11 (24). Serial Link Using Wake-Up Function
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Protocol to enable data receiving.

O Select the 9-bit UART mode for master and slave con-

trollers. 0 The master controller transmits one-frame data includ-

ing the 8-bit select code for the slave controllers. The
MSB (bit 8) <TB8> is set to “1”.
O Set SCOMOD <WU> bit of each slave controller to “1”

—

OO0 00000s
.

Select code of slave controller

O Each slave controller receives the above frame, and O The master controller transmits data to the specified
clears WU bit to “0” if the above select code matches slave controller whose SCOMOD <WU> bit is cleared
its own select code. to “0.” The MSB (bit 8) <TB8> is cleared to “0”.

o060 000000
S

Data 0
O The other slave controllers (with the <WU> bit remain- transmit data to the master controller, and it is possi-
ing at “1”) ignore the receiving data because their ble to indicate the end of data receiving to the master
MSBs (bit 8 or <RB8>) are set to “0” to disable the controller by this transmission.

interrupt INTRXO. The slave controllers (WU = 0) can
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Setting Example:  To link two slave controllers serially the internal clock ¢t (fc/2) as the
with the master controller, and use transfer clock.

]

TxD RxD TxD RxD TxD RxD
Master Slave 1 Slave 2
Select code Select code
00000001 00001010
Since serial channels 0 and 1 operate in exactly the same way, channel O is used for the purposes of expla-
nation.
e Setting the master controller
Main
----01 . .
POCR —« X X } Select P90 as TxDO pin and P91 as RxDO pin.
P9FC «XX-X-XX1
INTESO « 11001101 Enable INTTX0 and set the interrupt level 4,
Enable INTTX0 and set the interruptlevel 5.
SCOMOD «+ 1 0101110 Set ¢ 1 as the transmission clock in 9-bit UART mode.
SCOBUF « 00000001 Setthe select code for slave controller 1.
INTTXO interrupt
SCOMOD « 0 - - - - - - - Sets TB8 to”0".
SCOBUF « * * * * > * % & Set data for transmission.

e Setting the slave controller 2

Main

POCR €« XX----01 Select P91 as RxDO pin and P90 as TxDO pin (open drain

PGFC ¢ X X - X - X X1 output).

ODE ceXXXXXX-1

INTESO « 11011110 Enable INTRX0 and INTTXO0.

SCOMOD « 00111110 Set <WU> to “1" in the 9-bit UART transmission mode
with transfer clock ¢1.

INTRXO0 interrupt

Acc « SCOBUF

if Acc = Select code

Then SCOMOD &~ - - - 0 - - - - Clear <WU>to "0".
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3.12 Analog/Digital Converter Figure 3.12 (1) shows the block diagram of the A/D con-
TMP93CM40/M41 contains a high-speed analog/digital con- verter. The 8-channel analog input pins (AN7 to ANO) are
verter (A/D converter) with 8-channel analog input that features shared by input-only P5 and so can be used as input port.

10-bit successive approximation.

Internal bus
A/D converter mode register (ADMOD1,2) ——————————
EOCF ADBF REPET SCAN SPEED ADS
AD
“H2.0 vreron |
Analog input alo repeat yscan yyspeed ystart
en usy
A/D converter |- INTAD
ANTE Channel select control circuit interrupt
ANG6 [—~
ANS [
22‘;[}—1— Multiplexer A/D conversion result register
AN2 [— (ADREG0/4 to ADREG3/7)
AN1[J—>|
ANO
VREFH}—— oo 1
VREFL [} Y D/A converter

Figure 3.12 (1). Block Diagram of A/D Converter

Note:  This A/D converter does not have a built-in sample and hold circuit. Therefore, when A/D converting high-frequency signals, connect a sample and
hold circuit externally.
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ADMOD1
(005EH)

7 6 s o4 13 P2 0
bitSymbol | EOCF : ADBF : REPET @ SCAN | © ADS
Read/Write R RIW : R/W
After reset 0 : 0 0 0 : i 0

AD P AD ERepea( :Scan Mode iAD
Conversion :Conversion éModa : : f&)nversmn :
EndFlag  [BUSYFlag :0: Fixed Estart
10: Single | channel :
. 1: END {1:8USY  :  Mode = mode i1: START
Function : H : : :
H :1: Repeat 1. Channel :
Mode Scan :Always read |
© Mode fas“0” :
i f T T T 7
— 1

Il

A/D Conversion Start

Q —

1 | Start Conversion

L » A/DScanMode

Note) Always "0" when data is read

0 | Fixed channel mode

1 | Channel scan mode

— > A/DRepeat Mode

1 | Repeat mode

0 |Single mode

L > ADBUSYflag

0 | NOTBUSY
1 BUSY JETT POV PRSPPI
A/D END flag

0 |NOTEND
1 END IRESS USSRV

Figure 3.12 (2-1). A/D Control Register

TOSHIBA CORPORATION

179



TMP93CM40/TMP93CM41

7 L 6 o5 o4 i3 o2 i o110
ADMOD?2 bit Symbol | VREFON : i SPEED1 : SPEEDO i i ADCH2 | ADCH1 | ADCHO
Read/Write R/W
(005FH) ' : : : : : :
After reset 1 : : 0 : 0 0 : 0 : 0
Ladder Conversion Spead Analog Input
Resistance 00:160 states i Channel Selection
01:320 states i
ONvaFF 10:640 states
11:1280 states :
Function :

|

l

Analog Input Channel Selection
<SCAN>
0 1
<ADCH2,1,0>
000 ANO | ANO
001 AN1 | ANO—AN1
010 AN2 | ANO—>ANT—SAN2
011 AN3 | ANO—ANT—AN2—AN3
100 AN4 | AN4
101 ANS5 | ANdA—ANS
110 AN6 | ANA—ANS—ANG
111 AN7 | ANA—ANS—ANE—ANT

Conversion Speed

00 160 states (20 s at 16 MHz)
01 320 states (40 s at 16 MHz)
10 640 states (80 us at 16 MHz)
M1 1280 states (160 ws at 16 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 3.12 (2-2). A/D Control Register
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ADREGO4L
(0060H)

7 0 6 s o4 i3 io2 i o1 10
bit Symbol | ADRO1 | ADROD ! : :
Read/Write R
After reset Undefined 1 1 ! 1 1 1 1

Function Lower 2 bits of A/D result for ANO are stored

7 ¢ 6 s i a4 i o3 o2 i 1 i 0
bit Symbol | ADR0O9 : ADROB | ADRO7 | ADRO6 i ADRO5 : ADRO4 i ADRO3 | ADRO2
Read/Write R
After reset Undefined

Function Upper 8 bits of A/D result for ANO are stored.

7 i 6 o5 i o4 i3 i o2 i1 10
bitSymbol | ADR11 | ADR10 : :
Read/Write R
After reset Undefined 1 : 1 1 1 1 1

Function Lower 2 bits of A/D result for AN1 are stored.

7 0 6 i s a4 i 3 . 2 L 1 1 0
bit Symbol | ADR19 | ADR18 . ADR17 | ADRI6 . ADRI5 : ADRI4 i ADR13 . ADRI2
Read/Write R
After reset Undefined

Function Upper 8 bits of A/D result for AN1 are stored.

Note) The result registers are used both as ANO and AN4, AN1 and AN5, AN2 and AN6, AN3

and ANT.
MSB LSB
9 87 6 5 43 210
Converted data [ l ] | 1 I ‘ l | | |
for channel X 1 T |
ADREGXH l l ADREGXL

7 65 4 3 21 0 7 65 43 21 0

HEEEEEN

Thisis 1" when this register is read

Figure 3.12 (3-1). A/D Conversion Result Register (ADREG04, 15)
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7 0 e 15 o4 i o3 P2 i 0
AH}%EE%)&L bit Symbol | ADR21 : ADR20 : i i i :
Read/Write R
After reset Undefined 1 ] ) : 1 1 1
Function | Lower 2 bits of A/D result for AN2 are stored.
7 ¢ 6 i s i o4 i 3 i 2z i 1 i 0
A%%%%ﬁ?” bitSymbol | ADR29 | ADR28 | ADR27 | ADR26 . ADR25 | ADR24 | ADR23 | ADR22
Read/Write R
After reset Undefined
Function Upper 8 bits of A/D result for AN2 are stored.
7 0 6 5 4 3 2 1 0
AR)%EEEJL bit Symbol | ADR31 : ADR30 : .
Read/Write R
After reset Undefined : 1 1 1 1 1 1
Function Lower 2 bits of A/D result for AN3 are stored.
7 ¢ 8 i s i 4 3 i 2 i 1 i 0
A%%Eﬁga:;H bitSymbol | ADR39 : ADR38 : ADR37 : ADR36 : ADR35 : ADR34 : ADR33 | ADR32
Read/Write R
After reset Undefined

Function

Upper 8 bits of A/D result for AN3 are stored.

Note) The result registers are used both as AN0 and AN4, AN1 and AN5, AN2 and AN6, AN3
and ANT.

Converted data
for channel X

MS8 LSB
9 8 76 5 43 210
L J 1 J

ADREGXH i‘ ¢ ADREGXL
7 6543 210 7 6 54 32 10

LITT LT DAXIXEAN

Thisis ‘1" when this register is read.

Figure 3.12 (3-2). A/D Conversion Result Register (ADREGO04, 15)
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3.12.1 Operation

1

Analog Reference Voltage

High analog reference voltage is applied to the VREFH
pin, and low analog reference voltage is applied to
VREFL pin.

The reference voltage between VREFH and VREFL is
divided by 1024 using ladder resistance, and com-
pared with the analog input voltage for A/D conversion.
The switch between VREFH and VREFL can be cut
(OFF) by writing “0” to <VREFON>.

When the conversion will be started at the <VREFON>
=“0", write “1” to <VEFRON> before writing “1” to
<ADS>.

Analog Input Channels

Analog input channel is selected by ADMOD
<ADCH2:0>. However, which channel to select
depends on the operation mode of the A/D converter.
In fixed analog input mode, one channel is selected by
ADMOD <ADCH2:0> among four pins: ANO to AN7.
In analog input channel scan mode, the number of
channels to be scanned from ANO or AN4 is specified
by <ADCH2:0>, such as ANO - AN1, ANO - AN1 -
AN2, ANO —» AN1 - AN2 - ANG, AN4 - AN5, AN4
- AN5 - ANB, and AN4 - AN5 - AN6 - AN7.
When reset, A/D conversion channel register will be ini-
tialized to ADMOD <ADCHZ2:0> = 00, so that ANO pin
will be selected.

The pins which are not used as analog input channel
can be used as ordinary input port P5.

Starting A/D Conversion

A/D conversion starts when A/D conversion register
ADMOD1 <ADS> is written “1". When A/D conversion
starts, A/D conversion busy flag ADMOD1 <ADBF>
which indicates “conversion is in progress” will be set
to “1".

A/D Conversion Mode

Both fixed A/D conversion channel mode and A/D
conversion channel scan mode have two conversion
modes, i.e., single and repeat conversion modes.

In fixed channel repeat mode, conversion of specified
one channel is executed repeatedly.

In scan repeat mode, scanning from ANO, - - ANG is
executed repeatedly.

A/D conversion mode is selected by ADMOD1
<REPET, SCAN>,

(7)

A/D Conversion Speed Selection

There are four A/D conversion speed modes. The
selection is executed by ADMOD2 <SPEED1:0> regis-
ter.

When reset, ADMOD <SPEED1:0> will be initialized to
“00”, so that high speed conversion mode will be
selected.

A/D Conversion End and Interrupt

e A/D conversion single mode

ADMOD1 <EOCF> for A/D conversion end will be set
to “1,” ADMOD1 <ADBF> flag will be reset to “0,” and
INTAD interrupt will be enabled when A/D conversion
of specified channel ends in fixed conversion channel
mode or when A/D conversion of the last channel ends
in channel scan mode.

e A/D conversion repeat mode

For both fixed conversion channel mode and conver-
sion channel scan mode, INTAD should be disabled
when in repeat mode. Always set the INTEOAD at
“000”, so that it disables the interrupt request.

Write “0” to ADMOD2 <REPET> to end the repeat
mode. Then, the repeat mode will be exited as soon as
the conversion in progress is completed.

Storing the A/D Conversion Result

The results of A/D conversion are stored in ADREG04
to ADREG37 registers for each channel.

The result registers are used both as ANO and AN4,
AN1 and AN5, AN2 and ANG, AN3 and AN7.
However, the current conversion data cannot be
known which channels.

In repeat mode, the registers are updated whenever
conversion ends.

ADREGO04 to ADREG37 are read-only registers.
Reading the A/D Conversion Result

The results of A/D conversion are stored in ADREG04
to ADREG37 registers.

When the contents of one of ADREGO4L, ADREG15L,
ADREG26L, and ADREG37L registers are read,
ADMOD1 <EOCF> will be cleared to “0".

<EOCF> is not cleared to “0" when the contents of
one ADREGO0O4L, ADREG15L, ADREG26L, and
ADREG37L for lower 2-bits is read.

TOSHIBA CORPORATION

183



TMP93CM40/TMP93CM41

Setting example: (@ When the analog input voltage of the AN3 pin is A/D converted
by 1€0 states speed and the result is transfered in the memory
address 100H by A/D interrupt INTAD routine

Main setting

[ INTEOAD ¢« 1100 --- - Enable INTAD and set interrupt level 4.
ADMOD2 ¢ 1 X 00X011 Specify AN3 pin as an analog input channel and
| ADMOD1  « XX00Xx1XX starts A/D conversion in 160 states speed mode.

INTAD routine

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.
L (000100H)« WA Writes contents of WA in memory at 100H

(@ When the analog input voltage of the AN4 to AN pins (4 pins)
are A/D converted by 320 states speed and set the channel scan
& repeat mode.

Main setting

INTEQGAD « 1000 - - - - INTAD disenable.

ADMODZ « 1 X 010111 Specify AN4 to AN7 pins as input channel and scan

ADMOD1I « X X 11X100 & repeat mode and starts A/D conversion in 320
states speed mode .

Note)  X: don’t care
-: no change
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3.13 Watchdog Timer (Runaway Detecting Timer)
TMP93CM40/M41 contain watchdog timer of Runaway
detecting.

The watchdog timer (WDT) is used to return the CPU to
the normal state when it detects that the CPU has started to
malfunction (runaway) due to causes such as noise. When the
watchdog timer detects a malfunction, it generates a non-
maskable interrupt to notify the CPU of the malfunction, and
outputs “0” externally from watchdog timer out pin WDTOUT
to notify the peripheral devices of the malfunction.

Connecting the watchdog timer output to the reset pin
internally forces a reset.

This binary counter is also used as a warming up timer
for the internal oscillator stabilization. This is used when the
STOP releasing and before changing system clock.

3.13.1 Configuration

Figure 3.13 (1) shows the block diagram of the watchdog timer
(WDT).

0@‘—‘] RESET
internal reset _@VDMOD<RESCR>

+——{>o—1{1 WoToUT
WDTl interrupt
SYSCRO<WUEF>
p— enab!e
WDTOUT, ‘ reset
interrupt control WDMOD <WDTE >
Write Disable Code
to WDCR
WDMOD <WARM > —| Selector [ Selector |<—WDMQOD (B1H)
<WDTP1,0>
o 216218220222
i‘ L 22 Stage Binary Counter SYSCRO<WUEF>
[=]
2 reset
; r reset +— Write Clear Code
to WDCR
Q WDT/warming up changing HALT instruction (4EH)
(STOP, IDLE1 mode)
fdfs changmg warming up clock
2 CPU
P o
XT1 [ e {zj
T
s 4
-2 SYSCR1<SYSCK>
-
fery [ferg|tergfter, e‘
SYSCR1<GEAR2:0>
X1 O—*—|2|a|s8|16

Figure 3.13 (1). Block Diagram of Watchdog Timer/Warming Up Timer
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The watchdog timer is a 22-stage binary counter which
uses @(fc/2) as the input clock. There are four outputs from the
binary counter: 2'6/fc, 218/fc, 22%/fc, and 2%%/fc. Selecting one
of the outputs with the WDMOD register generates a watch-
dog interrupt, and outputs watchdog timer out when an over-
flow occurs.

Since the watchdog timer out pin (WDTOUT) outputs “0”
due to a watchdog timer overflow, the peripheral devices can
be reset. The watchdog timer out pin is set to “1” after dis-
abling WDT and clearing the watchdog timer (by writing a clear
code 4EH in the WDCR register).

(Example)

LDW (WDMOD), B100H ; disable

LD (WDCR), 4EH ; write clear code
SET 7, (WDMOQOD) ; enable again

In other words, the WDTOUT keeps outputting “0” until
the clear code is written.

The watchdog timer out pin can also be connected to the
reset pin internally. The watchdog timer out pin (WDTOUT) out-
puts O to 8 to 20 states (16 to 40 ps @ fc = 16MHz) and resets
itself.

wor couner v X777/ ; -
1

WDT Interrupt I I i
Clear code of write
WDT Clear I
(Soft ware) T
WDTOUT | {
Figure 3.13 (2). Normal Mode
Over flow
WDT Counter n % —
WDT Interrupt I | ¢
1l
wWDTOUT
(Internal Reset) « I
] L !

! 810 20 states = 16 to 40 xs (@ 16 MHz)

Figure 3.13 (3). Reset Mode
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3.13.2 Control Registers

Watchdog timer WDT is controlled by two control registers
WDMOD and WDCR.

1

Watchdog Timer Mode Register (WDMOD)

0 Setting the detecting time of watchdog timer
<WDTP>

This 2-bit register is used to set the watchdog timer
interrupt time for detecting the runaway. This register is
initialized to WDMOD <WDTP1, 0> = 00 when reset,
and therefore 2'6/fc is set. (The number of states is
approximately 32,768).

The detecting time of WDT is shown in Figure 3.13 (6).
@

O Watchdog timer enable/disable control register
<WDTE>

When reset, WDMOD <WDTE> is initialized to “1”

e Disable control

WOMOD « 0 - - - - - XX
WDCR « 10110001

e Enable control
Set WDMOD <WDTE> to “1".

WDCR « 010011180

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".

O Watchdog timer out reset connection <RESCR>

This register is used to connect the output of the
watchdog timer with RESET terminal, internally. Since
WDMOD <RESCR> is initialized to O 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 the binary
counter of the watchdog timer function.

Clear WDMOD<WDTE>to "0".
Write the disable code (B1H).

¢ Watchdog timer clear control

The binary counter can be cleared and resume

counting by writing clear code (4EH) into the WDCR reg-
ister.

Write the clear code (4EH).
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7 i 6 i s i a4 i3 i o2 i 1 i 0
. bitSymbol | WDTE : WDTP1 : WDTPO | WARM i HALTMO : HALTMO : RESCR : DRVE
WDM ;
Read/Write RIW
(005CH) : g : : T 7 :
After reset 1 : 0 : 0 : 0 H 0 : 0 : 0 i 0
iSelect detecting time; iWarming standby mode 1 oy
WDT iUptime g ‘Internally : Drive the
control goo; 215/5ys .O 214 o RUN mode ‘connects  :pinevenin
{012 2175y finputted 101, STOP mode SWDToutto |STOP mode
Function ;10' 219 : frequency 510: IDLET mode ‘the reset pin}
1:Enable i - SYs RIS 1 :
HAE 221 /fsys Cinputted 110 IDEL2 mode care
: ifrequency !
e : % ! ;
I
’-» DRVE (explanation by stop mode)
Watchdog timer out control

0 |—

1 | Connects WDT out to a reset

——> Select the standby mode HALT instruction
00 RUN mode (On!y the CPU stops)

01 STOF‘ mode (AIE mrcuwts stop)

10 IDLEI rnode (Dn\ythe oscillator uperales)

1" IDLEZ mode (CPU and AID stop)

‘———— Select the detecting period of watchdog
timer

214/inputted frequency

0

216/inputted frequency
(approx. 4.1 ms at 16 MHz)

1

L——————————— Select the detecting time of watchdog timer
00 215If5~(5 (approx 4 1 ms at 16IV!H2)

0 2””5\(5 (approx ‘!6 ms at 16 MHz)

10 2‘9.ffgys (approx 66 ms at 16 MHz)

1 21!f5y5 (approx 262 ms at 16 MHz)

Watchdog timer Enable / Disable control
0 |Disable

1 |Enable

Figure 3.13 (4). Watchdog Timer Mode Register
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WDCR
(005DH)

bit Symbol

Read/Write

After reset

Function

B1H : WDT disable code

4EH : WDT clear code

L Disable/clear WDT

B1H

Disable code

Others | —

4EH Clear code

Figure 3.13 (5). Watchdog Timer Control Register

at fc= 16 MHz, fs=32 kHz

gg'setj?ocn\ ock Gear value Watch Dog Timer Detecting Time
<syscks | TCEARZIO> g 217fsys 2195y 221/fgys
1(fs) XXX 2.0485 8.192¢ 32.768s 131.0725s
000 (f¢) 4.096 ms 16.384 ms 65.536 ms 262.1ms
001 (fc/p) 8.192ms 32.768 ms 131.072 ms 512ms
0 (fo) 010 (fera) 16.384 ms ! 65.536 ms 262.1ms 1.0245
011 (ferg) 32.768 ms 131.072 ms 512ms 2.0485¢
100 (ferqg) 65.536 ms 262.1ms 1.0245 4.096s

XXX :don't care

Figure 3.13 (6). Watchdog Detecting Time
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3.13.3 Operation

The watchdog timer generates interrupt INTWD after the
detecting time set in the WDMOD <WDTP1, 0> register and
outputs a low level signal. The watchdog timer must be zero-
cleared by software before an INTWD interrupt is generated. If
the CPU malfunctions (runaway) due to causes such as noise,
but does not execute the instruction used to clear the binary
counter, the binary counter overflows and an INTWD interrupt
is generated. The CPU detects malfunction (runaway) due to
the INTWD Interrupt and it is possible to return to normal oper-
ation by an anti-malfunction program. By connecting the

Example

WDCR « 01001110

watchdog timer out pin to peripheral devices’ resets, a CPU
malfunction can also be acknowledged to other devices.

The watchdog timer restarts operation immediately after
resetting is released.

The watchdog timer stops its operation in the IDLE1 and
STOP modes. In the RUN mode, the watchdog timer is
enabled. When the bus is released (BUSAK = “L"), WDT con-
tinues counting up.

However, the function can be disabled when entering the
RUN, IDLE2 modes.

(D Clear the binary counter

Write clear code (4EH).

@ Set the watchdog timer detecting time to 28 /fgys

WOMOD « 1 01 - - - X X

@ Disable the watchdog timer.

WDMOD « 0 - - - - -
WODCR « 1011000

>

X
1

@) Set IDLE1 mode.

WOMOD « 0 - - - 1 0 X X
WOCR « 10110001
Executes HALT command

Clear WDTE to "0".
Write disable code (B1H).

Disables WDT and sets IDLE1 mode

Set the standby mode

& Set the STOP mode (warming up time: 216/fsys)

WOMOD « - - - 101 XX
Executes HALT command.

Setthe STOP mode.
Execute HALT instruction. Set the standby
mode.
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4. Electrical Characteristics

4.1 Absolute Maximum (TMP93CM40F/TMP93CM41F)

Symbol Parameter Rating Unit
Vee Power Supply Voltage -05t06.5 V
VIN Input Voltage 05~V +05 Vv
> 10L Output Current (total) 120 mA
> I0H Output Current (total) -80 mA
PD Power Dissipation (Ta=85°C) 600 mw
T SOLDER Soldering Temperature (10s) 260 °C
TSTG Storage Temperature -65t0 150 °
TOPR Operating Temperature -40to 85
4.2 DC Characteristics (1/2)
Symbol Parameter Max (NTJ‘;‘;.U Max Unit Test Condition
fc=4to 16MHz
45 fs = 30 to 34kHz (Ta = -40 to 85°C)
Ve Power Supply Voltage 55 v ;z z géiozgm{zz (Ta=-2010 70°C)
2.7 fc =4 to 10MHz
(Note 2) fs = 30 to 34kHz (Ta = -40 to 85°C)
VIL | Low High Voltage (ADO to 15) 82 xgg 3255\\/’
VIL1 Port 2 to A (except P87, P5) 0.3 Ve
VIL2 | RESET, NMI, INTO 025V,
— _ Veg=2.7t05.5V
VIL3 EA, AM8/16 0.3
ViL4 X1,P5 0.2 Ve v
VIH | Low High Voltage (ADO to 15) gg xgg fjg\\/’
VIH1 Port 2 to A (except P87) 0.7 Ve
VIH2 | RESET, NMI, INTO 0.75 Vi Vo +0.3
— _ Vog=2.7t05.5V
VIH3 EA, AM8/16 Vee-03
VIH4 X1 0.8 Ve,
VoL Output Low Voltage 0.45 Vo [ 10L=1.6mA (Voo =2.7105.5V)
V OH 24 V| 10H=-400pA (Vgg =2.7 10 5.5V)
V OH1 QOutput High Voltage 0.75 Vg, V- | 10H=-100pA (Vog = 5V+10%)
V OH2 0.9 Ve V' | 10H=-20pA (Vg =5V+10%)
| DAR Darlington Drive Current 40 35 mA V=15V
(note 3) | (8 Output Pins max.) Rexr = 1.1KQ (Ve = 5V+10%)
[LI Input Leakage Current 0.02 (Typ) 5 0.0<Vip< Ve
ILO Output Leakage Current 0.05 (Typ) +0 WA 02< Vi< V-02

(note 1) Typical values are for Ta = 25°C and Vg = 5V unless otherwise.
(note 3) I-DAR is guaranteed for a total of up to 8 ports.

(note 2) The operation of A/D converter is guaranteed at Vg = 5V+£10%.
(note 4)The condition of measurement of ICC (Normal/Slow).
Operates only CPU, output ports are open and input ports fixed.
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4.2 DC Characteristics (1(2/2)

Symbol Parameter Max Tp. Max Unit Test Condition
(Note 1)
Power Down Voltage Vipo =02V,
VSTOP (at STOP, RAM Back up) 20 60 v Viho = 0.8V,
==&+ . 50 150 VCC =5V+10%
RRST RESET Pull Up Register 80 200 KQ Vg = 3V410%
Cl10 Pin Capacitance 10 pF | tosc=1MHz
Schmitt Width
VTH | RESET NMI, INTO (P87) 0.4 10 v
. 10 80 VCC =5V+10%
R KL Programmable Pull Down Register 30 150 KQ Vo = 3V:10%
. 50 150 Ve =5V410%
R KH Programmable Pull Up Register 100 300 KQ Vg = V0%
Operating Current (NORMAL) 16 25
RUN 14 25 Vg =5V£10%
IDLE2 8.0 15 fc = 20MHz
IDLE1 1.0 5
Operating Current (NORMAL) 60 8 m
perating Current ( . Vg = 3V410%
RUN 5.0 7
IDLE2 30 4 fc = 10MHz
o : (Typ.: Voo =3.0V)
IDLE1 0.4 11
Operating Current (SLOW) 30 35 Vg =3V+10%
RUN 28 30 " fs = 32.768kHz
IDLE2 20 20 (Typ.: Vee =3.0V)
IDLE1 15 15
STOP 0.2 10 PA | Vog=27105.5Y

(note 1) Typical values are for Ta = 25°C and V¢ = 5V unless otherwise.
(note 3) I-DAR is guaranteed for a total of up to 8 ports.

(note 2) The operation of A/D converter is guaranteed at Vo = 5V£10%.
(note 4)The condition of measurement of ICC (Normal/Slow).
Operates only CPU, output ports are open and input ports fixed.
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4.3 AC Electrical Characteristics
(1) Ve =5V+10%

Variable 16MHz 20MHz
No. Symbol Parameter Unit
Min Max Min Max Min Max
1 tosc Osc. Period (= x) 50 250 62.5 50 ns
2 toLk CLK width 2x-40 85 60 ns
3 tak A0 - 23 Valid - CLK Hold 0.5x- 20 1 5 ns
4 tia CLK Valid - A0 - 23 Hold 1.5x-70 24 5 ns
5 taL A0-15 Valid - ALE fall 0.5x-15 16 10 ns
6 ta ALE fall - AO - 15 Hold 0.5x- 15 11 5 ns
7 t ALE High width x-40 23 10 ns
8 i ALE fall - RD/WR fall 0.5%- 30 6 0 ns
9 toL RD/WR rise - ALE rise 0.5x-20 " 5 ns
10 tact A0 - 15 Valid - RD/WR fall x-25 38 25 ns
1 tacH A0 - 23 Valid - RD/WR fall 1.5x- 50 44 25 ns
12 foa RD/WR rise — A - 23 Hold 0.5x-25 6 0 ns
13 tapL A0 - 15 Valid - DO - 15 input 3.0x-55 143 95 ns
14 tapH A0 - 23 Valid - DO - 15 input 3.5x- 65 154 110 ns
15 trp RD fall - DO - 15 input 2.0x - 60 75 40 ns
16 trn RD Low width 2.0x-40 85 60 ns
17 thr RD rise - DO - 15 Hold 0 0 0 ns
18 thae RD rise - AQ - 15 output x-15 48 35 ns
19 fw WR Low width 2.0x-40 85 60 ns
20 tow DO - 15 Valid - WR rise 2.0x- 55 70 45 ns
21 fwp WR rise — DO - 15 Hold 05x-15 16 10 ns
22 taen A0 - 23 Valid - WAIT input (IWAIT + n mode) 3.5x-90 129 85 ns
23 tawL A0 - 15 Valid — WAIT input (1WAIT + n mode) 3.0x-80 108 70 ns
24 tow RD/WR fall  WAIT Hold (1WAIT + n mode) 2.0x+0 125 100 ns
25 tAPH A0 - 23 Valid — PORT input 2.5x-120 36 5 ns
26|  tpwp | AO-23Valid - PORT Hold 2.5%+50 206 175 ns
27 fep WR rise - PORT Valid 200 200 200 ns
28|  taspy | AO-23Valid - RAS fall 1.0x - 40 23 10 ns
29 taShL A0 - 15 Valid - RAS fall 0.5x-15 16 10 ns
30 thac RAS fall - DO - 15 input 25x-70 86 55 ns
31 traH RAS fall - A0 - 15 Hold 0.5x-15 16 10 ns
32 thas RAS Low width 2.0x-40 85 60 ns
33 trp RAS High width 2.0x- 40 85 60 ns
34 tRgH CAS fall - RAS rise 1.0x- 35 23 10 ns
35 thse RAS rise - CAS rise 0.5x- 25 6 0 ns
36 tep RAS fall - CAS fall 1.0x- 40 23 10 ns
37 tcac CAS fall - DO - 15 input 1.5x- 65 29 10 ns
38 teas CAS Low width 1.5%- 30 64 40 ns
AC Measuring Conditions
e QOutput Level: High 2.2V /Llow 0.8V, CL&OpF -
(However CL = 100pF for ADO ~ AD15, ADO to AD23, ALE, RD, WR, HWR, R/W, CLK, RAS, CASO to CAS2)
¢ Input Level: High 2.4V /Low 0.45V (ADO to AD15)
High 0.8Vcc /Low 0.2Vcce (Except for ADO to AD15)
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(2) Ve =3V£10% (TMP93CM40/M41F are guaranteed up to 10MHz operation)

Variable 10MHz
No. Symbol Parameter Unit
Min Max Min Max

1 tosc Osc. Period (= x) 80 250 100 ns

2 tork CLK width 2x-40 160 ns

3 tak AQ - 23 Valid - CLK Hold 0.5%- 30 20 ns

4 tka CLK Valid - A0 - 23 Hold 1.5x - 80 70 ns

5 taL A0-15 Valid — ALE fall 0.5%- 35 15 ns

6 fiA ALE fall - A0 - 15 Hold 0.5%- 35 15 ns

7 i ALE High width x- 60 40 ns

8 i ALE fall - RD/WR fall 0.5%- 40 10 ns

9 foL RD/WR rise - ALE rise 0.5% - 40 10 ns
10 taoL A0 - 15 Valid - RD/WR fall x-50 50 ns
11 tacH AO - 23 Valid - RD/WR fall 1.5%- 50 10 ns
12 foa RD/WR rise - AQ - 23 Hold 0.5x - 40 30 ns
13 tanL A0 - 15 Valid - DO - 15 input 3.0x- 110 100 ns
14 taDH AO - 23 Vialid - DO - 15 input 35x-125 225 ns
15 tro RD fall - DO - 15 input 2.0x- 115 85 ns
16 tRR RD Low width 2.0x - 40 160 ns
17 tha RD rise - DO - 15 Hold 0 0 ns
18 thaE RD rise - A0 - 15 output x-25 75 ns
19 tw WR Low width 2.0x-40 160 ns
20 fow DO - 15 Valid - WR rise 2.0x-120 80 ns
21 fwo WR rise D0 - 15 Hold 0.5x- 40 10 ns
22 taeH AQ - 23 Valid - WAIT input (1WAIT + n mode) 3.5x- 130 220 ns
23 tawL A0 - 15 Valid - WAIT input (IWAIT + n mode) 3.0x- 100 200 ns
24 tow RD/WR fall - WAIT Hold (1WAIT + n mode) 2.0x+0 200 ns
25 tAPH A - 23 Vialid - PORT input 2.5~ 120 130 ns
26|  tpyp | AO-23 Valid— PORT Hold 25x+50 300 ns
27 tp WR rise — PORT Valid 200 200 ns
28| tasay | AO-23ValidRAS fall 1.0x- 60 40 ns
29| tar | AO-15Valid— RAS fall 0.5x- 40 10 ns
30 trac RAS fall - DO - 15 input 2.5x-90 160 ns
31 traH RAS fall - A0 - 15 Hold 0.5x-25 25 ns
32 tras RAS Low width 2.0x - 40 160 ns
33 tpp RAS High width 2.0x-40 160 ns
34 tpsH CAS fall - RAS rise 1.0x- 55 45 ns
35 thse RAS rise - CAS rise 0.5%- 25 25 ns
36 tRep RAS fall - CAS fall 1.0x - 40 60 ns
37 teac CAS fall - DO - 15 input 1.5x-120 30 ns
38 foas CAS Low width 1.5x-30 120 ns

AC Measuring Conditions

e QOutput Level:

High2.2V  /Low 0.8V, CL50pF

(However CL = 100pF for ADO ~ AD15, ADO ~ AD23, ALE, RD, WR, HWR, R/W, CLK, RAS, CASO ~ CAS2)
¢ Input Level:

High 2.4V

/Low 0.45V (ADO ~ AD15)
High 0.8Vcc  /Low 0.2Vce (Except for ADO ~ AD15)
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(1) Read Cycle

X1

CLK

AQto 23

Port Input

RAS

CASOto2

ADOto 15

ALE

teik

tCW—)—

tas tRsH tRP
N f \q
NS tRAS /
tASRL tRAC tRSC
~1Bal tCAS ™ =
~tRCD ™ No—tcac ? _,_2 :
tADH ~tcA—=
: 2l . —
tACH i RR 721—7tRAE—>‘
TtacL tHR
L=t~ RD ;
— : LADL :
----- < ADto15 Pe=wm-————- DOto15 [-—-—
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(2)  Write Cycle

X1

CLK

A0 to 23

ADOto 15

ALE

\;

tww

twp

1DW

DOto 15

-< AU to 15 ><‘

196

TOSHIBA CORPORATION



TMP93CM40/TMP93CM41

4.4 A/D Conversion Characteristics

Symbol Parameter Min Typ Max Unit
VRer Analog reference voltage Ve - 0.2V Vee Vee
Asnp Analog reference voltage Vss Vss Vss+0.2V Vv
Vaiy Analog input voltage range Vs Ve
Analog current for analog reference voltage
Irer (VRerL = 0V) VCC =5V+10% <VREFON> = 1 05 15 mA
VCC =5V+10% <VREFON> =0
Error VCC =5V+10% 3.0 16 LSB
4.5 Serial Channel Timing - I/0 Interface Mode
(1) SCLK Input Mode
Variable 10MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tscy SCLK cycle 16x 1.6 08 1S
toss Output Data - rising edge of SCLK tsoy/2 - 5% - 50 250 100 ns
toHs SCLK rising edge — output data hold 5x-100 400 150 ns
thsh SCLK rising edge — input data hold 0 0 0 ns
tsrp SCLK rising edge — effective data input tsoy - 5x - 100 1000 450 ns
(2) SCLK Output Mode
Variable 10MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tscy SCLK cycle (programmable) 16x 8192x 16 819.2 0.8 409.6 1S
toss Output Data - rising edge of SCLK tsoy - 2x- 150 1250 550 ns
tons SCLK rising edge — output data hold 2x - 80 120 20 ns
thsh SCLK rising edge — input data hold 0 0 0 ns
tsro SCLK rising edge — effective data input tsoy - 2x-150 1250 550 ns
4.6 Timer/Counter Input Clock (TIO, T4, TI5, TI6, TI7)
Variable 10MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tyck Clock cycle 8x +100 900 500 ns
tyokL Low level clock pulse width 4x+40 440 240 ns
tyckH High level clock pulse width 4x+40 440 240 ns
4.7 Interrupt Operation
Variable 10MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
taa. | NMI INTO Low level pulse width 4x 400 200 ns
fjrag | NMI, INTO High level pulse width 4x 400 200 ns
tNTBL INT4 ~ INT7 Low level pulse width 8x+100 900 500 ns
tiNTBH INT4 ~ INT7 High level pulse width 8x +100 900 500 ns
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4.8 SCOUT Pin Characteristics

Variable 10MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
High level pulse width )
vec=svatge, | X710 40 15
ns
R
vec=avstoe | X% 30 - -
Low level pulse width
vec=svstges | X710 40 15
ns
R
vec=avstoe | XD 30 - -

Measurement condition
® Outputlevel : High2.2V/Low0.8V,CL=10pF

tscH
-
< 1SCL |
SCouT
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4.9 Timing Chart for I/0 Interface Mode

w I LTI r e r oI rirrr
| tscy |
toss tOHS‘

QUTPUT DATA |

|
" N | X ) X X

INPUT DATA

RxD X VALIDX ><I VALID I>< X VALID X X VALID K
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4.10 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK)

(note 1)

ax X X3 N X X X

X X ]
| |« tBRC - - t8RC
BUSRQ -
tcBAL S tcaH

BUSAK /‘
4%
S . taaa
ADO to AD15, AQ to A23, —_taga (Note 2) —
S0 to C52, RAW, RAS, ) B ~
CAS0O~CAS2 —_—

N (Note 2) —
RD, WR, HWR /4 Sy SR 7
ALE ( [ \

Variable 10MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tare BUSRQ setup time for CLK 120 120 120 ns
toaL CLK - BUSAK falling edge 1.5x+120 270 195 ns
tceaH CLK - BUSAK rising edge 0.5x +40 90 65 ns
tagA QOutput buffer is off to BUSAK N 0 80 0 80 0 80 ns
taaa BUSAK _k— output buffer is on. 0 80 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-states. They don’t indicate the signal levels are fixed. After the bus is released, the signal level is kept
dynamically before the bus is released by the external capacitance. Therefore, to fix the signal level by an external resistance under the bus is releasing,
the design must be carefully because of the level-fix will be delayed. The internal programmable pull-up/pull-down resistance is switched active by the
internal signal.
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(1) 1/0 port

(2) 1/O port control

(8) Timer control

(4) Pattern Generator control
5) Watch Dog Timer control

5. Table of Special Function Registers )
)
)
)
)
6) Serial Channel control
)
)
)
0)

(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. (
(7) A/D converter control
(8) Interrupt control
(9) Chip Select/Wait Control
(10) Clock Control

Configuration of the table

Symbol Name Address |7 {6 7[ S1 i 0
.l ]~bit symbol
‘\\ : : ~Read/Write
H >Initial value afrer reset
// »>Remarks
Note: “Prohibit “RMW” in table means that you cannot use RMW instructions to these registers.

(Example) Setting only the bitO of register POCR, do not use “Set 0, (0002H)”.
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Table 5 1/0 Register Address Map

[ADDRESS NAME ADDRESS NAME ADDRESS NAME ADDRESS NAME
000000H | PO 20H| TRUN 40H | TREG6L 60H | ADREGO4L
1H| P1 21H 41H| TREG6H 61H| ADREGO4H
2H| POCR 22H| TREGO 42H | TREGTL 62H| ADREG15L
3H 23H| TREG1 43H| TREG7H 63H| ADREG15H
4H| P1CR 24H| TMOD 44H| CAP3L 64H| ADREG26L
SH|P1FC 25H| TFFCR 45H | CAP3H 65H| ADREG26H
6H| P2 26H| TREG2 46H | CAP4L 66H | ADREG37L
7H|P3 27H| TREG3 47H| CAP4H 67H| ADREG37H
8H|[ P2CR 28H| POMOD 48H| TSMOD 68H| BOCS
9H| P2FC 29H| P1MOD 49H | TSFFCR 69H | B1CS
AH|[ P3CR 2AH| PFFCR 4AH B6AH | B2CS
BH| P3FC 2BH 48H 6BH
CH|Pa 2CH 4CH | PGOREG 6CH
DH| PS5 2DH 4DH | PG1REG 60H | CKOCR
EH| PACR 2EH 4EH | PGO1CR 6EH| SYSCRO
FH 2FH 4FH 6FH| SYSCR1
10H| P4FC 30H| TREGAL 50H| SCOBUF 70H| INTEOAD
11H 31H| TREG4H 51H| SCOCR 71H| INTE45
12H| P& 32H| TREGSL 52H|SCOMOD 72H| INTE67
13H| P7 33H| TREGSH 53H| BROCR 73H|INTET10
14H| P6CR 34H| CAPIL 54H|SC1BUF 74H] INTEPW10
15H| P7CR 35H| CAP1H 55H|SCICR 75H| INTETS54
16H| PGFC 36H | CAP2L 56H|SC1IMOD 76H| INTET76
17H| P7FC 37H| CAP2H 57H| BR1CR 77H| INTESO
18H| P8 38H| T4MOD 58H| ODE 78H | INTES1
19H | P9 39H| T4FFCR 59H 79H
1AH| PBCR 3AH| T45CR S5AH 7AH
1BH| POCR 38H 5BH 7BH| IMC
1CH| P8FC 3CH 5CH| wDMOD 7CH| DMAQV
1DH| P9FC 3DH 5DH|WDCR 7DH| DMATV
1EH| PA 3EH SEH| ADMOQD1 7EH | DMA2V
1FH| PACR 3FH S5FH| ADMOD2 7FH [ DMA3V
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@) I/O Port
Symbol | _Name | Address 7 6 5 a : 3 2 1 0
P07 P06 POS P04 PO3 P02 PO1 i POO
PO PORTO 00H RAW
Input mode
Underfined
P17 P16 P15 P14 : P13 P12 P11 | P10
P1 PORT1 01H RAW
Input mode
0 0 0 0 : 0 0 0 ; 0
P27 P26 P25 P24 | P23 P22 P21 | P20
P2 PORT2 06H RAW
Input mode
0 0 0 0 ; 0 0 0 : 0
P37 P36 P35 P34 i P33 P32 P31 | P30(note1)
P3 PORT3 07H RAW
Input mode Qutput mode
1 1 1 : 1 ; 1 1 1 : 1
: P42 P41 P40
P4 PORT4 OCH RAW
Input mode
: 0 : 1 i 1
P57 P56 P55 P54 P53 P52 P51 i P50
P5 PORT5 ODH R
Input mode
P67 P66 P65 P64 . P63 P62 P61 i P60
P PORT6 12H RIVW
Input mode
1 1 1 1 : 1 1 1 : 1
P73 P72 . P71 i P70
p7 PORT7 13H RIW
Input mode i
: 1 1 1 : 1
P87 P86 P85 P84 i P83 P82 P81 i P80
P8 PORTS 18H RIW
Input mode
1 1 1 1 : 1 1 1 : 1
P97 P96 P95 P94 i P93 i P92 P91 i P30
Py PORTY 19H RAW RIW R/W
(note2) Outputmode | Output mode Input mode
1 1 1 1 : 1 : 1 1 : 1
PA7 PAG PAS PA4 : PA3 PA2 PA1T : PAD
PA PORTA 1EH RIW
Input mode
1

Notel : When P30 pin is defined as RD signal output mode (P30F =1), clearing the output latch register
P30 to “0” outputs the RD strobe from P30 pin for PSRAM, even when the internal address is
accessed. If the output latch register P30 remains “1”, the RD strobe is output only when the
external address is accessed.
Note2 : Port96, 97 is also used as XT1, XT2. Therefore these pins are open drain output type.
Read / Write

R'W
R
w

; Either read or write is possible
; Only read is possible

; Only write is possible
Prohibit RMW ; Prohibit Read Modify Write. (Prohibit RES/SET/TSET/CHG /STCF/

ANDCF/ORCF / XORCF Instruction)
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@

I/O Port Control (1/2)

Symbol | Name | Address 7 6 : 5 4 3 2 1 0
PO7C PO6C POSC PO4C PO3C PO2C PO1C POOC
POCR | PORTO 02H W
Control | (Prohibit 0 : 0 : 0 : 0 : 0 : 0 0 i 0
RMW) 0:IN_1:0UT(When external access, set as AD7-0 and cleared to “0".)
P17C i P16C P15C P14C P13C P12C P11C P10C
PICR |PORT1 04H w
Centrol | (Prohibit 0 0 : 0 : 0 : 0 : 0 0 0
RMIW) < <Refer to the "P1FC" > >
P17F P16F P15F P14F P13F P12F P11F P10F
P1FC |PORT1 05H W
Function | (Prohibit 0 0 : 0 : 0 : 0 : 0 i 0 0
RMW) P1FC/PICR=00:IN, 01:0QUT, 10:AD15-8, 11:A15-8
P27C P26C P25C P24C P23C p22¢C P21C P20C
P2CR | PORT2 08H w
Control | (Prohibit 0 0 0 0 : 0 0 0 0
RMW) < <Referto the "P2FC" >>
P27F P26F P25F : 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 | P34C | P33C : P32C
P3CR |PORT3 0AH W
Control | (Prohibit 0 0 : 0 : 0 : 0 : 0
RMW) 0:IN 1:0UT
P37F P36F P35F P34F P32F P31F P30F
0BH w
P3FC | PORT3 (Prohibit 0 : 0 ‘ 0 : 0 : : 0 : 0 : 0
Function | RMW) |[0:PORT {0:PORT 0:PORT :0:PORT : {0:PORT i0Q:PORT :0:PORT
1:RAS  i1:RW  1:BUSAK :1:BUSRQ : S1:HWR _i1:WR {1:RD
: ; : P42C P41C P40C
PACR | PORT4 OEH w
Control | (Prohibit 0 : 0 : 0
RMW) 0:IN 1:0UT
PA2F i P4IF__ |  PAOF
P4FC | PORT4 10H w
Function | (Prohibit 0 : 0 : 0
RMW) 0: PORT 1: CSICAS

Note: With the TMP93CM41, which requires an external ROM, PORTO functions as ADO to ADT7;
PORT1, AD8 to AD15 or A8 to A15; P30, the RD signal; P31, the WR signal, regardless of the
values setin POCR, P1CR, P1FC, P30F and P31F,
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(2)  1/0 Port Control (2/2)

Symbol | Name | Address 7 6 5 4 3 : 2 1 ; 0
P67C_ 1 P66C P65C P64C P63C  :  P62C PE1C |  P60C
PORT6 14H
PECR
Control | (Prohibit 0 0 0 0 0 i 0 0 0
RMW) 0:IN 1:0UT
: P73C I P72C  P71C i P70C
PORT7 15H W
PICR Control | (Prohibit 0 : 0 : 0 : 0
RMW) : 0:IN 1: 0UT
P67F .  PB6F PB5F P64F P63F i PB2F PE1F_ ©  P6OF
PORT6 16H
P6F - -
bFC Function| (Prohibit 0 : 0 0 : 0 0 : 0 0 : 0
RMW) 0:PORT 1:PG1-OUT 0: PORT 1:PGO-OUT
: : P73F i PT2F P71F
17H : w
PIFC PSR:;M (Prohibit 2 0 | 0
Y RMW) :PORT  :0:PORT :0:PORT
: 1 TO3 11:TO2 1:701 :
Pg7C 1  P86C P85C P84C P83C Pg2C P81IC_ i P8OC
PORT8 1AH
PECR Control | (Prohibit 0 0 0 : 0 0 : 0 0 0
RMW) 0:IN 1:0UT
P97C 1 P96C P95C P94C P93C .  P92C P91C_ i P90C
P H
POCR ORTY 1BH _ W w 7 w
Control | (Prohibit 1 1 1] : 0 0 : 0 0 0
RMW) 0:IN 1:0UT
P86F : P83F  :  P82F
w W :
PORT8 'C}f‘ . : W
P8FC Function (Prohibit 0 0 : 0
. RMW) : “PORT _10:PORT
1:TO6 1 TOS 11:TO4
P95F P93F | P92F PI0F
1DH w w PwW w
POFC P?f:f[ion (Prohibit 0 0 : 0 : 0
RMW) :PORT  i0:PORT ;0 : PORT
: : :TxD1  i1:5CLKO 11:TxDO
PA7C i PABC PASC PA4C PA3C ! PA2C PAIC_ i  PAOC
PORTA 1FH
PACR Control | (Prohibit
RMW) 0:IN 1:0UT
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(8)  Timer Control (1/3)
Symbol | Name | Address 7 : 6 : 5 : 4 ; 3 : 2 1 : 0
PRRUN _: T5RUN T4RUN P1RUN PORUN T1RUN TORUN
R/W : : R/W
TRUN | TImer 20H 0o i o0 ¢ o i 0o i o 0 0
Control Prescaler & Timer Run/Stop CONTROL
0:Stop & Clear
1: Run (Count up)
bitTi 22H -
TREGO BRE';TS‘I:E; {Prohibit w
RMW) Undefined
- 23H -
TREG B;';L:f; (Prohibit W
RMW) Undefined
TI0M1 TIOMO | PWMM1 | PWMMO : TICLK1 : TICLKO : TOCLK1 : TOCLKO
- W
gb“ Timer| an T e T [
T™MOD Ctir;e (Prohibit 00: 8bitTimer 00: - : 00 : TOOTRG 00:TIOA D
MODE RMW) 01:16 bultTimer H 01:26-1 Hium 01:4T1 01: 4T
10: 8bitPPG 10:27-1 10: 4T16 10: 474
11: 8bitPWM 11:28-1 11: ¢4T256 11:4T16
: DBEN TFF1C1 TFF1C0 TFF1IE TFF1IS
RW ¢ w RIW
8 bit Timer f o0 T o o 0 o0
TFFCR |Flip-Flop 25H 1: Double ! 00 : Invert TFF1 : TFF1 :0: Inverted
Control . Buffer 01:Set TFF1 Invert : by Timer
Enable 10 : Clear TFF1 Enable : 0
11: Don'tcare :
PWM -
TREGZ |Timer 26H (RYW __ (Canread double buffer values.)
Register 2 Undefined
PWM -
TREG3 [Timer 27H (RYW __ (Can read double buffer values.)
Register 3 Undefined
FF2RD DB2EN | PWMOINT | PWMOM | T2CLK1 : T2CLKO : PWMOS1 : PWMOSO
R : w
= 0 : 0 0 : 0 : 0 0 0
PWMO 28H TFF2 :1: Double 0: Overflow 0: PWM 00: ¢P1 00:26-1
POMOD Mode (Prohibit |output Buffer ; interrupt Mode 01:¢P4 o1 27 -1
RMW) |value Enable : i1: Timer 10: ¢P16 10:28-1
1 . Cumpareii Mode 11: Don'tcare 11: Don'tcare
i match :
interrupt :
FF3RD DB3EN PWMI1INT | PWMIM T3CLK1 T3CLKO PWM151 | PWMI1S0
R : W
- o i o i o0 i 0o i 0 0 0
PWM1 29H TFF3 : Double D Overflow fD: PWM 00 ¢P1 00:26-1
P1IMOD Mode (Prohibit |output Buffer Einterrupt Mode 01: 4P4 01:27-1
RMW) |value Enable : 1 Timer 10: ¢P16 10:28-1
1 : Compare/! Mode 11: Don'tcare 11: Don‘t care
: match :
interrupt
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(8)  Timer Control (2/3)

Symbol Name Address 7 : [ : 5 : 4 : 3 : 2 : 1 0
FF3C1 FF3CO : FF3TRG1 : FF3TRGO ! FF2C1 FF2CO : FF2TRG1 : FF2TRGO
w : RAW i W RAW
0 : 0 : 0 : 0 0 : 0 : 0 i 0
00: Don'tcare :00: Prohibit TFF3 00: Don't care i 00: Prohibit TFF2
PWM 01:Set TFF3 : invert : 01:Set TFF2 : invert
PFFCR | Flip-Flop 2AH 10: Clear TFF3 : 01: Invertif matched : 10: Clear TFF2 : 01: Invertif matched
11: Don'tcare £ 10: Setif matched; 11:Don’t care 110 : Setif matched;
Control : . : .
: clearif : clearif
: overflowed : ; overflowed
11 Clear if matched; i 11: Clearif matched;
setif overflowed : : set if overflowed
16 bit 30H -
TREGAL [Timer (Prohibit w
Register4l | RMW) Undefined
16 bit 31H -
TREG4H (Timer (Prohibit W
RegisterdH| RMW) Undefined
16 bit 32H -
TREGSL |Timer (Prohibit w
Register5L | RMW) uUndefined
16 bit 33H -
TREGSH |Timer (Prohibit W
RegisterSH| RMW) Undefined
Capt —
caPIL Raep i:::HL 34 R
9 Undefined
Capt —
CAPTH n:p‘::::m 35H R
I
s Undefined
CAP2L E:pt:ireerZL 36H R
1
9 Undefined
Capt —
capar | PR L a7H R
9 Undefined
CAP2T5 EQSTS CAP1IN | CAP12M1 i CAP12MO i CLE T4CLK1 T4CLKO
16 bit R/W w RAW
Timer 4 0 : 0 0 0 : 0 0 0 : 0
TAMOD |Source 38H TFFS INV TRG : Capture Timming Source Clock
CLK & 0: TRG Disable i 0:5oft- : 00: Disable ; 00:Ti4
MODE 1:TRG Enable i Capture ! 01:Tl4 TTIST S 1:uca 01:4T1
f1:Don't | 10:TI4A TTIA] Clear | 10:4T4
care i 11:TFF1 1 TFF1) Enable | 11:¢T16
TFF5C1 TFF5CO CAP2T4 CAP1T4 EQ5T4 EQ4T4 TFF4C1 TFF4CO
w R w
16bit 0 i 0 0 0 : 0 0 0 : 0
Timer 4 00 : Invert TFFS TFF4 Invert Trigger 00: Invert TFF4
T4FFCR 39H : 9
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'tcare
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(3)  Timer Control (3/3)
Symbol Name Address 7 3 6 3 5 4 : 3 i 2 : 1 : 0
- PG1T PGOT : DBBEN DB4EN
R/W R/W
T4,T5 - 0,,,,: : e 0 0 ‘ 0
T45CR Control 3AH Fixat“0" : i PG1shift | PGOshift 1: Double
i i trigger trigger Buffer
{0 Timer0, 1 {0 : Timero, Enable
1 :TimerS  i1:Timerd
16 bit 40H -
TREG6L |Timer (Prohibit w
RegisterbL | RMW) Undefined
16 bit 41H -
TREGEH |Timer (Prohibit W
Register6H | RMW) Undefined
16 bit 42H _
TREG7L |Timer (Prohibit wW
Register7L | RMW) Undefined
16 bit 43H -
TREG7H |Timer (Prohibit W
Register7H|[ RMW) Undefined
capgy |CaPIre 444 R
Register3L -
Undefined
CAP3H ::;E’lr:rm 45H R
Undefined
capag |C2PtUre a6H R
RegisterdlL N
Undefined
CAP4H Cap-ture 47H R
Register4H "
Undefined
CAP3IN : CAP34M1 : CAP34MO : CLE TS5CLK1 T5CLKO
16 bit W RAW
Timer 5 0 0 i 0 : 0 0 ! 0
Source : Capture Timmin Source Clock
TSMOD ¢y g 48K i 0:Soft- ! ool? Disable i 00:TI6
MODE i Capture : 01:Tl6 T TI7 1 :UCS 01:4T1
i1:Don't © 10:TI6 T TI6 | Clear : 10:4T4
: care : 11:TFF1 1 TFF1 ] Enable : 11:4T16
CAP4TE CAP3T6 EQ7T6 EQ6TE TFF6C1 TFF6CO
. RAW W
febit 0 0o . o0 1 o 0o o
Timer 5
TSFFCR Flip-Flop 49H TFF6 Invert Trigger 00: Invert TFF6
0: Trigger Disable 01:Set TFF6
Control 1: Trigger Enable 10: Clear TFF6
11: Don'tcare
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(4)  Pattern Generator

Symbol | Name | Address 7 4 3 : 2 1 1 0
4CH PGO3 PG00 SA03 SA02 SA01 SA00
PGO o
PGOREG | gogicter | (Prohibit RIW
RMW) 0 0 Undefined
bG1 4DH PG13 PG10 SA13 SA12 SATT SA10
PGIREG | gegicter | (Prohibit RW
RMW) 0 0 0 0 Undefined
PAT1 CCW1 PG1M PG1TE : PATO CCWO PGOM PGOTE
RW
PGO, 1 0 I _ 0 ‘ 0 0 3 0 0 ; 0
PGO1CR Contorol AEH 0: 8 bit 1 0: Normal ;0: 4 bit : PG1 ; 0: 8 bit : 0: Normal : 0: 4 bit PGO
write i Rotation : Step : trigger write : Rotation : Step : trigger
1: 4 bit : 1: Reverse j'1:Bbi{ Einput 1: 4 bit 1: Reverse E1:8bit ;input
write | Rotation : Step ienable i write | Rotation : Step : enable
i : i 1: Enable : i 1: Enable
(5)  Watch Dog Timer
Symbol | Name | Address 7 6 5 a4 i 3 i 3 i 1 0
WDTE WDTP1 WDTPO WARM : HALTM1 : HALTMO : RESCR DRVE
RIW
Watch 1 0 ; 0 ) 0 : 0 : 0 : 0
WD- | Dog 5CH 1 00: 215MHgys  Warming Standby Mode i1 i 1: Drive
MQD | Timer 1TWDT  §01: 217/fgys ‘up Time 00: RUN mode iConnect  ©  thepin
Mede Enable | 10: 219fgys [0: 2Mnpues | 01: STOP mode  internally inSTOP
C 11 220y Cteaensy  © 10:IDLET mode | WDT outto mode
40 2®fmpuned | 11: IDLE2 mode { Reset Pin
;hpquen:y :
Watch -
Toeer SDH W
WDCR | Control -
Register B1H: WDT Disable Code __4EH: WDT Clear Code
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(6)  Serial Channe
Symbol Name Address 7 6 5 ; 4 H 3 : 2 1 : 0
Serial RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
TB7 TB6 TBS TB4 TB3 TB2 RB1 TBO
SCOBUF | Channel 0 50H T T
Buffer R (Receiving) / W (Transmission)
Undefined
RB8 EVEN PE OERR PERR FERR SCLKS 10C
R R/W R (Cleared to 0 by reading) R/W
Serial undefined : 0 : 0 : 0 : 0 : 0 0 : 0
SCOCR | Channel 0 | 51H Receiving :Parity 1 S MEror . ©0:SCLKO :1:Input
Control databit8 :0: Odd ‘Parity ¢ Overrun : Parity Framing : _4 {SCLKO pin
1: Even Enable! : i 1:5CLKO
5 : S
788 CTSE RXE ‘wWu : SM1 SMOQ SC1 SC0
R/AW
) undefined : 0 : 0 : 0 : 0 : 0 : 0 : 0
sco. |oerial Transmisson :1: i i 1 00: /O Interface : 00: TOO Trigger
mop |Channel0 | 52H databits CTS ‘Receive  ‘Wakeup :01: UART7bit :01: Baudrate
Mode Enable! Enable! Enable 10: UART 8 bit generator
: ; 1 11: UART 9 bit £ 10: Internal clock g1
: i 11: Don't care
- BROCK1 BROCKO BR0OS3 BR0OS2 BROS1 BROSO
RAW R/W
Baud Rate Y 0 ; 0 : 0 : 0 0 ; 0
BROCR Control 531 F,i,‘ 'al g?: ZE i Set frequency divisor
0 10: 478 Otof
11: 732 ("1" prohibited)
. RB7 RB6 RBS : RB4 RB3 RB2 RB1 RBO
serial TR7 : TR6 | TBS  TR4 | T8I | TB2 RB1 T80
SCIBUF | Channel 1 54H s .
suffen R (Receiving) / W (Transmission)
Undefined
RE8 EVEN |  PE GERR PERR FERR SCLKS | 10C
R : RAW R !Cleared to 0 by reading) R/W
Serial undefined: 0 1 0 0 S0 0 i 0 i 0
SCI1CR | Channel 1 55H Receiving :Parity i : 1: Error 0: SCLK1 fi: Input
Control databit8 i0:Odd  Parity FoverrunT Parity | Framing ! (J_) {SCLK1 pin
i1: Even Enable: ; $1,5CLKY
i * i)
TB8 H - RXE wu : SM1 SMO : SC1 : SCO
RAW
Serial 0 E 0 9 : 0 ; 0 ; 0 0 : 0
sC1- Transmisson . Fixat  i1: RE 00: 10 Interface 00: TOO Trigger
Channel 1 56H : : X
MOD Mode data bit 8 "o" ‘Receive  iWake up 01: UART?b![ 01: Baud rate
Enable! Enable 10: UART 8 bit generator
: : 11: UART 9 bit 10: Internal clock g1
11: Don't care
- BR1CK1 BR1CKO BR153 BR152 BR1S1 BR150
RAW RAW
Baud Rate 0 0 : 0 : 0 : 0 0 : 0
BRICR Control| 271 Fixat 00: $T0 Set frequency divisor
" 01: ¢T2 0toF
10: 478
11: 4732 ("1" prohibited)
H ODE1 ODEQ
Serial AW
ODE Open 58H 0 9
Drain 1:P93 1:P90
Enable Open- Open-
drain drain
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(7

A/D Converter Control

Symbol Name Address 7 B 6 5 4 3 2 1 0
AD EQCF i ADSBF RPT SCAN ADS
ADMOD R RAW RAW
1 I:ﬂode Reg SEH 0 : 0 0 T 0 : 5
1: End :1: Busy :1: Repeat  :1:5can 1: Start
VREFON : SPEED1 SPEEDO ADCH2 ADCH1 ! ADCHO
aomon|™P RIW RAN BIW
2 Mode Reg SFH 1 0 : 0 0 0 : 0
2 Ladder Resistance. | SPEED Analog Input
Switch ONIOFF Channel Select
*1)[AD Result ADRO1 i ADROO : :
JAD Reg 0/4 60H R
REGO4L [low Undefined 1 1 H 1 1 1 H 1
Ao AD Result ADRO9 _: ADRO8 ADRO7 ADRO6 i ADROS ADRO4 ADRO3 | ADRO2
REGOAH R‘egOM 61H R
high Undefined
*1){AD Result ADR11__: ADRI10 :
IAD Reg 1/5 62H R
REG15L {low Undefined 1 1 : 1 1 1 : 1
A0 AD Result ADR19 : ADRI18 ADR17 ADR16 : ADR1S ADR14 ADR13 : ADR12
ReG1sH |R€9 175 63H R
high Undefined
*1)|AD Result ADR21 i ADR20 :
IAD Reg2/6 64H R
REG26L [low Undefined 1 1 1 1 1 1
A0 AD Result ADR29 ! ADR28 ADR27 ADR26 : ADR25 ADR24 ADR23 : ADR22
REGZ6H R-e92f6 65H R.
high Undefined
*1)|AD Result ADR31 : ADR30
IAD Reg3/7 66H R
REG37L [low Undefined 1 1 : 1 1 1 : 1
A0 AD Result ADR39 | ADR38 ADR37 ADR36 : ADR35 ADR34 ADR33 | ADR32
REG37H RggSf? 67H R
high Undefined

*1: Data to be stored in A/D 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”.

Converted data of channel "X’ l [

MsB

LSB

9 87 6 543 210

ADREGXH l l ADREGXL
7 6 54 3 210 7 6543210
HEEREEN

[ S —

Thisis 1" when this is read.
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(8) Interrupt Control (1/2)
Symbol | Name Address _ 7 | [ | 5 4 3 | 2 i 1 0
INTerrupt | 70H INTAD INTO
INTE- Enable (Prohibit IADC |ADM2 IADM1 I1ADMO 10C 10M2 : 10M1 10MQ
0AD 08 AD RMW) RIW : : wW RW _ w
0 : 0 : 0 Q 0 0 H Q 0
INTerrupt | 71H i5C M2 e I5M1 I5MO 1aC M2 =8 lami 1aM
INTE45 |Enable | (Prohibit [— = . o 0
\ii
4/5 RMW, T T
) 0 0 : 0 0 0 0 ) 0
INT7 INTE
INTerrupt 72H T g
INTEE7 |Enable (Prohibit 17C 17M2 17M1 17M0 16C 162 16M1 16MQ
617 RMW) RIW W RAW W
0 0 0 0 0 0 : 0 0
INTT1 (Timer 1) INTTO (Timer 0)
INTerrupt 73H -
INTET10| Enable (Prohibit IT1C : ITIM2 IT1M1 IT1IMO 1TOC ITOM2 ITOM1 ITOMO
Timer 1/0 [ RMW) DL W R W
0 ; 0 : 0 0 0 0 : 0 0
INTerrupt 744 _INTT3 (Timer 3/PWM1) INTT2 (Timer 2/PWMO) _
INTE- Enable (Prohibit IPWIC  : IPWIM2 @ IPWIMI IPW1MO IPWQC IPWOM2 : IPWOM1 : IPWOMO
Pwio [0 RMVIV)‘ RW w RIW w
'm > - -
0 ; 0 : 0 0 0 0 : 0 0
INTTRS (TREGS) INTTR4 (TREG4)
INT t 75H
errup . IT5C ITSM2__:_ IT5M1 ITsM0 ITac TaM2__:_ T4aM1 ITamo
INTETS4 | Enable (Prohibit *
Treg5/4 | RMW) R L RW L
g o -0 ¢ 0 0 0 0o 0 0
INTTR7 (TREG7) INTTR6 (TREG6)
INT 76H * \
errupt 6. . IT7C 1T7M2 IT7M1 IT7MO IT6C IT6M2 1T6M1 IT6MO
INTET76 | Enable (Prohibit
Treg7/6 RMW) RIW - W Rw W
9 o 0 o 0 0 0o i o
INTTXO INTRXO
INT 77H - -
errupt 1 [ TX0C_ IXOM2 | ITXOMT . ITXOMO | IRXOC [ IRXOM2 [ IRXOM1 . IRXOMO
INTESO |Enable (Prohibit >
Serial0 | RMIW) LI LU R, W
0 H 0 : 0 0 0 0 : Q 0
INTTX1 INTRX1
INTerrupt | 78H 50 c T Mz ¢ MM TXIMO | IRKIC L RXIM2 © IRXIMT | IRXINO
INTES1 [Enable (Prohibit :
Serial 1| RMW) — W RIW w
0o 0 0 0 0 00 0
L I I JL
1 I I
1
L» 1xxM2 IxxM1 IxxMO Function (Write)
0 0 0 Prohibit interrupt request.
0 0 1 Setinterruptrequest level to “1".
Q 1 Q Setinterrupt request level to “2“.
o] 1 1 Setinterruptrequest level to “3".
1 0 0 Setinterrupt request level to “4".
1 0 1 Setinterruptrequest level to “5".
1 1 0 Setinterrupt request level to “6".
1 1 1 Prohibit interrupt request.
L 1xxC Function (Read) Function (Write}
0 Indicate no interrupt request Clear interrupt request flag.
1 Indicate interruptrequest. | ----- Don‘tcare-----
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(8) Interrupt Control (2/2)

Symbol Name Address 7 [ [ [ 5 4 J 3 1 2 I 1 [ 0
: H #DMAQD start vector
oMA D 7CH . : : DMAOV4 @ DMAOV3 : DMAQV2 : DMAOV1 : DMAOVO
DMAQV | request (Prohibit W
Vector RMIW) : 0 3 0 : 0 0 : 0
: : «DMA1 start vector
DMA T 7DJ_-| , : : DVMAI1V4 @ DMA1V3 : DMA1V2 : DMA1V1 | DMA1VO
DMAI1V |request (Prohibit W
Vector RMW) 0 ; 0 : 0 . 0 T 0
: : #DMAZ2 start vector
DMA2 75»-'1‘ | i DMA2V4 : DMA2V3 @ DMA2V2 : DMA2V1 | DMA2VO
DMAZ2V |request (Prohibit W
Vector RMWY) 5 : 5 : o j 0 - o
~DMA3 start vector
OMA 3 7H‘_‘ . DMA3V4 | DMA3V3 i DMA3V2 | DMA3V1 | DMA3VOD
DMA3V |reguest (Prohibit - ™
Vector RMW) 0 : 0 0 : 0 : 0
: I0IE_ | 10LE | NMIREE
W : W : w
: : : : 0 0 0
:"tert”’pt 78BH : ; : (IINTO [0:INTO  i1: Operate
nc “:p: (Prohibit : : : i input edge  evenat
c°t“' L | Raw) : ; : © enable : mode | NMirise
ontoro : : i H (INTO 1 edge
level :
mode
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(C)

Chip Select/Controller

Symbol Name Address 7 5 4 3 2 1 0
BOE BOCAS BOBUS BOW1 BOWO BOC1 BOCO
Block 0 68H 5 ‘g’ ‘g’ ‘g’ V(;’ Vg “;’
CS/WAIT | (Prohibit - -
BOCS | - ral RMW) 1: 0: 0: 16bit | 00: 2WAIT 00: 7FO0H to 7FFFH
register BOCS CS0 Bus 01: TWAIT 01: 400000H to
Master bit 1: 1: 8bit 10: TWAIT +n 10: 800000H to
CASO Bus 11: OWAIT 11: COO0QOH to
B1E B1CAS B1BUS B1W1 B1WO B1C1 B1CO
lock W W w w W w w
i S‘T WL\IT 69H 0 0 0 0 0 0 0
BICS | ol (Prohibit 1: 0 0: 16bit | 00: 2WAIT 00: 880H to 7FFFH
register RMW) B1CS cs1 Bus 01: TWAIT 01: 400000H to
Master bit 1: 1: 8 bit 10: TWAIT +n 10: 800000H to
CAST Bus 11: OWAIT 11: CO0000H to
B2E B2CAS B2BUS B2W1 B2WO B2C1 B2C0
w W w W w w W
o | o S
B2CS control (Prohibit 1: ()_ 0: 16 bit 00: 2wAIT 00: 8000H to
) RMW) B2CS cs2 Bus 01: TWAIT 01: 400000H to
register Master bit 1: 1:8bit | 10: 1WAIT+n 10: BOODOOH to
CAS2 Bus 11: OWAIT 11: CO000CH to

Note 1: After reset, only “Block 2” is set to enable,
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(10)

Clock Control

Symbol Name Address 7 6 5 4 3 2 1 0
SCOSEL SCOEN ALEEN CLKEN
RW
Clock
0 0 0/1 notel) /1 notel)
CKOCR OQutput 006DH scouT sCouT AlEpin Tk pin
Control select Output control control
Register 0:fsysx2 control 0:HZ 0:HZ
clock 0:1/0 port output output
1:fgysclock | 1:SCOUT 1:ALE 1:CLK
output output output
XEN XTEN RXEN RXTEN RSYSCK WUEF PRCK1 PRCKO
RIW
System
Clock 1 0 1 0 0 0 0 0
SYSCRO oc 006EH High Low High Low slect clock Warming Up | select prescaler clock
Control Frequency Frequency Frequency Frequency after Timer 00 : fepy
Register 0 oscillator {fc) | oscillator (fs) | oscillator (fc) | oscillator released Qwrite : 01:fs
0 :stop 0:stop after released| (fs) after STOP mode don'tcare 10: fai6
1: 1: STOP mode | released 0:fc 1write : 11 : {reserved)
oscillation oscillation 0:stop STOP mode 1:fs start imer
1: oscillation [ 0 : stop 0 ’Eadd :
. en
1: oscillation warming
up
1read:
not end
warming
up
SYSCK GEAR2 GEAR1 [ GEAROQ
RAW
System
0 1 0 Q
[Clock I I lue of high f f
SYSCR1 006FH selectsystem | select gear value of high frequency (fc)
Control clock 000 : fc
Register 1 0:fc 001: fu2z
1:fs 010: fua
note2) 011: fu8
100 : fa1é
101 : {reserved)
110 : {reserved)
111 : {reserved)

(note 1) The value after reset of <CLKEN >, <ALEEN > is following :

TMP93CM40
TMP93CM41

“0” (High impedance output)
“1" (CLK or ALE output)

But during reset, CLK pin is pulled up internally regardless of the products.
(note2) The high frequency oscillator will be enabled regardless the value of SYSCRO<XEN> when

SYSCR1<SYSCK > is set to “0”.

On the other hand, the low frequency oscillator will be enabled regardless the value of SYSCRO<XTEN >
when SYSCRI<SYSCK > isset to“1”.
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6. Port Section Equivalent Circuit Diagram

e Reading The Circuit Diagram

Basically, the gate singles written are the same as

those used for the standard CMOS logic IC [74HCXX]

series.
The dedicated signal is described below.

STOP:

This signal becomes active “1” when the hold mode

setting register is set to the STOP mode and the CPU
executes the HALT instruction. When the drive enable
bit [DRIVE] is set to “1”, however, STP remains at “0”.

* The input protection resistor ranges from several tens of
ohms to several hundreds of ohms.

« PO (ADO to AD7), P1 (AD8 to 15, A8 to 15), P2 (A16 10 23, AO to 7)

Qutput Data ——

Output Enable
STOP

VCC

P-ch

< N-ch

—AAA

Input Data v@ﬁ

VvV

Input Enable

« P30 (RD), P31 (WR)

Output Data

STOP j

e P32 to 37, P40 to 41, PG, P7, P80 to 86, P91 to 92, P94 to 95, PA

Output Data

Output Enable
STOP

VCC

| Pull Down
| Resistance
Lommmmmmmmmmes * (only PORT2)

[Jwo
_,_Do-:r ENch i Programmable

vcc

,,,,,,,,,,,,, Programmable
0 VCC T Pull Up

i Resistance

Input Data "(]—@G?VW

' {notexistin
,,,,,,,,,,,, 3 PORT A)

Input Enable

{Jwo

216
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e P42 (CS2, CASD)

e P5(ANO to 7)

e P87 (INTO)

e P90 (TXDO), P93 (TXD1)

Output Data

Output Enable
STOP —d__)—

vcc

Input Data XA D e
! Programmable
Pull Down
Resistance
Input Enable
Analog input ——— o | >oﬁ
channel select
Analog input } [ ] Input
L]
L T
Input Data
\'ds
Output Data ———
Qutput Enable 1 i (R Programmable
STOP ! VCQ PullUp
o 1 Resistance
Input Data MW————*— D o
Schmitt
vee
Qutput Data ——
Open Drain ‘Zg
Enable ,_:DO——I R Programmable
STOP ! VCC pullup
el | Resistance
1 |
Input Data 4——06—06_] W N D Vo

Input Enable

TOSHIBA CORPORATION
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e P96 (XT1), P97 (XT2)

clock
Input Enable
oscillator
Input Data =—o<}<X o< i H
: ] P97(XT2)
Output Data %D__i - ; :
Output Enable E 3
T |
Input Enable | N ;
Input Data | i E
) : L] P9B(XT1)
Output Data :33_4 ol ! !
Qutput Enable 44—~ ' | toemmmommmommmeens
STOP ﬁj
low frequency
oscillation enable
e NMI
NMI 4@ M ] Input
Schmitt
e WDTOUT
WDTOUT —_— > D ouT
e CLK
Qutput Enable VCC VCC
internal CLK — PCh][’I g
1
{ ] our
STOP .
N-ch
internal reset {>o
=] W
Test circuit
* EA AMS8/16
DA (] it
218
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e ALE
\dd
internal ALE P-ch
ouT
Output Enable < N-ch
e RESET
100 k2 VvCcC
typ_\
internal reset Input
Schmitt
WDTOUT
reset enable
e X1, X2
clock
o_____.oscillator ‘|,
E \ 1: AVAVAV D X2
1 P-ch N-ch |
-*-—:* - 1
High frequency | i
oscillation enablel | ;
i 3 M _B X1
¢ VVREF, AGND

VREFON ;DO—-W
. P-ch
D VREFH

Ladder
' Resistance

% D VREFL
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7. Care Points and Restriction

(1)

Special Expression

O Explanation of a built-in I/0 register: Register

Symboal <Bit Symbol>
ex) TRUN <TORUN> - - - Bit TORUN of Register TRUN

O Read, Modify and Write Instruction

An instruction which CPU executes following by one
instruction.

1. CPU reads data of the memory.
2. CPU modifies the data.
3. CPU writes the data to the same memory.

ex1) SET 3, (TRUN) - - set bit3 of TRUN
ex2) INC1, (100H) increment the data of 100H

¢ The representative Read, Modify and Write
Instruction in the TLCS-900

SET imm, mem, RES imm, mem

CHG imm, mem, TSET imm, mem

INC imm, mem, DEC imm, mem

RLD A, mem, ADD imm, reg
0 1 state

1 cycle clock divided by 2 oscillation frequency is
called 1 state

ex) The case of oscillation frequency is 20MHz.

Care Points

0 EA, AM8/16 pin

Fix these pins VCC or GND unless changing voltage.
0 TEST2, TEST2 pin

Connect TEST1 pin with TEST2 pin.

O Reserved Area in Memory Space

The 256 byte memory area for FFFFOOH to FFFFFFH
cannot be used because it is a reserved area.

O Standby Mode (IDLE1)

When IDEL1 mode (operates only as an oscillator) is
used, set TRUN <PRRUN> to “0” to stop prescaler
before “HALT” instruction is executed.

O Warming-up Counter

The warming-up counter operates when the STOP
mode. is released even the system which is used an
external oscillator. As a result, it takes warming up time
from inputting the releasing request to outputting the
system clock.

0 High Speed uDMA (DRAM refresh mode)

When the bus is released (BUSAK = “0”) for waiting to
accept the interrupt, DRAM refresh is not performed
because of the high speed uDMA is generated by an
interrupt.

O Programmable Pull Up/Down Resistance

The programmable pull up/down resistors can be
selected ON/OFF by program when they are used as
the input ports. The case of they are used as the out-
put ports, they cannot be selected ON/OFF by pro-
gram.

O Bus Releasing Function

Refer to the “Note about the Bus Release” in 3.5 Func-
tions of Ports because the pin state when the bus is
released is written.

0 Watch Dog Timer

The watch dog timer starts operation immediately after
the reset is released. When the watch dog timer is not
used, set watch dog timer to disable.

0 Watch Dog Timer

When the bus is released, both internal memory and
internal I/O cannot be accessed. But internal I/O con-
tinues to operate. So, the watch dog timer continues
to run. Therefore, be careful with the bus releasing time
and set the detection timer of watch dog timer.

220

TOSHIBA CORPORATION



TMP93CM40/TMP93CM41

@ A/D Converter

The ladder resistor between CREFH and VREFL pins
can be cut by program to reduce the power consump-
tion. When the standby mode is used, cut by program
before “HALT” instruction is used.

® CPU (High SpeedpuDMA)

Only the “LDC cr, r”, “LDC r, cr” instruction can be
used to access the control register like transfer source
address register (DMASN) in the CPU.
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8. TMP93XX40/41 Different Points

fcat 3V £ 10%

93CMA40F 93CM41F 93CMA0AF 93CM41AF 93CS540F 93PS40F
32 K byte 32K byte 64 K byte 64 K byte
Built-in ROM Mask ROM None Mask ROM None Mask ROM QoTP
(8000H-FFFFH) (8000H-FFFFH) (8000H-17FFFH) | (B000H-17FFFH)
Built-in RAM 2 K byte (0080H - 087FH)
Operation
frequency 4to 10 MHz

410 12.5 MHz

ADC operation
voltage range

5V 10% (4 to 20 MHz)

5V £ 10% (4 to 20 MHz)

3V £ 10% (410 12.5 MHz)

cs2
Mapping areain
10000H to 08000H to 10000H to 08000H to 18000H to
case of
<B2C1,0>=00
cst
Mapping areain
case of 880H to 7FFFH
<B1C1,0>=00
Ports 0.2Vcc 0.3Vce
Input level (V)
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