TOSHIBA

TLCS-900 Series

TMP96CO31N/F

CMOS 16-bit Microcontrollers
TMP96C031N/TMP96CO031F

1. Outline and Device Characteristics

The TMP96CO031 are high-speed advanced 16-bit microcon-
trollers developed for controlling medium to large-scale equip-
ment. TMPOBCO31N comes in a 64-pin shrink DIP; the
TMP96CO031F, in a 64-pin flat package.

(1) Original 16-bit CPU

e TLCS-90 instruction mnemonic upward compatible.
e 16M-byte linear address space

e General-purpose registers and register bank system

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

¢ High-speed micro DMA
- 4 channels (1.6us/2 bytes @ 20MHz)

(2) Minimum instruction execution time
- 200ns @ 20MHz

The information contained here is subject to change without notice

() External memory expansion

e Can be expanded up to 16M-bytes (for both programs and
data).

e External data bus width selection pin (AM8/16)
e Can mix 8- and 16-bit external data buses.

Dynamic data bus sizing
) 8-bit timer: 2 channels
) 16-bit timer: 2 channels
) Pattern generator: 4 bits, 2 channels
) Serial interface: 2 channels
) 8-bit A/D converter: 4 channels
) DRAM controller
0) Watchdog timer
1) Chip select/wait controller: 4 blocks
2) Interrupt functions
e 3 CPU interrupts™ SWI instruction, privileged violation,
and lllegal instruction

e 12 internal interrupts
e 9 external interrupts
(13) I/O ports: 37 pins
(14) Standby function :
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:| 7-level priority can be set.

3 HALT modes (RUN, IDLE, STOP)

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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Figure 1. TMP96C031F Block Diagram
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2. Pin Assignment and Functions 2.1 Pin Assignment
Figure 2.1 shows pin assignment of TMP96C031N.

VREF[L]1 64 [ ]vcC
(aNo/INTO)Ps0 ]2 63 [ P43(CS3/CAS)
(ANTINTT)P51]3 62 [ P42(C52)
(AN2/NT2)P52(]4 61 [ P41(T5)
(AN3/NT3)Ps3]5 60 [ P40(T50)

(PGOO/TxDO)PE0 6 59 [ ] P35(RAS/INT7)
(PGO1/RxDO)PE1 |7 58 [] P34(RAN/NMI)
(PGo2/CTS0)P62 (|8 57 [ P33(BUSAK)
(PGO3/RFSH)P63 (]9 56 [ P32(BUSRQ)
(PG10)Peal_|10 55 [] P31(TIOAVAIT)
(PG11)Pes M 54 [ ] P30(TOS/HWR)
(PG12/NTE)PBE[ |12 53 [7] P76(SCLK1)
(PG13AWDTOUT)P67[ |13 52 [ P75(RxD1)
RESET[ |14 51 [7] P74(TxD1)
(a16)p20[15 50 | ] P73(INTS/TIS)
(a17p21]16 49 [ ] P72(INT4/TI4)
(a1g)p22]17 48 [ ] P71(TO3/DMUX)
(a19)p23[]18 47 [ P70(TO1/TO4)
(a20)p24[]19 46 [ ] WR
(a21)p2s5]20 45 [ ] RD
(A22)P26[]21 44 7] CLK
(a23)p27(]22 43 [] AD15(A15)
apbo[]23 42 [ ] AD14(A14)

AD1[ 24 41 [ ] AD13(A13)

ap2[]25 40 [] AD12(A12)

aD3[]26 39 [] AD11(A11)

ADa[]27 38 [] AD10(A10)

aps[]28 37 [] AD9(A9)

AD6[ |29 36 [ ] AD8(AB)

AD7[]30 35 [7] AM8/T6

ALE[]37 34 []x2
vss[]32 33 [x1

Figure 2.1 (1). Pin Assignment (64-SDIP)
Figure 2.1 (2) shows pin assignment of TMP96CO031F.
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Figure 2.1 (2). Pin Assignment (64QFP)
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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

Pin Name Num.ber 1/0 Functions
of Pins
ADO ~ AD7 8 Tri-state Address/data (lower): 0 - 7 for address/data bus
AD8 ~ AD15 8 Tri-state Address data (upper): 8 - 15 for address/data bus
A8~ A15 Output Address: 8 to 15 for address bus
P20 ~ P27 I/0 Port 2: 1/0 port that allows selection of 1/0 on a bit basis (with pull-down resistor)
A0 ~ A7 8 Output Address: 0 - 7 for address bus
A16 ~ A23 Output Address: 16 - 23 for address bus
P30 /0 Port 30: Qutput port (with pull-up register)
T05 1 Output Timer output 5: Timer 4 output pin
HWR Output High write: Strobe signal for writing data on pins AD8 - 15
P31 I/0 Port 31: Output port (with pull-up register)
Tio 1 Output Timer output 0: Timer 0 input
WAIT Output Write: Pin used to request CPU bus wait
P32 0 Port 32: 1/0 port (with pull-up register) oS T T o o o
BUSRQ 1 Inout Bus request: Signal used to request high impedance for ADO - 15, AQ - 23, RD, WR, HWR, R/W, RAS, CSO0,
p CST, and CS2 pins. (For external DMAC)
P33 0 Port 33: 1/0 port (with pull-up register) -
T 1 Bus acknowledge: Strobe indicating that ADO - 15, A0 - 23, RD, WR, HWR, R/W, RAS, CS0, CS1, and CS2
BUSAK Input
pins are at high impedance after receiving BUSRQ.
P34 1/0 Port 34: 1/0 (with pull-up register)
R/W 1 Output Read/write: 1 represents read or dummy cycle 0, write cycle.
NMI Input Non-maskable interrupt request pin; Interrupt request pin with falling edge. Can also be operated at rising
edge by program.
P35 I/0 Port 35: 1/0 (with pull-up register)
RAS 1 Output Row address strobe: Outputs RAS strobe for DRAM.
INT7 Input Interrupt request pin 7: Interrupt request pin with rising edge.
P40 1 Output Port 40: 1/0 port
€S0 Output Chip select 0: Qutputs 0 when address is within specified address area.
P41 1 QOutput Port 41: Qutput port
CS1 QOutput Chip select 1: Qutputs 0 if address is within specified address area.
P42 1 Output Port 42: Qutput port
CS2 Output Chip select 2: Qutputs 0 if address is within specified address area.
P43 Output Port 43: Output port
CS3 1 Output Chip select 3: Outputs 0 if address is within specified address area.
CAS Output Column address strobe 2: Outputs CAS strobe for DRAM if address is within specified address area.
P50 ~ P53 Input Port 50 ~ 53: Input port
ANO ~ AN3 Input Analog input: Input to A/D converter
INT1 ~ INT3 4 Input Interrupt request pin 0: Interrupt request pin with programmable level/rising edge.
Interrupt request pin 1: Interrupt request pin with programmable rising/falling edge.
Interrupt request pin 2 ~ 3: Interrupt request pin with rising edge.
P60 /0 Port 60: 1/0 port
TxDO 1 Output Serial send data 0
PG00 Output Pattern generator port 00
P61 1/0 Port 61: 1/0 port
RxDO 1 Output Serial receive data 0
PGO1 Output Pattern generator port 01

Note:  The internal I/O of this device cannot be accessed using the external DMA controller.
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Pin Name Num_ber 1/0 Functions
of Pins
P62 /0 Port 62: 1/0 port
CTS0 1 Output Serial data send enable 0 (Clear to Send)
PG02 Output Pattern generator port 02
P63 1/0 Port 63: 1/0 port
RFSH 1 Output Refresh out: This is a state signal output pin which indicates that the DRAM controller is in refresh cycle.
PGO03 Output Pattern generator port 03
P64 1 /0 Port 64: 1/0 port
PG10 Output Pattern generator port 10
P65 1 /0 Port 65: 1/0 port
PG11 Output Pattern generator port 11
P66 /0 Port 66: 1/0 port
INT6 1 Input Interrupt request pin 6: Interrupt request pin with rising edge.
PG12 Output Pattern generator port 12
P67 /0 Port 71: 1/0 port
WDTOUT 1 Output Watchdog timer output pin
PG13 Output Pattern generator port 13
P70 1/0 Port 70: 1/0 port
TO1 1 Output Timer output 1: Timer 0 or 1 output pin
T04 Output Timer output 4: Timer 4 output pin
P71 /0 Port 71: 1/0 port
T03 1 Output Timer output 3: Timer 2 or Timer 3 output pin
DMUX Output DRAM address multiplexor: This pin outputs row address, column address, and selector select signal.
p72 1/0 Port 72:1/0 port
INT4 1 Input Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge.
T4 Input Timer input 4: Timer 4 count/capture trigger signal input
P73 /0 Port 73: 1/0 port
INTS 1 Input Interrupt request pin 5: Interrupt request pin with programmable rising edge.
TI5 Input Timer input 5: Timer 4 count/capture trigger signal input
P74 1 1/0 Port 74: 1/0 port
TxD1 Output Serial send data 1
P75 1 1/0 Port 75: 1/0 port
RxD1 Input Serial receive data 1
P76 1 1/0 Port 76: 1/0 port
SCLK1 /0 Serial clock 1/0 1
CLK 1 Output Clock output: Outputs [X1+4 |clock. Pulled-up during reset.
RD 1 Output Read: Strobe signal for reading external memory.
WR 1 Output Write: Strobe signal for writing data on pins ADO - 7.
AM8/16 1 Inout Address mode: External data bus width selection pin. Set to “0” for fixed external 16-bit bus or for mixed
p external 8/16 bit bus and to “1” for fixed external 8-bit bus.
RESET 1 Input Reset: Initializes LSI. (With pull-up resistor)
ALE 1 Output Address latch enable
X1/X2 1 1/0 Oscillator connecting pin
VCC 1 Power supply pin (-5V)
VSS 1 GND pin (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 opera-
tions of the TMPO6CO31F device.

Check the chapter Guidelines and Restrictions for proper
care of the device.

3.1 CPU

The TMP96CO31F device has a built-in high-performance 16-
bit CPU. (For CPU operation, see TLCS-900 CPU in the book
Core Manual Architecture User Manual.)

This section describes CPU functions unique to
TMP96CO031F that are not described in the previous section.

3.1.1 Reset

To reset the TMP96CO031F, the RESET input must be kept at O
for at least 10 system clocks (10 states: 1us with a 20MHz
system clock) within an operating voltage range and with a sta-
ble oscillation.

When reset is accepted, the CPU sets as follows:

e Program counter (PC) to 8000H.

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

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

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

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

e Bits RFP2 to 0 of status register to 000. (Sets register banks
t0 0.)

When reset is released, instruction execution starts from
address 8000H. 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 1/0s) to
general-purpose input/output port mode (sets I/O ports to
input ports).

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

e Pulls up the CLK pinto 1.

e Sets the ALE pin to 0.

3.1.2 External Data Bus Width Selection Pin (AM8/16)

The TMP96C031F automatically operates in 8-bit bus/16-bit
bus mode after reset depending on how the AM8/16 pin is set.

The TMP96CO031F have altogether the following 23 inter-
rupt sources:

¢ For mixed external 8/16-bit data bus or fixed 16-bit data bus

Set this pin to “0”. Then the AD8 to 15/A8 to 15 pins are
fixed to functions AD8 to 15.

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

¢ For fixed external 8-bit data bus

Set this pin to “1”. Then the AD8 to 15/A8 to 15 pins are
fixed to functions A8 to 15.

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

TOSHIBA CORPORATION



TMP96CO031N/F

3.2 Memory Map
Figure 3.2 is a memory map of the TMP96C031F.

000000H 4
: Direct
000080H area (n)
¥
000100H
64K-Byte area
008000H (nn)
010000H
16M-Byte area
(R)
(-R)
(R+)
(R +R8/16)
(R +d8/16)
(nnn)
FFFFFFH

( =Internal area)

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

Figure 3.2. Memory Map
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3.3 Interrupts TMP96C031F have altogether the following 24 interrupt

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

e |nterrupts from the CPU '3

(Software interrupts, privileged violations, and lllegal (undefined) instruction execution)
¢ Interrupts from external pins (NMI, INTO, and INTO to 7)9
e Interrupts from built-in I/Os*12

TOSHIBA CORPORATION
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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 0). 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 O 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 3.3 (1) is a flowchart showing overall interrupt
processing.

TOSHIBA CORPORATION
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General-purpose
interrupt processing

Interrupt Processing )

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

— PC eV +8000H

ector V and

I

7

Interrupt processing
program

l

RETI Instruction

POP SR
POP PC

End

Figure 3.3 (1). Interrupt Processing Flowchart

high-speed x.DMA YES
start vector match
NO -
Data transfer by
r» DMA
PUSH PC I
PUSH SR
SR<IFF2~0><« Accepted COUNT « COUNT -1 © DMA
interruput processing
level +1
SR<SYSM>e1

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

10
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3.3.1 General-Purpose Interrupt Processing
When accepting an interrupt, the CPU operates as follows:

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

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

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

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

The table below shows the number of execution states
for the above processing times.

, Interrupt Processing State Number
Bus Width of Stack Area -
MAX mode Min mode
8-bit 23 19
16-bit 17 15

To return to the main routine after completion of the 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 CPU does not
accept an interrupt request of the same level as that of the
interrupt being processed.

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

The addresses 008000H to 0081FFH (512 bytes) of the
TLCS-900 are assigned for interrupt processing entry area.

TOSHIBA CORPORATION
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Table 3.3 (1) TMP96CO031F Interrupt Table

Default Priority Type Interrupt Source ""“‘E:IY"'“” Start Address I-I\II:?t:l:'osll;fv‘la;\j
Start to Vector
1 Reset , or SWI0 instruction 000O0H 8000H -
2 INTPREV: Privileged violation, or SWI1 0010H 8010H -
3 INTUNDEF: Illegal instruction, or SWI2 0020H 8020H -
4 SWI 3 Instruction 0030H 8030H -
5 Non- SWI 4 Instruction 0040H 8040H -
6 Maskable | gy 5 nstruction 0050H | 8050H -
7 SWI 6 Instruction 0060H 8060H -
8 SWI 7 Instruction 0070H 8070H -
9 NMI Pin 0080H 8080H 08H
10 INTWD: Watchdog timer 0090H 8090H 09H
11 INTO pin 00AOH 80AOH 0AH
12 INT4 pin 00BOH 80BOH 0BH
13 INT5 pin 00COH 80COH 0CH
14 INT6 pin 00DOH 80DOH 0DH
15 INT7 pin 0O0OEOH 80EOH OEH
- (Reserved) 0OO0FOH 80FOH OFH
16 INTTO: 8-bit timer 0 0100H 8100H 10H
17 INTT1: 8-bit timer 1 0110H 8110H 11H
18 INTT2: 8-bit timer 2/PWMO 0120H 8120H 12H
19 INTT3: 8-bit timer 3/PWM1 0130H 8130H 13H
20 INTTR4: 16-bit timer 4 (TREG4) 0140H 8140H 14H
21 Maskable 1\ 1Te; 16-bit timer 4 (TREGS) 0150H | 8150H 15H
22 (Reserved) 0160H 8160H 16H
23 (Reserved) 0170H 8170H 17H
24 INTRXO0: Serial receive (Channel.0) 0180H 8180H 18H
25 INTTXO: Serial send (Channel.0) 0190H 8190H 19H
26 INTRX1: Serial receive (Channel.1) 01AO0H 81A0H 1AH
27 INTTX1: Serial send (Channel.1) 01BOH 81BOH 1BH
28 INTAD: A/D conversion completion 01 COH 81COH 1CH
29 INT1 pin 01DOH 81DOH 1DH
30 INT2 pin 0O1TEOH 81EO0H 1EH
31 INT3 pin 01FOH 81FOH 1FH

3.3.2 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

The TLCS-900 can process at very high speed com-

or general-purpose interrupt. If high-speed uPDMA mode is
requested, the CPU performs high-speed pPDMA processing.

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 (privileged) instruction.

12
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(1) High-Speed uDMA Operation

High-speed UDMA operation starts when the accepted inter-
rupt vector value matches the uDMA start vector value set in
the interrupt controller. The high-speed uDMA has four chan-
nels 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 decremented. If the value in the counter
after decrementing is other than 0, high-speed PDMA process-
ing is completed. 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.

The 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.. Also in normal mode operation, the
all address space (in other words, the space for system mode
which is set by the CS/WAIT controller) can be accessed by
high-speed UDMA processing.

There are two data transfer modes: one-byte mode and
one-word mode. Incrementing, decrementing, and fixing the
transfer source/destination address after transfer can be done
in both modes. Therefore data can easily be transferred
between 1/0O and memory and between I/Os. For details of
transfer modes, see the description of transfer mode registers.

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

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

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

Interrupt sources processed by high-speed pDMA pro-
cessing are those with the high-speed uDMA start vectors
listed in Table 3.3 (1).

1state | (No}e‘r) (Note2) (No}eB) (Nojt_e3) (Note3)
DM1 L\li}fl_ij DM3 DM4 DMS5 DMe6 DM7 Dm8 DM9 | DM10 (DMT1 DM12 | DM13 DI\."I1A1.Y DM15 DIVI16‘L
x1 '\ AVAVAVAVAVAVAVAVAVAY '\J'\JU\J'\I\JL\J\JWWWW
Ale [\ I\ f\ [\ I\ f\ L I\ f
ADO~15 === ===t === ———{A0~15 {DO~15 J4A0~15(] DO~15 }= — — = = — A0~ 15 D0~ 15 H A0~ 15 { DO~ 15 A0~ 15 DO~ 15}

A16~23 Dummy Dummy Source|address Desty laetz'im Dummy ( Next Next + 2 Next + 4
RD \__/ \_ T\ T\ /T

WR, HWR U /

(Note1)

High-speed xDMA cycle (COUNT # Q)
(Note2)

(No}fﬁ) (Note3)

A

DM4

Jgg

\ [\

\ / - L T\

DM14 | DM16

[\ / /

ADO~15 F———p ===t === ——— {A0~15 HD0~15 a0~ 15T D0~15 } — — —(— — — L a0~15H D0~ 15 A0~ 151 DO~15p— = = —f e = = =
A16~23 K Dummy Dummy Sourcejaddress Ueasén rat’s‘m Dugnmy next next + 2 Dummy
RD Y / \ / \ /
WR, AWR W
(Neltetl) (Noted)
DM17 | DM18 | DM19 | DM20 | DM21 | DM22 | DM26 | DM27

5
5

[\ [\ [\ \ [

ADO~15 == —t———HA0~15 -(D0~15)|-(;_A0~15x 00~15 == = L A0~15H{ D0~ 15H A0~ 15 Do~ 15}
A16~23 Dummy XgpP-2 XgP-4 Dummy Next Next + 2

_® /T \ {1
R, HWR | L/

High-speed «DMA cycle (COUNT =0)

Note 1: Ifan 8-bit bus is used for the source address area, two states are
added.
Note 2: Ifan 8-bit bus is used for the destination address area, two states

are added.

Note3: A dummy cycle may be generated depending on the instruction
queue buffer states.
Note 4: Ifan 8-bit bus is used for the stack area, two states are added.

TOSHIBA CORPORATION
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(2) Register Configuration (CPU Control Register)

Channel0

DMASO

DMADQO

DMACO
DMAMO

!

Channell

DMAS1

DMAD1

DMAC1
DMAM1

!

Channel2

DMAS2

DMAD?2

DMAC2
DMAM2

!

Channel3

DMAS3

DMAD3

DMAC3
DMAM3

!

<8-bit—

«——16-bit——

32-bit

Transfer source address register 0
Transfer destination address 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

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

]{Use only lower 24-bit.)

(1~65536)

14
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(3) Transfer Mode Register Details

(DMAMO~3)
0 0 0 O Mode Note : When specifying values for this
L1 R register, set the upper 4-bit to 0.
execution time (Min. 20MHz)
‘7 Z: 0 = byte transfer, 1 =waord transfer *

0 0 0 Z |Transferdestination address INC mode . . for I/0 to memory 16 states
(DMADN +) « (DMASRN)
DMACn«DMACH -1 (2ps @16MHz)
if DMACNH =0 then INT.

0 0 1t 2 [Transferdestination address DEC mode for 110 to memory 16 states
(DMADN - ) « (DMASN)
DMACh«DMACH -1 (245 @16MHz)
if DMACn =0 then INT.

0 1 0 Z |Transfersource addressINCmode .............. forl/Oto memory 16 states
(DMADN) « (DMASN +)
DMACn«DMACH - 1 (2s @16MHz)
if DMACn =0 then INT.

0 1 1 Z |Transfersource addressDECmode ... . forl/Oto memory 16 states
(DMADRN) « (DMASHh =)
DMACn«DMACH -1 (25 @16MHz)
if DMACh =0 then INT.

1 0 0 2Z |Fixedaddressmode ... .. ... it lIOtO O 16 states
(DMADR) « (DMASR)
DMACn«DMACH -1 (245 @16MHz)
if DMACN =0 then INT.

1 0 1 1 |Countermode. ... ..................... forinterruptcounter 11 states
DMASn«DMASN + 1
DMACn«DMACH -1 (1.375us @16MHz)
if DMACh =0 then INT.

(1 states = 100ns)

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

Note: n: corresponds to high-speed uDMA channels O - 3.
DMADN +/DMASN +:  Post-increment (Increments register value after transfer.)
DMADnN -/DMASH - : Post-decrement (Decrement register value after transfer.)

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

TOSHIBA CORPORATION
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3.3.3 Interrupt Controller

Figure 3.3.3 (1) is a block diagram of the interrupt circuits. The
left half of the diagram shows the interrupt controller; the right
half includes the CPU interrupt request signal circuit and the
HALT release signal circuit.

Each interrupt channel (total of 20 channels) in the inter-
rupt controller has an interrupt request flip-flop, interrupt prior-
ity setting register, and a register for storing the high-speed
micro DMA 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
channel 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 ~ ---- O --- 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 other uDMA start vector. These are 1/0
registers; unlike other DMA registers (DMAS, DMAD, DMAM,
and DMAC), they can be accessed in either normal or system
mode. Writing the start vector of the interrupt source for the
UDMA processing (see Table 3.3 (1)), enables the correspond-
ing interrupt to be processed by uUDMA processing. The values
must be set in the uDMA parameter registers (e.g., DMAS and
DMAD) prior to the uDMA processing.

16
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Interrupt controller

CPU

Interrupt enable RESET

flag on CPU side

IFF2~0 |*———El 1~7
—————————— DI

3 Interrupt

level detect

ﬂf wmoz«a;#bo
\then 1

—$—> Interrupt request

signal

NMI

During IDLE

During STOP

HALT release

High-speed

#DMA request

High-speed

Interrupt request flip flop
NMI s Q y
RESET R [_—_;4
Interrupt
vector Vread V = 80H
INTWO A V=90H [ |
Priority setting register Decoder h ,T;:,“J;‘é:ﬁ“m
D » ﬁj Y1 Priority encader
D" . 5 Q A vz A \
n+1 —» 1 1
Dn+2 —»| CL B :3 N2l Highest  a
CR D 1 77T erorty [\ 3 inTRO2~0
Iy 46 interrupt Interrupt
Interrupt Y6 6 4 levelselect I Joriorread
request F/F [ 5
INTO s Q Dn+3 6 E(T)
_ 7
RESET R Interrupt request flip flop read D2
(Highest priority =7)
Interrupt request clear Dn + 3 20 o3
Interrupt request V read V= AOH D4
] DS
INTa A \V =BOH A Interrupt 06
p vector
INTS A V=COH - generation o7
INTE A V =DOH o8
INT? A V=EQH
INTTO A V =100H j__J
INTT1 A V=110H -
INTT2 A V= 120H A ;
INTT3 A V=130H = A
INTTR4 A V= 140H
INTTRS. A V= 150H A
INTTRE A V= 160H A
INTTR7 —T—> A V=170H A
INTRXO —T—> A V = 180H A
INTTX0 A V=190H v
INTRX1 A V= 1A0H A
INTTX A V= 1BOH A
INTAD A V=1C0H P, /
HDMA start vector setting register 4input OR
D4 —» 4
D3 —>
p2—|D Q a "L Match
D1 —» detect
DO —= j‘R A ]
1 AP 2
RESET
DMAOV 2 gp—
) DMATV 3
. DMA2V High-speed x DMA channel
i DMA3V priority encoder
(Highest priority = ch 0)

4 DMA channel
specification

Figure 3.3.3 (1). Block Diagram of Interrupt Controller

TOSHIBA CORPORATION
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(1) Interrupt Priority Setting Register

(Read-modify-write prohibited.)

Symbol | Address 7 i 6 : 5 4 3 P2 : 1 )
INT1 INTO |
" 1TM : | Lo : M oM “—Interrupt source
INTEO 0070H C 1m2 1M1 110 0cC om2 10M1 oMo «bit Symbol
RV - w - RAW - w «Read/Write
0 0 0 0 o . 0 0 . o '
«After reset
‘ INT3 INT2
i3C ¢ I13M2 : I3M1 13M0O 12C 12M2 : 12M1 2 12MO
INTEZ23 0071H : -
R/W W R/W W
0o I 0 0 0 0 0o ' o ‘0
INTS INT4
INTE4S 0072H 15C I5M2 : I5M1 15MO 14C : 14M2 : 14M1 1 1AMO0
R/W W RIW w
0 L0 o0 0 c : 0 - 0 = 0
INT?7 INT6
INTE67 0073H 17C 17M2 : 17M1 17M0O 16C 16M2 : 16M1 : 16MO
0 . 0 : 0 Q 0 : 0 H 0 H 0
INTT1 (Timer 1) INTTO (Timer 0)
INTET10 0074H ITIC @ ITIMZ © ITIM1 © ITIMO ITOC ITOM2 : ITOM1 : ITOMO
RAW W RIW  : W
0o 0o o 0 0 0o : o : o
INTT3 (Timer 3) INTT2 (Timer 2)
IT3C : IT3M2 © IT3M1 : IT3MO IT2C : IT2M2 : IT2M1 : IT2MO
INTET32 75H :
3 0 RW ¢ W RW ¢ w
0 0o 0 0 0 : o + g : 0
__INTTRS (TREG5) INTTRA (TREG4)
ITSC : IT5M2 @ ITSM1 ¢ ITSMO IT4C  © IT4M2 : IT4M1 :© ITAMO
INTETS4 0076H : -
RIW w R/W W
0 L0 -0 0 0 N
INTTX0 i INTBXO _
INTESO 0077H ITXOC ITXOM2 : ITXOM1 : ITXOMO | IRX0C : IRXOM2 : IRXOM1 : IRXOMOQ
R/W W R/W W
0 : 0 : 0 0 0 : 0 . 0 : 0
INTTX1 INTRX1
: T i 3 : CIRXIM
INTES1 0078H ITX1C ITXIM2 D ITX 1M ITXIMO | IRX1C ‘IRXHVIZ IRX1M1 : IRX1MO
RAW W RAW W
0 : 0 : 0 0 0 : 0 0 : 0
INTAD
M IADM1 : IADM
INTEAD | 0079H IADE | IADM2 ;| IAD - 0
| RW . woo ] - R
0 : 0 : 0 0 :
| 11 I I ]
1 I B
i
IxxM2 IxxM 1 IxxMO Function (Write)
Q 0 0 Prohibits interrupt request.
o] 0 1 Setsinterrupt request level to "1".
Q 1 0 Setsinterruptrequest level to "2".
0 1 1 Setsinterrupt request level to "3".
1 0 0 Setsinterrupt request level to “4".
1 o} 1 Setsinterrupt request level to "5"
1 1 0 Setsinterrupt request level to "6".
1 1 1 Prohibits interrupt request.
IxxC Function (Read) Function (Write) ]
0 Clears interrupt request flag

Indicates nointerrupt request.

Indicates interrupt request

————— Don'tcare-----

18
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(2) External Interrupt Control

Interrupt Input Mode Control Register 0

7 6 5 I 4 i 3 i 2 1 P00
IMCO |{bit Symbol | 141 : I31E [ I2IE i ME [ 1EM I0IE IOLE i NMIREE
(007AH) Read/Write w
After reset 0 S0 S0 S0 0 0 o i 0
TINTE C1DINT3 O C1DINT2 O CTDINTD O S0:INT1 1:INTO 0:INTO 1:Canbe
Input ‘Input ‘Input ‘Input rising ‘Input ‘edge | operated
enable  ‘enable  enable enable  ied ‘enable  m Lin MM
Function : ‘ : 1.lgeT ‘1-7:?0 {in NMI
: N 1 ‘Ie; ol Srising
H v i
;falllng ‘edge.
‘edge ‘mode :
T - 5 e - 1]
Read-modify-write is
prohibited. _
L—“ NMI rising edge enable
[—' INTn Input enable 0 Interrupt request generation at
0 | INTn Inputdisable falling edge
1 |INTn Input enable 1 | Interrupt request generation at
rising/falling edge
Note: The INTO pin can also be used for standby release as described later ———— INTO level enable
Even il the pin is not used for standby release, setting <IOIE> to 0 |Rising edge detect interrupt
“0” maintains the port function during standby mode.
1 | Highlevel interrupt
t—— > INT1level enable
0 | Rising edge detect interrupt
1 | Falling edge detect interrupt

IMc
(0078H)

Interrupt input Mode Control Register 1

7 i 6 : 5 i 4 3 : 2 1 0
bit Symbol : : I7IE IBIE  ISIE
Read/Write W
Afterreset 0 : 0 0

10 INT7 ;1.\NTE EI:JNTS
Function ‘Input ‘Input glnput

-enable

‘enable  ienable

Read-modify-write is

e |

prohibited.
L—" INTn Input enable
0 [INTnInputdisable
1 |INTn Input enable
Setting of External Interrupt Pin Functions
Interrupt Pin Name Mode Setting Method
NMI P34 “\_ Falling edge [IMC <NMIREE> =0
“\__f Rising and falling edge [IMC <NMIREE> =1
_f Rising edge [IMC <IOLE> =0, <I0IE> =1
INTO P50
7" Level [IMC <IOLE> =1, <I0IE> =1
Rising edge [IMC <EM>=0
INT1 P51 S Hising edg lialiis
“\_ Falling edge IMC <I1EM> =1
INT2 P52 & Rising edge [IMC <I2EM> =1
INT3 P53 _f Rising edge [IMC <I3EM> =1
INT4 P72 4 Rising edge T4AMOD <CAP12M1,0>=0,00r0,1or 1,1
“\_ Falling edge TAMOD <CAP12M1,0>=1,0
INT5 P73 4~ Rising edge -
INT6 P66 4/ Rising edge [IMC <IBIIE> =1
INT7 P35 & Rising edge IIMC <I7IIE> =1
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(3) High-Speed uDMA Start Vector

When the CPU reads the interrupt vector after accepting an
interrupt, it simultaneously compares the interrupt vector with
each channel’'s uDMA start vector (bits 4 to 8 of the interrupt
vector). When both match, the interrupt is processed in uDMA

DMAQV
(007CH)

DMA1V
(007DH)

DMA2V
(007EH)

DMA3V
(007FH)

(4) Notes

mode for the channel whose value matched.
If the interrupt vector matches more than one channel,
the channel with the lower channel number has a higher prior-

ity.

#DMAQ Start Vector (read-modify-write is not possible.)

7 i 6 i s 4 . 3 1 2 1 1 i
bit Symbal ' i DMAOVS | DMAOV? | DMAOVE | DMAOVS | DMAOVA
Read/Write W
After reset 0 0 0 0 0

Function |When bits4to 8 of the interrupt vector match bits 0 to 4 of DMAQV, high-speed «DMA channel 0 is processed.
uDMA1 Start Vector (read-modify-write is not possible.)
7 i 8 5 4 3 i o2 i o1 i a0
bit Symbol : DMAI1VS DMATVT DMA1VE DMATVS DMA1V4
Read/Write w
After reset 0 0 ‘ 0 0 0

Function |When bits 4to 8 of the interrupt vector match bits 0 to 4 of DMAGVY, high-speed oDMA channel 1 is processed
#DMA2 Start Vector (read-modify-write is not possible.)
7 & i s 4 3 1 2 1 o0
bit Symbol : DMA2ZVE  DMA2V7 | DMA2V6 | DMA2VS : DMA2V4
Read/Write w
After reset 0 : 0 0 : 0 Q
Function |when bits 4 to 8 of the interrupt vector match bits 0 to 4 of DMAQY, high-speed 4DMA channel 2 is processed
DMA3 Start Vector (read-modify-write is not possible.)
7 . 6 5 a3 oz 1 0
bit Symbol ~_ DMA3VE - DMA3VY DMA3VE DMA3V5 DMA3V4
Read/Write w
After reset 0 : 0 0 0 0

Function

When bits & to B of the interrupt vector match bits 0 to 4 of DMAOV, high-speed «DMA channel 3 is processed

The instruction execution unit and the bus interface unit of this
CPU operate independently of each other. Therefore, if the instruc- ~ and start the interrupt processing from the address
tion used to clear an interrupt request flag of an interrupt is fetched ~ 80AOH.

before the interrupt is generated, it is possible that the CPU might To avoid this, make sure that the instruction used to
execute the fetched instruction to clear the interrupt request flag

while reading the interrupt vector after accepting the inter-
rupt. If so, the CPU would read the default vector OOAOH

clear the interrupt request flag comes after the DI instruction.

20
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3.4 Standby Function

When the HALT instruction is executed, the TMP96C031
enters RUN, IDLE, or STOP mode depending on the contents
of the HALT mode setting register.

reduced to 1/10 or less than that during normal
operation.
(3) STOP:  Allinternal circuits including the built-in oscillator
halt. This greatly reduces power consumption.

(1) RUN:  Only the CPU halts; power consumption remains
unchanged. o
The states of the port pins in STOP mode can be set as
(2) IDLE:  Only the built-in oscillator operates, while all other ~ listed in Table 3.4 (1) using the I/O register WDMOD <DRVE>
built-in circuits halt. Power consumption is bit.
7 6 5 4 3 2 1 0
WDMOD Bit Symbol WDTE WDTP1 WDTPO WARM HALTMA1 HALTMO RESCR DRVE
(O05CH) | Read/Write R/W
After reset 1 0 0 0 0 0 0 0
1:WDT 00:2'/1c Warmingup = Standby mode 1:Connects | 1: Drive pin
Enable 01:2%/1 time 00:RUN mode  watchdog even in
Function 10:2%/ 1 0:264  01:ST0P mode = timer STOP
1:22/1c 1:28 10 IDLE mode  outputto mode.
Detection time 11: Don't care RESET pin
internally.

When STOP mode is released by other than a reset, the
system clock output starts after allowing some time for warm-
ing up set by the warming-up counter fro stabilizing the built-in
oscillator. To release STOP mode by reset, it is necessary to

allow the oscillator to stabilize.

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

Standby Release by Interrupt

Interrupt Level
Standby Mode

Interrupt Mask (IFF2 to 0)
< Interrupt Request Level

Interrupt Mask (IFF2 to 0)
> Interrupt Request Level

Can be released by any interrupt.

RUN After standby mode is released, interrupt processing starts.

Can only be released by INTO pin.
Processing resumes from address next to HALT instruction.

IDLE Can only be released by NMI or INTO pin. After standby mode
is released, interrupt processing starts.

1

STOP 1

1

Note 1: When releasing standby setting INTO to high level input mode, keep it high until interrupt processing starts. If the level drops to low, interrupt process-

ing cannot be started correctly.

TOSHIBA CORPORATION
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Table 3.4 (1) Pin States in STOP Mode

Pin Name 1/0 DRVE=0 DRVE =1
ADO ~ AD7 ADO~7 - -
AD8 ~ 15 — -
AD8 ~ AD15 A8 - 15 B
Input mode PD* PD
P20~ P21 Output mode/A16 - 23 PD* Output
Input mode PD* PD
P30 - P33 Output mode PD* Output
Input mode PU* PU
P34 (R/W/NMI) Output mode PU* Output
NMI Input Input
_ Input mode PU* PU
P35 (RAS/INT7) Output mode pU* Output
RAS Output Output
P40 ~ P42 (€S0~ CS2) Output PU* Output
T oINS Output PU* Output
P43 (CS3/CAS) CAS Output Output
Input - Input
P50 (ANO/INTO) INTO Input Input
P51~ P53 Input - Input
Input mode - Input
P60 - P66 Qutput mode - Qutput
Input mode - Input
P67 (P13/WDTOUT) Output mode - Output
WDTOUT Output Output
Input mode - Input
P70~ P16 Qutput mode - Qutput
ALE QOutput ‘0’ ‘0
CLK Output - ‘1"
RESET Input Input Input
WR Output - “1” Output
RD Output - “1” Qutput
AM8/16 Input Input Input
X1 Input - -
X2 Output ‘1 ‘1

— Input for input mode/input pin is invalid; output mode/output pin is at high impedance.
Input enable state
Input:  Input gate in operation. Fix input voltage to O or 1 so that input pin stays constant.
Output: Output state
PU: Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a pull-up resistor is not set.
PD: Programmable pull-down pin. Fix the pin like a pull-up pin when a pull-down resistor is not set.
* Input gate disable state. No through current even if the pin is set to high impedance.

Note:  Port registers are used for controlling programmable pull-up/pull-down. If a pin is also used for an output function (e.g., TO1) and the output function
is specified, whether pull-up or pull-down is selected depends on the output function data. If a pin is also used for an input function, whether pull-up or
pull-down is selected depends on the port register setting value only.
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3.5 Port Functions tions, these port pins also function as input/outputs for internal
The input/output ports of the TMP96C031F consist of a total CPU and built-in /0. Table 3.5 (1) shows the function of each
of 37 bits. port pin.

In addition to general purpose input/output port func-

(R: 1 = With programmable pull-up resistor
Table 3.5 (1) Port Function 1 = WIth programmable pull-down resistor)
Port Name Pin Name Nur::il:‘esr of Direction R Direction Setting Unit Pin Name for Built-in Function
Port2 P20 to P27 8 Input/Output ! Bit AQ to A7/ A16 to A23
Port3 P30 1 Input/Output 1 Bit TO5/HWR
P31 1 Input/Output 1 Bit TIO/WAIT
P32 1 Input/Output 1 Bit BUSRQ
P33 1 Input/Output 1 Bit BUSAK
P34 1 Input/Output 1 Bit R/W/RAS
P35 1 Input/Output 1 Bit RAS/INT7
Port4 P40 1 Output 1 (Fixed) S0
P41 1 Output 1 (Fixed) CS1
P42 1 Output 1 (Fixed) cs2
P43 1 Output 1 (Fixed) CS3/CAS
Portd P50 to P53 4 Input - (Fixed) ANO ~ AN3
Port6 P60 1 Input/Output - Bit PG00/TxDO
P61 1 Input/Output - Bit PGO1/RxDO
P62 1 Input/Output - Bit PG02/CTSO
P63 1 Input/Output - Bit PGO3/RSFH
P64 1 Input/Qutput - Bit PG10
P65 1 Input/Output - Bit PG11
P66 1 Input/Qutput - Bit PG12/INT6
P67 1 Input/Output - Bit PG13/WDTOUT
Port7 P70 1 Input/Output - Bit TO1/T04
P71 1 Input/Qutput - Bit T02/DMUX
P72 1 Input/Output - Bit INT4/TI4
P73 1 Input/Output - Bit INT5/TI5
P74 1 Input/Qutput - Bit TxD1
P75 1 Input/Output - Bit RxD1
P76 1 Input/Output - Bit SCLK1
3.5.1 Programmable Pull-up/Pull-down They can also be set in stand-by (STOP) mode and the load
PORT2 has a built-in pull-down resistor and PORT3 and can be turned on or off when the immediately preceding set-
PORT4 have a built-in pull-up resistor. Normally, their load can ~ 1ing is the value of output latch in input mode or is the value of
be turned on or off from software by setting the value of the output data in output mode.

output latch (registers P2, P3, and P4) during input mode.

Table 3.5 (2) Pull-up/down Function Setting

Programmable Setting
Pull-up/down Out
put latch
Output data ON/OFF Normal Standby (STOP) mode

0 ON Setting enabled only in | Setting enabled in input/
orz (o) rulldonn 1 OFF input mode output mode

0 ON
PORT3 (I/0) Pull-up ] OFF 1 1

0 ON : ;

PORT4 (Qutpu) Pull-up 1 T Setting disabled gﬁigﬂtg rﬁf;fézled only in
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3.5.2 Bus Release Function

used to stabilize bus control signal at bus release.

The pull-up/down function explained in section 3.5.1 is also

Table 3.5 (2) shows pin states at bus release (BUSAK = Q).

Pin state at bus release

Pin Name
Port mode Function mode
ADO - AD15
ADO - AD7 - Becomes high impedance.
(A8 ~ A15)
First sets all bits to low, then sets output buffer to off.

P20 - P27 No status change. ) o
(A16 - 23) (Does not become high impedance.) Lr:lzgal pull-down is added regardless to output latch
% - First sets all bits to high, then sets them to high impedance.

= First sets all bits to high, then sets output buffer to off.
P30 (HWR) No status change. ) ,
P34 (R/W) (Does not become high impedance.) \I/r:ligal pull-down is added regardless to output latch
P40 (CS0) . L

o First sets all bits to high, then sets output buffer to off.
P41 (CS1) N status change. I Internal pull-down is added regardless to output latch
P42 (CS2) (Does not become high impedance.) value
P43 (CS3) '
P71 (DMUX) No status change. ) . . .
P63 (RFSH) (Does not become high impedance.) First sets all bits to high, then sets them to high impedance.
P35 (RAS) No status change. No status change.
P43 (CAS) (Does not become high impedance.) (Does not become high impedance.)

Figure 3.5 (2) shows the external bus interface when the

bus release function is in use. The internal I/O of this device

TMP96CO031F

cannot be accessed when the bus is released.

Ve

(Internal pull
down)

(Internal pull
down)

P00-PO7
(ADO-7)

P10-P17
(AD8-15)

P20-P27
(A16-23)

P63 (RFSH)

P30 (RD) }
P31 (WR)
P71 {DMUX)

P30 (HWR)

Vee

AD bus

Upper address bus

H

Vcec

System control

MLF

Figure 3.5 (1). External bus interface example when bus release function is in use
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3.5.3 Port 2 (P20 - P27)

input mode and connects a pull-down resistor.
In addition to functioning as a general-purpose 1/O port,

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-
ter P2CR and function register P2FC to 0. It also sets Port 2 to

bus

data

Internal

Reset

Direction control

{on bit basis)

P2CR write

[

Function control

(on bit basis)

P2FC write

Output

58

Port 2

> latch

P2 write

|
OQutput buffer

N-ch

pull-down

( Programmable

P20~P27
(A16~A23)

)

o
i

P2 read

Figure 3.5 (2). Port 2

Port 2 also functions as an address bus (A16 to 23).

TOSHIBA CORPORATION
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Port 2 Register

7 6 5 o4 i 3 i 2 i 0
P2 bit Symbol | P27 © P26 | P25 i P24 : P23 i P22 i P21 i P20
(0006H) |Read/Write R/W
After reset Input mode (Output latch register is cleared to “0".)
Port 2 Control Register
7 . 6 i 5 i a4 i 3 i 2 i 1 i g
P2CR  [bit Symbol | P27C : P26C | P25C | P2aC i P23C . P22€ | P21C | P20C
(0008H) Read/Write w
After reset o o ¢ o f{ o ¢ 0o i 0o i 0o i o0
Function < < Pair P2CR with P2FC. See P2FC below.>>
Port 2 Function Register
7 1 6 i 5 i 4 3 2 i 1 i 0
P2FC  fuit symbol | P27F | P26F © P25F © P24F : P23F | P22F i P21F | P20F
(0009H) N
Read/Write w
After reset 0 0 0 o] 0 0 : 0 0
Function P2FC/P2CR=00:IN,01:OUT, 10: -, 11: A23-16
Note: When using as an address bus, set I_. Port 2 function setting
P2CR first, then P2FC. 2FC<P2XF>
P2CR 0 1
<P2XC>
Read-modify-write is
prohibited for registers 0 Input -
P2CR and P2FC.
address bus
1 Output (A23-16)

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

Figure 3.5 (3). Registers for Port 2
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3.5.4 Port 3 (P30 - P35) pull-up resistor. In addition to functioning as a general-pur-
Port 3is a 6-bit general-purpose /0 port. I/O can be setbit by~ Pose /O port, port 3 is also used for CPU control/status signal
bit using control registers P3CRL and P3CRH. Resetting sets  interrupt input, and timer 1/O.

all bits of P3 to 0; P30 to P35 to input mode and connects a

Reset

- S
Output latch
P3 Write F—I}
P3CRL
(bit1)
o }
> Write
o 1 P-ch ( Programmable )
Pull-up
o P3CRL
DO
o (bit0) ] o )
o T 32 > [] P30 (rosmwe)
Write Selecror
A
]

Internal
N\ gg&
']

( t — P3 Read

Figure 3.5 (4). Port 3 (P30)

TOSHIBA CORPORATION 27



TMP96CO031N/F

Reset

pp—

bus

I —

S
Qutput latch

P3 Write

P3CRL

data

(bit3)

Write

R
P3CRL

Internal

(bit2)

Write
< Selector

0 !

Sa

{>O—| ETP-ch Programmable )
Pull-up

—{ ] P31 (WATT/TIO)

L B
P3 Read

Internal

WAIT
TIO

Reset

—

bus

data

3

S
QOutput latch

)
P3 Write

P3CRL

(bit5)

Write

i
P3CRL

DO'{ gP{h Programmable )
Pull-up

L

Internal

(bitd)

Write
rd Selector

Sa

{] P32 (BUSRQ)

L B
P3 Read

Internal

BUSRQ

Figure 3.5 (5). Port 3 (P31, P32)
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N
g T e
Qutput latch

4
P3 Write
¥
P3CRL
(b:.?) 5 gP-ch Programmable )

Pull-up

bus

data

Write A

Selector P
T3 g > 7] P33 (BUSAK)
P3CRL c
(bit6)

4

Write
/]

- L

-1

Internal

P3 Read

Internal
BUSAK
Reset

U

P3CRH
(bit3)

}

Write

/

bus

P3CRH
(bit2)

data

Write >0 [ P-ch( Programmable )
——+ ¢ pull-up

S S
Output A - ‘ {1 P35(RAS/NT7)

latch .
selecte Output buffer

4 B
P3 Write F
LI Selector
\LQO;

P3 Read

Internal

INT7
Interrupt _G_]
IIMC<I7IE>

Figure 3.5 (6). Port 3 (P33, P35)
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(1) P34/NMI/R/W

Port 34 is a general-purpose I/O port, shared with non-
maskable interrupt input pin (NMI). The NMI pin is selected by
the control register P3CRH <P34C1,P34C0>. By setting
<P34C1,P34C0> = <0,0>, it turns to the NMI input pin. Since

the NMI pin is specified only once, the NMI pin cannot be
switched to the general-purpose port. The <P34C1,P34C0>
should be initialized to “0” by resetting in order to switch to the
general-purpose I/O port mode. Port3 register (P34) is set to
be “1” when the pull-up resistor is attached.

(\’ Reset
P3CRH
(bit1)
> t
L
o Write
- P3CRH
© (bit0)
) t
P
= ‘
= 3 )
v Output A Y > {1 P3a(NMIRAW)
+ latch Selector Output
e l"B buffer
P3 Write -
RAW r‘
S
<7} Y A
P3 Read B~
U
NMI
Interrupt < 5
_4
3 —
detect

Figure 3.5 (6). Port 3 (P33, P34)
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Port 3 Register

7 6 5 4 3 2 1 0
P3 bit Symbol {opas L pu P33 P32 P31 P30
(0007H) Read/Write RAW
After reset 1 1 : 1 1 i 1 1
Function Input mode (Pulled-up)
Port 3 Control Register L
7 . 6 5 0 4 3 0 2 10
P3CRL |bit Symbol | P33C1 : P33CO : P32C1 © P32C0 | P31C1 | P31CO © P30CT . P30CO
(000AH) Read/Write w w w w
After reset 0 0 : 0 0 : 0 0 H 0 0
00: PORT input 200: PORT input 00: PORT input 00: PORT input
Function | 41, pORT output ?01: PORT output : 01: PORT output 01: PORT output
10: BUSAK £10: BUSRQ 10— £10: 705
11— 1= 1 — D11 HWR
Port 3 Control Register H
7 6 5 i 4 3 2 10
P3CRH [bit symbol | RDEN : P35CT i P3SCO | P34CT | P34CO
(000BH) Read/Write w w w
After reset 0 o0 10 o i
1: pseudo 00: PORT input i 00: PORT input
Function | cpapy 01 PORToutput  : 01: PORT output
EN i 10: RAS H
R

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

‘—’ RD function setting

Note:

0 | RD output only when externally accessed

1 | Always RD output (for pseudo SRAM)

Setting P3CRH<RDEN> to 1 outputs RD strobe (for
pseudo static RAM) even when accessing the internal
address area. Resetting to 0 outputs RD strobe only
when the external area is accessed.

Figure 3.5 (8). Port 3 Registers

There is no port/function switch register for pin P31 (TIO/WAIT). For example, if pin P31 is used as an input port, data are input to 8-bit timer 0. If pin

P31 is used as the WAIT pin, set PBCRL <P31C1,0) > to 00, and bits 3 and 2 <BXW1,0> in the chip select/wait control register to 10.

If pin P35 (RAS/INT7) is used as the INT7 pin, set P3CRH <P35C1,0) to 00 and <171E> to 1.

TOSHIBA CORPORATION
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3.5.5 Port 4 (P40 - P43) function register PAFC. Resetting sets the output register for
Ch|p select CSO - CS3 outpu‘ts and column address strobe in the function I’egiSter to 0. P40, P41 , and P43 are set to out-

CAS (CS3 only) output. To select the function to be used, use put ports for outputting 1; P42 to output port for outputting O.

Y
Reset
]
2 Function Control
. {On bit basis)
e A
_ PAFC Write
© ¥
c S S M~ .
- Output A > —{] P40 (C50)
v a‘: Selectar Output buffer P41 (CST)
- B CS3/CAS
c PaWrite r; P43 (CS3/CAS)
- G50, C51, CS3/RAS
\L P4 Read
U

Figure 3.5 (9). Port 4 (P40, P41, P43)
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Y
Reset
3
B
2 Function Control
@ (On bit basis)
_ PAFC Write
o }
< o R S ~
= utput A —
w latch L [ pa2 (Ts2)
- SBE"G(“" Output buffer
c P4 \Alrite M~
h 1 cs2
KJ P4 Read
Figure 3.5 (10). Port 4 (P42)
Port 4 Register
7 6 5 1 4 3 2 ; 1 0
P4 bit Symbol ; P43 P42 P P40
(00OCH) Read/Write RIW
After reset 1 0 1 1
Function Output mode
Port 4 Function Register
7 6 : 5 : 4 3 2 ! : 0
PAFC bit Symbol | BUS WDT : i opasF Pa2F P41F P4OF
(0010H) Read/Write W w
After reset 0 0 o0 i o0 0
0: BUSRQ [0: PORT 0: PORT :0: PORT i0: PORT
Function DIS M: T83 i1 €S2 1 GS1T 1 C80
1: BUSRQ \ JCAS : :
EN

P4FCis disabled for read-modify-write.

| I Explained in section 3.12, Watchdog timer.

P4FC is disabled for read-modify-write.

Figure 3.5 (11). Registers for Port 4

Note: To select the function to be used for P43, use the B3CS register for the chip select/wait controller.
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3.5.6 Port 5 (P50 - P53)
Port 5 is a 4-bit input dedicated port which is also used for

P5
(000DH)

analog inputs or external interrupts.

™
Level/edge
INTO detect limc

w <NIE~I3IE>

] IIMC < I0IE > ¥

o IIMC<IOLE>

INT1~INT3

© A Port5

" hy P50~P53

© PS5 Read (INTO~INT3/ANO~AN3)

©

© ADREG A/D 4 channel

c Regi - c i analog

- T egister onverter Multiplexer

]

- :\DREG

c ead
F

Figure 3.5 (11). Port 5 (P50, P51, P52, P53)
Port 5 Register
7 6 5 4 3 2 : 1 0

bit Symbol P53 Ps2 © PS1 . PS5O
Read/Write R
Function Input mode

Note : There is no input switch register for AN0-3/INTO-3; data are input to both.
When port 5 is used for INTO-5, set interrupt input mode control registers 0 and
1,1IMC0O and 1<101E-131E>,to 1.
When port 5 is used as the input channel for the A/D converter, set the A/D
converter mode register, ADMOD.

Figure 3.5 (12). Register for Port 5
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3.5.7 Port 6 (P60 - P67) P63: DRAM controller refresh signal pin

Port 6 is an 8-bit port. I/O can be set bit by bit. In addition to P66:  external interrupt request input INT6 pin.
functioning as an I/O port, pins P60 to P67 function as follows: ~ P67:  watchdog timer WDT output pin. Set using port 6 con-

P60 - P63/P64 - P67: pattern generate PGO/PG1 output trol registers. PECRL and PECRH.
P60: serial channel TxDO output pin and programmable . .

open drain function. Resetting sets control registers PBCRL and P6CRH to O; all
P61: serial channel RxDO output pin bits to input mode.

P62: serial channel CTSO output pin

Reset

M~
P6CRUH
(Upper bit)
P6CRL/H
(Lower bit)
N !
>
e} ;
S
®
- QOutput latch —LEDO
o ! D1 > [] Peo paoorTxo0)
P6 Write D2 PEO P63 (PGO/RFSH)
-_ D3 (Open drain P67 (PG13/WDT)
© Selector setting enable)
< ODE<ODEO>
. B |-
o
-
c
- PGOO, PG13
TxD0O, WDTOUT, RFSH
S A
< v
L P6 Read 8

Figure 3.5 (13) Port 6 (P60, P67)
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[ ] Pe1 (peo1RXDD)
P62 (PGO2/CTS0)
P66 (PG 12/INT6)

Figure 3.5 (15). Port 6 (P63, P64, P65)

{] eeacparo)

P65 (PG11)

Reset
~—
P6CRL/H
(Upper bit) L/‘
whte
. |
3
a PBCRL/H
(Lower bit)
L]
: Write
o L
S
—_—
Outputlatch [ L—»[a s
L]
c -
$ Selector L
; P6 Write
| PGO1,PGO2,PGI2— |8
c ‘
— S A
d!
Selector
I
P6 Read B
RxDO, CTSO
INT6 <—G—‘
e IIMC <I6IE>
Figure 3.5 (14). Registers for Port 6 (P61, P62, P66)
~— Reset
P6CRUH
(Upper bit) D
o f
> Write
© P6CRL/H
Al (Lower bit)
@
o
Write
1]
c S
. Outputlatch _l_,.A S
@ T
::. PG Write Selector
—| PGO3,PG10,PG11—(B
—
S OA
N*——Qf Selector
P6 Read B
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Port 6 Register

7 6 s 4 i 3 2 i 0
P6 bit Symbol P67 | P66 P65 P64 ©ope3 :oP62 P61 P60
(0012H) Read/Write R/W
After reset Input mode
Functien I A T 1 1
Port 6 Control Register L
7 ¢ & i 5 i a4 i 3 i 2 T
P6CRL |bit Symbol | P63Ct | P63CO P62CI | PE2CO | PEICT : PGICO PEOCT | P6OCO
(0014H) [zeagnurite w W w w
Afterresst| 0 ;. o i 0 i 0 1 0 . 0 i 0 i 0
00: PORT input EOO: PORT input 500: PORT input 500: PORT input
Funciion lo1: pORToutput ~ [01: PORToutput  [01: PORToutput  :01: PORT output
10: PGO3 £10: PGOZ- :10: PGO1 :10: PGOO
11: RFSH = = i11: TXDO
Port 6 Function Register H
7 6 s i 4 1 3 i 2 1o
P6CRH |[bit Symbol | PE7CI © PE6CO | P66CT | P66CO | PBSCI © PESCO P6ACT i P64CO
(0016H) Read/Write W w : w W
After reset 0 0 0 : 0 0 0 : 0 0
00: PORT input 500: PORT input 100: PORT input 500: PORT input
Function {51 pORT output :01: PORT output :01: PORT output i01: PORT output
10: PG13 :10: PG12 110: PG11 :10: PG10
11: WOTOUT - 1 — 1 —

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

Note: To setthe TXDO pin to open drain output, write 1in bit 0 <ODEQ > in the ODE register.

There is no port/function switch register for pin P61/RXDO0. If pin P61 is used as an input port,

data are input asserial receive data to SIO. When pin P66/PG12/INT6 is used for INTG, set

P6CRH<P66C1,0> to 00 and IMC1<161E>to 1.

Figure 3.5 (16). Registers for Port 6

TOSHIBA CORPORATION

37



TMP96CO031N/F

3.5.8 Port 7 (P70 - P76) P70 - P76 to input mode. In addition to functioning as a gen-

Port 7 is a 7-bit general-purpose I/O port. I/O can be set bitby ~ eral-purpose /O port, port 7 as follows: interrupt input, timer
bit using control registers P7CRL and P7CRH. Resetting sets /O, DRAM address multiplex, serial channel send/receive
all bits in P7 to 1; control registers P7CRL and P7CRH to 0; (TXD1 and RXD1), and transfer clock input (SCLK1) pin.

Reset

Direction control
(On bit basis)

f

P7CR Write

bus

Function contral
(On bit basis)

PTFC Write

1
S

Outputlatch —I_EDO
¢ D1 [~

> [ ] procrormos
P7 Write —™|Dp2 P71 (TO3/DMUX)
TO1, 703 D3

Selector
TO4, DMUX A

B |-

—

S OA

w Selector

- P7 Read B

data

Internal

Figure 3.5 (17). Port 7 (P70, P71)
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[7] pr2(miannta)
P73 (TIS/INTS)
P75 (RXD1)

Figure 3.5 (19). Port 7 (P74)

[
P7CRL/H
s (Upper bit)
3 4
e} 1
© P7CRL/H
+ (Lower bit)
©
o
— S
© Output latch L~
N f
w P7 Write S A
—
c ﬂ Selector
P7 Read B
Ti4, TI5, RxD1
—JJ
Figure 3.5 (18). Port 7 (P72, P73, P75)
Reset
~
P7CRH ‘]—\
(bit1) 1~
“ Write
>
el
P7CRH
@ (bit0)
-
o 4
© Write
© S
c Output latch P A S
.
v % Selector {\/
C B P74 (Open drain
_ setting enabled)
XD ODE<ODE1>
S A
\/Irj Selector
P7 Read B
g

{ ] pracrxon)
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bus

data

Internal

Reset

P7CRH

(bit5)

]

P7CRH

Y

(bit4)

}
R

Output latch Tl

P7 Write

SCLKOUT ————|

A 5

Selector

B

—

<—_§];_

5 A

Selector

P7 Read

B

SCLKIN

Figure 3.5 (20). Port 7 (P76)

—{ ] P76 (scikn

40

TOSHIBA CORPORATION



TMP96CO031N/F

P7
(0013H)

P7CRL
(0015H)

P7CRH
(0017H)

Port 7 Register

7 6 : 5 : 4 : 3 : 2 1 0
bit Symbol P76 P75 i Pla . P73 | PT2 P71 P70
Read/Write R/W
After reset Input mode

Function I b 1 1
Port 7 Control Register L

7 6 5 i 4 3 12 10
bit Symbol P73C1 P73C0 | P72C1 P72C0 P71C1 P71C0 p70C1 i P70CO
Read/Write w W : w w
After reset 0 Q 0 ‘ 0 0 0 0 : 0

00: PORT input

?00: PORT input :00: PORT input

:00: PORT input

Function 141: pORT output i01: PORT output ‘01: PORT output i01: PORT output
10: — 210 — 10: TO3 :10: TO1
1:— 1 — 111: DMUX i11: 704
Port 7 Control Register H
7 6 i5 4 H 3 : 2 1 0
bit Symbol P76C1 : P76C0 P75C1 P75C0 P74C1 pP74C0
Read/Write w w w
After reset 0 ] 0 0 0 0

Function

EOO: PORT input
?OW: PORT output
§10: —

=

:00; PORT input
EUI: PORT output
£10: SCLKT
=

:00: PORT input
101: PORT output
110: TxD1
éﬂ;f

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

Note :To set the TxD1 pin to open drain output, write 1in the 1<ODE1> in the ODE
register.
There is no port/function switch register for pin P75/RXD1. if pin P75 is used as
an input port, data are input as serial receive data to SIO. Thereisno

port/function switch register for pin P72/T14/INT4 or pin P73/T15/INTS. If pin P72

or P73 is used as an input port, data are input to the 16-bit timer. When pin
P72/P73 is used for INT4/5, set P7ZCRL<P73C1,0> to 00 and
IMMCO<14TE>/1TMCTI<151E>to 1.

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

The TMP96C031F has a built-in chip select/wait controller
used to control chip select (CSO - CS3 pins), wait (WAIT pin),
and data bus size (8 or 16 bits) for any of the three block

address areas.

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

3.6.1 Control Registers

Table 3.6 (1) shows control registers

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

Registers can be written to only when the CPU is in sys-

select pin.) tem 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.
Table 3.6 (1) Chip Select/Wait Control Register
7 6 : 5 4 3 2 i o
BOCS | bitsymbol |  BOE BOSYS | BOARE : BOBUS : BOWI BOWO : BEXW1 i BEXWO
(0068H) | Read/Write w
After reset o : 0 : 0 o ¢ 0 0 0o i 0
0:TS0  :1: SYSTEM:0: 7FO0H :0: 16BIT 00: 2WAIT 00: 2WAIT
DIS : ONLY : ~7FFFHi1:8BIT 01: TWAIT 01: TWAIT
Function |1: CS0 1 address | 10: TWAIT+n 10: TWAIT +n
EN ©oarea | 11: OWAIT 11: OWAIT
specifi- :
¢ cation
g1cs | bitSymbol B1E BISYS | BI1ARE | BIBUS BIW1 B1WO
{(0069H) | Read/Write wW
After reset 0 0 0 : 0 0 0
0: G5T 0:80H
DIS | ~7FFFHi
Function |[1:CS1 i1: address | — —
EN : area :
specifi-
¢ cation
g2Cs | bitSymbol B2E B25YS | B2ARE : B2BUS B2wW1 B2WO
(006AH) | Read/Write w
After reset 1 0 0 :Undefined: 0 0
0: €52 :0: B0OOH
DIS i~ 3FFFFFH:
Function |1:C52 RE addressi -_ —
EN : area :
specifi-
cation H
g3cs | bitsymbol B3E B3SYS | B3ARE . B3BUS | B3WI B3IWO B3CAS SRFC
(DOBBH) Read/Write W
After reset Q 0 : Q 0 : 0 0 : 0 : 1
0: T3/ fooun 0:CG53 s self
CASDI i defined! output | refresh
Function |1:CS3/ | {1: address ! 1:TAS/ | execu-
CASEN : ©oarea | output : tion
: specifi- ‘\ Release
cation i
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Enable 3)

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

Resetting sets BOE, B1E, and B3E to disable “0” and
B2E to enable “1”.

System only specification

Control register bit 6 (BOSYS, B1SYS, B2SYS, and
B3SYS) is used to specify enable/disable of the setting
depending on the CPU operating mode (system or nor-
mal). Setting this bit to O enables setting (Address (4)
space for CS, Wait state, Bus size, etc.) regardless of
the CPU operating mode; setting it to 1 enables setting
in system mode but disables setting in normal mode.
Resetting clears bit 6 to 0.

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

Address area specification

Control register bit 5 (BOARE, B1ARE, B2ARE, and
B3ARE) is used to specify the target address space.
When this bit is set to “0” after reset, CS0 is set to
addresses 7FO0H to 7FFFF, CS1 is set to address 80H
to 7FFFH, and CS2 is set to addresses 8000H to
3FFFFF. CS8 is undefined. (See 3.6.3 Default Address
Space Specification.) When this bit is set to “1”, the
target address is the address space is the address
space specified by the memory start address register
MSAR and memory start address mask register
MAMR. (See 3.6.2 Address Space Specification.)

Data bus width select

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

The changing data bus width according to the address
to be address to be accessed is referred to dynamic
bus sizing. Table 3.6 (2) shows the details of the bus
operation.
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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 - D8 D7 - DO
2n+0 8-bit 2n+0 XXXXX b7 -b0
8-bit (even number) 16-bit M40 Xo0K b7 - b0
n+1 8-bit n+1 XXXXX b7 - b0

(odd number) 16-bit 2n+1 b7 - b0 XX
8-bit 2n+0 XXXXX b7 -b0
2n+0 n+1 XXXXX b15-b8
(even number) 16-bit M40 b15 - b8 b7- b0
16-bit 8-bit 2n+1 XXXXX b7 - b0
n+1 2n+2 XXXXX b15-b8

(odd number) {6-bi on+1 b7 - b0 XXXXK
2n+2 XXXXX b15-Db8
2n+0 XXXXX b7 - b0
2n+1 XXXXX b15- b8
M40 8-bit 2n+2 XXXXX b23 - b16
(even number) 2n+3 XXXXX b31-b24
16-bit 2n+0 b15- b8 b7 - b0
b1t 2n+2 b31- b24 b23 - b16

-bi

2n+1 XXXXX b7 - b0
2n+2 XXXXX b15- b8
o0 41 8-bit n+3 XXXXX b23 - b16
(odd number) 2n+4 XXXXX b31-b24

2n+1 b7 -b0 XXXXX
16-bit 2n+2 b23 - b16 b15- b8
n+4 XXXXX b31 - 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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Wait control

Control register bits 3 and 2 (BOW1, 0; B1W1, 0; B2W1,
0; B3W1, Q) are used to specify the number of waits.
Setting these bits to 00 inserts a 2-state wait regard-
less of the WAIT pin status. Setting them to 01 inserts
a 1-state wait regardless of the WAIT status. Setting
them to 10 inserts a 1-state wait and samples the
WAIT pin status. If the pin is low, inserting the wait
maintains the bus cycle until the pin goes high. Setting
them to 11 completes the bus cycle without a wait
regardless of the WAIT pin status.

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

Note: If there ia a contention between DRAM access
and refresh when using DRAM, the refresh
cycle is added to the specified wait.

CS/CAS waveform select

The B3CS register bit 1 <B3CAS> is used to specify
the mode of the waveform output from the chip select

pin (CS3/CAS) pin. When this bit is set to “0”, CS3
waveform is output. When it is set to “1”, CAS wave-
form is output. This bit is cleared to zero after reset.

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

This bit is used to specify the number of waits when
BOCS register bits 1 and 0 <BEXW1, 0> or space out-
side CS0 to CS3 is accessed.
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3.6.2 Address Space Specification (BOCS to B3CS
< BOARE to B3ARE> = “17)

The address space is specified with the start address register
(MSARO, MSAR1, MSAR2, and MSARS) and address mask
register (MAMRO, MAMR1, MAMRZ2, and MAMRS3). For each
bus cycle, the chip select controller compares the address on

ADp~AD15 7

Ag~A23 |

the bus and value of this start address register. The value of
the address mask register is used to ignore result of this
address comparison. When there is a match, the specified
space is assumed to be accessed and a low strobe signal is
output from the corresponding chip select pin (CSO to CS3) if
it is enabled (BOE to B3E = “1”).

—

A IRe
Le

RD/W

Cs0~3 T\

Figure 3.6 (1). Chip Select (CS0 to CS3) Operation Timing
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AB~A23
A23
—
A22 X
—
A21 )
_—-JD:
A20 ‘ljjg_
—
A19 -
ﬁ-—ﬂj:
A8
e o €50
A17 . DOJ
A16 - 1)3 _|
A15 —{ o—
Al14~9 o
A8 i o
000000 (5 BOCS <BOE>
VIVIVIVIVIV]YIV SIS|S|S[S[S|S]S
20[19(18]1716[15| 4| 8 23/22|21]20[19(18]17]16
Start address mask register Start address register

Figure 3.6 (2). CS0 Address Decode Block Diagram

A8~A23
A23 |
)
A22 :
A21 ﬁ‘DﬂDO
A20 —————
————
A19 ,[j o— R =T
] o=CS1
A18 B:)o—'
A7 —— o
A16 — o
A15~9 DD
A8 r D>
6o bbb ddd
vIvIvIvv]v]yTv s[s]sTs[s[s[s[s BICS <BIE>
21/20(19]18/17[16/ 5| 8 23|22(21]20{19/18[17[16
Start address mask register Start address register

Figure 3.6 (3). CS1 Address Decode Block Diagram
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(1) Memory start address register

MSARO
(0040H)

MSAR2
(0044H)

AB~A23
AN
A23
—j[>°
A22 ,]jDQ
]
A21 ',Djo_l ‘J
— e —— ]
A20
N —
———— P —— o>T52-C53
A19 DDO—]
I ——
A18 —-]j:)’
A7
A16 TR
AlS é; f o
000 olile o)
vvlvv]v[v]v]v s[ss[s[s[s]s]s Spireei
22|21{20{1918|17|16{15 23(22|121|20.19]18|17[16
Start address mask register Start address register
Figure 3.6 (4). CS2, CS3 Address Decode Block Diagram
Memory start address register
Table 3.6 (3) Memory Start Address Register
Memory start address register (C50 to €53)
7 : 6 5 4 3 2 1 0
MSAR1 | bitsymbal 523 522 s21 s20 i s19 518 517 S16
{0042H) Read/Write RW
MSAR3 | After reset 1 1 1 : 1 1 i 1 1 1
(0046H) : : i
Function Setstart addresses A23 to A16
L» Set start address for C50 to CS3

48
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Table 3.6 (4) Memory Start Address Mask Registers

Memory start address mask register (C50)

7 6 5 4 3 2 10
bitsymbol | V20 V19 V18 V17 V16 vis Via~9 | va
MAMRO |Read/Write RIW
(0041H) [ A fcer reset T I
Function : Compare enabled 1: Compare disabled

L, Control comparison of €50 addresses A8

to A20
Memory start address mask register (C51)
7 i 6 5 a i3 2 10
bitsymbol | V21 © v20 V19 vis w17 V16 Vis~9 | v8
MAMR1 |Read/Write RAW
(0043H) After reset 1 1 1 1 1 1 1 1
Function : Compare enabled 1: Compare disabled

Memory start address mask register (C52, C53)

l_, Control comparison of CS1
addresses A8 to A21

7 P06 5 4 3 2 1 0
bit symbol V22 g V21 V20 V19 V18 V17 V16 V15
MAMR2 | MAMR3 |Read/write RAW
(0045H) [ (0047H) After reset 1 1 1 1 1 1 1 1
Function : Compare enabled 1: Compare disabled

J

L, Control comparison of C52 to CS3
addresses A15 to A22
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MSARO to 3 < S23> to <S16> correspond to addresses
A23 to A16 and S15, S14 to 9, and S8 corresponding to
addresses A15, A14, t0 9, and A8 are “0” by default. MAMRO
<V20> to <V8> enable/disable comparison of value set with
MSARO and address and <V20> to <V8> correspond to
<S20> to <S16>, S15, S14 10 9, and S8. In addition, V21,
V22, and V23 corresponding to <S21>, <S22>, and <S23>
are “0” by default and comparison is always enabled.

Example of enabling/disabling comparison

(CSO0 registers MSARO and MSAMRO)

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

When comparison is enabled by setting <V16> = 0, the
comparison of the value of <§16> and address A16 is
enabled and CSO0 is enabled only when they match.

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

(2) How to the Start Address

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

The start address is set every 64K-byte because it is
decoded by A16 to A23 as shown in the block diagram.

In other words, the DRAM start address is set to one of
the 64K-byte intervals after “O00000H".

However, note that the start address may be changed
due to the value of the MAMR.

Start address

Start address register value (MSARO to 3)

Address
000000H 000000 ......... 00K
64K byte ( - 010000y ......... 01y
unit «————020000H ......... 02y
030000y ......... 03y
040000y ......... 04y
0500001 ... ...... 05
060000y ......... 064
)
FFOO0O0H ......... FFy

Figure 3.6 (5). Where to Set Start Address
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(3) How to Set the Address Space

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

As shown in the address decoder block diagram (Figures
3.6 (2) to (4)), CS0, CS1, or CS2/CS3 can specify the address
area for which the chip select signal can be output depending
on whether to compare the address A8 to A20, A8 to A21, or
A15 to A22 respectively.

s olee 256 512 32K 64K | 128K | 256K | 512K | 1M 2M 4aM 8M
@ |0 ]o|lo|o]JoJoJo|oOo]oO
= oo oloJo]olo]o]o
2 ololo]JoloJo]Jo]o]o
cs3 oloJolJol]o]o]Jo]o]o

Figure 3.6 (6). Chip Select and Space Size

(4) Start Address/Address Space Setting Procedure

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

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

O Check the identical address bit of MAMR and MSAR

Example: Check the value of (CS0) MAMRO <V16>
and MSARQ <S16>

O If the bits at identical address are “1” and “1”, MSAR bit

is treated as “0”. <-The start address changes.

Example: If (CS0) MAMR <V16> = 1 and MSAR
<S16> = 1, comparison of address A16

and <S16> is disabled and address A16 is

selected regardless of whether the value is

“1” or “0” and the start address is replaced

by the value in MSAR.

O If it is OK for the start address to change, end the set-
ting procedure. If not, change the value to MSAR.

O Reset MSAR and re-verify (return to step 3).
(Setting Example)

When address space is 128K-byte and start address is
30000H (area 30000H to4FFFFH).

Set

MAMR = OFH address space 128K-byte
MSAR = 03H start address 30000H

MAMR <V16> and MSAR <S16> are “1” and “1” and the
start address changes to 2000H. (space 20000H to
3FFFFH).

If this is not desired, change the start address.

Change the start address to 4000H. (space 40000H to
B5FFFFH).

MAMR = OFH
MSAR = 04H

The bits at identical address of MAMR and MSAR are not
“1” and “1” and the start address remains unchanged.
Therefore, a 128K-byte space starting at address
40000H can be decoded.
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(Setting example 1) (CS0) chip select output is as shown in the following memory map.

When MSAR is set to 02H and MAMR is set to OFH, the

. 523 522 521 520 519 518 $17 $16___ 515 ___514~9 __ S8___
MSARsettmglulo10]010!011JUJ:oi:olLD:

default "0

MAMR setting --¥23__._M22___ V21 __ V20 V19 vig V17 AL Vi5  vi4~9  v8
o i o i ool ol ol ol v+ [ [+ ]
default “0”

S23 to S17 are valid because V23 to V17 = “0” and S16 are invalid because V16 to V8 = “1”.

0000004

0200004 N

Chip select output space
(128K-byte)

03FFFFH

N
FFFFFFy L7
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(Setting example 2) (CS0) chip select output is as shown in the following memory map.

When MSAR is set to 01H and MSAR is set to 04H, the

MSARsetting 523 522 521 520 S19 518 S17 516 __S_I_S___I__S_111:-_9 _____ §§___
[ o o [ o T o T o o T o [ %+ F o i o i o]
default “0"
MAMR setting --23__ V22 A V21 V20 V19 VI8 V17 V16 VIS5 V14~9 V8
b0 w0 v oo ool o [ o[ o[ o v T o7 o]
default "0
The values of S23 - S16, and S14-S8 become valid becomes invalid because V15 = 1.

because V23 to V16 = 0 and V14 - V8 = 0.The value of S15
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(Setting example 3) (CSO)

Space where chip select is output by values set in MSAR and

MAMR (excerpt).

MAMR
MSAR 00 01 03 04
0000 0000 0000 0000 8000
00 s 5 § 5 5
00FF O1FF TFFF OOFF  BOFF
(256-byte) (512-byte) (32K-byte) |(256-byte x 2)
woc‘noo 10?00 10000 10000 18000
] § §
01 100FF 101FF 17FFF 100FF  180FF
(256-byte) (512-byte) (32K-byte) [(256-byte x 2)
20000 20000 20000 20000 28000
§ § § § §
0z 200FF 201FF 27FFF 200FF  280FF
(256-byte) (512-byte) (32K-byte) |(256-byte x 2)
30000 30000 30000 30?00 39?00
03 300FF 301FF 37FFF | 300FF 380FF
(256-byte) (512-byte) (32K-byte) [(256-bytex2)
MAMR
MAME 03 07 OF 1F 3F 7F FF
40000 40000 40000 40000 00000
04 A7FFF AFFFF SFFFF TFFFF TFFFF 0000
(32K-byte) | (64K-byte) | (128K-byte) | (256K-byte) | (512K-byte) ‘35 0
80000 80000 80000 80000 80000 FFFFF 000000
§
08 87FFF BFFFF 9FFFF BFFFF FFFFF (1M-byte) ; SF .
(32K-byte) | (64K-byte) | (128K-byte) | (256K-byte) | (512K-byte) (ZMFFthe)
-by
100000 100000 1oosooo 100000 100!000 100000
§ §
10 107FFF 10FFFF s 13FFFF 17FFFF 1FFFFF
{32K-byte) (64K-byte) (128K-byte) | (256K-byte) | (512K-byte) (1M-byte)
200000 200000 200000 200000 200000 200000 200000
] § §
20 207FFF 20FFFF 21FFFF 23FFFF 27FFFF 2FFFFF 3FFFFF
{32K-byte) (64K-byte) (128K- byte) | (256K-byte) | (512K-byte) (1M-byte) (2M-byte)
400000 400000 400000 400000 400000 400000 400000
$ § § § § §
40 407FFF A0FFFF A1FFFF 43FFFF 47FFFF 4FFFFF SFFFFF
(32K-byte) | (64K-byte) | (128K-byte) | (256K-byte) | (512K-byte) | (IM-byte) (2M-byte)
soosooo 800000 300:)00 800000 800000 800000 300‘000
§ 1] § §
80 807FFF 8OFFFF B1FFFF 83FFFF B7FFFF SFFFFF 9FFFFF
(32K-byte) (64K-byte) (128K-byte) (256K-byte) (512K-byte) (1M-byte) (2M-byte)
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3.6.3 Default Address Space Specification (BOCS to
B2CS < BOARE to B2ARE> = “0”)

The following figures show the actual chip select image. CSO
can specify 7FO0H to 7FFFH, CS1 can specify 80H to 7FFFH,
and CS2 can specify 8000H to 3FFFFFH. This is because
external connection of devices (such as RAM or I/O) other than
ROM is considered. _

The area 7F00 to 7FFFH (256-byte space) for CSO is

S0
7FO0H 80H
8000H 8000H
FFFFFFH FFFFFFH

(Mainly for 1/0)

Supplement 1:
Supplement 2:
and to 8 bits if it is “1”.

Note:

mapped in this space mainly due to external I/O expansion
consideration.

__The area 80H to 7FFFH (approximately 32K-byte space)
for CS1 is mapped in this space mainly due to external RAM
expansion consideration.

The area 8000H to 3FFFFFH (approximately 4M-byte
space) for CS2 is mapped in this space mainly due to external
ROM expansion consideration.

Cst ts2
8000H
3FFFFFH
FFFFFFH
(Mainly for RAM) (Mainly for ROM)

The access priority is in the order of built-in 1/0 and chip select/wait controller. _
Wait for spaces other than CSO to CS3 is set with BOCS register <BEXW1,0> and the data bus width is fixed to 16-bit if the AM8/16 pin is “0”

When using the chip select/wait controller, do not assign multiple definitions to the same address area. (However, if CSO0 is set to 7FOO0H to

7FFFH and CS1 is set to 80H to 7FFFH, only the CSO setting/pin is active in the overlapped address space 7FO0H to 7FFFH.)
When the bus is opened (BUSAK = “0”), CS0 to CS3 pins are also opened (output buffer OFF). Refer to the note on bus open in section “3.5

Port Functions” for the pin status at this point.
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3.6.4 Example of Usage Figure 3.6 (6) is an example (1) in which an external
memory is connected to the TMP96CO31F. In this
(1) Connection example 1 example, a ROM is connected using 16-bit Bus; a

RAM is connected using 8-bit Bus.

74HC573

TMP96C031F D Q Address bus
e j el
cs

=l & < ES bit B ¢ 8-bitB Eg8 bitB
52 p»—— Upper byte Lower byte -Dit Bus -DIt Bus -0t Bus
—_> D 1o _ RAM
EW

it Q

53 p—rH o ROM || ROM o uf
ALE LE

oo L= T

S 5

__ RAM
E

O

Figure 3.6 (7). Example of External Memory Connection (ROM = 16-bit, RAM and I/O = 8-bit)

After a reset, the CS0 - CS3 pins are set to output port The program used to set these pins is as follows:
mode; 1 is output from CSO, CS1, and CS3; 0 from CS2.
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P4FC
BOCS
B1CS
B2CS  EQU
B3CS EQU
MSAR3 EQU
MAMR3 EQU
LD (BOCS),
b (B1CS),
LD (B2CS),
LD (B3CS),

(

(

(

EQU
EQU
EQU

LD
LD

LD (P4FC),

MSAR3),
MAMR3),

10H
68H
69H
6AH
6BH
46H
47H
100100008
100111XXB
100001XXB
101111008
010000008
000000008
XXXX1111B

S0=
S1=
S2=

|°| 2

2 4 &

()

S3a
SO

(]

8-bit, 2WAIT, 7FOOH ~ 7FFFH, 2WAIT other than in CS0~ CS3 areas

8-bit, OWAIT, 80H ~ 7FFFH
16-bit, TWAIT, 8000H ~ 3FFFFFH

~CS3 output mode

Note:

X: don't care

(2)  Connection example 2

S3 = 8-hit, OWAIT, address area specification (400000H ~ 407FFFH)
S3 start address: 400000H
area = 32K-byte

memory is connected to the TMP96C031. In this
example, the ROM, RAM, and I/O are connected with

Figure 3.6 (7) is an example (2) in which an external 8-bit width.
TMP96C031
Address bus d
% 74HC573 ng J\} kol U J)
cs2 b— © 8-bitBus © 8-bit Bus & 8-bit Bus 8 bit Bus
&3k D Q ROM RAM 110 RAM
cig O}E OF WE OE W}E OF WE
A LE
A8 R -
5
A5
ADO
5
D7
AMB/TG
RD b
wRh

Figure 3.6 (8). Example of External Memory Connection (ROM = 16-bit, RAM and I/O = 8-bit)
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After a reset, the CS0 - CS3 pins are set to output port

The program used to set these pins is as follows:

mode; 1 is output from CS0, CS1, and CS3; O from CS2.

P4FC
BOCS
B1CS
B2CS
B3CS
MSAR3

EQU
EQU
EQU
EQU
EQU
EQU

MAMR3 EQU

LD
LD
LD
LD
LD
LD
LD
Note:

(B0CS),
B1CS),
B2CS),
B3CS),

MSAR3),
MAMR3),

(
(
(
(
(
(P4FC),

X: don't care

10H
68H
69H
6AH
6BH
46H
47H
100100008
100111XXB
100001XXB
101111008
010000008
00000000B
XXXX1111B

: CS0= 8-bit, 2WAIT, 7FOOH ~ 7FFFH, 2WAIT other than in CS0~ CS3 areas
. CS1= 8-bit, OWAIT, 80H ~ 7FFFH

; ©S2 =16-bit, IWAIT, 8000H ~ 3FFFFFH

- ©S3 = 8-bit, OWAIT, address area specification (400000H ~ 407FFFH)

+ 0S3 start address: 400000H

. CS3area = 32K-hyte

- ©S0~ CS3 output mode
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3.6.5 How to Start with an 8-Bit Data Bus
(with AM8/16 = “0”)

Resetting sets the CS2 pin low due to an internal pull-down
resistor; memory access starts in 16-bit data bus (2-wait)
mode. To start in 8-bit data bus mode, a special operation is
required. Operation is as described in the example below:

B2CS EQU 6AH ; CS2 register address

ORG 8000H ; RESET address

LDX (B2CS), 9CH  ; CS2 8-bit, OWAIT, 8000H ~

After reset, the program reads the LDX (B2CS), 9CH
instruction in 16-bit data bus mode. LDX is a 6-byte instruc-
tion: the 2nd, 4th and 6th bytes are handled as dummies (i.e.,
only codes in the 1st, 3rd and 5th bytes are actually used).
Even if starting in 8-bit data bus mode, it is possible to pro-
gram so that the LDX instruction is executed and the block 2

Address latch ROM

TLCS-900
(TMP96C031) A15
D Q §
G A8
AD8~15 A7
D Q b
G AQ
D7
ADO~7 §
ALE 0o
RD b—— 40E
S o qCs

area (8000H - 3FFFFFH) is accessed in 8-bit data bus mode
without any problem.

____ The above program does not include setting the P42/
CS2 pin to output; add a program to set the P4ACR and P4FC
registers as required.

8000H
8001H
8002H
8003H
8004H
8005H

Operation after reset

TLCS-900 ROM
F7 |- F7
7 = 00
6A 6A
77 | 77 00 LDX (6AH), 9CH
9C 9C
7?7 |77 00
T N—

7? = don't care
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3.7 8-bit Timers

TMP96C031F contains four 8-bit timers (timers 0, 1 2, and 3),
each of which can be operated independently. The cascade
connection allows these timers to be used as two 16-bit tim-
ers. The following four operating modes are provided for the 8-
bit timers.

¢ 8-bit interval timer mode (4 timers) )Either WO 8-bit buses or

¢ 16-bit interval timer mode (2 timers) /one 16-bit bus can be used.

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

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).

Timers 2 and 3 have the same circuit configuration as
timers O and 1. However, timer O has an external clock, pin TIO,
whereas timer 2 does not.

Each interval timer consists of an 8-bit up counter, 8-bit
comparator, and 8-bit timer register. Timer flip-flop (TFE1) is
provided for timers 0 and 1; TFE3 timer 2 and 3.

Among the input clock sources for the interval timers, the
internal clocks of ¢T1, @T4, ¢l16, and ¢I256 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 TO1TMOD,
T23MOD, TFFCR, TRUN, and TRDC.
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TFFCR<FF1C1,0>

:; ?:T:ar F/F control ::i
*3 Invert ,1i,2l,3l

Software trigger —>

TFF1 —T01
TRUN<TORUN > TRUN<TIRUN>
TOIMOD<TI0M1, 0>
I_ Selector TFFCR<FF1IE>
E jR
__‘I [
RUN Clear RUN Clear
TI0 pin — 8-bit 8-bit ‘f
#T1 —| selector [ up-counter —{ up-counter TFFCR<FF1IS>
iTa —s 2SO (uco) 4TI —>] Selector (uct)
$T16 — 27 b #T16 —>
1 N I—'\ #7256 —
TOTMOD<TOCLK1,0>
TOIMOD<TICLK1, 0>
= {L =
comparator comparator | —
{? INTTO
‘ ‘ Selector |~ T0IMOD<T10M1,0>
l—
PPGTRG | TREGO T
PWMTRG
— > Select INTT1
TREG-WR _,_ TREG1
|
TRDC<TRODE> ﬁ

Internal bus

Figure 3.7 (1). Block Diagram of 8-Bit Timers (Timers 0 and 1)
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O Prescaler

This 9-bit prescaler generates the clock input to the
8-bit timers, 16-bit timer/event counters, and baud rate
generators by further dividing the fundamental clock (fc)

after it has been divided by 4 (fc/4).

Oscillator

Among them, 8-bit timer uses 4 types of clock:
@I, T4, ¢I16, and @r256.

This prescaler can be run or stopped by the timer
operation 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”. Resetting clears <PRRUN> to “0”, which
clears and stops the prescaler.

Cycle
Input § 20MHz
$T1(8/fc) 400ns
#T4 (32/f¢) 1.6us
$#T16(128/1c) 6.4u5
#T256 (2048/fc) 10245

$TO0 4T 4T2 4T4 T8 4T16 4T32 64 4128 $T256
S N S S B S .
Q 1 2 3 4 5 & 7 8

circuit

1/4

172

9-bit prescaler

T run/stop & clear
TRUN <PRRUNZ>

Figure 3.7 (2). Prescaler
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O Up-counter

This is an 8-bit binary counter counted by an input
clock specified by mode register TO1MOD for timers O
and 1, or mode register T23MOD for timers 2 and 3.
Input clocks for timer O or 2 can be selected from internal
clocks @T1, T4, and ¢I'16 depending to the value set in
the TIO pin can also be selected.

The input clock of timer 1 or 3 depends on the oper-
ation mode; in 16-bit timer mode, timer 0/2 overflow out-
put is used as the output clock. When set to any other
mode than 16-bit timer mode, the input clock is selected
from the internal clocks @T1, @T16, and ¢r256 as well
as the comparator output (match detection signal) of
timer O according to the set value of TOTMOD register or
T23MOD.

Example: When TOIMOD <T01M1,0> = 01, the over
flow output of timer O becomes the input
clock of timer 1 (16-bit timer).

When TO1MOD?7, 6 = 00, TOIMODS, 2 =
01, @T1 (8/fc) becomes the input of timer
1 (8-bit timer).

Operation mode is also set by TOTMOD register and
T23MOD register. When reset, it is initialized to TOTMOD
<T01M1, 0> = 00, T23MOD <T23M1, 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 opera-
tion control register TRUN. When reset, all up-counters
will be cleared to stop the timers.

O Timer register

This is an 8-bit register for setting an interval time.
When the set value of timer registers TREGO, TREGT,
TREG2, TREG3 matches the value of up-counter, the
comparator match detect signal becomes active. If the
set value is O0H, this signal becomes active when the up-
counter overflows.

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

TREGO/TREG2 is used to control enable/disable of
the double buffers according to the timer register double
buffer control register, TRDC <TRODE, TR2DE>. It is dis-
abled when <TRODE>/<TR2DE> = 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
register when the 2" - 1 overflow occurs in PIWM mode,
or at the PPG cycle in PPG mode.

When reset, it will be initialized to <TRODE>/
<TR2DE> = 0 to disable the double buffer. To use the
double buffer, write data in the timer register, set
<TRODE>/<TR2DE> to 1, and write the following data in
the register buffer.
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Up-counter
| Comparator J
AN
[ Timer registers 0/2 —I
> Matching detection of PPG
ST (< cydle
t -
ifttrigger selector 2n -1 overflow of PWM
I Register buffers 0/2 | TREGO WR
Write
£ ) <TRODE>/<TR2DE>
Internal bus

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

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

The memory address of each timer register is as fol- TREG?2: 000026H
lows. TREG3: 000027H
TREGO: 000022H All registers are write-only and cannot be read.

TREG1: 000023H
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7L 6 s i 4 3 2 0
bitSymbol | TOIM1 i TOIMO | PWMO1 | PWMOO i TICLKI : TICLKO : TOCLK1 | TOCLKO
TOIMOD| gead/write RIW : RIW ‘ RV RIW
(0024H) - r ; - : r
After reset 0 : 0 0 : 0 : 0 : 0 0 0
00: 8-bit Timer  : 00: - i 00: TOOTRG © 00:TIO
Function | 01: 16-bit Timer 01:26-1PWM  : 01: 4T - 01:gTH
10: 8-bit PPG 10: 27 - 1 cycle ¢ 10: ¢T16 ¢ 10: ¢T4
11: 8-bit PWM 11:28-1 {11 47256 C 114716
1 | J
1

Llnput clock of timer 0

00

External clock TIO

0

Internal clock ¢T1

10

Internal clock ¢ T4

Internal clock ¢T16

Input clock of timer 1

TO1MOD7, 6% 01

TO1MOD7,6=01

00

Comparator output of
timer 0

o

Internal clock ¢T1

10

Internal clock ¢ T16

Internal clock 4T256

Overflow output of
timer 0

(16-bit timer mode)

Select PWM cycle
("Don’t care” exceptin PWM mode)

00

01

261

10

27 -1

1"

28-1

Sett

he operation mode of timer 0 and 1

00

Two 8-bit timers
(timer 0 and timer 1)

o

16-bit timer

10

8-bit PPG output

+ 8-bittimer (timer 1)

8-bit PWM output (timer 0)

Figure 3.7 (4). Timer 0, 1 Mode Register (TO1MOD)
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T23MOD
(0028H)

7 6 s 4 3 2 i
bitSymbol | T23M1 | T23M0 | PWM21 | PWM20 | T3CLK1 | T3CLKO : T2CLK1 | T2CLKO
Read/Write RAW RIW : RAW H RIW
After reset 0o . o0 o : o { o : o = o0

00: 8-bit Timer 00: - i 00: TO2TRG i 00: -
F . 01: 16-bit Timer 01:26—1 PWM | 01:¢T1 F01gTH
unction :
10: 8-bit PPG 10: 27 -1 cycle i 10: 4T16 10: 4T4
11: 8-bit PWM 11:28-1 {11 ¢4T256 L 1114716
1 I J
— |

Input clock of timer 2

00 —_

0

Internal clock ¢T1

10 |Internal clock ¢T4

1

Internal clock ¢T16

L——> Input clock of timer 3

TO1IMOD7,6+ 01

TO1IMOD7,6 =01

Comparator output of
timer 2

Q0

Q01 |Internal clock ¢T1

10 |Internal clock ¢T16

Internal clgck ¢T256

Overflow output of
timer 2

{16-bit timer mode)

> Select PWM2 cycle

("Don't care” except in PWM mode)

00 —_
o1 261
10 27-1
" 28-1

Set the operation mode of timer 2 and 3

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

01 {16-bittimer

10 | 8-bit PPG cutput

+ 8-bit timer (timer 3)

11 | 8-bit PWM output (timer 2)

Figure 3.7 (5). Timer 2,3 Mode Register (T23MOD)
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TFF3 TFF1
[ T T
7 ¢ 6 i 5 i o4 i3 i 2 i 1 o0
bit Symbol | TFF3C1 | TFF3CO | TFF3IE : TFF3IS . TFFICT : TEF1CO | TFFIIE | TFFIIS

TFFCR | Read/write w : RIW : w : RAW

0025H H T + + :

( ) After reset - : 0 : 0 : - : 0 : 0
00: Invert TFF3 (1 : ©00:lnvert TFF1 1t i0:
01:Set  TFF3 ITFF3 linversion i 01:Set  TFF1 STFF1 !Inversion
10: Clear TFF3 ‘Invert ‘of 8-bit : 10:Clear TFF1 ‘Invert  iof8-bit

Function 11: Don'tcare :Enable Etimerz i 11:Don't care ‘Enable  itimer 0
: 1 : BE
HInversion | : Hinversion
fof timer 31 ; ‘of timer 1

Select inverse signal of timer F/F (TFF1)
(“Don't care” exceptin 8-bit timer mode)

0 |Inversion of timer 0

1 |Inversion of timer 1

—— |nversion of Timer F/F (TFF1)
0 | Disable

1 | Enable

‘——> Control of Timer F/F (TFF1)

00 |invertthe value of TFF1
(software inversion)

01 |SetTFF1to 1",

10 | Clear TFF1to "0”.

11 | Don't Care (Alwaysreadas “11")

—————— Selectinverse signal of timer F/F (TFF3)
{"Don't care” except in 8-bit timer mode)

0 |Inversion of timer 2

1 |Inversion of timer 3

Y Inversion of Timer F/F (TFF3)

0 |Disable

1 |Enable

Control of Timer F/F (TFF3)

00 |Invert the value of TFF3
(software inversion)

01 |SetTFF3to "1".

10 | Clear TFF3to "0".

11 | Don't Care (Alwaysread as “11")

Figure 3.7 (6). 8-Bit Timer Flip-Flop Control Register (TFFCR)
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16-bit Timer 8-bit Timer
[ T 1
P T T
bit Symbol PRRUN : T4RUN : T3RUN : T2RUN : TIRUN : TORUN
TRUN | Readwrite RW
(0020H) 1™ er reset 0o . o P o i 0o ' 0 0

Function

Prescaler & Timer Run/Stop Control

Lo Stop & Clear

1: Run (Count up)

Operation of timer 0

0 |[Stopand clear

1 | Count

— Operation of timer 1

0 |Stopand clear

1 | Count

'— Operation of timer 2

1 | Count

0 | Stop and clear

‘—————————>QOperation of timer 3

0 |[Stop and clear

1 | Count

Operation of 16-bit timer (timer 4)

1 | Count

0 |Stopand clear

Qperation of prescaler

0 |Stopand clear

1 i Count

Figure 3.7 (7). Timer Operation Control Register (TRUN)
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70 6 foos b4 i3 12 i o
bit Symbol : : : : : TR2DE | TRODE
TRDC | Readwrite 1- : : : : : RIW
0029H ! H * : : H
{ ) After reset : : : 0 : 0
0: Duble Buffer
Disable
Function
1: Duble Buffer
Enable

|:Double Buffer Control of Timer Register 0

0 |Disable

1 |Enable

Double Buffer Control of Timer Register 2

0 |Disable
1 | Enable

Figure 3.7 (8). Timer Register Double Buffer Control Register (TRDC)
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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, INTTT, INTT2, INTT3) is gener-
ated. If the timer flip-flop inversion is enabled, the timer
flip-flop is inverted at the same time.

O Timer flip-flops (timer F/F)

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

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

TO3 (also used as P71) is multiplexed using the
DMUX pin; setting must be done using the port 7 control
registers (P7CRL and P7CRH).

MSB

TROIN - - - - - -
TOIMOD <« 0 0 x x 0 1

TREG1 < 0 1 1 0 1 0
INTET10 - 1 1 0 1 - -
TRUN - X X 1 - - -

Note: x; don’t care —; no change

Use the following table for selecting the input clock.

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

(1) 8-bit timer mode

Four interval timers 0, 1, 2, 3, can be used indepen-
dently 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.

O Generating interrupts in a fixed cycle

To generate timer 1 interrupt at constant intervals using
timer 1 (INTT1), first stop timer 1 then set the operation
mode, input clock, and a cycle to TO1MOD and
TREGH register, respectively. Then, enable interrupt
INTT1 and start the counting of timer 1.

Example: To generate timer 1 interrupt every 40

LSB
1 0
0 -
0 0

microseconds at fc = 16MHz, set each
register in the following manner.

Stop timer 1, and clear it to “0”.

Set the 8-bit timer mode, and select gl 1
(0.5ps @ fc = 16MHz) as the input clock.

Set the timer register at 40ps ¢ 1 = 50H.

Enable INTT1, and set it to “Level 5”.

Start timer 1 counting.

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

Input Clock (I;ltll:[r;r:pzlofi\\n!ﬂ:) Resolution
@1 (8/fc) 0.4ps ~ 102.4ps 0.418
@4 (32/fc) 1.615 ~ 409.615 1.6ps

@16 (128/fc) 6.4ps ~ 1.638ms 6.415
@256 (2048/fc) 102.415 ~ 2.621ms 102415
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O Generating a 50% duty square wave pulse Example: To output a 2.4us square wave pulse from
TO1 pin at fc = 20MHz, set each register in

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

timer 1.
MSB LSB
7 6 5 4 3 2 1 0
TRUN - - - - - - - 0 - Stop timer 1, and clear it to “0”.
TOIMOD  ~ 0 0 X X 0 1 - - Set the 8-bit timer mode, and select gl 1 as the input clock.
TREGT < 0 0 0 0 0 0 1 1 Set the timer register at 2.45 + g1 +2 =3.
TFFCR - - - - 1 0 1 1 Clear TFF1 to “0”, and set to invert by the match detect signal from timer 1.
P7CRL - - - - = - = 1 0 Select P71 as TO1 pin.
TRUN - X X 1 - - - 1 - Start timer 1 counting.
Note: x; don’t care —; no change

¢T1

TRUN
BIT7~2

Up-
counter BIT1

Bimolﬁzl3ﬂ)ﬂ1|2[3]ﬂ1]2|alﬂ_
M

Comparator
timing

Comparator output
(matching detect)

o
INTT1 l{lﬁ

UC clear

]
TFF1 K.{*

TO1 / N\

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

the following procedures. Either timer O or
timer 1 may be used, but this example uses
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O Making timer 1 count up by match signal from timer

0 comparator

Comparator output

i

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

I

(Timer 0 match)

Timer 0 up-counter
(when TREGO = 5)

1T X2 X3R4 X5 XTI X2 X3 XAaXE XTI X2X3)

Timer 1 up-counter 1

X

2 X 1

(when TREG1 =2)

I

Timer 1 match output

Figure 3.7 (10). Timer 1 Count Up by Timer O

0 Output inversion with software

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

Writing “00” into TFFCR <TFF1C1, 0> inverts the value
of TFF1, writing “00” into TFFCR <FF3CH1, 0> inverts
the value of TFF3.

O Initial setting of timer flip-flop (Timer F/F)

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 <TFF1CA1,
0> to set TFF1 to “1”.

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

16-bit timer mode

A 16-bit interval timer is configured by combining tim-
ers 0 and 1, or timers 2 and 3.

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

To configure a 16-bit timer by cascade-connecting tim-
ers 0 and 1, set the mode register, TO1MOD
<T10M1,0>, to 00.

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

72
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Table 3.7 (2) 16-Bit Timer (Interrupt) and Input Clock

Input Clock ::ﬁ;’gpzto%ﬁ:) Resolution
@1 (8/fc) 0.4 ~ 26.214ms 0.4ps
@4 (32/fc) 1.6p5 ~ 104.857ms 1.618
@16 (128/fc) 6.415 ~ 419.430ms 6.4

The lower 8-bit 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 compar-
ator is restarted by writing data into TREG1.)

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

When counting with input clock of
@r16 (8us @ 16MH2z) 0.4 sec + 4us
= 62500 = F424H

Therefore, set TREG1 = F4H and
TREGO = 24H, respectively.

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.

INTO is not to be generated at this time, either.

With the timer 1 comparator, the match detect signal is
output at each comparator timing when up-counter UC1 and
TREG1 values match. When the match detect signal is output
simultaneously from both comparators of timer 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.

Timer 0 Timer 1
INTTO TO1 Match value INT T TO1 Match value
16-bit timer mode Interrupt Cutput enable | TREGO Interrupt Output enable | TREG1+28
counts up timer 1 by \ [ generation counts up generation +TREGO
timer 0 overflow. even at (full 16-bit)
match
8-bit timer mode Interrupt Output TREGO Interrupt Output TREG1«
counts up timer 1 by \ | generation enabled clears at generation enabled TREGO
timer 0 match either timer match either timer multiplied
Qor1 Qor1 value
Example : When TREG1=04H and TREG0=80H
Value of up-counter 0400H
(UC1, UCO) 0000H 0080H 0180H 0280H 0380H 0480H
Timer 0 comparator " n n “
1

match detect signal

I

Interrupt INTT1

Timer output TO1

H
H
X Inversion

Figure 3.7 (11). Output Timer by 16-Bit Timer Mode
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(8)  8-bit PPG (Programmable Pulse Generation) Output mode, timer 1 cannot be used.

mode With timer O, data are output to the TO1 pin (also used

as P70); with timer 2, to the TO3 pin (also used as
Square wave pulse can be generated at any frequency P71).
and duty by timer O or timer 1 and timer 0. The output
pulse may be either low-active or high-active. In this

B I O R R

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

TREGO and UC1 match A {l
(Interrupt INTTO) / /
TREG1 and UC1T match f{L /ﬂ
(interrupt INTT1) ) {
TO1
TREGO
TREG1

TRUNO TO1
TI0 pin R )
4T1 — 8-bit T
4716 _— Selector Up-counter (UCO) S ——
#7256 — TFF

anversion
l INTTO
= =
\ Comparator [ Comparator } INTT?
{? e
L
Selector o »
TREGO-WP — Shift trigger
‘ ‘ Register buffer [ TREG1 I

R R

Internal bus

Figure 3.7 (12). Block Diagram of 8-Bit PPG Output Mode
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When the double buffer of TREGO is enabled in this Use of the double buffer makes easy handling of low duty
mode, the value of register buffer will be shifted in TREGO each waves (when duty is varied).
time TREG1 matches UCO.

Match with TREGO ” ﬂ
{Up-counter = Q) (Up-counter = Q;)

Match with TREG 1 /ﬂ

Shift from register buffer

TREGO Qi X o
(Value to be compared)

Register buffer @ X Qs

Write to register buffer

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

0 B

[~z

e Calculate the value to be set for timer register. Consequently, to set the timer register 1 (TREG1) to

To obtain the frequency 62.5kHz, the pulse cycle t TREG1 = 40 = 28H and then duty to 1/4, tx 1/4 =
should be: t = 1/62.5kHz = 16ps. 16s x 1/4 = 4ps

Given (0T1 = O4HS @ 2OMHZ), 4'-18 - O4LIS =10

16us + 0.4us = 40 Therefore, set timer register 0 (TREGO) to TREGO = 10
= 0AH.
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MSB LSB

7 6 5 4 3 2 1 0

TRUN - X X - - - =20 0
TOIMOD 1 0 X X X X 0 1
TFFCR - - - - -0 1 1 X
I I >

TREGO ~ 0 0 0 0 1 0 1 0
TREGT < 0 0 1 0 1 0 0 0
P7CRL - - - - - - -1 0
TRUN - X X 1 - - - 1 1

Note: x; don’t care —; no change

8-bit PWM Output mode (Pulse Width Modulation)

Mode used for timers 1 and 3. Up to 2 PWMs with a
resolution of 8-bit (PWM1 and PWMS3) pulse can be
output.

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

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

Timer 1 (PWM1) is explained here because the opera-
tion is the same as timer 3.

Timer output is inverted when up-counter (UC1)

Stop timer 0, and clear it to “0”.

Set the 8-bit PPG mode, and select g1 as input clock.

Sets TFF1 and enables the inversion and double buffer enable.
Writing “10” provides negative logic pulse.

Write “0AH".

Write “28H”.

Set P70 as the TO1 pin.

Start timer 0 and timer 1 counting.

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

76
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match
(interrupt JNTTCU (/{L /n ”

20-1 Al ( Al

overflow \ ( \ (

or Y U o L

8-bit PWM waveforms

TO1
TRUN <TORUN> A
TIO —
8-bit up-counter TFFCR
Tl —>
f1a_n| Selector Clear TR KS <TFRICH, O,
¢#16-—;— weo TFF1IE, TFF1IS>
2n.1 T™OD Invert
TMOD <TOCLK1, 0> <TIOM1,0>=11
0 0 overflow T™OD
control <PWMMI1, 0>
’ Overflow

! Comparator

ﬁ

l f ¢ INTTO
L | TREGO ]

—_—
Selector Shift trigger TT
TREGO-WR—>|

Register buffer I

TFFCR <DBEN> TT

§ 3
Internal bus

e

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

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

Match with TREGO ﬂ rl
(Up-counter = Q)

(Up-counter = Q3)
2n -1 overflow

( Shift from register buffer

TREG 0 Q1 X Q2
(value to be compared) Xj;\

Register buffer Q2 Q3

_ writeto register buffer

Operation of Register buffer
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Example: To output the following PWM waves to TO1

pin at fc = 20MHz.

T [ [ 1
“76,;5_’|
508;15
MSB
7 6 5 4
TRUN - X X - -
TO1MOD — 1 1 1 0
TFFCR - - - - -
TREGO < 0 1 0 1
P7CRL - - - - -
TRUN - X X 1 -
Note : x; don’t care —; no change

To realize 50.8us of PWM cycle by ¢T1 = 0.4us (@ fc =

20MHz),

50.8us + 0.4pus = 127 = 2" - 1

Consequently, n should be set to 7.
As the period of low level is 36us, for ¢I'1 = 0.4ps, set the
following value for TREGO:

36us + 0.4us = 90 = 5AH

LSB
1 0
- 0 Stop timer 0, and clear it to “0”.
0 Set 8-bit PWM mode (cycle : 27 - 1)

and select ¢l 1 as the input clock.

1 X Clears TFF1, enables the inversion and double buffer.
1 0 Write “5AH”.
1 0 Set P70 as the TO1 pin.
- 1 Start timer 0 counting.

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

PWM Cycle (@ fc = 20 MHz)

¢ ora ¢r16
261 25.25e¢ (39.0kHz) 100psec (10.0kHz) 4,03msec (2.4kHz)
271 50.8psec (19.7kHz) 203ysec (4.9kHz) 812msec (1.2kHz)
281 102psec  (9.80kHz) 408ysec  (2.4kHz) 1.63msec (0.61kHz)
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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

8-bit timer x 1channel (Upper)

@i, 4,16)

o e ety S e+ S o
(8-bit timer x 2channel) (PWM2)
(T23M) (T3CLK) (T2CLK) (FF3IS)

16-bit timer 3 (External clock, 3
(Full 16-bit) x 1channel 01 - @l1,4,16)
8-bit timer ] .
(8-Dit x 8-bit mode x Tchannel) 0 ) 00 (brerna ﬁ'gfk' 0 Lowertimer
(Comparator output from the lower timer is L - PP
input to the upper timer.)
e 3 (External clock, 0: Lower timer
8-bit timer x 2channel 00 (T, T16, T256) o1, 4,16) 1+ Upper timer
" 3 3 (External clock, 3
8-bit PPG x 1channel 10 o1, 4,16)
8-bit PWM x 1channel (Lower) 11 PWM cycle (g1, T16, T256) (External clock, 3

Note: —: don’t care
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3.8 16-Bit PWM Timer

The TMP96C031F contains one (timer 4) multifunctional 16-bit
timer/event counter with the following operation modes.

e 16-bit interval timer mode

e 16-bit event counter mode

e 16-bit programmable pulse generation mode
® Frequency measurement mode

e 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
controller, and timer flip-flop and the control circuit.

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

Figure 3.8 (1) shows the block diagram of 16-bit timer/
event counter (timer 4).
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Internal bus

Upper byteTT ﬁLower byte Upper b\ﬂeTT TTLOwer byte

Capture register 1
TAMOD < CAP1IN> Sl

CAP2 T4MOD < CAP2TS, EQST5 >
Trigger. .
Software Capture ‘q’ ﬁ T,,gge,T ﬁ TijCR
Capture ¢ Timer [ TFF4 TO4
T4 control

Capture register 2

TFF1—>

Tis fF 1 TFFs TOS
f T TRUN<T4RUN >,
al Control
TAMOD #T1 ear > A
<CAP12M1,MO> ._ﬂg selector 16-bit up-counter
e $T16 —— uca PGO 2
l shift —r—
TRUN<T4RUN> T4MOD < CLE> trigger 22
n < * *‘ ZZ
- TAMOD<T4CLK1, 0> -
Match Match
Comparator detection Comparator | | detection
cP4 CPS
TREG4 TREGS

T}_ Selector

Register bufferd

T45CR<DB4EN >
Upper byte T T Lower byte Upper byte

Internal bus

~—— TREG4-WR

Lower byte

Figure 3.8 (1). Block Diagram of 16-Bit Timer (Timer 4)
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TAMOD
(0038H)

7 ¢ 6 i s i 4 i o3 i 2 i o1 i 0
bit Symbol | CAP2TS | EQSTS | CAP1IN :CAP12M1 CAPI2MO: CLE : T4CLK1 { T4CLKO
Read/Write RIW oow RIW ioRwW RIW
After reset o . 0 ¢ 1 i 0 i 0 i 0 o i 0

TEFSinvert trigger  (0: Soft-  Capturetiming i1HUCA Timer 4 source clock
o . Capture :00: Disable i Clear 00: Ti4
0: Disable trigger domt | INTdocwursotrseedge | Enable | 0%
Function |1: Enable trigger P care 01:miat TSt : P01 gT
: INTA occurs at rise edge. : .
Invert Invert ; 0:Tiar Ty o : 10: 474
when the, ‘whenthe : INT4 occurs at fall edge 11: 4T16
UCvalue is:up-counter: 1:TFFI T TFRIL : :
loaded to ‘matches INT4 occurs atrise edge
CAP2 :TREGS H
I — |

Timer 4 input clock

01 | ¢T1(8/fc)
10 | 4T4 (32/c)
11 | ¢T16 (128/¢)

00 |External clock (T14)

Clearing the up-counter UC4

0 |Cleardisable

1 |Clear by match with TREGS.

Figure 3.8 (2). 16-Bit Timer Mode Controller Register (T4AMOD) (1/2)
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7 6 5 4 3 1 2 i1 g
TAMOD |bit Symbol | CAP2TS @ EQSTS | CAPIIN CAPI2MI iCAPI2MIO & CLE | TACLK1 | TACLKO
(0038H) Read/Write RW w RAW RIW RW
After reset 0 0 1 0 0 0 0 0
TEFSinverttrigger O zo’:‘t' ‘Capture timing N glca i Timer 4 source clock
i Captureigo: i
0: Disable trigger : ptu :OO;N?Lsable se edge, | Eneaagle : 00:TI4
Function . . 1: don't occurs atrise edge. : : .
: Enable trigger © care 01:mat TS T ; P01 4T
Invert Hnvert ‘ INT4 occurs at rise edge. : 10: ¢T4
when the ‘whenthe 0:miar sy P11 4716
UC value is: up-counter: i INTAoccurs at fall edge. :
loaded to :matches : SATREE TR :
CAP2 ‘TREGS i INTaoccurs at rise edge
| e 1

Capture timing of timer4

Capture control INT4 control

00 |Capture disable Interrupt occurs

CAP1 at Ti4 rise at the rise edge

01 of Ti4 (INT1)
CAP2 at Ti5 rise input

T o Interrupt occurs’

CAP1 at Tl4rise at the fall edge

10 of TI4 (INT1)
CAP2 at Ti4 fall input

CAP1 at TFF1 rise ARG

1 of TI4 (INT1)
CAP2 at TFF1 fall input.

—_—

Software capture

0 |Theup-counterd value isloaded to CAP1

1 |Alwaysread as “1".

(software capture).

Timer flip-flop 5 (TFF5) invert trigger

0 Triggg{dlsraprle”(r\nrvertrPrrthi‘b?rtiqr]) -

1 |Trigger enable (Invert permission)

CAP2TS5 : Invert when the up-counter value is loaded to CAP2

EQ5TS5

Invert when the up-counter matches TREGS

Figure 3.8 (3). 16-Bit Timer Mode Controller Register (T4MOD) (2/2)
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7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
TAFFCR |bit Symbol | TFFSC1 | TFFSCO | CAP2T4 | CAPIT4 | EQST4 | EQATA | TFF4CI : TFF4CO
(0039H) [ g eagrwrite w CORW i ORW D ORW L RW w
Afterreset| 0o o o f o o o i o i o
00:Invert TFFS  :TFFa inverttrigger {00: Invert TFF4
01:Set TFFS i0: Disable trigger :01:Set TFF4
Function |10:Clear TFFS “1: Enable trigger i10: Clear  TFF4

“11:don't care

11:don'tcare h T T T :
invertwhen :linvertwhen ilnvertwhen lnvertwhen

Alwaysread as 11", heUCvalue |theUCvalue ithe UC ithe UC {3 Always read as
isloaded to EIS loaded to Emauhes ématches "1
cap2 iCapt TREGS ‘TREGA H

L \ | |

— 1 |

L Timer flip-flop 4 (TFF4) control

00 |Inverts the TFF4 value (software inversion).
01 |SetsTFF4to "1".
10 |Clear TFF4to “0".

11 |Don’tcare (Alwaysread as “11").

L Timer flip-flop 4 (TFF4) invert trigger

0 |Triggerdisable (Invert prohibition)

1 |[Trigger enable (Invert permission)

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

Timer flip-flop 5 (TFF5) control

00 |Invertsthe TFF5 value (software inversion).
01 |[SetTFF5to "1".
10 |Clear TFF5to “0".

11 |Don't care (Alwaysread as “11".)

Figure 3.8 (4). 16-Bit Timer 4 F/F Control (T4FFCR)
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7 5 4 3 2 0
T45CR |bit Symbol _ PGIT | PGOT DB4EN
(003AH) Read/Write R/W RAW R/W
After reset 0 i 0 : 0 : 0
Fixat "0" | PGishift  pGOshitt ‘Double
: iTrigger I Trigger :buffer of
) i0:8-bit {0:8-bit ‘TREG4
Function i Timer Trigger: Timer Trigger i0: Disable
YTimer 0,1} : i1: Enable
i1 16-bit :
%Tnmer Trigg
i(T\mer 5)
L Double buffer countrol
0 |Disable
1 |Enable
DB4EN : Double buffer of TREG4
Figure 3.8 (5). 16-Bit Timer (Timer 4) Control Register (T45CR)
16-bit timer 8-bit timer
I T
7 5 i a3 i 2 TP
bit symbol PRRUN | TARUN i T3RUN : T2RUN : TIRUN : TORUN
TRUN | peadnwrite RAW
020H T . T
(0020H) After reset 0 : 0 : 0 : 0 H 0 0

Function

Prescaler & Timer Run/ Stop Control

0: stop & Clear
1: Run (Count up)

Operation of 16-bit timer (timer4)

0 |Stop andclear

1 |Count

Operation of prescaler

Figure 3.8 (6). Timer Operation Control Register (TRUN)
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O Up-counter timer register TREGS. The “clear enable/disable” is set
by TAMOD <CLE>.
UC4 is a 16-bit binary counter which counts up If clearing is disabled, the counter operates as a free-
according to the input clock specified by T4AMOD running counter.
<T4CLK1,0> register.
As the input clock, one of the internal clocks ¢rI1(8/ O Timer registers
fc), @4 (32/fc), and @16 (128/fc) from 9-bit prescaler
(also used for 8-bit timer), and external clock from T14 These two 16-bit registers are used to set the interval
pin (also used as P72/INT4 pin) can be selected. time. When the value of up-counter UC4 matches the
When reset, it will be initialized to <T4CLK1,0> = 00 set value of this timer register, the comparator match
to select Tl4 input pin mode. Counting or stop and detect signal will be active.
clear of the counter is controlled by timer operation Setting data for timer register (TREG4 and TREGD) is
control register TRUN <T4RUN> . executed using 2-byte data transfer instruction or
When clearing is enabled, up-counter UC4 will be using 1-byte data transfer instruction twice for lower
cleared to zero each time it coincides matches the 8-bit and upper 1-bit in order.
TREG 4 TREG 5
LUpper 8-bit I Lower 8-bit l l Upper 8-bit | Lower 8-bit

000031H 000030H 000033H 000032H
TREG4 timer register is of double buffer structure, register buffer.
which is paired with register buffer. The timer control TREG4 and register buffer are allocated to the same
register T45CR <DB4EN> controls whether the dou- memory addresses 000030H/000031H. When
ble buffer should be enabled or disabled. : disabled <DB4EN> = 0, same value will be written into only the
when <DB4EN> = O, while enabled when <DB4EN> register buffer.
=1.
When the double buffer is enabled, the timing to O Capture Register
transfer data from the register buffer to the timer regis-
ter is at the match between the up-counter (UC4) and These 16-bit registers are used to hold the values of
timer register TREGS. the up-counter.
When reset, it will be initialized to <DB4EN> = O, Data in the capture registers should be read by a 2-
whereby the double buffer is disabled. To use the byte data load instruction or two 1-byte data load
double buffer, write data in the timer register, set instruction, from the lower 8-bit followed by the upper
<DB4EN> = 1, and then write the following data in the 8-bit.

CAP 1 CAP2
Upper 8-bit | Lower 8-bit I ] Upper 8-bit | Lower 8-bit
000035H 000034H 000037H 000036H
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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
<CAP12M 1, 0>/T5MOD <CAP34M1,0>.

When T4AMOD <CAP12M 1, 0> = 00

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

When T4AMOD <CAP12M1, 0> = 01

Data is loaded to CAP1 at the rise edge of T4 pin
(also used P80/INT4) input, while data is loaded to
CAP2 at the rise edge of TI5 pin (also used as P81/
INT5) and input. (Time difference measurement)

When T4AMOD <CAP12M1, 0> =10

Data is loaded to CAP1 at the rise edge of T4 pin
input, while to CAP2 at the fall edge. Only in this set-
ting, interrupt INT4 occurs at fall edge. (Pulse width
measurement)

When TAMOD <CAP12M1, 0> = 11

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

Besides, the value of up-counter can be loaded to
capture registers by software. Whenever “0” is written
in T4AMOD <CAP1IN> the current value of up-counter
will be loaded to capture register CAP1. It is neces-
sary to keep the prescaler in RUN mode (TRUN
<PRRUN> to be “17).

O Comparator

These are 16-bit comparators which compare the up-
counter UC4 value with the set value of (TREG4,
TREGDH) to detect the match. When a match is
detected, the comparators generate and interrupt
(INTT4, INTT5) respectively. The up-counter UC4 is
cleared only when UC4 matches TREGS. (The clear-
ing of up-counter UC4 can be disabled by setting
T4MOD <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
capture registers. Disable/enable of inversion can be
set for each element by T4AFFCR <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 P70).

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 TAFFCR <TFF5C1,0>/T6FFCR
<TFFB6C1,0>. Also it is set to “1” when “10” is written,
and cleared to “0” when “10” is written. The value of
TFF5 can be output to the timer output pin TO5 (also
used as P82).

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

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

7 6 5 4 3 2 1 0
TRUN - X X -0 - - - - Stop timer 4.
INTETS4 1 1 0 0 1 0 0 0 Enable INTTR5 and sets interrupt level 4. Disable INTTR4.
TAFFCR < 1 1 0 0 0 0 1 1 Disable trigger.
T4AMOD ~ 0 0 1 0 0 1 * * Select internal clock for input and disable the capture function.

(*=01,10,11)

TREGS < 0 0 1 0 1 0 0 0 Set the interval time (16-bit).
TRUN - 1 X 1 1 - - - - Start timer 4.
Note : x; don’t care —; no change
2) 16-Bit Event Counter Mode external clock (T14 pin input) as the input clock. To read

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

In 16-bit timer mode as described in above, the timer The counter counts at the rise edge of Tl4 pin input.

can be used as an event counter be selecting the Tl4 can also be used as P72/INT4.
7 6 5 4 3 2 1 0
TRUN - X X - 0 - - - - Stop timer 4.
P7CR - - = 0 0 - - - - Set P72 to input mode.
INTETH4 1 1 0 0 1 0 0 0 Enable INTTR5 and sets interrupt level 4, while disable INTTR4.
TAFFCR - 1 1 0 0 0 0 1 1 Disable trigger.
T4MOD < 0 0 1 0 0 1 0 0 Select Tl4 as the input clock.
TREGS - 7 * * * * * * * Set the number of counts (16-bit).
TRUN - X X 1 1 - - - - Start timer 4.

Note:  When used as an event counter, set the prescaler in RUN mode.
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3) 16-Bit Programmable Pulse Generation (PPG) Mode

The PPG mode is obtained by inversion of the timer
flip-flop TFF4 that is to be enabled by the match of the

(Set value of TREG4) < (Set value of TREGD)

TRUN

TREG4
TREGS
T45CR

TAFFCR

T4AMOD

P7CR
TRUN

P

—

X

Note : x; don’t care

Match with TREG4
(interrupt INTTR4)

Match with TREGS
(interrupt INTTR5)

X

5 4
- 0
0 0
1 0
1 1
—; no change

TO4 pin

1 0

1 1

0 0
(*=01,10,11)

1 1

up-counter UC4 with the timer register TREG4 or 5
and to be output to TO4 (also used as P70). In this
mode, the following conditions must be satisfied.

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 INTTR5).

Set the mode to invert TFF4 at the match with

TREG4/TREGS, and also set the TFF4 to “0”.

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

Assign P70 as TO4.

Start timer 4.

nait= 11

I
]
L

[l
1l
LU

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

Match with TREG4 Up-counter =0 Up-counter=0;
h with TR
Match with TREGS [ shiftinto the TREGS
TREG4
(value to be Q1 \X Q2
compared) ,/7\
Register buffer Q2 x Q3

Write into the TREG4

Figure 3.8 (8). Operation of Register Buffer

Shows the block diagram of this mode.

TRUN<TARUN> 1154 (ppG output)  TOS

i

i e i o
Selector clear

it uca < (TFFa) (TEFS)

$T16 l [
AV ) AV
matc

16-Bit Comparator 16-Bit Comparator . match

s 4
TREG4
FAN
Selector
TREG4-WR —=
Register buffer 4 TREGS
T45CR<DB4EN> ﬁ ﬂ
Internal bus

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

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

00 One-shot pulse output from the external trigger
pulse

0 Frequency measurement
00 Pulse width measurement
00 Time difference measurement

0 One-Shot Pulse Output from the External Trigger
Pulse

Set the up-counter UC4 in free-running mode with the
internal input clock, input the external trigger pulse
from Tl4 pin, and load the value of up-counter into
capture register CAP1 at the rise edge of the T14 pin.
Then set TAMOD <CAP12M1, 0> = 01.

When the interrupt INT4 is generated at the rise edge
of the Tl4 pin, set the CAP1 value (c) plus a delay time
(d) to TREGS (= ¢ + d), and set the above set value (c +
d) plus a one-shot pulse width (p) to TREG5 (=¢c + d +
p). When interrupt INT4 occurs the TAFFCR <EQ5T4,
EQ4T4> register sgould 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 JW”UUL____M__M__M__-

(internal clock)

c+d+p
Ti4 pin input I I
(external trigger pulse) k{ Load the up-counter value into Capture |
Register 1 (CAP1) INT4 occurred i
|
Match with TREG4 E
. INTTRS occyrred
Inversion r i
enable i

Disables inversion

caused by loading

of the up-counter
# value into CAP1.

i
i
Match with TREGS
Timer output pin TO4 E

\
Delay time Pulse width !

v lnversnon i
'
| enable |

(d)

(p)

Figure 3.8 (10). One-Shot Pulse Output (with Delay)
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Setting example: To output 2ms one-shot with 3ms delay to the external trigger pulse to Tl4 pin.
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When delay 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
Main settina = Keep

inversion should be enabled when the up-counter (UC4) value matches TREG5, and disabled when generating the interrupt
INTTRS.

(internal clock)

Count clock "””"”” ”“””" ””"“"
C c+p

T4 pin input
(external trigger pulse) Load the up-counter value into Capture
gaere X Register 1(CAP1). INT4 occurred 3 Load the up-counter value into

E A INTTRS i Capture Register 2 (CAP2).

Match with TREGS ! /" occurred 1

' '

1\ Inversion i H

| enable | !

Timer output pin TO4 H

|

S 1 pusewidth | Fi

. . v H
Enables inversion caused ! () ! Disables inversion caused by loading of

by loading of the up-

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

Figure 3.8 (11). One-Shot Pulse Output (without Delay)

and Timer 1) and the 16-bit timer/event counter (Timer 4).
The TI4 pin input should be selected for the input

clock of Timer 4. The value of the up-counter is loaded

into the capture register CAP1 at the rise edge of the timer

O Frequency Measurement

The frequency of the external clock can be measured flip-flop TFF1 of 8-bit timers (Timer O and Timer 1), and
in this mode. The clock is input through the TI4 pin, and into CAP2 at its fall edge.
its frequency is measured by the 8-bit timers (Timer O The frequency is calculated by the difference between

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

TOSHIBA CORPORATION 93



TMP96CO031N/F

Count clock ””I ”"” "”” I
(internal clock) 1 - TT T e TTTTT"
TFF1 7E ! ; ' l_l

! 1
! I
Loading UC16 inta CAP1 JLC! : " cl ;
1 ! ' w

! [] c2 : || 2
Loading UC16 into CAP2 H i 1 '
1 1 }
TNTTO/ANTT! “ " “ "

Figure 3.8 (12). Frequency Measurement

For example, if the value for the level “1” width of between CAP1 and CAP2 is 100, the frequency will be
TFF1 of the 8-bit timer is set to 0.5 s. and the difference 100/0.5[s] = 200[Hz].
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0 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 values into
CAP1 and CAP2 at the rising edge and falling edge of the

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

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

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

Count clock ” ”””” ”"””"
l (] -

(internal clock)

T4 pin
(external pulse) .

. . C1
Loading UC16into CAP1

E

hc1

Loading UC16into CAP2

—_— " T "
A
L8]

INT4

Figure 3.8 (13). 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 dif-
ference 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
T4 and TI5.

Keep the 16-bit timer/event counter (Timer 4) count-
ing (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
rising edge of the input pulse to T15, generating the inter-
rupt INT5.

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

(internal clock)

TI4 pininput / H
il
i

TIS pin input

Loading UC16 into CAP1 (\

Loading UC16 into CAP2 \

INT2

i

i

1

1

1

'
INT1 l[

|

1

|

|

1

1

Figure 3.8 (14). Time Difference Measurement

(5)  Different Phased Pulses Output Mode

In this output mode, signals with any different phase
can be outputted 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 TREG5

TO4

TOS

Figure 3.8 (15). Phase Output

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

16MHz 20MHz
@l 32.768ms 26.214ms
@r4 131.072ms 104.856ms
@16 524.288ms 419.424ms
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3.9 Stepping Motor Control/Pattern Generation Port

The TMP96C031F contains 2 channels (PGO and PG1) of 4-bit
hardware stepping motor control/pattern generation (herein
after called PG) which actuate in synchronization with the
(8-bit/16-bit) timers. The PG (PGO and PG1) are shared in 8-bit
I/O ports P86.

Channel 0 (PGO) is synchronous with 8-bit timer O or
timer 1, 16-bit timer 4, channel 1 (PG1) is synchronous with 8-

Difference between PGO and PG1

bit timer2 or timer3, 16-bit timer4, to update the output.

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

Channel 0 (PGO) and channel 1 (PG1) operate indepen-
dently.

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

o= sa02
c +——‘
| b5

PGO
- L=

}ﬁ_..g P61/PGO1
(PBS/PG11)

PGO PG1
Timer trigger signal 8-bit jtlrr?er0,1 8-bit ltin'.1er2,3
16-bit timerd 16-bit timerd
PG P63/PGO3
| Peos [ (P67/PG13)
1-2 excitation
b3 1-2
SA03 excitation
7 bé pGUZ:'_ —>[] P62/PGO2
2 L (P66/PG12)

P60/PGO0O
(P64/PG10)

—]

Figure 3.9 (1). Pattern Generator/Stepping Motor Control Block Diagram
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PGO1CR
(004EH)

7 6 i S 4 i 3 i 2 i 1 i 0
bit Symbol PATI ccwi PGIM | PGITE PATO CCWo PGOM PGOTE
Read/Write R/W : R/W
After reset 0 : 0 0 : 0 0 0 0 0

PG1write :PG1 PG1 mode PG1 PGOwrite (PGO ‘PGO mode :PGO
mode :Rotaing  i(excitation)itrigger :mode iRotaing  i(excitation)trigger
0: 8-bit édnrectuon O Wexmamn;lennzt:)tle 0- 8-bit rection 0: |fxc.taunmennp:;tie
Function write  :0: Normal : jrx . ©owrite Normal : : tat ”
s i rotation:, exciationy: disable o rotation:, exatationy. disable
1. 4-bit - : i1: 4-bit BERE :
! i1: Reverse : {1: enable . :1: Reverse : . i1:enable
write .1 excitation : Loowrite .1 excitation:
rotation: : H rotation: :

i J | | !

L PGO Trigger input enable

0

tdisable to PGO

1 Trigger input enable to PGO

L—— > Setthe operation mode of 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-bitwrite

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

Figure 3.9 (2a). Pattern Generation Control Register (PGO1CR)
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7 6 5 1 4 3 L 2 i 1 o
PGO1CR |bit Symbol PATI ccwi PG1M PG1TE PATO ccwo PGOM PGOTE
(004EH) [geagmwrite R/W ' R/W
Afterreset| o i o ' o o { o { o f o i o
PG1write ;PG1 PG1mode :PG1 :PGOwrite (PGO PGO mode :PGO
mode ‘Rotaing  i(excitation); trigger  :mode :Rotaing  i(excitation)trigger
0: 8-bit ;dlrectlon 0 'iex(ltalmni Lnn[.;l:]tle 0 8-bit édlrectlon 50: lfxcntatwcr'sler:‘;)aLll)tle
Function | write :0: Normal : ;( tation i write  i0: Normal g cation:
1:dbit rotation:, . ?m UM 0: disable ] a-bit i rotation!, fm 2% 0: disable
’ write i1: Reverse : ~ ~citation 1: enable : " write i1: Reverse : ~ Excnatlon;k enable
rotation:  ftaton: rotation!

[

0
1

PG1triggerinput enable

Tri tdisable to PG1

Triggerinput enable to PG1

L————= Set the operation mode of PG1

1 or 2 excition (full step)

1-2 excitation (half step) / PG mode

PG1 (stepping motor control)

Rotaing direction control

0
1

Normal rotation / PG mode

Reverse rotation

Selecting PG1 write mode

8-bit write

4-bit write /PG mode

(Only shifter alternate register can be
written.)

Figure 3.9 (2b). Pattern Generation Control Register (PGO1CR)
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7 6 5 4 3 2 1 0
PGOREG | bit Symbol PGO3 PG02 PGO1 PG00 SA03 SA02 SA01 SA00
(004CH) ™ Reag/write W R/W
After reset 0 0 0 0 Undefined
Function Pattern Generation 0 (PGO) output latch register Shift alternate register 0
(Reading the P6 that is set to the PG port allows to read-out.) For the PG mode (4-bit write) register
Prohibit Read
modify write Figure 3.9 (3). Pattern Generation 0 Register (PGOREG)
7 6 5 4 3 2 1 0
PG1REG bit Symbol PG13 PG12 PG11 PG10 SA13 SA12 SA11 SA10
(004DH) Read/Write W R/W
After reset 0 0 0 0 Undefined
Function Pattern Generation 1 (PG1) output latch register Shift alternate register 1
(Reading the P6 that is set to the PG port allows to read-out.) For the PG mode (4-bit write) register
Prohibit Read
modify write Figure 3.9 (4). Pattern Generation 1 Register (PG1REG)
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7 s . 4 3 i 2 i 1 0
T45CR | bit Symbol - : . OPGIT | PGOT : DB4EN
(003AH) [geadrwrite | R/w RIW foRwW
After reset 0 0 0 o0
Fixat"0" | PGIShift  PGOShift : Double
. : trigger ‘trigger : : buffer of
'2;?::1 D:8-bit timer (0:8-bit timer | | TREG4
Function wgn : i trigger 1 trigger | i0:Disable
i (timer2,3) 1 {timer0,1) i1:Enable
7:16-bit timer: 1: 16bit timer : :
¢ trigger : trigger
| (tmerd)  (timerd)
L | |

L" Double buffer control

0 Disable

1 Enable

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

L———— Selecting PGO shift trigger

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

1 16-bit timer trigger (timer 4)

Selecting PG1 shift trigger

0 | 8-bittimertrigger (timer 2, 3)

1 16-bit timer trigger (timer 4)

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

Figure 3.9 (5). 16-bit Timer Trigger Control Register (T45CR)
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8-Bit timer A —
(timer 0, 1) select PGO | | Ports0~63
B S —
16-Bit timer 4 <PGOT>
 ——
A  ——
S PG1 Port64~67
— elect —
8-Bit timer B S —
(timer 2, 3) ?
<PGIT>

Figure 3.9 (6). Connection of Timer and Pattern Generator

Pattern Generation Mode

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

In this mode, set PGO1CR <PGOM> and <PG1M> to
1, and PGO1CR <CCWO0> and <CCW1> to O.

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 PEBCRL/P6CRH, any
port pin can be assigned to pattern generator output.
Figure 3.9 (7) shows the block diagram of this mode.

Trigger signal from timer/timer I_l r] ﬂ ﬂ
interrupt 1 Data write to SAQ3-00 by i ‘ ‘
timer interrupt 1 1
Shift alternate register output
(SA03-00) ﬂ*]\ X n ,\ X n+1 \ X n+2 l\ X n+3
\A Data shift from SA03-00 \‘\ \‘\‘ \\\
5 to PG03-00
attern generator register
output (PG03-00) X n-1 A X n+1i X_n+2

Figure 3.9 (7). Pattern Generation Mode Timing Example
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o 4
Shift alternate register PGO3 DFPGsDa?
|
-
PGO2
PGO2 [ire2)
3 |
e
_| BUS2 port
o
= 1
- PGO1
- PGO1 Cirsn)
- |
c
NTSRe
1
PGOO
PG00 [Cieso)
|
~J
Shift due to the shift trigger from timer
Figure 3.9 (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 3.9 (8) and Figure 3.9 (9) show the output wave-
forms of 4-phase 1 excitation and 4-phase 2 excita-

0 4-phase 1-Step/2-Step Excitation tion, respectively when channel O (PGO) is selected.

Trigger signal

from timer n n rl n n n |'|
PG00 (760) b4 b7 b6 bs b4 ]_—'—L____
PGO1 (P61)
PGO2(P62) | b6 I bs b4 b7 N
PGO3(P63) D7 3 bs ba b7 1

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

from timer n n rl n I‘I J’] I-l
PG00 (PEO) od o5 b6 o7 b4 [ l
pGO1 (PET) L2 b6 b7 ba bs 1
PGO2 (P62) hé Ib'.’ ba bs lbs—l
pGO3(P63) D7 b4 b5 [os o7 [
i

Initial value PGOREG « 0100x x x x

@ Reverse Rotation

Figure 3.9 (8). Output Waveforms of 4-Phase 1-Step Excitation
(Normal Rotation and Reverse Rotation)
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Trigger signal

from timer : ﬂ |'| I'l I-I |_| rI |_|

b4 b7 b6 bs ba

PGOO (P6Q) —l I | L
‘b5 b4 b7 b6 b5 I

PGOT(PET)

PGO2(PE2) | DS I b5 ba |b7 b6 |
PG03(P63) | D7 b6 b5 b4 |b7 I

Initial value PGOREG « 1100 x x x x

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

The operation when channel O is selected is 1-step excitation will be selected when only one bit is set
explained below. to “1” during the initialization of PG, while 4-phase 2-step
The output latch of PGO (also used as P6) is shifted excitation will be selected when two consecutive bits are
at the rising edge of the trigger signal from the timer to be set to “1”.
output to the port. The value in the shift alternate registers are ignored
The direction of shift is specified by PGO1CR when the 4-phase 1-step/2-step excitation mode is
<CCWO0>: Normal rotation (PG00 - PGO1 - PG02 - selected.
PGO03) when <CCWO0> is set to “0”; reverse rotation Figure 3.9 (10) shows the block diagram.

(PGOO ~ PGO1 ~ PGO2 ~ PGO3) when “1”. Four-phase

PGO Output latch

Shift alternate Register
i g TL
7
I PGO03 —[_1PGO03 (P63)
v | b3
— SAD3
> S
b6 PGO2 F—*—D PGO2 (P62)

s ] i
bs ,Eﬂ—»[} PGO1 (PG1)
s ﬂ
be @HD PGOO (PE0)

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

Imternal

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

TOSHIBA CORPORATION 105



TMP96CO031N/F

0 4-Phase 1-2 Step Excitation

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

e M n n m n n M
PG00 (P60) wl o7 b3 b6 [b2 bS5 b1
PGOT(PE1) - b bd b0 |b7 b3 b6 Loz
PGO2 (P62) _ba—| b2 b5 b1 ba b0 b7 b3
PGO3 (PE3) b7 b3 b6 | b2 b5 b1 b4 b0

4

Initial value PGOREG « 11001000

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

@

Trigger signal

Normal Rotation

from timer I'-l ﬂ I_l I—I I,.I ﬂ |_I
PGOO (P60) - o4 bl bS b2 [o6 b3 b7 N
PGO1 (P61) bs b2 b6 b3 b7 ] bo ba b1
PGO2 (P62) b& b3 b7 [bﬂ ba b1 bs b2
PGO3 (P63) W_[ bo b4 b1 bs b2 b6 03
;

Initial value PGOREG « 10001100

Reverse Rotation

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

By rearranging the initial value “b7 b6 b5 b4 b3 b2
b1 b0” to “b7 b3 b6 b2 b5 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 ini-
tial value becomes “11001000”, obtaining the output
waveforms as shown in Figure 3.10 (11).

To get an output waveform of negative logic, set val-
ues 1s and O’s of the initial value should be inverted. For

example, to change the output waveform shown in Fig-
ure 3.10 (11) into negative logic, change the initial value
to “00110111”.

The operation will be explained below for channel O.
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 <CCWO0>.
Figure 3.9 (12) shows the block diagram.

PGO Qutput

I
PGO3 —— PGO3 (P63)

AL

PGO2 i————» PGO2 (P62)

41

PGO1 biﬁ--- PGO1 (P61)

1

PG00 b—w_r» PGOO (P60)

Shifter alternate
register
b7
AL
e
Y| b6
p=
0
- iL
e T
c
- [}
ML
c
b1 s
e EE
4
b4
L
0[]
A

AL isshowing to shift the signal at the rising

edge of trigger signal from the timer.

Figure 3.9 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation)
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Setting example: To drive channel O (PGO) by 4-phase 1-2

©)

step excitation (normal rotation) when

7 6 5 4 3 2 1 0
TRUN - - X - - - - -0
T™MOD « 0 0 X X - -0 1
TFFCR < X X X 0 1 0 1 0
TREGD . * x * x x * x x
P6CRL  ~ 1 0 1 0 1 0 1 0
PGOICR « - - - - 0 0 1 1
PGOREG ~ 1 1 0 0 1 0 0 0
TRUN - 1 X - - - = -1

Note: x; don’t care —; no change

Trigger Signal From Timer

timer O is selected, set each register as follows:

Stop timer 0, and clears it to zero.

Set 8-bit timer mode and selects ¢l 1 as the input clock of timer 0.
Clear TFF1 to zero and enables the inversion trigger by timer 0.

Set the cycle in timer register.

Set P60 ~ P63 hits to PG output.

Select PGO 4-phase 1 - 2 step excitation mode and normal rotation.
Setan initial value.

Start timer 0.

not equal to the trigger signal of timer flip-flop (TFF1,
TFF4, TFF5, and TFF6) and differs as shown in Table
3.9 (1) depending on the operation mode of the timer.

The trigger signal from the timer which is used by PG is

Table 3.9 (1) Select of Trigger Signal

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 = TREG1*2® + 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:

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

Channel 1 of PG can be synchronized with the 16-bit
timer Timer 4. In this case, the PG shift trigger signal
from the 16-bit timer is output only when the up-
counter UC4 value matches TREGS.

When using a trigger signal from Timer 4, set either
TAFFCR <EQ5T4> or T4AMOD <EQ5T5> to “1” and a
trigger is generated when the value in UC4 and the
value in TREG5 match.
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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 P70).

TO1(P70) !_I e l—i [_
PGOO (P60) TREG‘O | |

PGO1 (P61) I L
PGO2 (P62) _I ™
PGO3 (P63) | |

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

Setting example:

7 6 5 4 3 2 1 0
TRUN - - X - - - - 0 0
T™MOD 1 0 X X X X 0 1
TFFCR < x X X 0 0 1 1 X
TREGD . * * * . * * - *
TREG L * * x * x " *
P7CR - - - - - - - 1 0
P6CRL ~ 1 0 1 0 1 0 1 1
PGOICR ~ - - - - 0 0 0 1
PGOREG . * * * - * * * *
TRUN - 1 X - - - - 1 1
Note: x;don’tcare  —; no change

Stop timer 0, and clears it to zero.

Settimer 0 and timer 1 in PPG output mode and selects ¢l 1 as the input clock.
Enable TFF1 inversion and sets TFF1 to “1”.

Set the duty of TO1 to TREGO.

Set the cycle of TO1 to TREGT.

Assign P70 as TO1.

Assign P60 ~ 63 as PGO.

Set PGO in 4-phase 1-step excitation mode.

Setan initial value.

Start timer 0 and timer 1.
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3.10 Serial Channel asynchronous transmission (UART) as well as for I/O exten-
The TMP96C031F contains 2 serial I/O channels for full duplex sion.
The serial channel has the following operation modes.

— o /O interface mode Mode 0:  To transmit and receive |/O data as well as
(channel 1 only) the synchronizing signal SCLK for extending 1/O.
Mode 1: 7-bit data
— e Asynchronous transmission AE Mode 2: 8-bit data
(UART) mode (channel 0 and 1) Mode 3: 9-bit data

In mode 1 and mode 2, a parity bit can be added. Mode Figure 3.10 (1) shows the data format (for one frame) in
3 has wake-up function for making the master controller start each mode.
slave controllers in serial link (multi-controller system).

® Mode 0 (/0 interface mode)

«—— Transfer direction

® Mode 1(7-bit UART mode)

e e Y O o
2 60,63 €3 €3 €3 €3 (0

® Mode 2 (8-bit UART mode)

2 3

s o) e

OO0 00000

® Mode 3 (9-bit UART mode)

oo O000000r
2D 60 €3 63 €3 €3 €3 €3 () Y

When bit 8 = 1, address (select code) is denoted.
When bit8 = 0, dataisdenoted.

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

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

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

By using CTS and RTS (there is no RTS pin, so any 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, @I2, ¢r8, and @I'32) from the internal pres-
caler (shared by 8-bit/16-bit timer) by the value 2 to 16.

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

3.10.1 Control Registers

The serial channel is controlled by three control registers
SCOCR, SCOMOD, and BROCR. Transmitted and received
data is stored in register SCOBUF.
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SCOMOD
(0052H)

7 6 5 4 T )
bit Symbol T88 CTSE RXE WU SM1 SMO i SC1 i SCO
Read/Write RAW
After reset 0 0 : 0 : 0 0 0 0 H 0
Transfer | Hand ‘Receiving | Wake up (Serial transmission Serial transmission
data ishake iFunction iFunction imode iclack (UART)
Bit8 fanction 0 R?Wb*“eé 00: Cannotbe used 00: TOO Trigger
‘control -dlsa le i0: disable 01: 7-bit UART 01: baud rate
Function : i1: Receive: i ) !
10:CTS enable : 1: Enable {10: 8-bit UART generator
disable : 11: 9-bit UART 110: Internal clock @1
i1:CTS : i11: don't care
[ _enable ; 5 ;
| 1 | ] |
£—> Serial transmission clock (UART)
00 |Timer 0 match detect signal
01 |Baud rate generator
Internal clock @1
11 |don'tcare
'— Serial transmission mode
00 |Can not be used
01 : 7-bitlength
10 |UART i
A :9-bitlength
———— Wake-up Function
9-bit UART Other mode
0 |Interrupt when
data are received don't care
1 |Interrupt only
when RBB =1
‘———————————> Receiving Function
1 |Receive Enable
Hand shake function (CTS Pin) enable
0 |Disable (always Transferable)
1 |Enable
— Transmission data bit 8
Note: Thereis SCIMOD (56H) in Channell

Figure 3.10 (2). Serial Mode Control Register (Channel 0, SCOMOD)
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SCOCR
(0051H)

7 6 5 o4 3 o2 i 1 ¢
bit Symbol |  RB8 EVEN @ PE OERR PERR FERR | — | —
Read/Write R RAW ¢ R{cleared to Zero when read) : RIW
After reset 0 0 0 0 0 0 0
Received ?Parity ;Parity i Fixat“0" Fixat "0"
data :0:0dd addition : 1: error :
Bit8 i 1:Even £0: DISABI@ e ioroo e
Function : 1 Enable ! parity Framing

: Overrun

L——Framing error flag
———Parity error flag
—————>Qverrun error flag

Cleared to Zero
when read.

> Enable parity addition

isable)

1 |Permission {enable)

Addition / check of even parity

1 |Even parity

0 |Odd p._ar'\t__y B o

Receving data bit8

Note: Serial control register for channel 1 is SC1CR (55H).

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

testing instruction.

Figure 3.10 (3). Serial Control Register (Channel, SCOCR)
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A T R
BROCR | bitSymbol — : BROCK! : BROCKO : BR0S3 : BROS2 : BROS1 | BROSO
(0053H) Readrwrite | rRW : RAW
Afterreset | 0 ¢ ¢ 0o { 0 : 0 i 0 i 0 i 0
Fixat “0" : :
: £ 00: ¢TO(fc/4)
; : 01: gT2(fc/16) Setting of the Divided frequency
unction L 10: 478 (fe/64)
D11 ¢T32 (f/256)
\ i
Setting of the divided frequency
of baud rate generator
0000 |16divisions
0001 |Don'tset
0010 |[2to 15divisions
§
111
l——————» Selecting the input clock of
baud rate generator
00 |Internal clock ¢TO(f0a) .
01 Internal clock $T2 (fc/16)
10 |Internal clock ¢T8(fc164) .
1 Internal clock 3732 (f¢/256)
Note: Asall error flags are cleared after reading, do not test only a single bit with a bit-testing
instruction.
Figure 3.10 (4). Serial Channel Control (Channel 0, BROCR)
7 6 5 4 3 2 1 0
| 187 | TB6 | 7B | TB4 | TB3 | TB2 | TBI | TBO | (Transmission)
SCOBUF
(50H) 7 6 5 4 3 2 1 0

| RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RBI1 | RBO | (Receiving)

Figure 3.10 (5). Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF)
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7 0 6 . 2 o0
SC1MOD bitSymbol | TB8  — RXKE : WU : SM1 | SMO sC1 i sco
Read/Write RIW
(0056H) - - - -
After reset 0 : 0 0 : 0 H 0 0 0 : 0
Transfered : Fix at “0" Receiving :Wake up Serial Transmission  Serial Transmission
data  : Function :Function imode ‘dock (UART)
Bit8 :0: Receive:0: disable 00: I/Ointerface 00: TOO Trigger
disable i 1: enable ;|  mode 01: Baud rate
Function :1: Receive; 01: 7-Bit UART generator
Enable i i10: 8-Bit UART 10: Internal clock @1
: i11: 9-Bit UART 11: don'tcare
L | ] ] N

]

L> Serial transmission clock (For UART)

don't care

Baud rate generator

Internal clock @1

Note :

The clock selection for the I/0 interface
mode is controlled by the serial control

register (SC1CR).

—— Serial transmission mode

/O interface mode

10 |UART mode :

1 ;

7-Bitlength

-Bit length

9.Bit length

— Wake up Function

1 |Interruptonly
when RB8 = 1

9.Bit UART Other mode
0 |Interrupt when
data are received don't care

~———————— Receiving control

0 [Receive disable

1 |Receive enable

Figure 3.10 (6). Serial Mode Control Register (Channel 1, SC1MOD)

Transmission data bit 8
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SC1CR
(0055H)

7 6 s o4 o3 i 2 1f 0
bit Symbol RBS EVEN : PE . OERR : PERR . FERR SCLKS | 10C
Read/Write R R/W : R (clear to Zero when read) RW
After reset o : 0 - 0 i 0 i 0 0o i 0

Received EParity ?Parity 0: SCLK1 0
data :0:Odd iaddition : 1. error : (J_) ‘Baud rate
Bit8 :1:Even :0:Disablei ... [T U R e i generatar
Function i1: Enable H : P 1:SCLKT i1: SCLK1
: . Qverrun : Parity Framing ! N
: : : : : :Pin input
o
1 | ] | 1 |

SCLK1 Pininput

Notel:

Edge selection in SCLK pin input mode

For channel O, fix this bit to “0"

0

Transmits and receives _‘f‘i )
data at raise edge of SCLK

Transmits and receives ( i
data at fall edge of SCLK

L——> Fram

ing error flag

——— Parity error flag

‘———————> Overrun error flag

Enable parity addition

Cleared to Zero
when read

Disable -

Enable

Addition / check of even parity

Odd Parity

Even Parity

Receiving data bit 8

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

Figure 3.10 (7). Serial Control Register (Channel 1, SC1CR)
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7 i e s i o4 i o3 i 2 i 1 i o9
8R1CR | bitSymbol — { BRICK!  BRICKO : BRIS3 : BRISZ . BRIS1 : BRISO
(0057H)| Read/write| RW : RIW

After reset 0 0 . 0 0 o 0 i o0

Fixat 0" :
: £ 00: 470 (ferd)

£ 01 ¢T2(fcN16) Setting of the Divided frequency

- 10: $7T8 (fc/64)
Setting of the divided frequency of baud rate
generataor

L 11: $T32 (Fr256)
0000 |16 divided

Function

L i

0010
§ 2to Sdivisions
11

L, Selecting the input clock of baud rate generator

00 |[Internal clock ¢T0 (fc/4)
01 |Internal clock ¢T2 (fc/16)

1 Internal clock ¢T32 (fc/256)

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

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

7 6 5 4 3 2 1 0
| 787 | 786 | TB5S | TB4 | TBS | TB2 | TBI | TBO |(Transmission)
SC1BUF
(0054H) 7 6 5 4 3 2 1 0

| RB7 | RB6 | RB5 | RB4 | RB3 | RB2 | RB1 | RBO |(Receiviﬂg)

Figure 3.10 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF)
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P6CRL
(0014H)

P7CRH
(0017H)

Port 6 Control Register L

7 : 6 5 a 3 2 1 : 0
bit Symbol | P63C1 PE3CO | P62CI PE2CO : PBICT P6ICO : P6OC PEOCO
Read/Write w w w w
After reset o ¢ 0o i 0o i o0 o o0 o . o

00: PORT input {00: PORT input {00: PORT input i00: PORT input
Function o1. pORT output i01: PORT output :01: PORT output ‘01: PORT output

10: PGO3 10: PGO2 10: PGO1 $10: PGOO

11— A= an— 11: TXDO

Prohibit Read
modify write

L——j—‘

\—>Sem‘

ng P60 as TxDO output

00 | Portinput

01 | Portoutput

10 | PG00 output

11 | TXDO (channel0) output

Port 7 Control Register H
7 6 5 | 4 32 10

bit Symbol P76C1 P76C0 P75C1 ‘ P75C0 P74C1 P74C0
Read/Write w w w
After reset 0o 0 o i 0 o i 0

EOO: PORT input

i00: PORT input

%00: PORT input

Function i01; PORT output :01: PORT output ‘01; PORT output
110: SCLK1 10: — :10: TXD1
1 — 1 — i —

Prohibit Read
modify write

——

\—'Setti

ng P74 Txd1 output

00 |Portinput

01 | Portoutput

10 | TXD1 (channel1) output
Setting P76 as SCLK1 output
00 | Portinput

Q01 | Port output

10 | SCLK 1(channel 1)output

Figure 3.10 (10). Port 6, 7 Control Registers
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7 i 6 s i o4 o3 i o2 i o1 10

ODE | bitSymbol : f : : : : ODE1 @ ODEO
(0058H)| Read/write : : : : : : RIW
After reset 0 0
‘ ‘ ' ‘ ‘ ;P74 P60
Function 0 CMOS O CMOS
: 51: OPEN ;1: OPEN
: : Drain : Drain
]

Setting P60 as Open-drain output

0 [CMOS output

1 |Open-drain output

—* Setting P74 as Open-drain

0 |CMOS output

1 |Open-drain output

Port 3.10 (11). Serial Open Drain Enable Register (ODE)

TOSHIBA CORPORATION

119



TMP96CO031N/F

3.10.2 Configuration
Figure 3.10 (12) shows the block diagram of the serial channel O.

--------- Serial clock generation Cirquit ~=======-m-mmm -

BROCR<BROCK1,0>  TOOTRG (Timer 0 comparator output)

i
)
_____________ ;
] i !
| 1 - 1
1 ! “ H =] '
BTO(fd) | 5 PR o | SIOCLK
13T2(fd16) 4=l T o : v i
1§78 (f/6d) el 2 - | B '
15732 (fc/256) | 0 = v |
1 5 E LR 1
' «- Baudrate ----4 SCOMOD }
141 (fef2) generator <$C1,0> !
= 1
1
] b
] |
1 Il
INTRXQ INTTXO
Receive SCOMOD Serial channel Transmission
counter <WU> —»|interrupt counter
(+16) control (+186)

RXDCL } 4 T T TXDCLK § }

SCOMOD - -
<RXE>->| Receive Transmission
control control
SCOCR
< Pf > <EVEN>
Parity control ( Thereisn'tin
RxDO D——bl Receive buffer1{Shitt register) ‘ channel 1
(Shared by P61) {}
L RB8 ‘ Receive buffer2 (SCOBUF) | I Error flag J I 88 lTransmlsswon buffer (SCOBUF) |—>D TxDO
T 1 (Shared by P60)
SCOCR
<OERR> <PERR><FERR> [ T ‘
S Internal bus

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

Fmmm————- Serial clock generation circuit —------===-=----------- |

BRICR<BRICK1,0>  TOOTRG (Timer 0 comparator output)

)
I
|
Yy T ] i
! | — ! L~ 5 UART 5 i
1#70 (fad) a2 " ! - - 1 SIOCLK
1$T2(fd16) —be © ° | b ™ '
T8 (fU6d) —af & - | > - ;
i ! -4 ¥ ! w v 1
1$T32 (fd/256) ~+>f v o ' !
! ) i
! i i A T f !
] 1 i ]
161 {fe/2) <sC1,0> <SMI1,0> |
i . :
| g :
H o | VO interface mode H
H T, i
Eemaaaiean v i
input | i
(Shared | H
by P76)  b---mmmmmmmmmemmmeeo oo {‘ ———————————————————————— -
e 5CIMOD
e <100
L5CLKY 3 .
Output - INTRX1T INTTX1
. (Shared 4 4
by P76) -
[orny S Receive SCIMOD| Serial channel Transmission
counter WU>= interrupt counter
There isn'tin (UART only = 16) control (UART only + 16)
h |
channel 0 RXDCLK ¥ 1 T T TXDCLK § §
SCIMOD Receive Transmission
<RXE>— control <‘ control
¢ - 16

<iv- ~.VEN>

Parity control

RxDO D—-I Receive butfer(Shift register)
(Shared by P75)

l RB8 ‘ Receve buffer2 (SCTBUF) I i Error flag i I TB8 | Transmission buffer (SCTBUF)J’_'D TxDO
UL (Shared by P74)
SCICR
<QERR><PERR><FERR>
g Internal bus S

Figure 3.10 (13). Block Diagram of the Serial Channel 1
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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, ¢@r0 (fc/4),
@12 (fc/16), @8 (fc/64), or gr32 (fc/256) is generated
by the 9-bit prescaler which is shared by the timers.

o UART mode

Transfer rate =

One of these input clocks is selected by the baud rate
generator control register BROCR/BR1CR <BROCK1,
0/BR1CK1, 0>.

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

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

Input clock of baud rate generator

Frequency divisor of baud rate generator

e |/O interface mode

Transfer rate =

Input clock of baud rate generator

Frequency divisor of baud rate generator

The relation between the input clock and the source clock (fc) is as follows:

@oro=fc/4
@r2 = fc/16
QI8 = fc/64

@r32 = fc/256

Accordingly, when source clock fc is 12.288MHz, input clock is @2 (fc/16), and frequency divisor is 5, the transfer rate in

UART mode becomes as follows:

Transfer rate = fc/16
5

= 12.288 x 106/16/5/16 = 9600 (bps)

Table 3.10 (1) shows an example of the transfer rate in UART mode.
Also with 8-bit timer 0, the serial channel can get a transfer rate. Table 3.10 (2) shows an example of baud rate using

timer O.
Table 3.10 (1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used)
Unit (Kbps)
Input Clock
ic [MHz] Frequony @10 @2 @18 @132
(fc/4) (fc/16) (fc/64) (fc/256)
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
1 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
1 6 38.400 9.600 2.400 0.600
1 C 19.200 4.800 1.200 0.300

Note:  Transfer rate in I/O interface mode is 8 times as fast as the values given in the above table.
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Table 3.10 (2) 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 9% 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

TREGOXx 8x 16

L {(When timer O (input clock ¢T'1) is used)

Input clock of timer O
o= o8
@4 = /32

gri6= /128

Timer O match detect signal cannot be used as the transfer clock in I/O interface mode.

O Serial Clock Generation Circuit

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

¢ |/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 falling
edge will be detected according to the setting of SC1CR
<SCLKC:> register to generate the basic clock.

e Asynchronous Communication (UART) mode

According to the setting of SCOCR and SC1CR
<SC1, 0>, the above baud rate generator clock, internal
clock ¢t (500Kbps @ 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 (UJART) mode and
counts up by SIOCLK clock. 16 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 evalu-
ated 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

TOSHIBA CORPORATION
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data is evaluated as “1”. The sampled data “0", “0” and
“1” is evaluated that the received data is “0”.

O Receiving Control

¢ |/O interface mode (channel 1 only)

When in SCLK1 output mode with the setting of
SC1CR <IOC> = “0", RxD1 signal will be sampled at the
rising edge of shift clock which is output to SCLK pin.

When in SCLK input mode with the setting SC1CR
<IOC> = “1", RxD1 signal will be sampled at the rising
edge or falling edge of SCLK input according to the set-
ting of SC1CR <SCLKS> register.

e Asynchronous Communication (UART) mode

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

Data being received 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
receiving 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/SC1BUF), generating an interrupt INTRX0/
INTRX1. The CPU reads only receiving buffer 2
(SCOBUF/SC1BUF). Even before the CPU reads the
receiving buffer 2 (SCOBUF/SC1BUF), the received data
can be stored in the receiving buffer 1. However, unless
the receiving buffer 2 (SCOBUF/SC1BUF) is read before
all bits of the next data are received by the receiving
buffer 1, an overrun error occurs. If an overrun error
occurs, the contents of the receiving buffer 1 will be lost,
although the contents of the receiving buffer 2 and
SCOCR <RB8> SC1CR <RB8> 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>/SC1CR <RB8>.

When in 9-bit UART mode, the wake-up function of
the slave controllers is enabled by setting SCOMOD
<WU>/SC1MOD <WU> to “1", and interrupt INTRX0/
INTRX1 occurs only when SCOCR <RB8>/SC1CR
<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.

soak LALLM AN AN NANARLNJ[TN

516 % 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 % 2
TXDCLK LJ U

Figure 3.10 (14). Generation of Transmission Clock
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0O Transmission Controller

¢ |/O interface mode (channel 1 only)

In SCLK output mode with the setting of SC1CR
<IOC> = “0", the data in the transmission buffer are out-
put bit by bit to TxD1 pin at the rising edge of shift clock
which is output from SCLK1 pin.

In SCLK input mode with the setting SC1CR <IOC>
="“1", the data in the transmission buffer are output bit by
bit to TxD1 pin at the rising edge or falling edge of SCLK
input according to the setting of SC1CR <SCLKC> regis-
ter.

e Asynchronous Communication (UART) mode

When transmission data is written in the transmission
buffer sent from the CPU, transmission starts at the rising

96C031

edge of the next TxDCLK, generating a transmission shift
clock TxDSFT.

Handshake function

Serial channel 0 has a CTSO pin. Using this pin, data
can be sent in units of one frame; thus, overrun errors
can be avoided. The handshake function is enabled/dis-
abled 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 generated,
requests the next send data to the CPU.

Though there is no RTS pin, a handshake function
can be easily configured by setting any port assigned to
the RTS function. The RTS should be output “High” to
request data send halt after data receive is completed by
a software in the RXD interrupt routine.

96C031

TxD

RxD

cTs

Sender

RTS (any port)

Receiver

Figure 3.10 (15). Handshake Function
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Timing to write '—I——l_“ i
transmission buffer
___ ASendissuspended| \ 44
CTS | from (1) to(2). 2
13 14 15 16 3 14 15 16 1 2 3
SIOCLK — \—”_"_“_“___]L”_
TxDCLK ~ —d— 3 Il
4
D \ startbit A bit0

Note 1:

Note 2 :

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

Figure 3.10 (16). Timing of CTS (Clear to Send)

O Transmission Buffer

Transmission buffer (SCOBUF/SC1BUF) 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 transmis-
sion control. When all bits are shifted out, the transmis-
sion buffer becomes empty and generates INTTX0/
INTTX1 interrupt.

O Parity Control Circuit

When serial channel control register SCOCR <PE>/
SC1CR <PE> is set to “1", it is possible to transmit and
receive data with parity. However, parity can be added
only in 7-bit UART or 8-bit UART mode. With SCOCR
<EVEN>/SC1CR <EVEN> register, even (odd) parity can
be selected.

For transmission, parity is automatically generated
according to the data written in the transmission buffer
SCBUF, and data are transmitted after being stored in
SCOBUF <TB7>/SC1BUF <TB7> when in 7-bit UART
mode while in SCMOD <TB8>/SCMOD <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>/SC1BUF <RB7> when in 7-
bit UART mode and with SCOMOD <RB8>/SC1MOD
<RB8> when in 8-bit UART mode. If they are not equal, a
parity error occurs, and SCOCR <PERR>/SC1CR
<PERR> flag is set

O Error Flag

Three error flags are provided to increase the reliabil-
ity 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
(SCBUF), 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
OCCuUrs.
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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
Transmitting
Mode 9-Bit 8-Bit + Parity 8-Bit, 7-Bit + Parity, 7-Bit

Interrupt timing

Just before last bit is transmitted.

-

—

2) 1/0O Interface mode

o . SCLK output mode Immediately after rise of last SCLK signal. (See figure 3.10 (19) .)
Transmission interrupt tim- mmediately afer 15 of last SCLK signal (s &), or immediately afer fll
; . mmediately after rise of las signal (rising mode), or immediately after fall in
in
: SCLK input mode falling mods. (See figure 3.10 (20))
SCLK output mode Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is,

immediately after last SCLK. (See figure 3.10 (21))

Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is,
immediately after SCLK. (See figure 3.10 (22))

Receiving interrupt timing

SCLK input mode
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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
external synchronous clock SCLK.

3.10.3 Operational Description
(1) Mode 0 (/O interface mode)

This mode is used to increase the number of I/O pins

Output Input
extension extension
TMP96C031 Shiftregister A | —» TMP96C03 1 Shiftregister | «—
B| — B| =—
TxD Sl C| — RxD QH Cl| -
D| — D| =—
SCLK SCK El — SCLK CLOCK E| =
F| — F| ==—
Port RCK G| — Port SIL G| =—
H|— H| -
TC74HC595 or TC74HC165 or
the like the like
Figure 3.10 (17). Example of SCLK Output Mode Connection
Qutput port Input port
extension extension
TMP96C031 Shiftregister aA| — TMP96C031 Shiftregister | «—
B| — B| =
TxD Sl c — RxD QH C| =—
D| — D| =
SCLK SCK E| — SCLK CLOCK E| =—
Fl| — F -—
Port RCK G| — Port S/ G| =
H| — Hf <
TC74HC595 or TC74HC165 or
External clock—— the like External clock | the like

Flgure 3.10 (18). 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 TxD pin and SCLK pin, respectively, each

Timing to write

[t

time the CPU writes data in the transmission buffer. When
all data is output, INTES1 <ITX1C> will be set to generate
INTTX1 interrupt.

(¢
i

transmission

data
SCLK output ~t & LA LA LA L4
TxD X bito X bit1 XY X bite X bit7 X
TXDSFT I-l ”___1.(] n ﬂ I-l
ITX1C (INTTX1 L I—-_

interrupt request)

Ll

Figure 3.10 (19). Transmitting Operation in I/0 Interface Mode (SCLK Output Mode)

In SCLK output mode, 8-bit data are output from TxD1
pin when SCLK input becomes active while data are
written in the transmission buffer by CPU.

When all data are output, INTES1 <ITXIC> will be set
to generate INTTX1 interrupt.

S((S:(Ltlfbérép:ué Rising edge mode) I_A I_A L“-A I_‘ I_'A
2 s 2 2 e 2 |
SCLK input
(SCLKC = 1: Falling edge mode)
TxD X bito X bit1 X9 bits X _bit6é X bit7 X
TxDSFT 1 [ M [
ITX1C (INTTX1 4 —I

interrupt request)

Figure 3.10 (20). Transmitting Operation in I/0 Interface Mode (SCLK Input Mode)
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O Receiving <IRX1C> is cleared by reading the received data.
When 8-bit data are received, the data will be trans-
ferred in the receiving buffer 2 (SC1BUF) at the timing
shown below, and INTES1 <IRX1C> will be set again
to generate INTRX1 interrupt.

In SCLK output mode, synchronous clock is output
from SCLK pin and the data is shifted in the receiving
buffer 1 whenever the receive interrupt flag INTEST

IRX1C ﬁ“ - l;\
- o= S wn I s P v By Y
RxD bit0 X EitT Gitd, X bite X bit7 Y/

R . . Generate
Niming to shift datain INTRX1 \]—l

the receiving buffer 2

Figure 3.10 (21). Receiving Operation in I/0 Interface Mode (SCLK Output Mode)

In SCLK input mode, the data is shifted in the receiving data will be shifted in the receiving buffer 2 (SC1BUF) at
buffer 1 when SCLK input becomes active, while the the timing shown below, and INTES1 <IRX1C> will be set
receive interrupt flag INTES1 <IRX1C> is cleared by read- again to generate INTRX interrupt.

ing the received data. When 8-bit data is received, the

(SSCCLFKETE%I Rising edge mode) ].J I.._..J Lﬁl,_* I.,.J |_4
Y Y My v v

SCLK input
(SCLKC = 1: Falling edge mode) )
RxD bito X bit1 )(uitz’S X_bite X _bit7_Y
)
Timing to shift data Generate
in thegrecewmg INTRX1 > n
buffer 2

Figure 3.10 (22). Receiving Operation in 1/0 Interface Mode (SCLK Input Mode)

Note:  For data receiving, the system must be placed in the receive enable state (SCMOD <RXE> = “17)
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Mode 1 (7-bit UART Mode)

The 7-bit mode can be set by setting serial channel
mode register SCOMOD <SM1, 0> /SC1MOD <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>/SC1CR <PE>,

and even parity or odd parity is selected by SCOCR
<EVEN>/SC1CR <EVEN> when <PE> is set to “1”
(enable).

Setting example:  When transmitting data with the fol-
lowing format, the control registers
should be set as described below.

Channel 0 is explained here.

even

<——— Direction of transmission (transmission rate: 2400 bps @ fc = 12.288 MHz)

7 6 5 4 3 2 1 0
P9CRL - - - - - - -1 1
SCOMOD  «  «x 0 - x 0 1 0 1
SCOCR - X 1 1 X X X 0 0
BROCR « 0 x 1 0 0 1 0 1
TRUN - X X 1 - - - =
INTESO - 1 1 0 o - - - -
SCOBUF . * * x x * x x *

Note: x; don’tcare —; no change

Mode 2 (8-bit UART Mode)

The 8-bit UART mode can be specified by setting
SCOMOD <SM1, 0>/ SC1MOD <SM1, 0> to “10”. In
this mode, parity bit can be added, the addition of a
parity bit is enabled or disabled by SCOCR <PE>/

Select P60 as the TxD pin.

Set 7-bit UART mode.

Add an even parity.

Set transfer rate at 2400 bps.

Start the prescaler for the baud rate generator.
Enable INTTXO interrupt and sets interrupt level 4.
Set data for transmission.

SC1CR <PE>, and even parity or odd parity is selected
by SCOCR <EVEN>/SC1CR <EVEN> when <PE> is
set to “1” (enable).

Setting example:  When receiving data with the follow-
ing format, the control register

should be set as described below.

o e OO E

«——— Direction of transmission (transmission rate: 9600 bps @ fc = 12.288 MHz)
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Main setting

7 6 5 4 3 2 1 0
P9CRL - - - - =0 0 - -
SCOMOD « - 0 1 X 1 0 0 1
SCOCR - X 0 1 X X X 0 0
BROCR ~ 0 X 0 1 0 1 0 1
TRUN - X X 1 - - - -
INTESO - - - - -1 1 0 0

Interrupt processing
Acc — SCOCR and 00011100
if Acc # 0 then ERROR
Acc — SCOBUF

) Check for error.

Read the received data.

Note: x; don'tcare  —; no change

Mode 3 (9-bit UART Mode)

9-bit UART mode can be specified by setting
SCOMOD <SM1, 0> /SC1MOD <SM1, 0> to “11”. In
this mode, parity bit cannot be added

For transmission, the MSB (9th bit) is written in SCMOD
<TB8>, while in receiving it is stored in SCCR <RB8>.
For writing and reading the buffer, the MSB is read or
written first, then SCOBUF/SC1BUF.

Select P61 (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 sets interrupt level 4.

Wake-up function

In 9-bit UART mode, the wake-up function of slave
controllers is enabled by setting SCOMOD <WU> /
SC1MOD <WU> to “1”. The interrupt INTRX1/INTRXO
occurs only when <RB8> = 1

TxD RxD TxD RxD

Master Slave 1

TxD

RxD TxD RxD

Slave 2 Slave 3

Note :

TxD pin of the slave controllers must be in open drain output mode.

Figure 3.10 (23). Serial Link Using Wake-Up Function
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Protocol O The master controller transmits one-frame data
) including the 8-bit select code for the slave control-
0 Select the 9-bit UART mode for master and slave
controllers.

lers. The MSB (bit 8) <TB8> is set to “1”.

0 Set SCOMOD <WU>/SC1MOD <WU> bit of each
slave controller to “1” to enable data receiving.

D 6 63 63 0 63 63 ED ER L
N—

Select code of slave controller 1

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> / SC1TMOD
its own select code.

<WU> bit is cleared to “0.” The MSB (bit 8) <TB8> is
cleared to “0”.

POO 000000
SNe—

Data 0

O The other slave controllers (with the <WU> bit remain-

The slave controllers (WU = 0) can transmit data
ing at “1”) ignore the receiving data because their to the master controller, and it is possible to indicate
MSBs (bit 8 or <RB8>) are set to “0” to disable the the end of data receiving to the master controller by
interrupt INTRXO/INTRX1. this transmission.
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Setting Example:

To link two slave controllers serially
with the master controller, and use

the internal clock ¢l (fc/2) as the transfer clock.

TxD RxD

Master

Since serial channels 0 and 1 operate in exactly the
same

e Setting the master controller

Main setting

P6CRL - - - = =0 0 1 1
INTESO - 1 1 0 0 1 1 0 1
SCOMOD 1 0 1 0 1 1 1 0
SCOBUF « 0 0 0 0 0 0 0 1

INTTXO interrupt
SCOMOD
SCOBUF - * * * * * * * *

- —

e Setting the slave controller 2

Main setting

P6CRL - X X - - - -0 1
ODE - X X X X X X - 1
INTESO - 1 1 0 1 1 1 1 0
SCOMOD < 0 0 1 1 1 1 1 0

INTRXO interrupt
Acc — SCOBUF
If Acc = Select Code
Then SCOMOD4

TxD RxD TxD RxD
Slave 1 Slave 2
Select code Select code
00000001 00001010

way, channel O is used for the purposes of explanation.

Select P60 as TxD pin and P61 as RxD pin.

Enable INTTXO0 and sets the interrupt level 4.

Enable INTRX0 and sets the interrupt level 5.

Set ¢t (fc/2) as the transmission clock in 9-bit UART mode.
Set the select code for slave controller 1.

Set TB8 to “0".
Set data for transmission.

Select P61 as RxD pin and P60 as TxD pin.

Enable INTRX0 and INTTXO.

Set <WU> to “1” in the 9-bit UART transmission mode with transfer
clock ¢t (fc/2).

Clear <WU> to “0".
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3.11 Analog/Digital Converter

The TMP96CO31F contains a high-speed analog/digital con-
verter (A/D converter) with 4-channel analog input that features

10-bit successive approximation.

Figure 3.11 (1) shows the block diagram of the A/D con-

Internal bus
AJD converter mode register (ADMOD)
ADCH 1-0 EQCF ADBF RE‘PET SCAN ADCS ADS
start
end |busy
AJD converter +JNTAD
Channel select control circuit interrupt

Analog input
AN3 (PS3) O
AN2 (P52) =
AN1T(P51) [
ANO (P50) [—|

Veer [

Multiplexer

AJD conversion result register

(ADREGO to ADREG3)

D/A converter

—

Figure 3.11 (1). Block Diagram of A/D Converter

verter. The 4-channel analog input pins (AN3 to ANO) are
shared by input-only P5 and so can be used as input port.

Note1: 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.

Note2: The lower the power supply current in IDLE or STOP mode, depending on the timing, standby mode can be entered with the internal comparator in
enable state. Thus, stop A/D conversion before executing the HALT instruction.

The ladder resistor between VREF- GND cannot be disconnected internally. Therefore, IREF will flow regardless of the mode.
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3.11.1 Control Register

ADMOD
(005EH)

7 s 5 4 3 2 0
bit Symbol | EOCF ADBF REPET SCAN ©  ADCS ADS ADCH1 | ADCHO
Read/Write R R RAW RIW : RIW
After reset 0 : 0 0 0 : 0 : 0 : 0 { 0

Funct 1:END  1:BUSY :1:Repeat:1:Scan ! Lowd 11 START C?::i‘r?e?l 'S”Eﬁ::t
n n : : : : : :
unetio : :Mode Set | Mode Set : spee :
: : : ode
| | i |
I
Analog input channel select
Normal Scan mode
00 ANO ANO
01 AN1 ANO—AN1
10 AN2 ANO—AN1—AN2Z
1 AN3 ANO—ANT—AN2—AN3

A/D conversion start

0 —_

1 | Start A/D conversion.

Note) Always "0" when datais read.

A/D conversion speed selection

0 | A/D High speed conversion maode: 95 states=9.5u5 (@20MHz)

1 A;/.’D Low speedrconver;ion mo.d.e”: .1-90 states ::179,:757 (@20MHz)

Specification of A/D scan mode

0 | Fixed A/D conversion channel mode

1 | A/D conversion channel scan mode

1 | A/D conversion repeat mode

A/D conversion busy flag

0 | A/D conversion not bu

1 | A/D conversion busy

A/D conversion end flag

0 | A/D conversion not ended nor started

1 | A/D conversion ended

Figure 3.11 (2). A/D Converter Mode Register (ADMOD)
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ADREGO
(0060H)

ADREG1
(0061H)

ADREG2
(0062H)

ADREG3
(0063H)

Figure 3.11 (3). Register for Saving an A/D Switch Value (ADREGO ~ 3)

6 5 4 3 2
bit Symbol -
Read/Write R
After reset Undefined

Function Channel 0 of A/D conversion result register is stored
Register for saving an A/D switch value for ANO
6 5 4 3 2
bit Symbol -
Read/Write R
After reset Undefined

Function Channel 1 of A/D conversion result register is stored.
Register for saving an A/D switch value for AN1
6 5 4 3 2
bit Symbol -
Read/Write R
After reset Undefined

Function Channel 2 of A/D conversion result register is stored.
Register for saving an A/D switch value for AN2
3 5 4 3 2
bit Symbol -
Read/Write R
After reset Undefined

Function

Channel 3 of A/D conversion result register is stored

Register for saving an A/D switch value for AN3
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3.11.1 Operation

(1)

Analog Reference Voltage

High analog reference voltage is applied to the VREF
pin.

The reference voltage between VREG and AGND is
divided by 256 using ladder resistance, and compared
with the analog input voltage for A/D conversion.

Analog Input Channels

Analog input channel is selected by ADMOD <ADCH1,
0>. However, in fixed analog input mode, one channel
is selected by ADMOD <ADCH1, 0> among four pins:
ANO to AN3.

In analog input channel scan mode, the number of
channels to be scanned from ANO is specified by
ADMOD <ADCH1, 0>, such as ANO - AN1, ANO -
AN1 - AN2, and ANO - AN1 - AN2 - ANS.

When reset, A/D conversion channel register will be ini-
tialized to ADMOD <ADCH1, 0> = 00, so that ANO pin
will be selected.

The pins which are not used as analog input channel
can be used as ordinary input port P5.

Starting A/D Conversion

A/D conversion starts when A/D conversion register
ADMOD <ADS> is written “1". When A/D conversion
starts, A/D conversion busy flag ADMOD <ADBF>
which indicates “A/D conversion is in progress” will be
set to “1".

A/D Conversion Mode

Both fixed A/D conversion channel mode and A/D con-
version channel scan mode have two conversion
modes, i.e., single and repeat conversion modes.

In fixed channel repeat mode, conversion of specified
one channel is executed repeatedly.

In scan repeat mode, scanning from ANO, "~ — AN3 is
executed repeatedly.

A/D conversion mode is selected by ADMOD <REPET,
SCAN>.

A/D Conversion Speed Selection

There are two A/D conversion speed modes: high
speed mode and low speed mode. The selection is
executed by ADMOD <ADCS> register.

When reset, ADMOD <ADCS> will be initialized to “0,”
so that high speed conversion mode will be selected.

A/D Conversion End and Interrupt

e A/D conversion single mode

ADMOD <EOCF> for A/D conversion end will be set to
“1,” ADMOD <ADBF> flag will be reset to “0,” and
INTAD interrupt will be enabled when A/D conversion
of specified channel ends in fixed conversion channel
mode or when A/D conversion of the last channel ends
in channel scan mode.

Storing the A/D Conversion Result

The results of A/D conversion are stored in ADREGO to
ADREGS registers for each channel. In repeat mode,
the registers are updated whenever conversion ends.

ADREGO to ADREGS are read-only registers.
Reading the A/D Conversion Result

The results of A/D conversion are stored in ADREGO to
ADREGS registers. When the contents of one of
ADREGO to ADREGS registers are read, ADMOD
<EOCF> will be cleared to “0".

Setting example: 0O When the analog input volt-
age of the ANG pin is A/D
converted and the result is
stored in the memory
address FF10H by A/D

interrupt INTAD routine.
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Main setting

INTEOAD < 1 1 0 0 X X X X
ADMOD - X X 0 0 0 1 1 1
INTAD routine

A ~  ADREG3

[ (FFIOH) A

Setting example: O When the analog pin voltage of
ANO ~ AN2 pin is A/D converted in

INTEOAD 1 0 0 X X X X X
ADMOD - X X 1 1 0 1 1 0

Note:  x; don’'tcare —; no change

3.12 Watchdog Timer (Runaway Detecting Timer)

The TMP96CO31F is containing 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-

Enable INTAD and sets interrupt level 4.
Specify AN3 pin as an analog input channel and starts
A/D conversion in high speed mode.

The value of ADREG3 is read into the accumulator. Then the accumulator
value is stored into memory at FF10H.

high speed conversion channel scan repeat
mode.

Disable INTAD.

Start the A/D conversion of analog input channels ANO ~ AN2
in the high-speed scan repeat mode.

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.

A built-in function is used to stop the WDT count at bus
release request (BUSRQ).
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3.12.1 Configuration
Figure 3.12 (1) shows the block diagram of the watchdog timer (WDT).

WDTOUT I
y {>>o—] woTouT

RESET Internal reset— WDMOD <RESET>
Watchdog timer
out control

INTWD
1
WDMOD—>|
enable
<WDTPI1,0>—» Selector T ]
fo4a  Reset

216/ fc
218/ fe
220/ fc
222/ fc

Watchdog timer Q
22-stage binary counter
g y cou R 5
reset Reset
WDMOD
BUSAK <WDTE >|
Reset
s (f/2) HALT
(Stop or Idle mode)
AEH B1H
Write Write

Watchdog timer
control register

Internal bus

Figure 3.12 (1). Block Diagram of Watchdog Timer
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The watchdog timer is a 22-stage binary counter which
uses @(fc/2) as the input clock. There are four outputs from the
binary counter: 216/fc, 218/fc, 229/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.

Clearing the watchdog timer (by writing the clear code
(4EH) to the WDCR) after disabling it sets O to output to 1 (Pro-
gram example).

LDW (WDMOD), OB100H ; disables

watchdog timer

LD  (WDCR), 4EH
SET 7, (WDMOD)

; writes clear code
; enables watchdog
timer again.

In other words, the WDTOUT keeps outputting “0” until
the clear code is written.

The watchdog timer out pin can also be connected to the
reset pin internally. In this case, the watchdog timer out pin
(WDTOUT) outputs O at 8 to 20 states (800ns to 2.0us @
20MHz) and resets itself.

The WDTOUT (also used as P67) is multiplexed with pin
PG13; setting must be done using the port 6 control register,
PECRH (WDTOUT pin is set after reset).

(d

{
WDT Counter n )% "W‘W xlt‘ X 0
aT

I

LAl
Clear code of write

A€
T ;‘
(

T

Normal Mode

(

WDT Interrupt | l
WODT Clear
(Soft ware)

WDTOUT |

Figure 3.12 (2).
Qver flow
WDT Counter n %
WDT Interrupt | E

i

(¢

WDTOUT

(Internal Reset) |

7

Figure 3.12 (3). Reset Mode
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3.12.2 Control Registers

Watchdog timer WDT is controlled by two control registers
WDMOD and WDCR.

(1)  Watchdog Timer Mode Register (WDMOD)

O 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'%/fc is set. (The number of states is
approximately 32,768.)

0 Watchdog timer enable/disable control register
<WDTE>

When reset, WDMOD <WDTE> is initialized to “1”
enable the watchdog timer.

e Disable control
WDMOD - 0 - - - - - X
WDCR - 1 0 1 1 0 0 0

¢ Enable control

Set WDMOD <WDTE> to “1".

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".

0 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.

X Clear WDMOD <WDTE>to “0".
1 Write the disable code (B1H).

¢ Watchdog timer clear control

The binary counter can be cleared and resume count-

ing by writing clear code (4EH) into the WDCR register.

WoCR <« 0 1 0 0 1 1 1 0 Write the clear code (4EH).
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7 . & i s 4 3 2 1 0
bit Symbol WDTE WDTP1 WDTPO { WARM | HALTM1 HALTMO ©  RESCR DRVE
WDMOD -
Read/Write RIW
{005CH) - -
After reset 1 i 0 i 0 0 0 : 0 : 0 : 0
WOT ESeIe(ldetecting ‘ime;Warmmg ‘S1andby mode ; 1: 1:
: ‘Uptime | :
control 5. 516/f¢ P 00: RUN mode ‘Internally : Drive the
) :01: 218/fc :01: STOP mode ‘connects  :pinevenin
Function : : : :
1: Enable ;10: 220/f¢ 507 214f¢ :10: IDLE mode {WDToutto : STOP mode
i 222/f¢ 1 Jt6sic :1 1: Don’t care the reset pin:
1 ] |

L» DRVE (explanation by stop mode)

Watchdog timer out control
0 p—

1 | Connects WDT outto areset

Select the standby mode HALT instruction

00 | RUN mode (Only the CPU stops)
01 | STOP mode (All circuits stop)
10 | IDLE mode (Only the oscillator operates)

11 | Don'tcare

L——— Select the detecting period of watchdog
timer

0 | 2'4/fc (approx. 0.8ms @20MHz)

1 | 216/fc (approx. 3.3ms @20MHz)

L Select the detecting time of watchdog timer
00

01 |2'8/fc (approx. 13.1ms @20MHz)
10 | 220/fc (approx. 52.4ms @20MHz)
222/fc (approx. 209ms @20MHz)

1

Watchdog timer Enable / Disable control
0 |Disable

1 |Enable

Figure 3.12 (4). Watchdog Timer Mode Register
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7 0 6 5 4 3 2 1 0
bnSymbOI e — —— ,,_ —
(l\]"\é?lg:) Read/Write w
After reset = o -
B1H : WDT disable code
4EH : WDT clear code
Function
L» Disable/clear WDT
B1H Disable code
4EH Clear code ' ' '
Others | —
Figure 3.12 (5). Watchdog Timer Control Register
X1

~tak ™ : ! tKA

AO~23 }(: :><:

o~z s
- 5 -
RAW i 3
—f/ tAWH tew— \__
: <~ —tawL :
WAIT ; :
SS : \r !
7 tAPH > | :
sortimput = - Fmm oAy
: -!—tASRH‘-—D;- . : tRP |
— . ; ‘RSH | 4 " \k
RAS N b ; tRAS™ Y
ASRL: : tRAC—+ tRsC
_I~tRan=]| 1 |
==FR = . 1 T =

1 \ [ tras
Figure 3.12 (6)
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3.12.3 Operation

The watchdog timer generates interrupt INTWD after the
detecting time set in the WDMOD <WDTP1, O> 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-

Example: O Clear the binary counter

WDCR -~ 0 1t 0 0 1 1

ation by an anti-malfunction program. By connecting the
watchdog timer out pin to peripheral devices’ resets, a CPU
malfunction can also be acknowledged to other devices.

The watchdog timer restarts operation immediately after
resetting is released.

The watchdog timer stops its operation in the IDLE and
STOP modes. In the RUN mode, the watchdog timer is
enabled.

However, the function can be disabled when entering the
RUN mode.

1 0 Write clear code (4EH).

O Set the watchdog timer detecting time to 2'8/fc

WbMoD -~ 1t 0 1 - - -

O Disable the watchdog timer

WDMOD -~ 0 - - - - -
WDCR 1 0 1 1 0 0

0O Set IDLE mode

wopmMeb -~ 0 - - - 1 0
WDCR < 1 0 1 1 0 0
Executes HALT command

X X
X X Clear WDTE to “0".

0 1 Write disable code (B1H).

X X Disables WDT and sets IDLE mode.
0 1

Set the standby mode

O Set the STOP mode (warming up time: 216/fc)

WoMoD -~ - - - 1 0 1
Executes HALT command

2)  Writing 1 to the PAFC <BUSWDT> register halts count by
the WDT binary counter at bus release due to the bus

Set the STOP mode.
Execute HALT instruction. Set the standby mode.

X X

request signal, BUSRQ.
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3.13 Dynamic RAM (DRAM Controller DRAM, an access circuit to perform read/write, and an

The TMP96CO31F consists of a control circuit to refresh address decoder.
Figure 3.13 (1) shows a block diagram of the DRAM controller.

X1

A0~23

4
NN

wr T/

Figure 3.13 (1). DRAM Controller

3.13.1 Control Register

ok I I rrrrrrrrrrr
1 tscy |
’ toss t0H5|

OUTPUT DATA [ |

. e [ X X+ X

INPUT DATA

RxD X vaup X X vaup X X vaup X X

Figure 3.13 (2). Chip Select Wait Control Register (B3CS)
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. < tBRC - - tBRC
BUSRQ
tcean

BUSAK /t—
taaa
ADO~AD15, AO~A23, P ——
CS0~CS2, RW,RAS, Prmm e e e e e e e e e - o -
CASO~CAS2 ~
RD,WR,HWR R e e e e e e e e e e e e e e A

ALE

Figure 3.13 (3). Port 4 Function Register
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DREFCR
(004BH)

7 6 5 4 3 2 1 0
bit Symbol pDMI_ RS2 RS RS0 RW2 | RWI AWO | RC
Read/Write RIW
Atterreset | 0 0 0 0 oo 0 o o
Dummy  Refreshcycleinsertion interval  Refresh cycle width iRefresh cycle
Function  cycle : 000: 15 states 000:  2states | 0:Not
0: Prohibit | 00 31 states 001: 3 states inserted
1: Execute : 010: 62 states 010: 4states 1:Inserted
: 011 78 states 011:  5states H
100: 97 states 100:  6states
101 109 states 101: 7 states
110: 124 states 110: Bstates :
111 154 states 111:  9states H

L' Refresh cycle control

0 | Do not insert refresh cycle

1 | Insert refresh cycle

——>Refresh cycle width control

RW2 | RW1 { RWO Refresh cycle width
0 0 0 2 states
0 0 1 3 states
0 1 0 4 states
0 1 1 Sstates
1 0 0 6 states
1 0 1 7 states
1 1 0 8 states
1 1 1 9 states

Refresh cycle insertion interval

See Table 3.13 (2).

Dummy cycle control

0

Prohibit dummy cycle

Execute dummy cycle

Figure 3.13 (4). Refresh Control Register
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3.13.2 Operation Description accessed.
In addition, a DMUX signal is output for row address/
(1)  Read/Write Control column address switching.
Figure 3.13 (6) shows the RAS, CAS, and DMUX out-
The read/write controller outputs valid signals RAS and put timing diagram during memory access cycle.

CAS to DRAM when address space specified by the
internal address decoder (chip select 2 CS3/CAS) is

T T2 T W TW T2
S AYAYAVAW AN AWAWAWAWAWAWAWRW B!
ctk | f \ / \ / \
ae ) N
ADO~15 __@E\I /\:_(;3
023 X X
ADO~15 Din Din
ADO~15 { oout { Dout
v K X
v Y, \ am
RAS \ / \ 1T
CAS \ \
BMUX
a) At0 Wait b) At 2-wait cycle

Figure 3.13 (5). Memory Access Cycle Timing
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How to set the registers is described next. Figure 3.13 (2) shoes the structure of the chip select
wait control register B3CS. B3CS <B3E> can be used to
O Setting the RAS, CAS, DMUX, and RFSH output control the output of CS3/CAS and B3CS <B3CAS> can

be used to control CAS selection.

(RAS) P35 [} o }—RAS
(DMUX) P71 [] o] DMUX | DRAM cs3
o RFSH controller
(RFSH) P63 [} <]
3 CAS
(CS3/CAS) P43 Y
O+ =<} cs3 [
$B =l
Address A8
decoder ~A23
—
1
<B3E> | <B3WI1> | <B3W0> | <B3CAS>
0: DIS 00: 2WAIT 0: C53
to CPU =~ 01: TWAIT 1: CAS
1: EN 10: TWAIT +n
11: OWAIT

B3CS register

Figure 3.13 (6). Relationship Between Address Decoder and DRAM Controller

The RAS, CAS, DMUX, and RFSH signals must be O Inserting WAIT
set with the corresponding port control register because
they are multiplexed with P35, P43, P71, and P63 WAIT insertion during read/write control can be set
respectively. with the register BSCS <B3W1, 0>.
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(2)  Refresh Controller

The TMP96CO031F can output RAS/CAS used to
refresh in DRAM. At the same time the state signal
RFSH which indicates a refresh cycle is output.

DRAM can be refreshed easily because RAS/CAS out-
put frequency and pulse width are programmable.

The refresh controller has the following features.

e Refresh mode: CAS before RAS interval refresh
mode

CAS before RAS self refresh mode
e Refresh interval: 15 to 154 states (programmable)
e Refresh cycle width: 2 to 9 states (programmable)

* Dummy cycle can be generated

xi UL

¢ Refresh cycle is asynchronous with CPU operation
cycle.

i) CAS before RAS interval refresh mode

The refresh interval and refresh width for CAS before
RAS interval refresh mode depends on the DRAM
being used.

Therefore, TMP96C031F enables the CAS before RAS
output to be set with the refresh controller register
value according to the system clock and DRAM that
are being used.

Figure 3.13 (2) shows a timing example for CAS before
RAS refresh cycle.

RAS \ f
CAS — [ /
RFSH

2 states wide
h )

T

a) When the refresh cycle width
isset to 2 states

3 states wide

b) When the refresh cycle width
isset to 3 states

Figure 3.13 (7). Refresh Cycle Timing Example

How to set the register is described next.
Figure 3.13 (4) shows the bit structure of the refresh con-
trol register DREFCR.

O Refresh cycle insertion interval

The insertion interval is set with the three bits DREFCR

<RS2 to 0> according to the system clock being used.

Example: When the system clock is 20MHz and the
DRAM refresh cycle is to be 16ps, set these
bits to “111”.
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Table 3.13 Refresh Cycle Insertion Interval

O The three bits DREFCR <RW?2 to 0> can used to
change the refresh cycle width (RAS, CAS output). (2
to 9 states)

0 Refresh cycle control

The refresh cycle can be disabled/enable with the bit
DREFCR <RC>.

i) CAS before RAS self refresh mode

Warming up interval

Refresh Cycle Insertion Frequency (fosc)

RS2 RS1 RSO E::;;;l 4MHz 8MHz 10MHz 12.52|V1H 14MHz | 16MHz | 20MHz
0 0 0 15 7.5 3.75 3.0 24 2.14 188 | 1.5us
0 0 1 31 [Qss5>| 755 | 62 496 | 443 | 388 | 3.1
0 1 0 62 310 | Q550|124 9.92 886 | 775 | 62
0 1 1 78 390 | 195 1248 | 1114 | 975 | 78
1 0 0 97 485 2425 | 194 13.86 | 1213 | 97
1 0 1 109 sa5 | 2725 | 218 | 17.44 13.63 | 109
1 1 0 124 620 | 310 | 248 1984 | 1772 |55 124
1 1 1 154 770 | 385 | 308 | 247 | 220 19.3

(Unit: us)

This mode is used when CPU or DRAM control is
halted with a HALT (IDEL, STOP) instruction while
refreshing with CAS before RAS interval refresh mode
(hereafter referred to as interval mode).

However, RFSH is not output. (“1” is output.).

Figure 3.13 (8) shows the self refresh mode timing dia-
gram.

RAS ‘; " " L/
A \ { 6 -y b

[ HALT (STOP)
execution

Interval mode sequence

Self mode

-— —_—

Interval mode

Figure 3.13 (8). Self Refresh Cycle Timing

This mode is executed as follows. First, the settings are
made for normal interval mode Then, B3CS <SRFC> is
set to “0” just before a HALT instruction to perform one
normal refresh. Then, the CAS pin and RAS pin are

kept at low level and self refresh mode is entered. Set

B3CS <SRFC> to “1” to cancel this mode and return
to normal CAS before RAS refresh mode. (The first
CAS before RAS refresh is performed immediately after
cancellation because the refresh counter is cleared.)
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3)  DRAM initialize

The DRAM controller can generate consecutive CAS
before RAS dummy cycles necessary when using
DRAM. This is executed by setting DREFCR <DMI> bit

to “1” and cancelled by setting it to “0”. (The <RC> bit
need not be changed.)

The dummy cycle width is fixed to 4 states.

Figure 3.13 (9) shows the CAS before RAS dummy
cycle timing.

CLK

X1 J“\J“\JM‘\J‘\JHJ’\J
X

WR /

—
-

CAS

RFSH

Figure 3.13 (9). CAS before RAS Dummy Cycle Timing (Fixed to 4 states)

3.13.4 Priority

The DRAM refresh cycle may overlap with the DRAM read/
write cycle because it is not synchronized with the CPU oper-
ating cycle. In this case, the DRAM controller gives priority to

the cycle that starts operation first. If the priority is given to the
refresh cycle, a wait is automatically inserted in the memory
access cycle. Figure 3.13 (8) shows the timing in this case.
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X1

CLK
ALE
ADO~15
A0~23
RD/WR
RAS

CAS
Tout
DMUX

RFSH

T1 | T2 T T2 T2
/A A Y/ Y Y AV A/ A/ RY/RAYE
X D4
— N\ \
1) SR
| W — ~—1 /
\
\ \ /T
\
Memory access cycle Refresh cycle Memory access cycle

Figure 3.13 (101). Timing Diagram when Refresh Cycle is Inserted in Memory Access Cycle
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3.13.4 Connection Example

TMP96C031 ACS573
T | vee g{z: :> bQ A15~A8
csi A7=A0] T — T— T— L
Cso e S T @_—i—axy ¥ =8 _*
4 CS  address | [CS  address | |{CS  address | |{CS  address
A17~16 —_J‘> D QF— High-order byte ROM Low-order byte ROM S—bi‘ﬂith SRAM ﬁtividth SRAM
OE data E data OEWE data OEWE data
/} N AN
LE
ALE—HH —
AD15~8 - . o
AD7~0 u i ]
CAS — -
e ] - L= 101~8
[ H q_0 WR
DMUX — ‘ i ae
RECH — L 8-bit
RFSH _'\ S €A% DRAM
A17~A9 ) A
RAW v RAS
WR :
h) A8~A0]B A0~8
TC514800
GND 7 AC257
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4. Electrical Characteristics

4.1 Absolute Maximum (TMP96CO031F)

Symbol Parameter Rating Unit
Vee Power Supply Voltage -05~65 V
VIN Input Voltage <05~V +05 Vv

>I0L Qutput Current (total) 100 mA
S I0H Output Current (total) -100 mA
PD Power Dissipation (Ta = 70°C) 600 mw
T SOLDER Soldering Temperature (10s) 260 °C
TSTG Storage Temperature -65 ~ 150 °
TOPR Operating Temperature -20~70

156

TOSHIBA CORPORATION



TMP96CO031N/F

4.2 DC Characteristics (TMP96C031F)

Ve =5V 10%, Ta = -20 ~ 70°C (Typical values are for Ta = 25°C and V. = 5V)

Symbol Parameter Min Max Unit Test Condition

VIL Input Low Voltage (AD0O-15) -0.3 0.8 V

VIL1 P2, P3, P4, P5, P6, P7, P8, P9 -0.3 0.3Vge Vv

VIL2 RESET, NMI, INTO (P87) 03 0.25V,, v

VIL3 AMS/EA 0.3 03 v

VIL4 X1 -0.3 0.2V, Vv

VIH Input High Voltage (AD0O-15) 2.2 Ve + 03 V

VIH1 P2, P3, P4, P5, P6, P7, P8, P9 0.7V Ve +0.3 Vv

VIH2 RESET, NMI, INTO (P87) 0.75V,, Ve +0.3 Vv

VIH3 EA Vee-0.3 Vee+0.3 v

VIH4 X1 0.8V, Ve +0.3 Vv

VoL Output Low Voltage 0.45 V | 10L=1.6mA

VOH Output High Voltage 2.4 V| 10H = -400pA

V OH1 0.75V, V| 10H=-100pA

V OH2 0.9V, V | I0H=-20pA

|G s |m|vET

['LI Input Leakage Current 0.02 (Typ) 15 PA 0.0V sV

L0 Output Leakage Current 0.05 (Typ) +10 PA [ 02<VpsV,-02
|ODpLeErating Current (RUN) 30 (Typ) ?g m tosc = 20MHz

e o 2.0 (Typ)
STOP (Ta=-20 ~ ZO C) 02 () 50 PA [ 02<Vp<V,-02
STOP (Ta=0~50°C) 10 PA |02V V-02

e |Fomb o | v it

RRST RESET Pull Up Register 50 150 KQ

Clo Pin Capacitance 10 pF | tosc=1MHz

VTH %gt%ﬁmo 50 04 1.0 (Typ) v

RK Pull Down/Up Register 50 150 KQ

Note: I-DAR is guaranteed for a total of up to 8 ports.
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4.3 AC Electrical Characteristics (TMP96C031F) V. = 5V+10%, Ta = -20 ~ 70°C (4MHz ~ 20MHz)

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 tok CLK width 2x - 40 85 60 ns
3 tak A0 - 23 Valid - CLK Hold 0.5x - 20 11 5 ns
4 ta 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 i ALE fall - AO - 15 Hold 05x-15 16 10 ns
7 tL ALE High width X -40 23 10 ns
8 i ALE fall - RD/WR fall 0.5%- 30 1 5 ns
9 toL RD/WR rise - ALE rise 0.5%-20 1 5 ns
10 tacL A0 - 15 Valid - RD/WR fall x-25 38 25 ns
1 tacH A - 23 Vialid - RD/WR fall 1.5 - 50 44 25 ns
12 tca RD/WR rise — AQ - 23 Hold 0.5x - 20 1 5 ns
13 tanL A0 - 15 Valid - DO - 15 input 3.0x - 45 143 105 ns
14 taDH A0 - 23 Valid - DO - 15 input 35x-65 154 110 ns
15 tho RD fall - DO - 15 input 2.0x-50 75 50 ns
16 thR RD Low width 2.0x-40 85 60 ns
17 tha RD rise - DO - 15 Hold 0 0 0 ns
18 tra RD rise - A0 - 15 output x-15 48 35 ns
19 tyw WR Low width 2.0x- 40 85 60 ns
20 tow DO - 15 Valid - WR rise 2.0x - 50 75 50 ns
21 twp WR rise - DO - 15 Hold 0.5x-10 21 15 ns
22 tAEH A0 - 23 Valid — WAIT input (1WAIT + 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 fow 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| tpyp | AO-23Valid— PORT Hold 25x+50 206 175 ns
27 tep WR rise  PORT Valid 200 200 200 ns
AC Measuring Conditions
e Qutput Level: High2.2V  /Low 0.8V, CL50pF _ _
(However CL = 100pF for ADO ~ AD15, ADO ~ AD23, ALE, RD, WR, HWR, CLK, CS0 ~ CS3)
* Input Level: High 2.4V /Low 0.45V (ADO ~ AD15)

High 0.8Vcc  /Low 0.2Vcce (Except for ADO ~ AD15)
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(1) Read Cycle

X1 : :
: : tolk — !
ak : } :LNF ; 5
s tak ™™ I ; tka
A0~23 ‘>S“ : : s
/N ‘ : 7
Cs0~3 N\ ' §
L . ?g/
tAWH - -
teyy—
tAWL
WAIT
Wl % 4
: ;APH [
APH2 g ‘ :
Portinput =—=F—-=—=pF———=—=—=—=-—+ -——< - ———— ===
tADH ‘ ~tca—=
- H " N
e g S S g
ADO~15
ALE
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(2) Write Cycle

Cs0~3

WA.Ti — \ /-

Port Output

WR, HWR 5 \‘% ; tww / ;

: : t :
ADO=15 oo AD~15 | DO~15 :
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4.4 DRAM Control AC Characteristics (TMP96C031F)
Voo =5V+10% TA = -20 ~ 70°C (4MHz ~ 20MHz)

Variable 16MHz 20MHz
No. Symbol Parameter Unit
Min Max Min Max Min Max
1 tRe RAS cycle time 4x-10 240 190 ns
2 thac RAS fall . data input 2x-20 105 80 ns
3 feac CASfall  data input 1x-25 38 25 ns
4 tpp RAS high pulse width 2x-30 9 70 ns
5 tras RAS low pulse width 2x-10 115 90 ns
6 tRgH CAS fall — RASrise 1x-25 38 25 ns
7 tesh RAS fall — CAS rise 2x-20 105 80 ns
8 toag CAS low pulse width 1.5x-10 84 65 ns
9 tReD RAS fall — CAS fall 1x-15 48 35 ns
10 tcpp CASrrise — RAS rise 1.5x-50 44 25 ns
" tRaH RAS fall — A0 - 15 hold 0 0 0 ns
12 tASRL Ay 15 valid — RAS fall 1x-10 53 40 ns
13 tasrH Ag-ogvalid — RAS fall 1.5x-10 84 65 ns
14 twL WR fall - RAS rise 2x-50 75 50 ns
15 towL WR fall - CAS rise 2x-50 75 50 ns
16 s Data output — CAS fall setup 1x-30 33 20 ns
17 toH CAS fall — data output hold 1.5% - 50 44 25 ns
18 toHR RAS fall . data output hold 2.5x-50 106 75 ns
19 twes WRfall — CAS fall setup 1x-30 33 20 ns
20 tweH CAS fall - WR hold 1x-30 33 20 ns
21 trRom RAS fall — DMUX fall 0.5x- 10 21 15 ns
22 tcom DMUX fall — CAS fall 0.5x- 10 21 15 ns
23| toyr+ | RASTall - CASrise 2x- 50 75 50 ns
24 tapce | RASTise — CASfall 1.5x+0 64 45 ns
25 tep CAS high pulse width 1.5x+0 64 45 ns
26| tosgr | CASfall — RASfall 0.5x-10 21 15 ns
27 trRass*2 RAS low pulse width 2000x 125 100 ns
28 trps*o RAS precharge time 4x- 20 230 180 ns
29|  touso | CAShold time 0 0 0 ns
30 topL RFSH fall — CAS fall 1x-10 53 40 ns
31 ter | CAStise — RFSHrise 0.5x-10 21 15 ns
*1 CAS before RAS interval refresh mode
*2 CAS before RAS self-refresh mode
* Both refresh modes
AC Measuring Conditions
e Qutput Level: High2.2v ~ /Low08v, CLSOpF
(However CL = 100pF for ADO ~ AD15, ADO ~ AD23, RD, WR, HWR, R/W RAS)
* Input Level: High 2.4V /Low 0.45V (ADO ~ AD15)
High 0.8Vce/Low 0.2Vcc (Except for ADO ~ AD15)
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(1) Read/Write Access Cycle

X1

RAS

CAS

AQ~23

ADO~15

ADO~15

ALE

DMUX

RD, WR

RAWV

i 1 1 I
I ; ! : : :
' ! tre -« —-IRP R !
' ~— A . :
: N Jii : N |
: ' 1 ‘ : K !
«—tASRL ——— :‘ 4—:FtRSH——i- . 1CRp:if4-- !
| e T\
- tASRH tRCD — . !
: T tesh ' i
: ‘ | | :
POAD~23 i < A0~23 i
' trRAH > et . 1 X :
: f—-trac — | A : ;
b DATA IN < AD~15 > :
: 1 T i
: 1 , i i
: ~—1Ds —— toH E :
! { DATA OUT E { DATAOUT
| N~ . : .
: : ' 1 i
h i i / \ i
/ P\ i i i |
; <L twes —feitweh — i
1 1 ] l
: N : N\
! K : :
i tRDM f=— ' !
i L tcom Hewt :
| q—:itRWL —— !
H
1

trps |

S N

tcHs

20 N
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4.5 A/D Conversion Characteristics (TMP96C031F)

Ve =5V£10% TA =-20 ~ 70°C

Symbol Parameter Min Typ Max Unit
VRer Analog reference voltage Ve -1.5 Vee
Asnp Analog reference voltage Vss Vss Vv
Vay Analog input voltage range s o
Irer Analog current for analog reference voltage 0.5 15 mA
Error Total error 10
(Quantize error of (TA=25°C, Ve = VREF =5.0V) ’ LSB
+0.5 LSB not included) [l error 25
4.6 Serial Channel Timing - I/0 Interface Mode
Ve =5V+10% TA=-20 ~ 70°C
(1) SCLK Input Mode
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tsoy SCLK cycle 16x 1 0.8 18
toss Output Data - rising edge of SCLK tsoy/2 - 5x - 50 137 100 ns
toHs SCLK rising edge — output data hold 5x-100 212 150 ns
tHsr SCLK rising edge — input data hold 0 0 0 ns
tsrp SCLK rising edge - effective data input tsoy - 5x- 100 587 450 ns
(2) SCLK Output Mode
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tsoy SCLK cycle (programmable) 16x 8192x 1 512 0.8 409.6 13
toss Output Data - rising edge of SCLK tsoy - 2x- 150 725 550 ns
tons SCLK rising edge — output data hold 2x - 80 45 20 ns
tHsr SCLK rising edge — input data hold 0 0 0 ns
tsrp SCLK rising edge - effective data input tsoy - 2x- 150 725 550 ns
4.7 Timer/Counter Input Clock (TIO, T4, TI5)
Ve =5V£10% TA =-20 ~ 70°C
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tyck Clock cycle 8x+100 600 500 ns
tyokL Low level clock pulse width 4x + 40 290 240 ns
tyckH High level clock pulse width 4x+40 290 240 ns
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4.8 Interrupt Operation
Ve =5V+10% Ta=-20 ~ 70°C

Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tjal | NMI, INTO Low level pulse width 4x 250 200 ns
tjman | NMI, INTO High level pulse width 4x 250 200 ns
tinTBL INTT ~ INT7 Low level pulse width 8x+100 600 500 ns
tinTeH INTT ~ INT7 High level pulse width 8x + 100 600 500 ns
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4.9 Timing Chart for I/0 Interface Mode

w I rrrrrrrrrrrre—r

|
|
SCLK !

| toss tOHS‘
[ \

QUTPUT DATA

X T X X X

INPUT DATA

RxD J( VALIDX X VALID X X VALIDX XVAUD >C
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4.10 Timing Chart for Bus Request/BUS Acknowledge

(Note 1)

ck XK XL X X X

— -« tBRC t = - tBRC
BUSRQ caAL
i tceaH

{
)

-

L
a

BUSAK

- < tABA tgaa

ADO~AD15 ES }_ ______ A e e _<
A16~A23 SB _, Note2 7

1Y

TS0~CS3CAS (/2L FMReey TTTT TS N
RAN, RAS,

Soi

EE_
1?(;
r"
1
T

rl

Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max

tare BUSRQ setup time for CLK 120 120 120 ns
toBaL CLK — BUSAK falling edge 1.5x+120 214 220 ns
tcBAH CLK - BUSAK rising edge 0.5x + 40 4 65 ns
tagA QOutput buffer is off to BUSAK N 0 80 0 80 0 80 ns
taan BUSAK & 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: An internal programmable pull-down resistor must be connected.
Note 3: An internal programmable pull-up resistor must be connected.
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5. Table of Special Function Registers
(SFR; Special Function Register)

The special function registers (SFRs) include the /O ports and

peripheral control registers allocated to the 128-byte
addresses from 000000H to 00007FH.

Configuration of the table

(1) 1/0 port

(2) 1/O port control

(8) Timer control

(4) Pattern Generator control
(6) Watch Dog Timer control
(6) Serial Channel control
(7) A/D converter control
(8) Interrupt control

(9) Chip Select/Wait Control
(10) DRAM Control

Symbol

Name

Address

~

[=2}

H ‘ -+bit Symbol

\T ; +Read / Write

H : : - Initial value afrer reset

_// ~Remarks
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Table 5 1/0 Register Address Map

Address Name Address Name Address Name Address Name

000000H 20H | TRUN 40H | MSARO 60H | ADREGO
1H 21H 41H | MAMRO 61H | ADREG1
2H 22H | TREGO 42H | MSAR1 62H | ADREG2
3H 23H | TREG1 43H | MAMR1 63H | ADREG3
4H 24H | TO1TMOD 44H | MSAR2 64H
5H 25H | TFFCR 45H | MAMR2 65H
6H | P2 26H | TREG2 46H | MSAR3 66H
7H | P3 27H | TREG3 47H | MAMR3 67H
8H | P2CR 28H | T23MOD 48H 68H
9H | P2FC 29H | TRDC 49H 69H | BOCS
AH | P3CRL 2AH 4AH 6AH | B1CS
BH | P3CRH 2BH 4BH | DREFCR 6BH | B2CS
CH | P4 2CH 4CH | PGOREG 6CH | B3CS
DH | P5 2DH 4DH | PG1REG 6DH
EH 2EH 4EH | PGO1CR 6EH
FH 2FH 4FH 6FH
10H | P4FC 30H | TREGAL 50H | SCOBUF 70H | INTEO1
11H 31H | TREG4H 51H | SCOCR 71H | INTE23
12H | P6 32H | TREGSL 52H | SCOMOD 72H | INTE45
13H | P7 33H | TREG5H 53H | BROCR 73H | INTE67
14H | P6CRL 34H | CAP1L 54H | SC1BUF 74H | INTET10
15H | P7CRL 35H | CAP1H 55H | SC1CR 75H | INTET32
16H | P6CRH 36H | CAP2L 56H | SC1IMOD 76H | INTET54
17H | P7CRH 37H | CAP2H 57H | BR1CR 77H | INTESO
18H 38H | T4AMOD 58H | ODE 78H | INTEST
19H 39H | TFF4CR 59H 79H | INTEAD
1AH 3AH | T45CR 5AH 7AH | IMCO
1BH 3BH 5BH 7BH | IIMC1
1CH 3CH 5CH | WDMOD 7CH | DMAQV
1DH 3DH 5DH | WDCR 7DH | DMA1V
1EH 3EH 5EH | ADMOD 7EH | DMA2V
1FH 3FH 5FH 7FH | DMA3V
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(1) 1/0 Port
Symbol Name Address 7 6 5 4 3 2 1 0
P27 P26 P25 P24 P23 P22 P21 P20
R/W
P2 PORT2 06H
Input mode
0 0 0 0 0 0 0 0
P35 P34 P33 P32 P31 P30
R/W
P3 PORT3 07H
1 1 | 1 | 1 | 1 1
Input mode (Pulled-up)
P43 | P42 | P41 P40
P4 PORT4 0CH AW
1 | 0 | 1 1
Output mode
P53 | P52 | P51 P50
P5 PORT5 ODH R
Input mode
P67 P66 P65 P64 P63 | P62 | P61 P60
R/W
P6 PORT6 12H
1 1 | 1 1 | 1 | 1 | 1 1
Input mode
P76 | P75 P74 | P73 | P72 | P71 P70
P7 PORT7 13H AW
1 | 1 1 | 1 | 1 | 1 1
Input mode
Read/Write R/W Either read or write is possible
R Only read is possible
W ; Only write is possible
Prohibit RWM Prohibit Read Modify Write. (Prohibit RES/SET/TSET/CHG/STCF/ANDCF/ORCF/XORCEF Instruction)
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(2) 1/0 Port Control (1/2)

Symbol Name Address 7 6 5 4 3 2 1 0
P27C P26C P25C P24C P23C P22C P21C P20C
08H W
PORT2
P2CR
Control (Prohibit o | o | o [ o | 0 |0 ] 0o | o
RMW) <<Refer to the “P2FC">>
P27F | P26F | P25F | P24F | P23F | P2OF | P21F | P20F
09H m
porc | PORT?
Function (Prohibit o | o [ o | o | o | o [ o | 0
RMW) P2FC/P2CR=00:IN, 01:0UT, 10—, 11:A23 - 16
P33C1 | P33C0 | P32C1 | P3200 | P31C1 | P31C0 P30C1 P30C0
0AH W
Control (Prohibit 0o | o o | o o | 0 0 0
Low RMW) 00 ; PORT input 00 : PORT input 00 ; PORT input 00 : PORT input
01 : PORT output 01: PORT output 01: PORT output 01: PORT output
10 : BUSAK 10: BUSRQ 10:- 10:705
11:- 1:- 1:- 11: HWR
RDEN P35C1 | P35C0 P34C1 | P34C0
PORT3 0B W W
PaCRH Control L 0 0 | 0 0 | 0
High (Prohibit 1: pseudo 00 : PORT input 00 : PORT input
RMW) SRAM 01 PORT output 01: PORT output
EN 10 RAS 10 NMI
- 11:RW
BUSWDT BUDRM P43F P4F PAF P4OF
10H
psrc | PORT4 W W W
Function (Prohibit 0 0 0 0 0 0
RMW) | 00:BUSSRQ | 0: ON 00:PORT [ 00:PORT [ 00:PORT | 00:PORT
DIS 1:OFF 01:CS3/CAS | 01:CS2 01:CST 01:CS0
01:BUSRQ
EN
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1/0 Port Control (2/2)

Symbol Name Address 7 6 5 4 3 2 1 0
P63C1 P63CO P62C1 P62C0 P61C1 P61C0 P60C1 P60CO
14H m
Control (Prohibit 0 0 0 0 0 0 0 0
Low RMW) 00 : PORT input 00 : PORT input 00 : PORT input 00 : PORT input
01: PORT output 01: PORT output 01: PORT output 01 : PORT output
10: PGO3 10: PGO2 10: PGO1 10: PGOO
11 - RFSH - - 11:TxDO
P67C1 | P67C0 P66C1 | P66CO P65C1 | P65C0 P64C1 P64CO
PORT6 15K w
P6CRH
Control (Prohibit o | o0 o | o o | o0 0 0
High RMW) 00 : PORT input 00 : PORT input 00 : PORT input 00 : PORT input
01 : PORT output 01: PORT output 01: PORT output 01 : PORT output
10: PG13 10: PG12 10:PG11 10: PG10
11 : WDTOUT - - 11—
P73C1 | P73C0 P72C1 | P72C0 P71C1 | P71C0 P70C1 P70C0
PORT7 168 w
P7CRL
Control (Prohibit o | o0 o | o o | o0 0 0
Low RMW) 00 : PORT input 00 : PORT input 00 : PORT input 00 : PORT input
01 : PORT output 01 : PORT output 01 : PORT output 01 : PORT output
10: - 10: - 10: 703 10: 701
- - 11 : DMUX 11:704
P76C1 | P76C0 P75C1 | P75C0 P74C1 | P74C0
PORT7 17 W
P7CRH
Control (Prohibit o | o o | o0 o | o0
High RMW) 00 : PORT input 00 : PORT input 00 : PORT input
01 : PORT output 01 : PORT output 01 : PORT output
10: SCLK1 10:- 10: TxD1
1:- 11— 11:-
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(3) Timer Control (1/3)

Symbol Name Address 7 6 5 4 3 2 1 0
T5RUN TARUN P1RUN PORUN TIRUN TORUN
R/W
TRUN ng]g;tfglN 201 0 0 | 0 | 0 0 0
R Prescaler and Timer Run/Stop CONTROL
€. 0 : Stop and Clear
1:Run (Count up)
22H -
8bit Timer (Prohibit
TREGO W
Register 0 RMW) .
Undefined
23H -
TREG 8bit Timer (Prohibit W
Register 1 RMW) .
Undefined
T10M1 | T10M0 PWMM1 | PWMMO T1CLK1 | T1CLKO TOCLK1 | TOCLKO
W
8bit Timer 24H
TO1TMOD | Source CLK o | o o | o o | o o | o
and MODE 00: 8-bit Timer 00: - 00 : TOOTRG 00 TIO Input
(Prohibit 01 : 16-bit Timer 01:26-1  PWM 01: ¢l 01: ¢l
RMW) 10 8-bit PPG 10:27 -1 Cycle 10 ¢r16 10 ¢4
111 8-bit PWM 19:28-1 11 @256 11: 116
TFF3C1 TFF3C0 TFF3IE TFF3IS TFF1C1 TFF1C0 TFF1IE TFF1IS
W RIW w RIW
8bit Timer - 0 0 - 0 0
TFFCR Fé'p'{'of 25H 00 - Invert TFF3 T.TFF3 |0 Timer2 00 - Invert TFF1 1-TFF | 0:Timer0
ontro 01 : Set TFF3 lnvert | 1:Timer3 01 : Set TFF1 Invert | 1: Timer 1
10 : Clear TFF3 Enable 10 : Clear TFF1 Enable
11: Don't care 11 : Don't care
TREG2 | PWM Timer 26H w
Register 2 ,
Undefined
TREG3 | PWM Timer o7H W
Register 3 ,
Undefined
T23M1 | T23M0 PWM21 | PWM20 T3CLK1 | T3CLKO T2CLKO | T2CLKO
R/W
aop | 23 28 0o | o0 o | o0 o | o0 o | o
Hode Reg. 00 : 8-bit Timer 00: - 00 : TO2TRG 00 : TIO Input
N 01 : 16-bit Timer 01:26-1  PWM 01: ¢ 01: ¢
(Prohibit 10 8-bit PPG 10:27-1 Cycle 10: @16 10: ¢4
RMW) 11 8-bit PWM 11:28-1 11: 1256 11: ¢T16
TR2DE | TRODE
R/W
: 0 0
TRDC DT|mer Reg. |
ouble Buffer 20H Tmer Reg.
Control Reg. Double Buffer Control
0 : Double Buffer Disable
1: Double Buffer Enable
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(3) Timer Control (2/3)

Symbol Name Address 7 6 5 4 3 2 1 0
30H _
Register 4L RMW) .
Undefined
31H _
Register 4H RMW) -
Undefined
32H _
Register 5L RMW) -
Undefined
33H _
TREG5H 16bit Timer (Prohibit W
Register 5H RMW) -
Undefined
CApfL | _Lapture 34H R
Register 1L -
Undefined
CAPIH | Capture 35H R
Register 1H -
Undefined
Capture
CAP2L 36H R
Register 2L -
Undefined
CAP2H | Capture 37H R
Register 2H -
Undefined
CAP2T5 | EQ5T5 CAP1IN CAP12M1 | CAP12MO CLE TACLK1 TACLKO
R/W W R/W
16bit Timer 4 o | o 0 o | o 0 0 0
T4MOD CSL";med 38 TFF5 INV TRG 0 Soft- Capture Timing 1.uc4 Source Clock
MOSE 0': TRG Disable Capture 00 ; Disable Clear 00: Tl4
1: TRG Enable 1:Don't care 01:T14 + TI5 1 Enable 01: ¢l
10:T14 1+ T4 1 10: ¢r4
11:TFF1 1+ TFF1 11: ¢l16
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(3) Timer Control (3/3)

Symbol Name Address 7 6 5 4 3 2 1 0
TFF5C1 TFF5C0 CAP2T4 CAP1T4 EQ5T4 EQ4T4 TFF4C1 TFF4C0
W R/W W
16bit Timer 4 0 0 0 0 0 0 0 0
T4FFCR Flip-flop 39H
Control 00 : Invert TFF5 TFF4 Invert Trigger Source Clock
01: Set TFF5 0 Trigger Disable 00 : Invert TFF4
10 : Clear TFF5 1: Trigger Enable 01: Set TFF4
11 : Don't care 10 : Clear TFF4
11 : Don't care
- PGIT PGOT | DB4EN
R/W R/W
0 0 0 I
T45CR | T4, T5 Control 3AH PG shif PGO Shif .
trigger trigger 1 Double
Fixat"0 0: Timer 0,1 | 0 Timer 23 e
1:Timer 4 1:Timer 4
(4) Pattern Generator
Symbol Name Address 7 6 5 4 3 2 1 0
4CH PG03 PG02 PGO1 PG00 SA03 SA02 SA01 SA00
PGOREG | PGO Register (Prohibit W R/W
RMW) 0 0 0 0 Undefined
ADH PG13 PG12 PG11 PG10 SA13 | SA12 | SA11 | SA10
PGIREG | PG1 Register (Prohibit W R/W
RMW) 0 0 0 0 Undefined
PAT1 CoWi PGIM PGITE PATO | cCwo | PGOM | PGOTE
R/W
4EH 0 0 0 0 0 0 0 0
PGOTCR | PGO, 1 Control 0: Normal PG1 trigger 0: Normal PGO trigger
0:8-bitwrite | Rotation | 0:4-bit Step | input 0:8-bitwrite | Rotation | 0:4-bit Step | input
1:4-bitwrite | 1:Reverse | 1:8-bit Step | enable 1:4-bitwrite | 1:Reverse | 1:8-bit Step | enable
Rotation 1:Enable Rotation 1: Enable
(5) Watch Dog Timer
Symbol Name Address 7 6 5 4 3 2 1 0
WDTE WDTP1 WDTPO WARM HALTM1 HALTMO RESCR DRVE
R/W
"o Wach D 1 0 0 0 0 0 0 0
- atch Dog -
MOD | Timer Mode 5CH 00: 2'6/ic Warming up Sta.ndby Mode 1: Connect 14 e
. 18 . 00 : RUN Mode internally X
1:WDT 01:2/c Time : the pin
020 ol 01: STOP Mode WDT out .
Enable 10:25/fc 0:2"%ic ) . in STOP
11 222/10 1 216/f0 10 : IDLE Mode pinto Mode
' ' 11 : Don't care Reset Pin
Watch Dog _
i W
WDCR Timer 5DH :
Gontrol Undefined
Register BiH : WDT Disable Code  4EH : WDT Clear Code
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(6) Serial Channel (1/2)

Symbol Name Address 7 6 5 4 3 2 1 0
. RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
Serial TB7 TB6 TB5 TB4 TB3 TB2 TB1 TBO
SCoBUF Channel 0 50H R (Receiving)/W (Transmission)
Buffer
Undefined
RBS EVEN PE OFRR | PERR | FERR - -
Seria R R/W R (Cleared to 0 by reading) R/W
eria
SCOCR |  Channel 0 51H 0 0 o [ o | o 0 0
Control o Parity o 1 Error
ggtcae&'t”g 0:0dd | E:irgl‘é ) —{Fixat'0" |Fixat'0’
1 Even Overrun Parity Framing
TB8 CTSE RXE WU SM1 SMO SC1 SCO
R/W
3Co- Serial 0 0 0 0 0 0 0 0
MOD Ch,\jl';r(‘fe' 0 52H 00 Unused 00 T00 Trigger
Transmission | 1: CTS 1:Receive |1:Wake up 01 : UART 7-bit 01 : Baud rate generator
data bit 8 Enable Enable Enable 10 : UART 8-bit 10 : Internal clock ¢t
11 : UART 9-bit 11: Don't care
- BROCK1 BROCKO BROS3 |  BR052 BRO5T |  BROSO
R/W R/W
0 0 0 0 0 0 0
BROCR Baud Rate 53H | | | |
Control 00: @0 (fc/4) o
: Set frequency divisor
e 01: ¢@2 (fc/16)
Fix at “0 ) 0~F
10: @8 (fc/64) (*1” prohibited)
11 @32 (fc/256)
_ RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
Serial TB7 TB6 TB5 B4 TB3 TB2 TB1 TBO
SC1BUF Channel 1 54H R (Receiving)/W (Transmission)
Buffer
Undefined
RBS EVEN PE OFRR | PERR | FERR SCLKS I0C
R R/W R (Cleared to 0 by reading) R/W
0 0 o | o | o 0 0
Seria 1: Error
SC1CR Channel 1 55H :
i 0: SCLKO
Control Receiving ga”(% d 1 Parity (- 1 Input
data bit 8 1 Even Enable Overrun Parity Framing 1(.55‘50) SCLK1 pin
B8 - RXE Wu SM1 SMO SC1 SCO
R/W
SC1- Serial 0 0 0 0 0 0 0o | o
wop | Chamel 56H 00 1/0 Interface 00 T00 Trigger
Transmission Fix at 0" 1:Receive | 1:Wake up 01 : UART 7-bit 01 : Baud rate generator
data bit 8 Enable Enable 10 : UART 8-bit 10 Internal clock ¢t
11 UART 9-bit 11 : Don't care
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(6) Serial Channel (2/2)

Symbol Name Address 7 6 5 4 3 2 1 0
- BR1CK1 BR1CKO BR153 BR152 BR151 BR150
R/W R/W
0 0 0 0 0 0 0
BRICR Baud Rate 57H | | | |
Control 00: @0 (fc/4) .
, Set frequency divisor
o 01: ¢2 (fc/16)
Fixat “0 . 0~F
10: 18 (ic/64) (“1" prohibited)
11432 (fc/256)
ODET | ODEO
Special R/W
ODE Open Drain 58H 0 0
Enable 1:p74 1: P60
Open-drain |  Open-drain
(7) A/D Converter Control
Symbol Name Address 7 6 5 4 3 2 1 0
EQCF ADBF REPET SCAN ADCS ADS ADCH1 ADCHO
R/W R/W R/W R/W
A/D Converter
ADMOD Mode Reg. 5EH 0 0 0 0 0 0 0 0
1:eND  |1:Busy | -Repeal \TuScan o TSlow oy eper | anaioq input Channel Select
mode set mode mode
ADREGo | AD Resul 60H R
Reg. 0
Undefined
AD Result 61H R
ADREG1 Reg. 1 ,
Undefined
ADREG | ADResul 62H R
Reg. 2
Undefined
ADREG | AD Resul 63H R
Reg. 3
Undefined
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(8) Interrupt Control (1/2)

Symbol Name ] Address 7 \] 6 [ 5 ‘ 4 3 [ 2 l 1 0
INTH INTQ
INT 1
SR om e vz . Ml 1Mo 10C M2 lom1 10MO
INTEO1 |Enable
an (Prohibit RIW W RAW W
RMW) 0 0 S0 0 0 0 . 0 0
INT3 INT2
INTerrupt :
71H 13C 13M2 13M1 © o 13MO0 12C 12M2 12M1 12MO
INTE23 [Enable
13 (Prohibit RW W RW W
RMW) 0 0 : 0 0 0 0 ; 0 0
INTS INT4
INT t - -
EITUPL L 7ok I5C ismz__._ IsM1___ 15M0 1aC Mz a1 14M0
INTE4S |Enabie -
45 (Prohibit RIW wW RAW W
RMW) 0 0 : 0 0 0 0 : 0 0
INTerrupt INT7 INT6
P 73H 17C 17M2 17V 17M0O 16C 16M2 C16M1 16M0
INTE67 |Enable ‘
6/7 (Prohibit R/W " RW wW
RMW) 0 0 0 0 0 0 0 0
INTerrupt INTT1 (umer 1) INTTO (timer 0)
INTET10] Enabl P 74H IT1C IT1M2 ITIM1 ITIMO ITOC 1TOM2 1TOM 1 1TOMO
n L
Tr: reUO (Prohibit RIW W RAW W
‘me RMIW) 0 o o o 0 o o0 0
INTT3 (timer 3) INTT2 (timer 2)
T
INTerrupt | 55y IT3C T3m2 IT3M1 IT3MO IT2¢ T2m2 T2m1 IT2M0
INTET32|Enable
Timer 2/3 (Prohibit RW W | R/W W
1 B =
RMW) 0 0 : 0 : 0 0 0 : 0 0
INTerrupt INTTRS (TREGS) INTTR4 (TREGA)
INTETS4 | Enabl P 76H ITSC IT5M2 ITSM1 IT5MO IT4C 1T4M2 ITAM1 1TAMO
- ;a (Prohibit | R/W W RIW w
€9 RMW) 0 o o0 o0 0 0 0 0
INTerrupt INTTX0 INTRX0
reso e Z‘ PHL m ITXOC | ITXOMZ © ITXOM1 | ITXOMO | IRXOC © IRXOM2 _ IRXOM1 | IRXOMO
Szfafo (Prohibit | __RW ™ RIW W
‘ RIVIW) 0 0 0o o0 0 0o 0
INTerrupt INTTX1 INTRX1
INTEST | Enabl P 78H ITX1C ITX1M2 ITXIMT = ITXTMO IRX1C IRX1M2 IRX 1M1 IRX1MO
. Ij (Prohibit | RwW w RIW w
ere RMW) 0 0 0o 0 0 0 0 0
INTAD
INT -
errupt | gy IADC IADM2 _ IADM1____IADMO ;
INTEAD |Enable R ; :
(Prohibit R/W R W :
A/D *
RMW) 0 B 0 0 0 :
11 J L ] _J
) | | }
1
L,. IxxM2 IxxM1 IxxM0 Function (Write)
0 0 Q Prohibit interrupt request
0 0 1 Setinterrupt request level to " 1"
0 1 0 Setinterruptrequest level to "2".
Q 1 1 Setinterruptrequest level to "3".
1 0 0 Setinterrupt request level to “4".
1 0 1 Setinterrupt request level to "5".
1 1 0 Setinterrupt request level to “6".
1 1 1 Prohibit interrupt request
— 1xxC Function (Read) Function (Write)
a Indicate no interrupt request. Clear interrupt request flag
1 Indicate interrupt request. | ----- Don'tcare-----
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(8) Interrupt Control (2/2)

Symbol Name Address 7 6 5 4 3 2 1 0
LDMAO start vector
OMA 0 7CH DMAOVS | DMAOVZ7 | DMAOV6 | DAMOVS | DMAOV4
DMAQOV request (Prohibit
Vector RMW) W
0 o | o | o 0
PUDMAT start vector
DMA1 7DH DMAO1VS | DMAIV7 [ DMAIVG | DAMIVS | DMAIV4
DMA1V request (Prohibit
Vector RMW) W
0 o | o | o 0
LDMA2 start vector
DMA2 TEH DMA2VS | DMA2v7 | DMA2V6 | DAM2V5 | DMA2v4
DMA2V request (Prohibit
Vector RMW) W
0 o | o | o 0
PUDMAS3 start vector
DMA'3 TFH DMASVS | DMA3V7 | DMASVE | DAM3V5 | DMA3V4
DMA3V request (Prohibit
Vector RMW) W
0 0 0 0 0
4IE I3IE 12IE MIE HEM I0IE OLE NMIREE
7AH 0 0 0 0 0 0 0 0
Interrupt Input
0:INTO 0:INTO
IMCO Mode o ,
Control 0 (Prohibit | 1: INT4 1:INT3 1:INT2 1:INT1 ”:(‘j'”g 1:INTO ﬁfggg 1'832?;‘9
RMW) input input input input 1 'IN191 input 1-INTO VI rise
enable gnable enable gnable .falling egnable .Ievel edge
edge mode
I7IE I6LE I51E
7BH W
Interrupt Input
IMCA Mode 0 0 0
Control 1 (Prohibit 1:INT7 1:INT6 1:INT5
RMW) input input input
enable enable enable
178 TOSHIBA CORPORATION




TMP96CO031N/F

(9) Chip Select/Wait Controller (1/2)

Symbol Name Address 7 6 5 4 3 2 1 0
BOE BOSYS BOARE BOBUS BOW1 BOWO BOC1 BOCO
W
CBSI?\%\?T 68H 0 0 0 0 0 0 0 0
BCS 1 oontol | (pronibit | O 00 : 2WAIT 00 : 2WAIT
register RMw) |0:CSODIS | 1:SYSTEM 1+ Address 0: 16-bit Bus 01: 1TWAIT 01: 1TWAIT
1:CSOEN only ’ area 1: 8-bit Bus 10 1TWAIT +n 10 1WAIT +n
e 11: OWAIT 11: OWAIT
specification
B1E B1SYS B1ARE B1BUS B1W1 | B1WO
W
Block 1 69H 0 0 0 0 0 | o
pics | CSMAT 0.80-
COU”tO' (Profibit | 7FFF
register RMW) cLol . _ —
1:CSTEN P | T Al ' '
specification
B2E B2SYS B2ARE B2BUS B2W1 | B2WO
W
Block 2 6AH 1 0 0 Undefined 0o | o
pocs | CS/WATT 08000 -
control (Prohibit | __ 3FFFFF
register RMw) | 0: CSODIS 1 1 Address 1 1 - -
1:CSOEN ' ated
specification
B3E B3SYS B3ARE B3BUS B3wW1 | B3WO B3CAS SRFC
Block 3 68H W
gicg | CSMAT L 0 0 o [ o 010
control (Prohibit | 0: CS3/CAS 0: Undefined 0: CS3/CAS | 0: Self
register RMW) DS . 1 Address : : DIS | refresh
1:CS3/CAS area 1:CS3/CAS | execution
EN specification EN 1: Release
S23 S22 S21 S20 S19 | S18 S17 S16
Memory RIW
Start 40H
MSARD Adrress 1 ! ! | 1 | 1 | 1 1 !
Reg. 0 A23 ~ A16
Memory start address setting
V20 V19 vie | owviz | wvie | vis | via-9 | 8
Memory
Start RIW
MAMRO Adrress 41H 1 1 1 | 1 | 1 | 1 1 1
F"\ggsg 0: Address A8 ~ A20 comparison is valid.
' 1: Address A8 ~ A20 comparison is invalid. (Specification bit by bit).
523 522 st | s | st9 | 8 517 516
Memory RIW
MSART Star 42H 1 1 1 1 1 1 1 1
Adrress | | |
Reg. 1 A23 ~ A16
Memory start address setting
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(9) Chip Select/Wait Controller (2/2)

Symbol Name Address 7 6 5 4 3 2 1 0
V21 V20 V19 V18 V17 V16 V15~9 V8
Memory
Start RIW
MAMRT Adrress 43H 1 1 1 | 1 | 1 | 1 | 1 | 1
F'{\gzsﬁ 0: Address A8 ~ A21 comparison is valid.
' 1: Address A8 ~ A21 comparison is invalid. (Specification bit by bit).
523 522 st | s | s9 | s [ s | si6
Memory RIW
MSAR? Start 44H
Adrress 1 1 1 | 1 | ! | 1 | 1 | 1
Reg. 2 A23 ~ A16
Memory start address setting
V22 V21 voo | w9 | wvis | viz | w6 | V15
Memory
Start RIW
MAMR2 Adrress 45H 1 1 1 | 1 | 1 | 1 | 1 | 1
F'{\QZSKZ 0: Address A15 ~ A22 comparison is valid
' 1: Address A15 ~ A22 comparison is invalid. (Specification bit by bit).
523 S22 st | s | s9 | s | s | si6
Memory RIW
Moarg | St 46H
Adrress 1 1 1 | 1 | 1 | 1 | 1 | 1
Reg. 3 A23 ~ A16
Memory start address setting
V22 V21 voo | w9 | wvis | viz | w6 | Vs
Memory
Start RIW
MAMR3 Mask 46H 1 1 1 | 1 | 1 | 1 | 1 | 1
ARderéezs 0: Address A15 ~ A22 comparison is valid
' 1: Address A15 ~ A22 comparison is invalid. (Specification bit by bit).
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(10) DRAM Control

Symbol Name Address 7 6 5 4 3 2 1 0
DMI RS2 RS1 RSO RW2 RW1 RWO RC
R/W
0 0 0 0 0 0 0 0
Refresh cycle insertion interval Refresh cycle insertion interval
Refresh 000 : 15 states 000 : 2 states
DREFCR Control 48H 001 : 31 states 001 : 3 states
Reg. Dummy cycle 010 : 62 states 010 : 4 states Refresh cycle
0 : Prohibit 011: 78 states 011: 5 states 0 : Prohibit
1: Execute 100 : 97 states 100 : 6 states 1: Execute
101 : 109 states 101 : 7 states
110 : 124 states 110 : 8 states
111: 154 states 111 9 states
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6. Port Section Equivalent Circuit Diagram
¢ 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.

* PO (ADO ~ AD7), P1 (ADS ~ 15, A8 ~ 15), P2 (A16 ~ 23)

Output Data ———

Qutput Enable

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 resistans ranges from several tens of
ohms to several hundreds of ohms.

VCC

P-ch

< N-ch

STOP
Input Data Wy S S D le]
L i[>o|[« N-ch | Programmable
i i PullDown
H i Resistance
Input Enable bommmmmmees “ (only PORT2)
* RD, WR
VCC
Output Data
ouT
STOP -
e P30 ~ 33, P35

vCC
Output Data —
O ., Programmable
! VCC : Pull Up
, 1 Resistor
Output Ens?%g o E Dﬁl f (not existin
S (R 4 PORT A)
Input Data ﬁ Wy {Jwo

Input Enable
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* P61 ~ P67, P70 ~ P73, P75 ~ P76

e P50 (ANO/INTO)

e P51 ~ P53 (AN1 ~ 3/INT1 ~ 3)

Output Data

Output Enable
STOP

Input Data —Q—GG:E;W

Analog Input  ————

Channel Select

=D

Input Enable

[Jwo

Analog Input

Input Data <———°<]“°G—_—'_
INTO -—oG_C’@

Analog Input

Channel Select

Analog Input

]
L

D Input

I — o<} InputEnable

o<} INTO Enable

Input Data *——OQ—OG,—
INTR «———oG—OQ‘

I

D Input

L o} InputEnable

o< INTn Enable
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e P60 (TXDQ), P74 (TXD1)

___________ - Programmable

vCC
Output Data #TD}—‘
Open Drain
Output Enable ._D°—| - .
—AW

! VCC puliup
sTop : M% | Resistor
bbbt ] o
Input Data o<} '[
Input Enable
o P34 (NMI/R/W)
VCC
Output Data H
-3 VCC | Programmable
) 1 v PullUp
Output Ense%s - ‘}L Do J Resistor
{]vo

AM_
Input Data <—O<}—DG_—0<}—— Input Enable

NMI 70@_ NMI Enable
— I

e P40~ P43 (CSO ~ CS3/CAS)

VCC

Output Data

Open Drain
Output Enable ._D°_| -

STOP

___________ - Programmable

[ VCC! pullUp
o | Resistor

Input Data ‘—°<}—°<j___‘ W

Input Enable

e .""‘L’__] [fe}
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e CLK
Qutput Enable — VCC VCC
Internal CLK | P-Ch| g:
&
{] Output
sTOP |=
N-ch
Internal Reset >0
AAA
vy
Test Circuit
* AM8/16
:—iﬁ%——m Input
e RESET
100k VCC
typ.\
reset Input
Schmitt
WDTOUT
reset enable
e X1, X2
clock
... oscillator ‘f
i | W %2
i P-ch N-ch i
STOP ——— - |
i i
! : ; A {]xa
* VVREF
IRer =0.5mA typ.
o — P Jl:] VREF
i Ladder
L Resistor
A /D Converter Note : In case stand by mode,
GND IRer currents go on flowing.
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7. Guidelines and Restrictions

(1)

Special Expression
O Explanation of a built-in I/O register: Register

Symbol <Bit Symbol>
ex) TRUN <TRUN> - - - 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

One cycle clock divided by 2 oscillation frequency is
called 1 state

ex) Oscillation frequency is 20MHz

2/20MHz = 100ns = 1 state

Guidelines

0 AMS8/16 pin

Fix these pins VCC or GND unless changing voltage.
0 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.

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.

0 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.

O 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.

O CPU (High Speed pDMA)

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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