TOSHIBA

CMOS 16-bit Microcontrollers
TMP96CO081F

1. Outline and Device Characteristics

The TMP96CO081F are high-speed advanced 16-bit microcon-
trollers developed for controlling medium to large-scale equip-
ment.
The TMP96CO081F are housed in a 100-pin flat package.
Device characteristics are as follows:

(1) Original 16-bit CPU

e TLCS-90 instruction mnemonic upward compatible.

¢ 16M-byte linear address space

¢ General-purpose registers and register bank system

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

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

(2) Minimum instruction execution time
- 200ns @ 20MHz
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@) Internal DMAC: 4 channels

(4) External memory expansion

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

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

(5) 8-bit timers: 2 channels

(6) 8-bit PWM timers: 2 channels

(7) 16-bit timers: 2 channels

(8) Pattern generators: 4 bits, 2 channels
(9) Serial interface: 2 channels

(10)  10-bit A/D converter: 6 channels

(11) Watchdog timer

(12) Chip select/wait controller: 5 blocks

(13) Interrupt functions

e 3 CPU interrupts'- -*"SWI instruction, privileged violation,
and lllegal instruction

¢ 18 internal interrupts
® 6 external interrupts
(14) I/O ports: Maximum 64 pins

(15) Standby function : 3 halt modes (RUN, IDLE, STOP)

:| 7-level priority can be set.
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TMP96CO81F

TLCS-900 16-bit Microcontroller
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Figure 1. TMP96C081F Block Diagram
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TLCS-900 16-bit Microcontroller

TMP96C081F

2. Pin Assignment and Functions
The assignment of input/output pins for TMP96CO081F, their

name and outline functions.

ANO P50
(AN1) P51
(AN2) P52
(AN3) P53
(AN4) P54
(ANS) PS5
AVCC
VREF
AGND
Vss

(PGOO) P60
(PGO1) P61
(PG02) P62
(PGO3) P63
(PG10) P64
(PG11) P65
(PG12) P66
(PG13) P67

(TI0) P70
(TO1) P71
(TO2) P72
(TO3) P73

(INT4/T14) P80

(INT5/TI5) P81

(TOA4) P82
(TOS) P83
(INT6/T16) P84
(INT7/T17) P85
(TO6) P86
(INTO) P87
NMi
WDTOUT
RESET

CLK

Vss

X1

X2

AMB/16
(TXDO) P30
(RXDO) P91

(SCLKO/CTSO0) P92
(TXD1) P93
(RXD1) P94

(SCLK1) P95
A

2.1 Pin Assignment
Figure 2.1 shows pin assignment of TMP96C081F.

Figure 2.1. Pin Assignment (100-pin QFP)

PB4 (IOWR)
PB3 (IORD)
PB2(TC)
PB1 (EOP)
PBO (AEN)
vcc

PA7 (DACK3
PAG6 (DREQ3
PAS5 (DACK2
PA4 (DREQ2

PA3 (DACKT)
PA2 (DREQT)
PA1 (DACKO)
PAO (DREQO)
CSEL

P44 (CS4/CASA)
P43 (CS3/CAS3)
P42 (CS2/CAS2)
P41 (CS1/CAST)
P40 (CSO/CASD)
vcc

P37 (RAS)

P36 (R/W)

P35 (BUSAK)
P34 (BUSRQ)
P33 (WAIT)
P32 (HWR)
WR

RD

P27 (A7/A23)
P26 (A6/A22)
P25 (A5/A21)
P24 (A4/A20)
P23 (A3/A19)
P22 (A2/A18)
P21 (A1/A17)
P20 (AO/A16)
Vss
AD15/A15
AD14/A14

P

AD13/A13
AD12/A12
AD11/A11
AD10/A10
ADO09/A9
ADO8/A8
AD7

AD6

AD5

AD4
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TMP96C081F TLCS-900 16-bit Microcontroller

2.2 Pin Names and Functions
The names of input/output pins and their functions are described below.

Table 2.2. Pin Names and Functions

" Number "
Pin Name of Pins 1/0 Functions

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 110 Port 2: 1/0 port that allows selection of I/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

RD 1 Output Read: Strobe signal for reading external memory

WR 1 Output Write: Strobe signal for writing data on pins ADO -7

P32 1 10 Port 32: 1/0 port (with pull-up resistor)

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

P33 1 10 Port 33: 1/0 port (with pull-up resistor)

WAIT Input Wait: Pin used to request CPU bus wait

P34 110 Port 34: 1/0 port (with pull-up resistor) e

BUSRQ 1 Output Bus request: Signal used to request high impedance for ADO - 15, A0 - 23, RD, WR, HWR, R/W, RAS, CS0,
Input CS1, CS2, CS3 and CS4 pins. (For external DMAC)

P35 110 Port 35: 1/0 port (with pull-up resistor) e

BUSAK 1 Output Bus acknowledge: Strobe indicating that ADO - 15, AQ - 23, RD, WR, HWR, R/W, RAS, CS0, CS1, CS2, CS3

and CS4 pins are at high impedance after receiving BUSRQ. (For external DMAC)

P36 1 110 Port 36: 1/0 port (with pull-up resistor)

R/W Output Read/write: 1 represents read or dummy cycle 0, write cycle.

P37 1 110 Port 37: 1/0 port (with pull-up resistor)

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

P40 110 Port 40: 1/0 port (with pull-up resistor)

€S0 1 Output Chip select 0: Outputs 0 when address is within specified address area.

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

P41 110 Port 41:1/0 port (with pull-up resistor)

CSt 1 Output Chip select 1: Outputs 0 if address is within specified address area.

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

P42 110 Port 42: 1/0 port (with pull-up resistor)

CS2 1 Output Chip select 2: Outputs 0 if address is within specified address area.

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

P43 110 Port 43: 1/0 port (with pull-up resistor)

0S3 1 Output Chip select 3: Outputs 0 if address is within specified address area.

CAS3 Output Column address strobe 3: Outputs CAS strobe for DRAM if address is within specified address area.

P44 /0 Port 43: 1/0 port (with pull-up resistor)

0S4 1 Output Chip select 3: Outputs 0 if address is within specified address area.

CAS4 Output Column address strobe 4: Qutputs CAS strobe for DRAM if address is within specified address area.

Note:  The internal I/0O of this device cannot be accessed using the external DMA controller.
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TLCS-900 16-bit Microcontroller

TMP96CO081F

" Number "

Pin Name of Pins 1/0 Functions
P50 ~ P53 6 Input Port 5: Input port
ANO ~ AN5 Input Analog input: Input to A/D converter
VREF 1 Pin for reference voltage input to A/D converter
AVCC 1 Power supply pin for A/D converter
AGND 1 Ground
P60 ~ 63 4 110 Port s 60 - 63: 1/0 ports that allow selection of I/0 on a bit basis
PG00 ~ 03 Output Pattern generator ports: 00 - 03
P64 ~ 67 4 110 Port s 64 - 67: 1/0 ports that allow selection of I/0 on a bit basis
PG10~13 Output Pattern generator ports: 10 - 13
P70 1 1/0 Port 70: 1/0 port
TIO Input Timer input 0: Timer 0 or 1 output
P71 1 1/0 Port 71:1/0 port
TO1 Output Timer output 1: Timer 0 or 1 output
P72 1 110 Port 72: 1/0 port
T02 Output PWM output 2: 8-bit PWM timer 2 output
P73 1 1/0 Port 73:1/0 port
T03 Output PWM output 3: 8-bit PWM timer 3 output
P80 1/0 Port 80: 1/0 port
Ti4 1 Input Timer output 4: Timer 4 count/capture trigger signal input
INT4 Input Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge.
P81 110 Port 81: 1/0 port
TS 1 Input Timer output 5: Timer 4 count/capture trigger signal input
INTS Input Interrupt request pin 5: Interrupt request pin with programmable rising edge.
P82 1 1/0 Port 82: 1/0 port
T04 Output Timer output 4: Timer 4 output pin
P83 1 1/0 Port 83:1/0 port
T05 Output Timer output 5: Timer 4 output pin

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TMP96C081F TLCS-900 16-bit Microcontroller

. Number

Pin Name of Pins 1/0 Functions
P84 110 Port 84: 1/0 port
TI6 1 Input Timer input 6: Timer 5 count/capture trigger signal input
INT6 Input Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge
P85 110 Port 85: 1/0 port
Ti7 1 Input Timer output 7: Timer 5 count/capture trigger signal input
INT7 Input Interrupt request pin 7: Interrupt request pin with rising edge
P86 1 110 Port 86: 1/0 port
T06 Output Timer output 6: Timer 5 output pin
P87 1 110 Port 87: 1/0 port
INTO Input Interrupt request pin 0: Interrupt request pin with programmable level/rising edge
P90 1 1/0 Port 90: I/0 port
TXDO Output Serial send data 0
P91 1 110 Port 91: 1/0 port
RXDO Input Serial receive data 0
P92 1 0 Port 92: 1/0 port
CTS0 Input Serial data send enable 0 (Clear to Send)
P93 4 110 Port 931/0 port
TXD1 Output Serial send data 1
P94 1 110 Port 94: 1/0 port
RXD1 Input Serial receive data 1
P95 1 110 Port 95: 1/0 port
SCLK1 110 Serial clock I/0 1
PAQ 1 110 Port AO: I/0 port
DREQO Input DMA request 0: DMA channel 0 request pin
PA1 1 110 Port A1:1/0 port
DACKO Output DMA acknowledge 0: DMA channel 0 acknowledge signal
PA2 1 110 Port A2: 1/0 port
DREQ1 Input DMA request 1 : DMA channel 1 request pin
PA3 1 110 Port A3: 1/0 port
DACK1 Output DMA acknowledge 1: DMA channel 1 acknowledge signal
PA4 1 10 Port A4: 1/0 port
DREQ2 Input DMA request 2: DMA channel 2 request pin

Note:  Pull-up/pull-down resistor can be released from the pin by software.
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TLCS-900 16-bit Microcontroller TMP96C081F

. Number "
Pin Name of Pins 1/0 Functions
PAS 1 110 Port A5: 1/0 port
DACK2 Output DMA acknowledge 2: DMA channel 2 acknowledge signal
PA6 1 110 Port A6: 1/0 port
DREQ3 Input DMA request 3: DMA channel 3 request pin
PA7 1 110 Port A7: 1/0 port
DACK3 Output DMA acknowledge 3: DMA channel 3 acknowledge signal
PBO 1 110 Port BO: 1/0 port
AEN Output Address enable: Enabled when internal DMA has bus mastership
PB1 1 110 Port B1: 1/0 port
EOP Input DMA acknowledge 3: DMA channel 3 acknowledge signal
PB2 1 110 Port B2: 1/0 port
TC Output Terminal count: Output signal to indicate transfer completion.
PB3 1 I/0 Port B3: 1/0 port
I0RD Output 1/0 read signal: Strobe signal for reading external 1/0 when DMA is in signal address mode.
PB4 1 110 Port B4: 1/0 port
IOWR Output 1/0 write signal: Strobe signal for writing external I/0 when DMA is in signal address mode.
WDTOUT 1 Output Watchdog timer output pin
NMI 1 nout Non-maskable interrupt request pin: Interrupt request pin with falling edge. Can also be operated at rising
P edge by program.
CLK 1 Output Clock output : OutputsL X1+ 4 T clock. Pulled-up during reset.
AM8/16 Address mode: Selects external Data Bus width.
1 Input *0" should be input with fixed 16 bit Bus width or 16 bit Bus interfaced width 8bit Bus.
1" should be input with fixed 8 bit Bus width.
CSEL 1 Input CPU slect: Signal used for emulation. Fix either “0” or “1”.
ALE 1 Output Addres latch enable
RESET 1 Input Reset:: Initializes LSI. (With pull-up resistor)
X1/X2 2 110 Oscillator connecting pin
vce 2 Power supply pin (+5V)pin
VSS 2 GND pin (0V)

Note:  Pull-up/pull-down resistor can be released from the pin by software.
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TLCS-900 16-bit Microcontroller

3. Operation
This section describes in blocks the functions and basic oper-
ations of the TMP96C081F device.

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

3.1 CPU
The TMP96CO081F 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
TMP96CO081F that are not described in the previous section.

MCU900-434

3.1.1 Reset
To reset the TMP96C081F, the RESET input must be kept at 0
for at least 10 system clocks (10 states: 1us with a 20MHz
system clock) within an operating voltage range and with a
stable oscillation.

When reset is accepted, the CPU sets as follows:

¢ Program counter (PC) to 8000H.

o 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.)

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

¢ Bits RFP2 to O of status register to 000. (Sets register banks
to0.)

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 I/Os,
ports, and other pins is as follows:

* Initializes built-in I/O registers as per specifications.

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

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

e Pulls up the CLK pin to 1.

¢ Sets the ALE pin to 0.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TLCS-900 16-bit Microcontroller TMP96C081F

3.2 Memory Map
Figure 3.2 is a memory map of the TMP96CO81F.

000000H .
Internal /Q .. .
(256 Byte) Direct area (n)
000100H [==============-~ l
External memory
(32K - 128 Byte)
64KByte area
008000H | Interruptentry area (nn)
L.-{32entries x 16 byte) __|
008200H
Interrupt entry area
(32K Byte)
010000H
16MByte area
External memory gR-)R)
(16M - 64K Byte) 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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TMP96CO081F

TLCS-900 16-bit Microcontroller

3.3 Interrupts

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

The TMP96CO081F has altogether the following 27 inter-
rupt sources:

e Interrupts from the CPU3

¢ Interrupts from built-in I/Os**18

(Software interrupts, privileged violations, and lllegal (undefined) instruction execution)
¢ |nterrupts from external pins (NMI, INTO, and INT4 to 7)'6

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

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

The CPU compares the value of the priority sent with the
value in the CPU interrupt mask register (IFF2 to 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

MCUS900-436

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 micro DMA
processing mode. High-speed micro DMA is a mode used by
the CPU to automatically transfer byte or word data. It enables
the CPU to process interrupts such as data saves to built-in I/Os
at high speed.

Figure 3.3 (1) is a flowchart showing overall interrupt
processing.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TLCS-900 16-bit Microcontroller

TMP96CO081F

General-purpose
interrupt processing

Interrupt Processing

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

ector V and
high-speed ,DMA

YES

start vector match

L[ PC «V +8000H J

g

interrupt processing
program

RETI Instruction

POP SR
POP PC

COUNT =0

End

Figure 3.3 (1). Interrupt Processing Flowchart

NO - -
Data transfer by
micro DMA
PUSH PC T
PUSH SR
SR<IFF2~0>¢~ Accepted | COUNT « COUNT -1 J Micro DMA
interruput processing
level + 1
SR<SYSM>e1

In read-only mode,
always branches to NO
without conditional
branch.
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TMP96CO081F

TLCS-900 16-bit Microcontroller

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).

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

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

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

MCU900-438

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

Bus Width of Stack Area Interrupt Processing State Number
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 interrupt request with a priority higher than the
accepted now interrupt during the CPU is processed above (1)
~ (5) is accepted before the 1'st instruction in the interrupt pro-
cessing routine, causing interrupt processing to nest. This is
the same case of over lapped each Non-maskable interrupt
(level “7").) 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 AMERICA ELECTRONIC COMPONENTS, INC.



TLCS-900 16-bit Microcontrolier TMP96CO081F

Table 3.3 (1) TMP96CO081F Interrupt Table

Default Priority Type Interrupt Source "°°"3{,¥“'“° Start Address m?c':osg::
: Start Vector
1 Reset , or SW10 instruction 0000H 8000H -
2 INTPREV: Privileged violation, or SWi1 0010H 8010H -
3 INTUNDEF: lllegal instruction, or SWI2 0020H 8020H -
4 SWI 3 Instruction 0030H 8030H -
5 Non- SWI 4 Instruction 0040H 8040H -
6 Maskable 1 sy 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
1 INTO pin 00AOH 80AO0H 0AH
12 INT4 pin 00BOH 80BOH 0BH
13 INT5 pin 00COH 80COH 0CH
14 INT6 pin 00DOH 80DOH 0DH
15 INT7 pin 00EOH 80EOH OEH
32 INTAD: A/D conversion completion 00FOH 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 |\ 7g: 16-bit timer 4 (TREGS) 01500 | 8150H 151
22 INTTR: 16-bit timer 5 (TREG6) 0160H 8160H 16H
23 INTTRY: 16-bit timer 5 (TREG7) 0170H 8170H 17H
24 INTRXO: Serial receive (Channel.0) 0180H 8180H 18H
25 INTTXO: Serial send (Channel.0) 0190H 8190H 19H
26 INTRX1: Serial receive (Channel.1) 01AQH 81A0H 1AH
27 INTTX1: Serial send (Channel.1) 01BOH 81BOH 1BH
28 DMAQ: DMA channel 0 01COH 81CO0H 1CH
29 DMAT1: DMA channel 1 01DOH 81DO0OH 1DH
30 DMA2: DMA channel 2 01EOQOH 81EO0H 1EH
31 DMA3: DMA channel 3 01FOH 81FO0H 1FH

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-439




TMP96CO081F

TLCS-900 16-bit Microcontroller

3.3.2 High-Speed Micro DMA

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

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

(1) High-Speed Micro DMA Operation

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

When a high-speed micro DMA interrupt is accepted,
data is automatically transferred from the transfer source
address to the transfer destination address set in the control
register, and the transfer counter is decremented. If the value in
the counter after decrementing is other than O, high-speed
micro DMA processing is completed. If the value in the counter
after decrementing is O, 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

MCUS00-440

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

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

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

After transferring data using the high-speed micro DMA
and the transfer counter has been decremented to O, the pro-
gram 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 trans-
fer counter starts from 65536.

For the source and destination address registers, please
reset the register number when specifying a particular register
number. Otherwise, the register number is counted in order.

Interrupt sources processed by high-speed micro DMA
processing are those with the high-speed micro DMA start
vectors listed in Table 3.3 (1).

The following timing chart shows a high-speed micro DMA
cycle of the transfer address in increment mode (all modes
except the Read-only mode operate similarly). (Condition: MIN
mode, 16-bit Bus width for 16M Byte, O wait)
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1state l Me 1) (Ng}e 2) (Note 3) (Note 3) (Nc:}e 3)

DM1 DM2 DM3 DM4 DM5S L\[i;/l_;_/y DM7 DMS8 L\% DM10 | DM11 DM12 | DM13 DM14YDM15 DM'lG“
« AN AA AN AR AR U U
S T ~

=

Ate [\ / f\ J\ I\
ADO~15 p ===t ===t = ==t = — = t{A0~15 {'D0~15 J{A0~ 15| DO~15 = = = === = = ={ A0~ 15 DO~ 15 A0~15 M DO~ 15} A0~15 DO~‘S)—-
A16~23 Duhmy Dumhmy source pddress esipation Dupmy Nxt Next + 2 Next +4
RD \_ ’ ‘ /——-—‘ r /_.
WR, AWK \ /
High-Speed «DMA cycle (COUNT # 0)
(Ngte 1) (Noie 2) (No}s 3) (Ngte 3)
DM1 | DM2 | DM3 | DM4 | DM5 | DM6 | DM7 | DM8 | DM3 | DM10 | DM11 | DM12 | DM13 | DM14 | DM15 | DM16
SEAVAVAVAV AVAVAVAVAVAVAVAV AVAVAVAVAVAVAVAVAVAVAVAV AVAVAVAV AVAVAVAN
Ate [\ \ \ \ [ L | L
ADO~15 ===t == = b = = = 1 — — — a0~ 15 { DO~ 15 }{A0~ 15| DO~15 } = — —[— — — AO-—IS)—‘ DO~15 Ao~15)- DO~15H = = — == — — =
A16~23 Duphmy Dummy source pddress ad‘ ,aes's n Dummy next ( next+2 Dufhmy
RD \ / \ / \ /
WR, HWR U7
(Note 4) (No}g 4)

DM17 | DM18 | DM19 szo% DM22 | DM23 | DM24 | DM25 DMZG%
x NN NN NN

ALe [\ T\ \ —\ .:—\3__)

ADO~15 ===} — == -(Ao~1s -(oo~15)-@o—15 00~15 - — — —{A0~15 po~15H SHOO~15H
A16~23 Dummy X§P-2 XSP-4 Dummy Next Next +2
RD LT\
WR, HWR \ / \ /
' High-Speed .DMA cycle (COUNT =0)
(Note1) Thisisadded 2 states the case of the bus width of source address (Note3) This may be adummy cycle with instruction queue buffer.
areais 8bit (Noted) Thisis added 2 states the case of the bus width of stack address

(Note2) Thisis added 2 states the case of the bus width of destination area is 8bit

address area is 8bit
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(2) Register Configuration (CPU Control Register)

Channel0

DMASO

DMADO

DMACO
DMAMO

Channel1

DMAS1

DMAD1

DMAC1
DMAM1

Channel2

DMAS2

DMAD2

DMAC2
DMAM2

Channel3

DMAS3

DMAD3

DMAC3
DMAM3

|<—8bl(—>

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

This Control Register cannot be set only “LDC cr, r” instruction.

MCU900-442

:](Use only lower 24 bits.)

(1~65536)
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(3) Transfer Mode Register Details

(DMAMO~3)

0 0 0 O Mode Note : When specifying values for this
I L1 register, set the upper 4 bits to 0.

execution time (Min.)

¥ Z: 0=bytetransfer, 1 =word transfer 4

0 0 0 Z |Transferdestination addressINCmode ...... forl/Oto memory 16 states
(DMADN +) « (DMASn)
DMACn«DMACNH -1 (1.648)
if DMACn =0 then INT.

0 0 1 Z |Transferdestination address DEC mode ...... for /0 to memory 16 states
(DMADN -) « (DMASRH)
DMACNn&DMACN - 1 (1.65)
if DMACNn =0 then INT.

0 1 0 2Z |Transfersource addressINCmode . ....... for 1/0 to memory 16 states
(DMADN) « (DMASNH +)
DMACNn«DMACnH -1 (1.6u5)
if DMACn =0 then INT.

0 1 1 Z |Transfersource addressDECmode .......... . fori/O to memory 16 states
(DMADN) « (DMASNH -)
DMACNn«DMACR -1 (1.6us)
if DMACN =0 then INT.

1 0 0 2Z |Fixedaddressmode ........................... ... s WOt /O 16 states
(DMADN) « (DMASN)
DMACNn«DMACH - 1 (1.6p5)
if DMACN =0 then INT.

1 0 1 0 |Read-only mode e for DRAM refresh 14 states
Dummye (DMASn) ; Reads 4 bytes.
DMASN<DMASNn +4 ; Increments lower word only. (1.4.5)
DMACn«<DMACNh -1

1 0 1 1 |Countermode ... JET TP for interrupt counter 11 states
DMASN«<DMASN + 1
DMACNn«DMACN -1 (1.1us)
if DMACN =0 then INT.

(1 states = 100ns @ 20MHz)

Note : n: corresponds to high-speed «DMA channels 0-3.
DMADn +/DMASn + : Post-increment (Increments register value after
transfer.)
DMADn —/DMASn — : Post-decrement (Decrement register value after transfer.)
Excution time : Indicates when the destination/source address space is 16-bit bus

width and is set to 0 WAIT.
All address space which is can be accessed by high- select/wait controlier. Do not use undefined codes for transfer
speed uDMA is the space for system mode, specified chip mode control.
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(4) Example for High-Speed Micro DMA Operation

< Example for usage of read only mode (DRAM refresh)>

When the hardware configuration is as follows:
DRAM mapping size: = TMB
DRAM data bus size: = 8 bits

DRAM mapping address range: =  1000000H to
1FFFFFFH
Set the following registers first; refresh is performed auto-

matically.
@ Register initial value setting

LD XIX, 1000000H
LDC DMASO, XIX
LD A, 00001010B
LDC DMAMO, A

" mapping start address

+ read only mode (for DRAM
refresh

@ Timer setting

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

® Interrupt controller setting

Set the timer interrupt above level at the other desired
interrupt request level. Write the above timer interrupt
vector value in the micro DMA start vector register,
DMAOQV.

(Operation description)

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

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

(Overhead)

Each processing time by the high-speed puDMA is
1.8us (18 states) @ 20MHz with an 8-bit data bus.

In the above example, the micro DMA is started every
62.5us, 1.8us/62.5us = 0.0288; thus, the overhead is
2.88%.

(Note)
Please be aware that a refresh is ineffective at a bus

release which an interrupt is in a wait state, because
the high-speed micro DMA is started by an interrupt.

MCU900-444

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¢—---- 0 --- Zero-clears the INTO Flip Flop.

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

The interrupt priority can be set by writing the priority in
the interrupt priority setting register (e.g., INTEOAD, INTE45,
etc.) provided for each interrupt source. Interrupt levels to be
set are from 1 to 6. Writing O or 7 as the interrupt priority dis-
ables the corresponding interrupt request. The priority of the
non-maskable interrupt (NMI pin, watchdog timer, etc.) is fixed
to 7. If interrupt requests with the same interrupt level are gen-
erated simultaneously, interrupts are accepted in accordance
with the default priority (the smaller the vector value, the higher
the priority).

The interrupt controller sends the interrupt request with
the highest priority among the simultaneous interrupts and its
vector address to the CPU. The CPU compares the priority
value <IFF2 to 0> set in the Status Register by the interrupt
request signal with the priority value sent; if the latter is higher,
the interrupt is accepted. Then the CPU sets a value higher
than the priority value by 1 in the CPU SR <IFF2 to 0>. 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 micro DMA start vector. These are I/
O registers; unlike other DMA registers (DMAS, DMAD, DMAM,
and DMAC), they can be accessed in either normal or system
mode. Writing the start vector of the interrupt source for the
micro DMA processing (see Table 3.3 (1)), enables the corre-
sponding interrupt to be processed by micro DMA processing.
The values must be set in the micro DMA parameter registers
(e.g., DMAS and DMAD) prior to the micro DMA processing.
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Interrupt controller cPU
Interrupt request flip flop
1 1
N S Q T A
o= L )
Interrupt
vectorV read V = 80H interruptenable  ReseT
V=90 flag on CPU side
INTWO A — Interrupt request |
Priority setting register Decoder signal to CPU 1FF2~0 |€——————— €1 1~7
On > A \vr; Priority encoder \\ e D)
one1—=D Q s v3 “74‘0»1&-1 A
2 Highes
one2—>| CLR e Y4 f"‘ N priority N\ 3 nrrRQ2~0 \V 1| oreront 4> Interrupt request
Y Ys 46 |\] interrupt [/ Interrupt
interrupt Y6 6 | 4 N 4 level select C vector read ¥
request F/F ~N \5 00 W INTRQ2~021FF2~0
INTO ) On+3 M then 1
\J; o1
RESET—
Interrupt request flip flop read nghest prorty = ) 02
Interrupt request dearDn+ 3 03
Interrupt request V rea 20
V= AOH »—D—» D4
INTa ] V=B0H =1 Interrupt 11 05
INTS ] V= COH vector |y | 06
INTE  ——] V=DOH =34+ generation 07
INT7 ] V=EOH uning I0LE
INTAD ! V=FOH +— H— b8 uring sTOP
INTTO  ——> V=100H =4
INTTT ——] V=110H =4
INTT2 —— V=120H \
INTT3 —— V=1300___F=4— s
INTTRE ———>| V= 140H N
INTTRS ——>| V1500 =
INTTR6 ———>| V= 160H
INTTR7? ——>| V=170H
INTRXO —+—>| V=180H
] HALT rel
INTTX0 ———=| V1900 =4 LT release
INTRX) ———| V=1A0H
INTTX! ——| v=180n__ =4 RESET
omMA0 ——> A V=1C0H =
omal ——> A V=1D0H INTO
omMA2 ——! A V= 1E0H
OMA3  —t—> A V=1F0H Y, NMI
#DMA start vector setting reqister 4nput OR
D4 —» 4 High-speed micro
03— | DMA request
02—=D Q Match
g; : CLR LI detect =[5
1 A 2 2 High-speed micro
RESET DMAOV N sl—" DMA channel
| DMAITV 3 speafication
DMA2V High-speed micro DMA channel
DMA3V priority encoder
(Highest priority = ch 0)

Figure 3.3.3 (1). Block Diagram of Interrupt Controller
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(1) Interrupt Priority Setting Register

MCU900-446

(Read-modify-write prohibited.)

Symbol | Address 7 6 5 4 i 1 0
INTAD INTO «Interrupt source
IADC_: IADM2 : IADM1 : IADMO 10M2_: I0M1_: 10MO ] «bit Symbol
INTE0AD 70H RIW W W «Read/Write
0 0 _: 0 = 0 [ [) «After reset
INTS INT4
WNTEss | 71H 15C I5SM2_:_15M1_7_I5M0 14M2_: 1aM1__:_1aM0
RIW w w
1] o _: o0 :_ o0 9 : o0 : 0
INT?7 INT6
NTES7 | 72H 17C_ 17M2_: (7M1 17M0 | 16C_ ¢ I16M2_: 16M1_:_I6MO
RIW w RW w
9 9 0 0 0 0 0 i 0
INTT1 (Timer1) . lNTTO(‘!’imefO! .
INTET10 | 73 ITIC_ 7 ITIM2 T [TIMT_{ ITIMO | 1T0C { 1TOM2 : ITOM1 : ITOMO
RIW. w RIW. w
Q 0 i 0 0 (] [1] F )
INTT3 (Timer3/PWM1) INTT2 (Timer2/PWMQ)
iNTepwio|  7an | 1PWIC IPW1M2 IPWIM1:IPWIMO| IPWOC :IPWOM2}IPWOM1 : IPWOMO
RAW_ : w RW w
4] 0 F ) '] _0 F )
__INTTRS (TREGS) INTTR4 (TREG4)
ITSC_: ITSM2 : ITSM1 : ITSMO 1T4C 1IT4M2 : ITAM1 : 1ITAMO
4 Ho e ADMZ L TToM] L TOMD
INTETS 75 W W W W
[ O _: 0 : 0 0 0 _: 0 : O
INTTR7 (TREG7) INTTR6 (TREGS)
IT7C_ : 1IT7M2 @ IT7M1 @ IT7MO IT6C_: IT6M2 : IT6M1 : IT6MO
H : :
INTET76 76! W W W W
0 o : 0 0 0 9 [ E)
INTTX0 INTRX0
ITXOC :ITXOM2 : ITXOM1 : ITXOMO | IRXOC : IRXOM2 : IRXOM1_: IRXOMO
H o X0C C1TXOMZ : TTXOMI : TIXOMO | IRXOC ; IRXUMZ
INTESO 771 AW, W RIW W
0 0 0 = 0 0 0 0 : 0
INTTX1 INTRX1
ITX1C G ITXIM2 : ITXIM1: ITX1IMO | IRXIC :IRX1M2 : IRX1M1 : IRX1MO
T 1
INTES1 78H AW W W W
0 [ i 0 0 [1] O : 0 : 0
DMA1 DMAOQ
IDIC_: IDIM2 : IDIM1 : IDIMO 1D0C 1DOM2 : IDOM1 : IDOMO
INTOMA H
NTOMAO » RW ' RW w
Q 9 < 0 : 0 '] 90 i 0 i O
DMA3 DMA2
ID3C_: ID3M2 : ID3M1 : ID3MO ID2C_: 1D2M2 : ID2M1 : 1D2MO
T
INTDMA1 7AH RW W RIW W
) ) 0 0 0 T 0
L JL ] L
1 T |_1_J 1
)l
IxxM2 IxxM1 1xxM0 Function (Write)
0 [} 0 Prohibits interrupt request.
0 0 1 Setsinterrupt request level to “1”.
0 1 [} Sets interrupt request level to “2".
0 1 1 Setsinterrupt request level to “3".
1 [ 0 Sets interrupt request level to “4".
1 0 1 Sets interrupt request level to “5".
1 1 0 Sets interrupt request level to "6".
1 1 1 Prohibits interrupt request.
IxxC Function (Read) Function (Write)
0 Indicates no interrupt request. Clears interrupt request flag.

Indicates interrupt request.
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(2) External Interrupt Control

Interrupt Input Mode Control Register

7 6 5 4 3 2 1 [
IIMC | bit Symbol 10IE IOLE NMIREE
(007BH) [Readrwrite w w w
After reset 0 0 0
1:INTO 0: INTO : Canbe
input edge operated
. enable | mode in NV
Function i
1: INTO rising
level edge.
mode
Read-modify-write is | '
prohibited.
lL———> INTOinput enable (Note) NMi rising edge enable
| 0 l INTO disable (P87 function only) ] 0 [Interrupt request generation at
| 1 | Input enable | falling edge
1 | interrupt request generation at
Note: The INTO pin can also be used for standby release as described later. rising/falling edge
Even if the pin is not used for standby release, setting this register to
0" maintains the port function during standby mode.
—— INTO level enable

| 0 |Rising edge detect interrupt

| 1 I High level interrupt

Setting of External Interrupt Pin Functions

Interrupt | Pin name Mode Setting method
o TX_  Fallingedge |IIMCKNMIREE> =0
NI - — -
—\__#— Nsingandfalling | i1 (NMIREE = 1
_f  Risingedge |IIMCKIOLE> =0, <IDIE> =1
INTO P87
7 T Level IIMCCIOLED = 1, <IOIE> = 1
£ Rising edge T4MOC<CAP12M1,0> = 0,00r0,10r 1,1
INT4 P80
T\_ Fallingedge |T4AMOD<KCAP12M1,0>=1,0
INTS P81 f Rising edge
£ Rising edge TSMOC<CAP34M1,0> = 0,00r0,10r 1,1
INTE P84
" rallingedge |T5MOD<CAP34M1,05>=1,0
INT7 P85 _f Rising edge
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(3) High-Speed Micro DMA Start Vector micro DMA mode for the channel whose value matched.
When the CPU reads the interrupt vector after accepting an If the high-speed pDMA vector matches more than one chan-
interrupt, it simultaneously compares the interrupt vector with ~ nel, the channel with the lower channel number has a higher
each channel’s micro DMA start vector (bits 4 to 8 of the inter-  Priority.

rupt vector). When both match, the interrupt is processed in

Micro DMAO Start Vector (read-modify-write is not possible.)
7 6 5 4 3 2 1 0
DMAOV | bit Symbol DMAOV8 DMAOV7 DMAOVE DMAOVS DMAOV4
(007CH) | Read/Write w
After reset 0 0 0 0 0
Micro DMA1 Start Vector (read-modify-write is not possible.)
7 6 5 4 3 2 1 0
DMAT1V | bit Symbol DMA1V8 DMA1V7 DMA1V6 DMA1VS DMA1V4
(007DH) | Read/Write w
Adter reset : § 0 0 0 L 0
Micro DMA2 Start Vector (read-modify-write is not possible.)
7 6 5 4 3 2 1 0
DMA2V | bit Symbol DMA2V8 DMA2V7 DMA2V6 DMA2V5 DMA2v4
(OO7EH) | Read/Write w
Ater reset 0 0 0 0 0
Micro DMAS3 Start Vector . (read-rﬁodifwwrite is not possible.)
7 6 5 4 3 2 1 0
DMA3V | bit Symbol DMA3V8 . DMA3V7 | DMA3V6 . DMA3VS | DMA3v4
(0O7FH) | Read/MWrite w
Ater reset ! 0 0 0 0 0

(4) Notes

The instruction execution unit and the bus interface unit of this
CPU operate independently of each other. Therefore, if the instruc-
tion used to clear an interrupt request flag of an interrupt is fetched
before the interrupt is generated, it is possible that the CPU might
execute the fetched instruction to clear the interrupt request flag

while reading the interrupt vector after accepting the inter-
rupt. If so, the CPU would read the default vector 00AO
and start the interrupt processing from the address 80AO.
To avoid this, make sure that the instruction used to
clear the interrupt request flag comes after the Dl instruction.
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3.4 Standby Function

When the HALT instruction is executed, the TMP96C081F
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 buiit-in oscillator operates, while all other ~ fisted 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 Symb.ol WDTE WDTP1 WDTPO WARM HALTM1 HALTMO RESCR DRVE
(005CH) | Read/Write RW
Atter reset 1 0o 0 0 0 0 0 0
1:WDT 00:2'6/1c Warming up | Standby mode 1:Connects : 1:Drive pin
Enable 01:2"8/1c time 00 : RUN mode |  watchdog even in
Function 10:2% 1 0:2'%/kc | 01:STOP mode | timer STOP
1221 1:28/c | 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 bulit-in
oscillator. (same the external oscillator) To release by a reset, it
is necessary to allow a reset time long enough 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 Interrupt Mask (IFF2 to 0) Interrupt Mask (IFF2 to 0)
Standby Mode < Interrupt Request Level > Interrupt Request Level
Can be released by any interrupt. Can only be released by INTO pin.
RUN After standby mode is released, interrupt processing starts. Processing resumes from address next to HALT instruction.
(Note 1)
IDLE Can only be released by NMTor INTO pin. After standby mode
is released, interrupt processing starts. T
(Note 1)
STOP T (Note 1) T

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

processing cannot be started correctly.
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Table 3. 4 (1) Pin States in STOP Mode (1/2)

Pin Name 110 DRVE =0 DRVE =1
PO Input mode/ADO ~ 7 - -
Output mode - Output
P1 Input mode/AD8 ~ 15 - _
Output mode /A8 ~ 15 - Output
P2 Input mode PD* PD*
Output mode/A0 ~ 7, A16 ~ 23 PD* Output
RD, WR Output - Output
Input mode PU PU
P32~ P37 Output mode PU Output
Input mode PU* PU*
P40, P41, P43, P44 Output mode PU* Output
S ) Input mode PD* PD*
P42 (CS2/CAS2) Output mode PD* Output
P50 ~ P53 Input - -
P54 Input mode Input Input
Output mode - Ouput
P60 ~ P63 Input - Input
P64 Input mode Input Input
Output mode - Output
p7 Input mode - Input
Output mode - Output
Input mode - Input
P80 - PE3 Output mode Output
P86 (NMI) Input mode
P87 (INTO) Output mode - Output
P90 Input mode PU* PU*
Output mode PU* Output
Input mode - Input
Fo1 - P Output mode - Output
PA Input mode - Input
Output mode - Output
PR Input mode - Input
Output mode - Output
WDTOUT Output Output Output
ALE Output “0" “0"

Input:

Input for input mode/input pin is invalid; output mode/output pin is at high impedance.
Input enable state
Input gate in operation. Fix input voltage to 0 or 1 so that input pin stays constant.

QOutput: 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.
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Table 3. 4 (1) Pin States in STOP Mode (1/2)

Pin Name 1/0 DRVE =0 DRVE = 1
CLK Output
RESET Input
AM8/16 Input
X1 Input - -
X2 Output “1" “"
- Output ov ov

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

_ Input enable state

nput:  Input gate in operation. Fix input voltage to 0 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.
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3.5 Functions of Ports internal I/Os as well as general-purpose I/O port functions.
The TMP96CO081F has 64 bits for I/O ports. Table 3.5 (1) lists the function of each port pin.
These port pins have I/O functions for the built-in CPU and

R: T = With programmable pull-up resistor

Table 3.5 (1) Functions of Ports 4 = With programmable pull-down resistor
Port Name Pin Name Nur:il:;r of Direction R Direction Setting Unit Pin Name for Built-in Function

Port2 P20 to P27 8 110 d Bit A0 to AVA16 to A23
Port3 P32 1 110 1T Bit HWR

P33 1 110 T Bit WAIT

P34 1 110 T Bit BUSRQ

P35 1 1/0 ) Bit BLEAK

P36 1 0 1 Bit RAW

P37 1 110 T Bit RAS
Port4 P40 1 ) 7 Bit CSO/CASO

P41 1 0 1 Bit CSI/CAST

P2 1 10 _ Bt CS2/CAS?2

P43 1 0 T Bit CS3/CAS3

P44 1 1/0 T Bit CS4/CAS4
Portd P50 to P55 6 Input - (Fixed) ANO ~ ANS
Port6 P60 to P67 8 110 T Bit PG00 ~ PG03, PG10 ~ PG13
Port7 P70 1 110 - Bit TIO

P71 1 110 - Bit TO1

P72 1 110 - Bit T02

P73 1 110 = Bit T03
Port8 P80 1 110 - Bit TI4/INT4

P81 1 /0 = Bit TI5/INTS

P82 1 1/0 - Bit T04

P83 1 110 - Bit T05

P84 1 110 - Bit TIB/INTE

P85 1 110 - Bit TI7/INT7

P86 1 110 - Bit T06

P87 1 1/0 = Bit INTO
Port9 P90 1 110 ) Bit TxDO

Pg1 1 0 - Bit RxDO

P92 1 110 - Bit CTS0/SCLKO

P33 1 1/0 T Bit ™1

P94 1 110 - Bit RxD1

P95 1 1/0 - Bit SCLK1
PortA PAO - PAT 8 10 - Bit DREQO - 3, DACKD ~ 3
PortB PAD 1 110 - Bit AEN

PA1 1 110 - Bit EOP

PA2 1 10 - Bit c_

PA3 1 0 - Bit 10RD.

PA4 1 110 = Bit I0WR
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Resetting makes the port pins listed below function as

general-purpose |/O ports.

I/0 pins programmable for input or output are set to input

ports.

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

required.

* Note about the Bus Release and programmable pull-up/

down I/O ports.

When the bus is released (BUSAK =

“0"), the output

buffer for ADO - AD15, AO - A23, control sngnal (RD, WR,
FWR, R/W, RAS, CS0/CASO - CS4/CAS4) is off and their
state become high-impedance.

However, the output of built-in programmable pull up/
down resistors are kept before the bus is released. These pro-
grammable pull up/down resistors can be selected ON/OFF by
programmable when they are used as the input ports.

They are used as the output ports, they cannot be
selected ON/OFF by programmable.

___ Thefollowing in the pin state when the bus is released
(BUSAK = “07).

Pin state at bus release
Pin Name
Used as the port Used as the function
P00 to PO7 L
AD8 {0 15/A8 10 15 becomes high-impedance (HZ).
RD. becomes high-impedance (HZ);
WR ("Hz" status after these pins are driven to high level.))
P32 (HWR) , The output buffer is “OFF”.
The state is not changed. . . .
P37 (RAS; S These pins are added to theinternal resistor of pull-up. |
9 (does not become high-impedance (HZ)) tsno rglation for the value of output fatch. P
P36 (RAW,
P40 (CSO/CASD) . The output buffer is “OFF”.
P41 (@/CASD (T::ezt?]tgt'sel‘;trggﬁgﬁi’m edance (HZ).) These pins are added to theinternal resistor of pull-up.
P42 (CS3/CAS3) gn-imp ’ It's no relation for the value of output latch.
P42 (CS4/CAS4)
P42 (CS2/CAS2) . The output buffer is “OFF”.
(T(:]e st;[a]tet Its) noﬁh?‘r.'gﬁi'm edance (H2)) These pins are added to theinternal resistor of pull-up. |
065 not become Nigh-imp : t's no relation for the value of output latch.
P20 - P27 . The output buffer is “OFF”.
(A16 - A23) The state is not char)geq. These pins are added to theinternal resistor of pull-down.
(does not become high-impedance (HZ). It's no relation for the value of output latch.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

MCU900-453




TMP96C081F
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The following are the example of the interface circuit
about above the pins the case of the bus releasing function is
used.

When bus is released, both internal memory and internal

P35 (BUSAK)

P42 (CS2)

I/0 can be accessed. But the internal I/O continues to operate.

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

several kQ

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

System control bus

P36 (R/W)

P37 (RAS)
P40 (CS0)
P41 (CS1)

> Address Bus (A23~A16)

P20 (A16)
§
P27 (A23)

Example of the interface circuit (Using bus releasing function)

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

__ Resetting sets RL RD, WR to to output, P40 P41, P43, P44
(CS0, CS1, CS3, CS4), P32 (HWR), P36 (R/W), P37 [RAS),
and P35 (BUSAK) to input pull up resistor, P42 (CS2) and P20
~ 27 (A16 ~ 23) to input with pull down resistor.

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

MCU900-454

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

P20 ~ P27 (A16 ~ 23) also needs circuit like P42 C52)to
fix the signal level.

But for the P20 ~ P27 (A16 ~ 23) which does not have
the means (“L” is active), add pull down directly like above cir-
cuit.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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3.5.1 Port 2 (P20 - P27)

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

input mode and connects a pull-down resistor. To disconnect

ter P2CR and function register P2FC 10 0. Italso sets Port 2to ~ 23)-

bus

data

Internal

. Reset

(on bit basis)

Direction control

P2CR write

I —3

(on bit basis)

Function control

P2FC write

T

Output

Port 2

latch

P2 write

P20~P27

1%
Output buffer (AO~A7/A16~A23)

j N-ch

( Programmable
pull-down

P2 read

Figure 3.5 (1). Port 2

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

the pull-down resistor, write “1” in the output latch.
In addition to functioning as a general-purpose I/O port,
Port 2 also functions as an address bus (AO to 7 and A16 to
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Port 2 Register

7 { 6 i 5 i 4 i 3 P2 1 0
P2 bitSymbol | P27 | P26 : P25 i P24 i P23 i P2 | P21 P20
(0006H) |Read/Write R/W
After reset Input mode (Output latch register is cleared to “0°.)
Port 2 Control Register
7 : 6 : 5 H 4 : 3 H 2 1 0
P2CR  |bit Symbol | P27C | P26C P25C : P24C i P23C P22C P21C P20C
(0008H) Read/Write w
After reset 0 : 0 0 0 0 0 0 0
Function < <See P2FC below.>>
Port 2 Function Register
7 i 6 i 5 i 4 3 ¢ 2 i 1 i 0
P2FC  |bit Symbol | P27F i P26F : P2SF : P24F P23F i P22F i P21F [ P20OF
0009H
( ) Read/Write w
After reset o i o { o i o { o i 0o i 0o i 0
Function P2FC/P2CR=00: IN, 01 : OUT, 10 : A7-0, 11 : A23-16
L ]
Rea:;ﬂm‘!jif'y-writg is L—» Port 2 function setting
prohibited for registers 2FC<P2XF>
P2CR and P2FC. P2CR 0 1
<P2XC>
address bus
0 Input (A7-0)
address bus
1 Output (A23-16)

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

Figure 3.5 (2). Registers for Port 2
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3.5.2 Port 3 (P32 - P37) P3FC to 0. Resetting sets P32 to P37 to input mode, and
Port 3 is a 6-bit general-purpose I/0 port. connects a pull-up resistor.

I/O is set using control register P3CR and function regis- In addition to functioning as a general-purpose /O port,
ter P3FC. Resetting resets all bits of output latch P3; control Port 3 also functions as an I/O for the CPU's control/status

register P3CR (bits 0 and 1 are unused), and function register ~ Signal.

P3 read

Reset
Direction
control
(on bit basis)
P3CR write
“
2 Function
cgntrol .
s (on bit basis)
3 ]
_ P3FC write p-ch( Progremmatle )
S s
- S Al = pU—
g outeut [5] po— ] pa2(Fm)
= latch B 2 Output buffer P35(BUSAK)
] 3 PIG(RAV)
P3 write r P37(RAS)
J\toﬁi BUSAK, RW, RAS l
e

Figure 3.5 (3). Port 3 (P32, P35, P36, P37)
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f\/

Reset

Direction
ntrol

(onc git basis)

4
P3CR write

N

Do

P-ch Programmable )

pull-up

data bus

Internal

S
Output
latch

P3 write

Output buffer

1%l

I

Internal

P3 read

WAIT

Reset

Direction

control
(on bit basis)

4
P3CR write

Function

data bus

control
(on bit basis)

P3FC write

I
S

Internal

Output
latch

P3 write

<

™N
1%

] p3ag

MCU900-458

Internal

L |

P3read

BUSRQ

Figure 3.5 (4). Port 3 (P33, P34)

(WAIT)

{J P33 ¢

>o ] Programmable
P'Ch(pullg-up )

BUSRQ)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Port 3 Register

7 ¢ & i S i 4 i 3 i 2 1o
P3 bitSymbol [ P37 i P36 : P35 | P34 | P33 i P32 i RDPC
(0007H) Read/Write RW :
Input mode (pulled-up) ‘ Input mode
After reset T T H H H
L R R T R T R A | 1 1
Port 3 Control Register e
7 ] : s HE H P2 1 (1]
P3CR  |bit Symbol | P37C © P36C i P3SC i P3aC i P33C i P3C
(000AH) Read/Write w
o i o i o { o i o [)
After reset
0:IN 1:0UT
I 1/0 setting
| 0 |linput
Port 3 Function Register [+ [output
7 H 6 : 5 4 3 : 2 1 : 0
P3FC  |bitSymbol | P37F i P36F i P3SF | P34F i P32F
(0008H) Read/Write w
After reset [1] [ 0 [ : 0
0:PORT i0:PORT :0:PORT :0:PORT 0: PORT
Function 1y.Ra$  {1:RAW  [1:BUSAK i1:BUSRQ 1:HWR
Read-modify-write is
prohibited for registers I — . .
P3CR and P3FC. RD function setting
[:-_-__ _ P3<RDFC>
BUSRQ setting ) 0 Y

PIFC <P34F> | 1 | Always RD RD output only
P3CR <P34C> | 0 | output (for for external

pseudo SRAM) | access

BUSAK setting
P3FC <P35F> | 1 |
P3CR<P35C> | 1 |

L > RAWsetting
P3FC <P36F> | 1 |
P3CR <P36C> | 1 |
RAS setting

e 2Py L» AWRsetting
{P3cR <P37C> P <piacs | 7]

Note) When P33AWAIT pin is used as a WAIT pin, set P3CR<P33C>t0 ‘0’
and bits 3 and 2<Bnw1, 0>of Chip Select/WAIT control register to ‘010", "100’, “107".

Figure 3.5 (5). Registers for Port 3
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3.5.3 Port 4 (P40 - P42) To disconnect the resistors, write O in the output latch

Port 4 is a 5-bit is a general-purpose /O port. /O canbe seton  (for pull-down). o

a bit basis using control register PACR and function register. In addition to functioning as a general-purpose VO port,
Resetting does the following: Port 4 also functions as a chip select output signal (CSO to
CS4 or CASO to CAS4).

e Sets the P40, P41, P43 and P44 output latch registers to 1.

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

® Sets P40, P41, P43 and P44 to input mode and connects a
pull-up resistor.

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

MCU900-460 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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A

Reset

[—

Direction

control
(on bit basis)

)
P4CR write
Function

ntrol

data bus

<o
(on bit basis)

A
P4FC write

Internal

S
Output
latch

4
P4 write L
<} —

Selector |e————]

Output buffer

2!

P4 read

Reset

—

Direction
contro

(on bit basis)

)
PA4CR write
—

Function

data bus

control
(on bit basis)

)
P4FC write

T

Internal

S
Output
latch

P4 v’vrite B
T L CS52/

Selector |«————

Output buffer

< N-ch

Programmable
pull-down

)

g Programmable
P Ch( pull-up )

r—{_] P40 (CS0/CAS0),

P41 (CST/CAST)
P43 (CS3/CAS3)
P44 (CS4/CASE)

— "] a2 (CS2/CAS2)

P4 read

Figure 3.5 (6). Port 4
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MCUS900-462

Port 4 Register
6 5 i 4 : 3 2 1 0
2 bit Symbol : i opaa : pa3 Pa2 Pa1 i P40
(000CH) Read/Write RW
Input mode
After reset H T T H H
i 1(Pull-up) : 1(Pull-up) :0(Pull-down): 1(Pull-up) : 1 (Pull-up)
Port 4 Control Register
6 [ 5 i a4 i 3 2 1 0
P4CR  |bit Symbol : P44C P43C Pa2c PaIC P40C
(000EH) Read/Write w
0o i 0 o i 0o i o
After reset 0:IN 1:0UT
[ |
:I——\»IIO setting
[0 [iput ]
[ Towew |
Port 4 Function Register
6 . 5 . 4 L 3 i 2 10
P4FC  |bit Ssymbol i paar i Pa3F ! PpazF P41F i PAOF
(0010H) Read/Write w
After reset : 0 ] 0 H o 0
Function : 0: PORT 1: CS/CAS
]

Note:

Read-modify-write is not
possible for PACR or PAFC.

fo Port (P43)
1 [?:?i/ﬁ's‘z

0 | Port(P44) '
1 |C54/CASa

control register PACR and the function register P4FC.
The BOCSL, B1CSL, B2CSL, B3CSL and B4CSL registers of the chip select / wait
controller are used to select the CS/CAS function.

Figure 3.5 (7). Registers for Port 4

Port (P40)
CS0/CASO

l Port (P41)

-lo

o

1 ICST/C&ST

=)

Port (P42)
- C52/CAS2

To output chip select signal (CSO/CASD to CS4/CAS4), set the corresponding bits of the

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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3.5.6 Port 5 (P50 - P55)
Port 5 is a 6-bit input port, also used as an analog input pin.

b 1

3 ﬁrl D Port$S

o P50~P55
- Port 5 read (ANO~ANS5)
<

P

c

E Conversion

e result A/D H Channel

A converter selector
register
LJ AD read
Figure 3.5 (8). Port5
Port 5 Register
7 6 : s i a 3 2 i 0
Ps bit Symbol i Pss P54 Ps3 ps2 | Ps1 P50
(0000H) Read/Write R
After reset Input mode
Note) The input channel selection of A/D Converter is set by A/D Converter mode register ADMOD2.
Figure 3.5 (9). Registers for Port 5
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-463




TMP96CO81F TLCS-900 16-bit Microcontroller

3.5.5 Port 6 (P60 - P67)

Port 6 is an 8-bit general-purpose |/O port. /0 can be set on
bit basis. Resetting sets Port 6 as an input port. It also sets all
bits of the output latch to 1. In addition to functioning as a gen-
eral-purpose I/0 port, Port 6 also functions as a pattern gener-

Reset

ator PGO/PG1 output/ PGO is assigned to P60 to P63; PG1, to
P64 to P67. Writing 1 in the corresponding bit of the port 6
function register (P6FC) enables PG output. Resetting resets
the function register P6FC value to 0, and sets all bits to ports.

P6 read

™ Direction control
(on bit basis)
4
P6CR write
“
£l Function control
° (on bit basis)
o
: P6FCwrite
°
- S
~
c Output —-L—,
- latch A S
o
< t Selector ’L> {] ports
< P6 write
- PGO, 1 B P60~P67
I_ (PG00~PG13)
s 8
{dl Selector
—/

A

Figure 3.5 (10). Port 6
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Port 6 Register
7 : 6 i 5 i 4 i 3 i 2 1 0
P6 bit Symbol | P67 i P66 | P65 i PG4 P63 i P62 P61 [
(0012H)

Read/Write W

Input mode (Output latch register sets to “17)
[ R B A T T

After reset

Port 6 Control Register

7 7 6 . 5 1 4 3 1 2 1 1 i o0
P6CR  [bit symbol | P67C | PB6C : PESC | P6AC P63C : P62C . PGIC : PBOC
(0014H) Read/Write w
After reset o i o i o i o i o f{ o i o i o
Function 0:IN 1:0UT
I Port 6 1/0 setting
ot ]
Port 6 Function Register
7 i 6 5 4 3 i 2 i 1 i 0
P6FC  |bit Symbol | P67F | PGEF | PESF P6AF P63F : P62F | P6IF | PGOF
(0016H) [z o gwrite w
Afterreset| o ¢ o . o i o 1 o { o i o [ o
Function 0: PORT 1:PG1-OUT 0: PORT 1:PGO-OUT

Read-modify-write is

prohibited for registers ‘> Port 6 function setting
P6CR and P6FC. 0 | General-purpose port
1 | Stepping motor control / Pattern
generation port

Figure 3.5 (11). Registers for Port 6
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3.5.6 Port 7 (P70 - P73) (TO1), Port 72 as a PWMO output (TO2), and Port 73 as a
Port 7 is a 4-bit general-purpose I/O port. /O can be setonbit ~ PWM1 output (TOB) pin. Writing 1 in the corresponding bit of
basis. Resetting sets Port 7 as an input port. In addition to the Port 7 function register (P7FC) enables output of the timer.
functioning as a general-purpose I/0 port, Port 70 also func- Resetting resets the function register P7FC value to 0, and sets
tions as an input clock pin TIO; Port 71 as an 8-bit timer output &l bits to ports.

Reset
™ 3

Direction control
(on bit basis)

P7CR write
S D P70

Output latch L (T10)

{

P7 write s
<1
N

P7 read

ReFe(

Direction control
(on bit basis)

Ble—

Selector

Al

bus

TiO

data

A
P7CR write

Function control
(on bit basis)

Internal

P7FC write

S
Output latch
D ~fas
P7 write N
Selector >__‘_D P71~P73
(TO1~TO3)
Timer F/F OUT B
O1: Timer 1 —
GOI : Timer 2 ) B
TO3: Timer3 Pl
<N
P7read

— T

Selector

S A

[

Figure 3.5 (12). Port7
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Port 7 Register

7 . 6 i 5 i 4 i 3 i 2 1 i 0
P7 bit Symbol ; : Pop3 ioPn2 P71 i P70
(0013H)f g grwrite RW
Elnput mode (Output latch register setsto “17)
After reset H T ; T ) ]
Port 7 Control Register
7 i 6 i 5 i a4 i 3 i 2 1 0
P7CR  |bit symbol : : : ©opr3c i oprc P71C P70C
(0015H)f 2o grwrite ; : w
After reset : 0 N 0 io
Function : : : 0:IN 1:0UT
[

Port 7 Function Register 1 [output |

7 i 6 i 5 i 4 i 3 i 2 i 1 i 0
P7FC  [bit Symbol : P73F P72F i P7IF
(0017H) Read/Write w
After reset : : 0 0 0
: :PORT 0:PORT :0:PORT
Function :T03 i1:702  1:701

Read-modify-write is Setting P71as TO1
prohibited for registers P7FC :P71F>
P7CR and P7FC.
P7CR <P71C>
L Setting P72 as TO2
P7FC <P72F> 1
P7CR <P72C> 1
L »SettingP73asTO3

P7FC <P73f>
P7CR <P73C>

H__._I

Note) P70/TI0 pin does not have a register changing PORT/FUNCTION.
For example, when it is used as an input port (P70), the input
signal for P70 is inputted to 8 bit Timer 0 as a timer input 0(TI0).

Figure 3.5 (13). Registers for Port 7
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3.5.7 Port 8 (P80 - P87) input for 16-bit timer 4 and 5 clocks, an output for 16-bit timer
Port 8 is an 8-bit general-purpose I/O port. /O can be set on F/F 4, 5, and 6 output, and an input for INTO. Writing 1 in the

bit basis. Resetting sets Port 8 as an input port. It also sets all ~ comesponding bit of the Port 8 function register (P8FC)
bits of the output latch register P8 to 1. In addition to function-  enables those functions. Resetting resets the function register

ing as a general-purpose I/O port, Port 8 also functions as an P8FC value to O, and sets all bits to ports.

(1) P80~P86

Reset

Direction control
{on bit basis)

4
P8CR write

S
__{ IPBO (TI4/INT4)

Output latch P81 (TIS/INT5)
T S g «———J P84 (TI6/INTE)

P8 write
P85 (TIZ/INT7)
<} Selector ( !

P Nd
'8 rea A

I8, TIS
Ti6, TI7 Reset

data bus

Direction control
(on bit basis)

A
PBCR write

Internal

Function control
(on bit basis)

4
P8FC ;w&le

S
Outputlatch

L) AS
P8 write

7] ps2(104)
P83 (T05)
P86 (TO6)

:7

Selector

Timer F/F OUT ———————— | B
/TOA : Timerd) —

TO5: Timer 5 B
\TOG : Timer 6

Selector

S A

- | I

P8 read

Figure 3.5 (14). Port 8 (P80 - P86)
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@

P87 (INTO)

Port 87 is a general-purpose 1/0O port, and also used
as an INTO pin for external interrupt request input.

S|

B Reset
; Direction
2 control (on
bit basis)
L]
- A
n© PBCR write
°
- S
L]
c Output latch
- )
ot P8 write
c !
- -~
P8 read
I

INTO interrupt -C]_T detect

Selector

A

Y

Level/edge

IMC<IOIE> IMC<IOLE>

Figure 3.5 (15). Port 87

] P87 (INTO)
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Port 8 Register

7 i 6 i 5 i a4 3 7 2 i 1 i 0
P8 bitsymbol | P87 i P86 : Pes : Psa P83 | PB2 P81 i P8O
(0018H) Read/Write RW
Input mode (Output latch register sets to “17)
After reset 7 ] ] : P 7 7 1
Port 8 Control Register
7 6 : s : 4 i 3 2 1 0
P8CR |bit Symbol [ P87C | P86C : P8SC i PBAC i P83C P82C P8I1C P80C
(001AH) Read/Write w
Afterreset| o0 : o : o : o 1 o : o 0 0
Function 0:IN 1:0UT
1
] Port 8 /O setting
n Input
n Output
Port 8 Function Register
7 i 6 i s i 4 i 3 i 2 10
P8FC  |bit Symbol | PBEF i pg3F P82F
(001CH) [ gcadnrite Pow Pow w
After reset 0 0 0
{0:PORT : 0:PORT :0:PORT
Function i:106 1:705  i1:704

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

> Setting P82 as TO4

PBFC <P82F> 1]
PBCR <PB2C> (1]

t——————————> Setting P83 as TOS

P8FC <P83F>

P8CR <P83C> 1
Setting P84 as TO6

P8FC <P86F > 1
P8CR <P86C>

-

Note) P80/TI4, P81/TIS, P84/TI6, P85/TI7 pins do not have aregister changing PORT/FUNCTION.
Therefore this is the same as P70/T10 pin.

When P87/INTO pin is used as an INTO pin. set PSCR<P87C>to ‘0’ and IIMC<IOIE>t0'1".

Figure 3.5 (16). Registers for Port 8
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3.5.8 Port 9 (P90 - P95) Resetting resets the function register value to 0, and sets
Port 9 is a 6-bit general-purpose I/O port. [/O canbe setonbit @l bits to ports.
basis.

Resetting sets Port 9 to an input port. (1) P80 ~ P86 (TXDO/TXD1)

It also sets all bits of the output latch register to 1.

In addition to functioning as a general-purpose I/O port, Ports 90 and 93 also function as serial channel TXD
Port 9 can also function as an I/O for serial channels 0 and 1. output pins in addition to I/O ports.
Writing 1 in the corresponding bit of the port 9 function register They have a programmable open drain function.

(POFC) enables is function.

Reset
~ ;

Direction contro!
(on bit basis)
[}
PICR write
E}
o Function control
o (on bit basis)
- 4
PYFC write
® ¥ —Do———lgv-ch
: s Programmable
c Output latch A S pull-up
e ) r P90 (TXDO)
Selector
el P9 write l/ P93 (TXD1)
£l 1x00, Tx01 ——————————»{3 Open drain
possible
ODE<ODE1, 0>
S 8
1
Selector
N
P9 read A

Figure 3.5 (17). Ports 90 and 93
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(2) Ports 91 and 94 (RXDO, 1) Ports 91 and 94 are 1/O ports, and also used as RXD
input pins for serial channels.

—

R;set
Direction

control
(on bit basis)

A
PICR write

S

Output latch
¥ s 8 l

P write
N Selector

P91 (RXDO)
- P94 (RXD1)

\

Internal data bus

P9 read A

[

RxDO, RxD1

Figure 3.5 (18). Ports 91 and 94

@) Port92 (CTS/SCLKO) Port 92 is an I/O port, and also used as CTS input pins
for serial channels.

R%se(
™

Direction

control
(on bit basis)

4
PICR write

Function
control
(on bit basis)

4
POFC write

S

Output latch LA S
* Selector —>——{] P92 €T5/5CLKO)

P9 write
SCLKOOUT —»——————>|8

—

5 gle—

Internal data bus

<)
Selector
As

P9 read A

CTs

SCLKOIN

Figure 3.5 (19). Port 92

MCU900-472 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TLCS-900 16-bit Microcontroller TMP96C081F

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

Reset
- ;

Direction
control
(on bit basis)

[}
PICR write

Function
control
(on bit basis)

4

PIFC write

S
Output latch

A S

Selector —>—1—{ Pe5 (scLkn)

Internal data bus

P9 write
ISCLK1 10UT—>———>|8

L JT} Selector

P9 read A

SCLK1IN

Figure 3.5 (20). Port 95
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TLCS-900 16-bit Microcontroller

MCU900-474

Port 9 Register
6 s i 4 i 3 i 2 1 )
P9 bit Symbol P95 i P94 ! pe3 | po2 P91 i P90
(0019H) Read/Write RW

After reset

1

input mode (Output latch register sets to “1”)
R

Port 9 Control Register

6 i S 4 3 2 1 [
P9CR  |bit Symbol © P9SC P94C P93C P92C P9IC P0C
(001BH) Read/Write w
After reset 0 L] 0 H L] [} [
Function 0:IN 1:0UT
[ Port 9 1/0 setting
0 |input
1 | Output
Port 9 Function Register
6 i 5 i 4 3 2 1 0
PIFC  |bit Symbol i POSE P93F PO2F P9OF
(0010H) Reagmrite W w w w
After reset 0 [] ] 0
0:PORT | 0:PORT :0:PORT 0: PORT
Function 1:5CLK1 1:TxD1 1:5CLKO 1:TxDO
P90 TxDO output setting (Note)
[porc <roor> [ 1]
[pock<rooc> | 1]
P92 SCLKO output setting
POFC <P92F> 1]
PICR <P92C> 1
e P93 TxD1 output setting (Note)
PIFC <PI3F> 1
PICR <P93C> 1
P95 SCLK1 output setting

[rorc<rsr> [ 1)
[roca <rosc> 11

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

ODE register.

P91/RXDO, P94/RXD1 pins do not have a register changing PORT/FUNCTION.
Therefore this is the same as P70/TI0 pin.

Figure 3.7 (21). Registers for Port 9
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3.5.9 Port A (PAO - PA7)

Port A is an 8-bit general-purpose I/0 port. I/O can be set on
bit basis. Resetting sets Port A as an input port. It also sets all
bits of the output latch register PA to 1. In addition to function-
ing as a general-purpose I/O port, Port A also functions as an
I/0 for DREQ/DACK of DMAC. Writing “1” in the correspond-
ing bit of the Port A function register (PAFC) enables those
functions. Resetting resets the function register PAFC value to

“0", and sets all bits to ports.

Port A0, A2, A4, A6 (DREQO, DREQ1, DREQ2,
DREQ3)

Ports AO/A2/A4 and A6 also function as DREQ input
pins of DMAC in addition to I/O ports.

S B
Selector

A

(] PAO (DR
PAz
PA4 (DREQ
PAG (DREQ3

1 Risel
Direction
control
- (on bit basis)
2 )
o
PACR write
L
- s
“ Output latch
s J
c PA write
- <}
v N
c PA read
DREQO, DREQ!
- DREQ2, DREQ3

Figure 3.5 (22). Ports A0, A2, A4, A6

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-475




TMP96CO081F TLCS-900 16-bit Microcontroller

(2) Port A1, A3, A5, A7 (DACKO, DACK1, DACK2, Ports A1, A3, A5 and A7 also function as DACK output
DACKS3) pins of DMAC in addition to I/O ports.

R;se 1
-

Direction
control
(on bit basis)

A
PACR write

Function
control —_
(on bit basis)

data bus

PAFC write

S
Output latch L—A S
4 Selector PI >—-_—D PA1 (DACKD

R PA write PA3 (DACK

ACKO.OACKT __ |, PAS5 (DACK2

K2, DATKS PA7 (DACK3

Internal

o=

B

A Selector

PA read S A

[

Figure 3.5 (23). Ports A1, A3, A5, A7
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Port A Register

i7 : 6 : 5 H 4 i 3 2 1 0
PA bit Symbol | PA7 i PA6 i PAS | PA4  PA3 PA2 PA1 PAQ
(001EH) Read/Write RW
Input mode (Output latch register sets to “17)
After reset 1 T 1 T . T . T ; ;
Port A Control Register
7 H 6 H 4 3 2 1 0
PACR bit Symbol PA7C : PA6C PASC PA4C PA3C PA2C PAIC PAOC
(003CH) [geadmwrite w
After reset 0 : 0 0 0 0 0 Y 0
Function 0:IN 1:0uT
L 116} g
[0 Jimput ]
[ Joutpur ]
Port A Fuction Register
7 i 6 5 i & 3 2 1 0
PAFC  |bit Symbol| PA7F | PATF PATF PA4F PA3F PA2F PA1F PAOF
(003EH) Read/Write w
After reset o i ] 0
0:PORT :0:PORT {0:PORT i0:
Function |1 pACK3 :1: OREQ3 |1: DA : DREQ?Z i1: DACK

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

Setting PAO, A2, Ad and A6 as DREQ pins.

PAFC <PAOF > <PA2F > <PA4F > <PAGF>

PACR <PAOC> <PA2C> <PA4C> <PA6C>

Setting PA1, A3, A5 and A7 as DACK pins

PAFC <PA1F> <PA3F> <PAS5F> <PA7F>

PACR <PA1C> <PA3C> <PASC> <PA7C>

Figure 3.5 (24). Registers for Port A
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3.5.10 Port B (PBO - PB4) (1)  Port B1(EOP)

Port B is a 5-bit general-purpose |/O port. I/0O can be set on bit

basis. Resetting sets Port B as an input port. It also sets all bits Port B1 also functions as EOP input pin of DMAC in
of the output latch register PB to 1. In addition to functioning addition to I/O port.

as a general-purpose |/O port, Port B also functions as TC,
EOP etc., of DMA. Writing “1” in the corresponding bit of the
Port B function register (PBFC) enables those functions. Reset-
ting resets the function register PBFC value to “0”, and sets all
bits to ports.

™ a;m
Direction
control
» (on bit basis)
3
o
PBCR write
L]
L S —
® Output latch I - D P81 (EOP)
. ¥ s s
c PB write
. Selector
: PB read A
EoP
-J

Figure 3.5 (25). Port B1

MCU900-478 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TLCS-900 16-bit Microcontroller TMP96CO081F

(2) PortBO, B2, B3, B4 (AEN, TC, IORD, IOWR) IORD and IOWR pins of DMAC in addition to I/O ports.

Ports B0, B2, B3 and B4 also functions as AEN, TC,

Reset
~— ;

Direction
control
(on bit basis)
[)
CR write
3 Function
2 control
(on bit basis)
L]
: FC write
°
- H
: Outputiatch 1—» A S
. 1 Selector [>———{] pBo(AEN)
: AC.TC write PB2 (TC)
. B PB3 (IORD;
: IORD, IOWR PB4 (| R)
B|
N J‘I" Selector
read S_A

Figure 3.5 (26). Ports BO, B2, B3, B4
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‘MCU900-480

PortB Register

7 ¢ 6 s i a4 3 2 1 0
PB bit Symbol ; : Y PB3 P82 PB1 P8O
(001EH) Read/Write RW
Input mode (Output latch register setto “17)
After reset 1 T 7 1 ] 7
PortB Control Register
7 i 6 i 5 4 3 F 2 i 0
PBCR |bit Symbol : PBAC PB3C PB2C PBIC PBOC
(003CH) Read/Write w
After reset 0 o { o { o i o
Function [ 0:IN 1:0UT
o]
;__. /O setting
[0 T ]
[ lowew |
PortB Function Register
7 ¢ 6 : s i a 3 2 1 [
PBFC  |bit Symbol i i PBaF PB3F PB2F PBIF PBOF
(003EH) Read/Write w
After reset 0 o i o
i0:PORT 0:PORT :0:PORT
Function i1:10WR IORD 1:7C

Sctting PB1 as EOP pin.

PBFC <PB1F> a4

PBCR <PB1C> 0

Setting PBO, B2, B3 and B4 as AEN, TC, IORD and IOWR pins.

PBFC <PBOF> <PB2F> <PB3F><PB4F>

1

PBCR <PBOC> <PB2C><PB3C><PB4C>

1

Figure 3.5 (27). Port B Register
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3.6 Chip Select/Wait Control, AM8/16 pin
The TMPOBCO81F has a buiilt-in chip select/wait controller
used to control chip select (CSO - CS4 pins), wait (WAIT pin),
and data bus size (8 or 16 bits) for any of the five block
address areas. _

And there is an AM8/16 which selects external data
width for TMPO6C081.

3.6.1 AM8/16 pin
(1) (1-1) 16-bit bus width internalized with 8 bit width or fixed

16 bit bus
Set this pin to “0”. Then AD8 - 15 or A8 - 15 are fixed @)
to AD8 - 15 function compulsorily.
The bus width when the CPU accesses an external
area is set by Chip Select/Wait Control Register
described at 3.6.2.
However, the bus width of program memory only after
reset must be 16 bit bus width in this case.

(1-2) Fixed 8-bit bus width

Set this pin to “1”. Then AD8 - 15 or A8 - 15 function
compulsorily. (5)
The value of bit 4: <BOBUS>, <B1BUS>, <B2BUS>,
<B3BUS> or <B4BUS> described at 3.6.2 are

ignored and the bus width is fixed to 8 bit.

3.6.2 Control Registers
Table 3.6 (1) shows control registers

One block address areas are controlled by 1-byte CS/
WAIT control register (BOCSL to B4CSL and BOCSH and
B4CSH). These registers can be written to only when the CPU
is in system mode.

(1)  Enable ®)

Control register bit 7 <BOE to B3E> is a master bit
used to specify enable (“1”)/disable (“0") of the setting.
Resetting sets BOE, B1E, B3E and B4E to disable (“0”)
and B2E to enable (“17).

(2)  System only specification

Control register bit 7 (BOSYS, B1SYS, B2SYS, and
B4E> 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
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).

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

CS/CAS Waveform select

Control register bit 5 (BOCAS to B4CAS) is used to
specify waveform mode output from the chip select pin
(CSO/CASO-CS4/CASA). Setting this bit to 0 specifies
CS0 to TS4 waveforms; setting it to 1 specifies CASO
to CAS4 waveforms.

Resetting clears bit 5 to O.

Data bus width select

Bit 4 (BOBUS to B4BUS) of the control register is used
to specify data bus size. Setting this bit to O accesses
in the memory in 16-bit data bus mode; setting it to
“1”, memory is accessed in 8-bit data bus mode.
Changing data bus depending on the access address
is called dynamic bus sizing. Table 3.6 (2) shows the
details of the bus operation.

This bit is changed by the state of AM8/16 pin.

Wait control

Control register bits 2 to 0 (BOW2, 1, 0 to B4W2, 1, 0) are
used to specify the number of waits. Setting these bits
to 010 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 to high. Setting these bits
to 100 or 101 inserts a 0-2-state wait O-1-state wait
according to the WAIT pin status.

Resetting sets these bits to 000 (2-state wait mode).

Address area specification

Bits 3 to 0 in the BOCSH to B4CSH control register are
used to specific the corresponding address areas. If
0000 is set in those four bits (same value after reset),
the setting is enable and low strobe signal is output
from the chip select pins (CS0/CASD to CS4/CS4)
when the following address are accessed; 7FOOH to
7FFFH by CS0, 0080H to 7FO0H to 7FFFH by CS1
and 8000H to 3FFFFFH by CS2. If other than 0000 is
set in those four bits, the chip select pin compares the
setting with that in A23 to A20. If the setting match, the
chip select pin outputs a low strobe signal. Bit 7 to 4
are used to mask bits 3 to 0. Setting 1 in the four bits
compares address A23 to A20 with the masked
address bits and detects match. Setting 1 in the four
bits determines match regardless of setting.

Unlike CS0 to CS2, CS3 and CS4 do not have an
address area assigned in advance after reset. Thus
address area of 1M byte can be freely set using
B3CSH or B4CSH.

MCU900-481
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o SNNS
ak | X X
AE /T N\

ADo~AD7 (D
Ag~A22 :X
ROAVR \ AR
To~3 ~ |\

Figure 3.6 (1). Chip select (CS0 ~ CS4)

A0~A23
AN

A23 3
——— )

A22 sg
——————)

S o o &3

A20 X

—>

lBBI\)/B [3m2 [ssn)m [s3m0] [83a3[83A2 [83a1] 830 B3CS<BIE>
B3CSH (upper 4 bits) B3CSH (lower 4 bits)

Figure 3.6 (2). CS3 Address Decoder Block Diagram
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Table 3.6 (3) Chip Select/Wait Control Register (1/2)

Code | Name | Address B7 B6 BS B4 B3 B2 B1 BO
BOE BOSYS BOCAS BOBUS — BOW2 BOW1 BOWO
w w w w w w w
0 0 0 0 0 0 0
Block0 1 1 0:C50 | 0:16bit Wait Control
CS/WAIT CS/CAS | System 1:CASO Bus 000: 2Wwait
BOCSL | Control 68H | Enable | only 1:8bit 001: 1Wait
Register Bus 010: 1Wait+n
Low 011: OWwait
100: 0~2Wait
101:  0~1Wait
110:  Reserved
111:  Reserved
Block0 BOM3 BOM2 BOM1 BOMO BOA3 B0A2 BOA1 BOAO
CS/WAIT w w w w w w w w
BOCSH | Control 69H 0 0 0 0 0 0 0 0
Register Address (A23~A20) Mask Set Address (A23~A20) Comparison
High 0: Non-Mask 0000 : 7FOOH~7FFFH
1: Mask other : Compare A23~A20
B1E B1SYS B1CAS B1BUS - B1W2 B1wW1 B1WO0
W w w w W w w
0 0 ] 0 0 0 0
Block1 1 1 0:C51 0:16bit Wait Control
CS/WAIT CS/CAS System 1:CAS1 Bus : 2Wait
B1CSL | Control 6AH Enable only 1:8bit 001: 1Wait
Register Bus 010: 1Wait+n
Low 011: OWait
100: 0~2Wait
101:  0~1Wait
110: Reserved
111: Reserved
Block1 BiM3 B1M2 B1M1 B1MO B1A3 B1A2 B1A1 B1A0
CS/WAIT w w w w W w W w
BICSH | Control 68H 0 0 [ 0 0 0 9 0
Register Address (A23~A20) Mask Set Address (A23~A20) Comparison
High 0: Non-Mask 0000 : 0080H~7FFFH
Mask other : Compare A23~A20
B2SYS B2CAS B2BUS - B2wW2 B2wW1 B2W0
w w w w w w
0 0 0 0 0 0
Block2 1: 0:C52 0:16bit Wait Control
CS/WAIT System 1:CAS2 Bus 000: 2Wait
82CSL | Control 6CH only 1:8bit 001: 1Wait
Register Bus 010: 1Wait+n
Low 011: OWait
100: 0~2Wait
101:  0~1Wait
110: Reserved
111:  Reserved
Block2 B2M2 B2Mm1 B2M0O B2A3 B2A2 B2A1 B82A0
CS/WAIT w w w w w w w
B2CSH | Control 6DH 0 0 0 0 (] 0 0
Register Address (A23~A20) Mask Set Address (A23~A20) Comparison
High 1 Non-Mask 0000 : 8000H~3FFFFFH
1: Mask other : Compare A23~A20
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Table 3.6 (3) Chip Select/Wait Control Register (2/2)

Code | Name | Address 87 B6 BS B4 B3 B2 B1 BO
B3E B35YS | B3CAS | B38US — B3WZ | B3W1 | B3W0 |
w w w w w W Ll
0 0 0 0 0 0 Q
Block3 1 1 0:CS3 0:16bit Wait Control
CSIWAIT CSICAS | system | 1:CAS3 Bus T 2Wait
B3CSL | Control 6EH Enable only 1:8bit 001: 1Wait
Register Bus 010: 1Wait+n
Low 011: OWait
100: 0~2Wait
101:  0~1Wait
110: Reserved
111:  Reserved
Block3 83mM3 B3mM2 B3M1 B3M0 B3A3 B3A2 B3A1 B3A0
CSIWAIT w w w w w w w w
B3CSH | Control 6FH 0 0 0 0 0 0 0 o
Register Address (A23~A20) Mask Set Address (A23~A20) Comparison
High 0: Non-Mask 0000 : Address areas are not specified
1: Mask other : Compare A23~A20
B4E B4sYS BACAS 84BUS — B84wW2 B4W1 B4W0
W w w w w w w
0 0 0 0 0 0 0
Blocka 1: 1 0:Cs4 | 0:16bit Wait Control
CS/WAIT CSICAS System 1:CAS4 Bus 000: 2Wait
B4CSL Control 4AH Enable only 1:8bit 001: 1Wait
Register Bus 010: 1 Wa?t +n
Low 011: OWait
100: 0~2Wait
101:  0~1Wait
110:  Reserved
111:  Reserved
Blockd 84mM3 Bam2 B4M1 B4MO B4A3 B4A2 B4A1 B4AQ
CSOWAIT w W W W W W W w
B4CSH | Control aBH 0 0 0 ° 0 9 9 0
Register Address (A23~A20) Mask Set Address (A23~A20) Comparison "
High 0: Non-Mask 0000 : Addressareas are not specified
1: Mask other : Compare A23~A20

Note : Only block 2 is enable the CS/CAS after reset.

Table 3.6 (4) Dynamic Bus Sizing

Operand Operand Memory | cou address CPU Data

Data Size Start Address Data Size D15 - D8 D7-D0
2n+0 8 bits 2n+0 XXXXX b7 - b0
Bbits | (even number) ™™g 240 X00K b7- b0
2n+1 8 bits 2n+1 XXXXX b7 - b0

(odd number) 16 bits n+1 b7- 60 X000
) 2n+0 XXXXX b7 - b0
M40 8bits M1 X0 b15- b8
(even number) ™ 4gpits 2040 b15- b8 b7-b0
16 bits 8 bis 2n+1 XXXKX b7 - b0
n+1 2n+2 XXX b15-b8

(0dd number) 164 n+1 b7 - b0 KKK
b bits Mn+2 00X b15- b8
n+0 XXXXX b7 - b0
2n+1 XXXXX b15- b8
M+0 8 bits n+2 XXXXX b23 - b16
(even number) n+3 XXX b31 - b24

. n+0 b15-b8 b7- b0
b 16 bits M+2 b31 - b24 b23- b16
" 2n+1 XXXXK b7 - b0
2n+2 XKXXX b15- b8
on+1 8 bits 2n+3 XXXXX bz.:, -b16
(odd number) 2n+4 XXXXX b31-b24

n+1 b7-b0 XXKXX
. n+2 b23 - b16 b15- b8
16 bits n+4 X0 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.

MCU900-484 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TLCS-900 16-bit Microcontroller

TMP96CO081F

3.6.3 Chip Select image

Address areas from 0100H to FFFFFFH can be specified for
1M, 2M, 4M, 8M, 16M bytes.

The chip select controller compares an address on a bus
and values of bit 3 to 0 of BOCSH to B4CSH at every cycle.
When the values of bit 3 to O are “0000”, the chip select con-
troller compares the address and the address value which has
already been defined to each block.

If the result of the comparison matches, the specified
address area is assumed to be accessed. If channels BOE to
B4E are set to enable, a chip select pin (CSO to CS4) corre-
sponding to these channels outputs a low strobe signal.

When comparing addresses, a compared result of a par-
ticular address can be ignored by setting the values of bit 7 to
4 of BOCSH to B4CSH. Consequently, and address area size
can be specified.

000000H

An image of the actual chip select is shown below. After
reset (when bits 3 to 0 of BOCSH to B4CSH set 0000), 7FO0H
to 7FFFH is specified for CS0; 0080H to 7FFFH, for CSH1;
8000H to 3FFFFFFH, for CS2.

The reason is that a device other than ROM (i.e., RAM or
I/0) might be connected externally.

The addresses 7FO0H to 7FFFH (256 bytes) for CS0 are
mapped mainly for possible expansions to external I/O.

The addresses 0100H to 7FFFH (approx. 32K bytes) for
CS1 0 are mapped there mainly for possible extensions to
external RAM.

The addresses 8000H to 3FFFFFFH (approx. 4M bytes)
for CS2 are mapped mainly for possible extensions to external
ROM. After reset, CS2 is enable in 16-bit bus and 2-wait. The
program is externally read at address.

The address 8000H in this setting (16-bit bus, 2-wait). (If
AMB8/16 pin is “1”, CS2 is enable in 8-bit bus.)

(o]
)
RS
OI
o
o
(9]
7
Py

TFOOH
8000H

OFFFFFFH

(Mainly for 1/0) (Mainly for RAM)

(Mainly for ROM)

Note 1: Access priority is built-in I/O then the chip select controller.

Note 2: External areas other than CSO to CS4 are accessed in 16-bit data bus (0 wait) mode.
When using the chip select/wait controller and specifying the same address area more than once, the priority is 30, CST, 32,
CS3, CS3, and CS4. (However, when address 7FO0H to 7FFFH for CSO and 100H to 7FFFH for CS1 are specified, in other words,
specification overlap, only the CSO setting pin is active.)

Note 3: When the bus is released (BUSAK = “0”), CSO - CS4 pins are also (the output buffer is OFF).

Refer to L Note about the bus release 1in 3.5 Function of Ports about the state of pins.

Table 3.6 (5) Specified the address areas of B3CSH

B3CSH Specified the Address Areas Area Size
0000 0001 100000H ~ 1FFFFFH 1M Bytes
0001 0011 200000H ~ 3FFFFFH 2M Bytes
0011 011 400000H ~ 7FFFFFH 4M Bytes
0111 1000 800000H ~ FFFFFH 8M Bytes
111 1000 100H ~ 1FFFFFH 16M Bytes
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3.6.4 Example of Usage connected using 16 bit Bus; a RAM and an I/O are connected

Figure 3.6 (6) is an example in which an external memory is using 8 bit Bus.
connected to the TMP9BC081F. In this example, a ROM is

74HCS573

o Q Address bus

TMP96CO81F /[
i b i 1) & RS
cs0 <3 <3 <3
&si CSU pper byte Lower byte 8 bitBus 8 bitBus
e D Q ROM ROM __ RAM /0
cs2 £ of E

ALE LE

AD8 )

5
AD15

o

ol

S

ADO
e 3

AD7

Pl
O
[¢]

Figure 3.6 (6). Example of External Memory Connection (ROM = 16 bits, RAM and I/0 = 8 bits)
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Resetting sets pins CSO, CS1, CS2, CS3 to CS4to pull-down resistor. The program used to set these pins is as
input port mode. CS0, CST, CSS and CS4 are set high due follows:
to an internal pull-up resistor; CS2, low due to an internal

P4CR  EQU OEH

P4FC  EQU 10H

BOCSL EQU 68H

B1CSL EQU 6AH

B2CSL EQU 6CH

LD (BOCS), 0090H ; €S0 = 8 bits, 2WAIT, 7FO0H ~ 7FFFH
LD (B1CS), 0093H ; CS1= 8bits, OWAIT, 0080H ~ 7FFFH
LD (B2CS), 0081H ; CS2 =16 bits, 1WAIT, 8000H ~ 3FFFFFH

LD (P4CR), 07H

€S0, CST, TS2 output mode setting
LD (P4FC), 07H

(2) Example Usage-2 connected to the TMP96CO81F. In this example, a ROM, a
RAM, and I/O are connected using 8 bit Bus.

Figure 3.6 (7) is an example in which an external memory is

ol
wi

Address Bus
TMP96CO81F d
&6 74HC573 J\ZL é JVL ,&
(<3 s
cs1 8bit Bus 8bit Bus 8bitBus
o 0D Q ROM RAM o]
£ OF WE %J;J’(IPE
Al E_
A8 L
$
A15

Rl

ADO
§ K 1)
AD7

T amsris
RD

WR

[e2Ne]

Figure 3.6 (7). Example of External Memory Connection (ROM and RAM and I/0 = 8bits)
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TLCS-900 16-bit Microcontroller

input port mode. CSO, CS1, 083 and CS4 are set high due

Resetting sets pins CS0, CS1, CS2, CS3 and CS4 to

to an internal pull-up resistor; CS2, low due to an internal

When AM8/16 Pin is set to high level, all address area are

MCU900-488

P4CR
P4FC
BOCSL
BOCSH
B1CSL
B1CSH
B1CSL
B2CSH
LD

LD

LD

LD

LD

Lo

LD
LD

EQU
EQU
EQU
EQU
EQU

(BOCSL),
(BOCSH),
(B1CSL),
(B1CSH),
(B2CSL),
(B2CSH),

(P4CR),
(P4FC),

OEH
10H
68H
69H
6AH
6BH
6CH
6DH
1X0100008
000000008
1X0100118B
000000008
1X000001B
000000008

XXXXX111B
XXXXX111B

Note )X : don't care

pull-down resistor. The program used to set these pins is as
follows:

CS0 = 8bits, 2WAIT, 7FO0H~7FFFH

) CS1 =8bits, OWAIT, 80H~7FFFH
> CS2 = 16bits, TWAIT, 8000H~3FFFFFH

>T TS1, €52 output moce setting

fixed to 8-bit data bus regardless of CS area statuses.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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3.6.5 How to Start with an 8-Bit Data Bus
(with AM8/16 pin sets “0”)

B2CS EQU  6AH
ORG ~ 8000H

LDX  (B2CSL), 9CH

After reset, the program reads the LDX (B2CSL), 93H
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

TMP96C081 A15
D Q s

G A8

D8~15 A7
A D Q §
G A0

D7

ADO~7 ! §
ALE Do

RD p——————OFE

CS2 p—— dcs

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

Resetting sets the TS2 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:

; CS2 register address
; RESET address
; CS2 8bit, OWAIT, 8000H ~

area (BOOOH - 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 PACR and P4FC
registers as required.

Operation after reset

TLCS-900 ROM
8000H F7 F7
8001H 7” - 77 00
8002H [ 6C 6C
8003H |77 =172 00 LDX (6CH), 93CH
8004H 93 93
8005H 77 |77 00
—

?? =don’tcare

MCUS900-489
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3.7 8-bit Timers Figure 3.7 (1) shows the block diagram of 8-bit timer
The TMP96CO81F contains two 8-bit timers (timers 0 and 1), (timer O and timer 1). )

each of which can be operated independently. The cascade Each interval timer consists of an 8-bit up counter, 8-bit
connection allows these timers to be used as 16-bit imer. The ~ comparator, and 8-bit timer register. Besides, one timer flip-
following four operating modes are provided for the 8-bit tim- flop (TFF1) is provided for timer O and timer 1

ers. Among the input clock sources for the interval timers, the

internal clocks of ¢ T1, ¢ T4, ¢T16, and ¢T256 are obtained
. A bt : : from the 9-bit prescaler shown in Figure 3.7 (2).
R ?gg;}::gﬁ;‘?g;:n;gge(z( 1“?22)) The operation modes and timer flip-flops of the 8-bit
timer are controlled by three control registers TMOD, TFFCR,

* 8-bit programmable square wave pulse generation (PPG: and TRUN.

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

stant cycle) output mode (1 timer)

MCU900-490 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TFFCR<TFF1C1,0>

*1 Set
«2 Clear F/F control [
*3 Invert
Software trigger — To1
TRUN<TORUN> TRUN<TIRUN>
TMOD<T10M1,0>
FCR<TF >
l b_ Selector TFFCR<TFFIIE
I "1
RUN Clear RUN Clear

TI0 pin — 8-bit 8-bit

sT184)  —=|selector up-counter > up-counter TFFCR<TFFIIS>

$T4(32/fc) —> (uco) 2r-1 $T1  —»|Selector (uct)

$T16(128/fc) —>, Over $T16 —>

[} flow #7256 —>
TMOD<TOCLK1, 0> f?’f [}
™ TIOM1 MM1,0> TMOD<TICLKT, 0>
5
8-bit 8-bit
ptighy comparator  —
(CPO) (cP1)

INTTO
. Selector TMOD<T10M1, 0>
8-bit timer
register TREGO

PPGTRG
PWMTRG 8-bit timer
———>| Select i INTT1
TJREG-WR re:éséer
T 1

Register buffer

T

TFFCR<DBEN>

Internal bus

Figure 3.7 (1). Block Diagram of 8-Bit Timers (Timers 0 and 1)
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@ Prescaler ¢T1, 9 T4, ¢T16, and ¢T256.
This prescaler can be run or stopped by the timer
This 9-bit prescaler generates the clock input to the 8- operation control register TRUN <PRRUN:. Counting
bit timers, 16-bit timer/event counters, and baud rate starts when <PRRUN> is set to “1”, while the prescaler
generators by further dividing the fundamental clock is cleared to zero, and stops operation when
(fo) after it has been divided by 4 (fc/4). <PRRUN> is set to “0”. Resetting clears <PRRUN> to
Among them, 8-bit timer uses 4 types of clock: 07, which clears and stops the prescaler.
Cycle

nput~_f¢ 20MHz

clock

4T1 (8/40) 0.4us

$T4 (32/¢) 1.6us

4T16 (128/f) 6.4us

#7256 (2048/fc) 102ps

$70 #T1 ¢T2 ¢T4 4T8 4T16 ¢T732 #7256

[ 1t I

Oscillator — 0 1 2 3 4 5 6 7 8
! 174 - i

circuit / 9-bit prescaler

¢l

172

T run/stop & clear
TRUN <PRRUN>

(System clock)

fua

$T1

¢T4

Figure 3.7 (2). Prescaler

MCU900-492 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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@ Up-counter

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

The input clock of timer O is selected from the external
clock TIO pin and three internal clocks ¢T1 (8/fc), ¢T4
(82/fc), and ¢T16 (128/fc), according to the set value of
TMOD register.

The input clock of timer 1 differs depending on the
operation mode. When set in 16-bit timer mode, the
overflow output of timer O is used as the input clock.
When set to any other mode than 16-bit timer mode, the
input clock is selected from the internal clocks ¢T1 (8/fc),
¢T16 (128/fc), and ¢T256 (2048/fc) as well as the com-
parator output (match detection signal) of timer O accord-
ing to the set value of TMOD register.

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

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

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

® Timer register

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

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

The timer flip-flop control register TFFCR <DBEN> bit
controls whether the double buffer structure in the
TREGO should be enabled or disabled. It is disabled
when <DBEN> = 0 and enabled when they are set to
1.

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

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

MCU900-493
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Up-counter
| Comparator (CP0) '
AN
I Timer registers 0 (TREGO) |
1 Matching detection of PPG
—— =< ycle
Shift trigger Selector 2n -1 overflow of PWM
| Register buffers 0 | TREGO WR
AN
Write
g 3 TFFCR<DBEN>
Internal bus
Figure 3.7 (3). Configuration of Timer Register 0
Note:  Timer register and the register buffer are allocated to the same memory address. When <DBEN> = O, the same value is written in the register buffer as

well as the timer register, while when <DBEN> = 1 only the register buffer is written.

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

TREGO: 000022H
TREG1: 000023H

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

MCU900-494

interrupt signal (INTTO, INTT1) is generated. If the timer
flip-flop inversion is enabled, the timer flip-flop is
inverted at the same time.

® Timer flip-flop (timer F/F: TFF1)

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

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TRUN
(0020H)

7 s . 4 : 3 i 2 i 1 i 0
bit Symbol | PRRUN : TSRUN ; TARUN . PIRUN | PORUN ; TIRUN : TORUN
Read/Write RW RW
After reset 0 0 i 0 i 0 i o i o 0

Prescaler & Timer Run/Stop CONTROL
Function 0:Stop & Clear

1: Run (Count up)

l—_, Count Operation

PRRUN
T5RUN
T4RUN
PiRUN
PORUN
T1RUN
TORUN

1 |Count

0 |[Stopandclear

Operation of prescaler

Operation of 16-bit timer (timer5)
Operation of 16-bit timer (timer4)
Operation of PWM timer (PWM 1/timer3)
Operation of PWM timer (PWMO0/timer2)
Operation of 8-bit timer (timer1)
Operation of 8-bit timer (timer0)

Figure 3.7 (4). Timer Operation Control Register (TRUN)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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7 . 6 5 4 3 i 2 1 0
TMOD |[bit Symbol [ T1OM1 | TIOMO | PWMM1 | PWMMO ; TICLK1 : TICLKO : TOCLK1 | TOCLKO
(0024H) Read/Write w
After reset 0 [ ] ] L] 0 0 0
Operation mode PWM cycle Source clock of timer 1 Source clock of timer0
00: 8bit Timer 00: - : 00: TOOTRG : 00: TI0
Function 141 16pit Timer {01:26.1 L 01:4T1 L 01Tt
10: 8bit PPG 10: 27-1 £10: 4716 i 10: ¢T4
11: 8bit PWM 11:281 P11: 47256 1: 4716
| | il
Prohibit Read
Modify Write
> Input clock of timer 0

10 |¢T4 (Prescaler)

11 [¢T16 (Prescaler)

———————— Input clock of timer 1

TMOD<TIOM1.0> =01 [TMVD

<T10M1.0> =01

oftimer 0
01 |Internal clock ¢T1

11 {Internal clock 47256

00 {Comparator output| Overflow
output of timer

10 | Internal clock 4T16 (16-bit timer
mode)

Select PWM cycle

Set the operation mode of

timer 0 and 1.

00 |Two 8-bit timers

+ 8-bit timer (timer 1)

(timerOandtimer1) ..

PWM output (timer 0)

Figure 3.7 (5). Timer Mode Control Register (TMOD)
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TLCS-900 16-bit Micrecontroller TMP96C081F
T~ 6 5 4 3 i 2 1 0
TFFCR  {bit Symbol DBEN | TFFIC1 : TFFICO : TEFUE TFFIIS
(0025H) Read/Write RW w RW
After reset H 0 ] 0 0 [
i Double : 00: invert TFF1 STFF1 TFF1
i buffer Inversion  Inversion
. 01: Set TFF1 trigger source
Function 10: Clear TFF1 0: Disable ;0: Timer 0
11:don't care i1:Enable 1:Timer1
f}'h/‘vﬂays readas
L I ]
Selectinverse signal of timer F/F1
("Don’t care” except in 8-bit timer mode)
T>M=%%<TIOMI,0 o1 10 1
0 |Inversion by 16-bit timer mode | PPG mode PWM mode
timer0 match inversion by Inversion by Inversion by
signal match signal match signal of match and
1 Inversion by each timer0and | overflow signal
timer1 match timer 1 of timer 0
signal
L——— Inversion of Timer F/F1 (TFF1)
0 |Disable invert
1 |Enableinvert
t——————> Control of Timer F/F1 (TFF1)
00 |Invert the value of TFF1
.. |Goftwareinversion)
01 |SetTFF1to “1”
10 |Clear TFF1to “0”.
11 |Don’t care
‘——————— Double Buffer Control of TREGO
0 |Disable double Buffer
1 |Enable double Buffer
Figure 3.7 (6). Timer Flip-Flop Control Register (TFFCR)
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-497
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The operation of 8-bit timers will be described below:

(1)  8-bit timer mode

Two interval timers O, 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.

MSB
7 6 5 4
TRUN - - X - -
~TMOD « 0 0 x x
TREG1 « 0 1 0 1
INTETI0 « 1 1 0 1
TRUN « 1 X 1 -
Note:  x; don't care -; no change

Use the following table for selecting the input clock.

Note:

® Generating interrupts in a fixed cycle

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

Example: To generate timer 1 interrupt every 40
microseconds at fc = 20MHz, set each
register in the following manner.

LSB
10
0 - Stop timer 1, and clear it to “0".
- - Set the 8-bit timer mode, and select ¢T1.
(0.4ys @ fc = 20MHz) as the input clock
0 0 Set the timer register at 40us ¢T1 = 100H (64H).

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::e':r:pzln(;‘yl;lze) Resolution
¢T1(8/fc) 0.4y ~ 102.4ps 0.4ys
@14 (32/fc) 1.6p8 ~ 409.6ps 1.6p8
#7116 (128/fc) 6.4ps ~ 1.638ms 6.4ps
1256 (2048/fc) 102.4ps ~ 2.621ms 102.4ps

The input of timer O and timer 1 are different

from as follows:

MCU900-498

Timer O: TIO input, @T1, 2T4, 2T16
Timer 1: match output of Timer O, &T1, 8T16, 6T2566
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@ 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 following procedures. Either timer O or
timer 1 may be used, but this example
uses timer 1.

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

MSB LSB
7 6 5 4 3 2 1 0
TRUN - - x - - - =0 - Stop timer 1, and clear it to “0".
T™MOD « 0 0 x x o0 1 - - Set the 8-bit timer mode, and select ¢T1 as the input clock.
TREG1 « 0 0 0 0 0 0 1 1 Set the timer register at 3.0us + @71 +2=3.
TFFCR - - - - -1 0 1 1 Clear TFF1to “0", and set to invert by the match detect signal from timer 1.
P7CR « x x x x = =1 .
PTFC o x x x x - - 4 Select P71 as TO1 pin.
TRUN « 1 x - - = =1 - Start timer 1 counting.
Note: x; don't care -, no change

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-499
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TRUN
<T1RUN>
BIT7~2

Up-
counter BITI_____]

BIT0—00
Comparator
timing

Comparator output
(matching detect)

INTT1 ( /
UC clear ‘i

TFF1

L

‘-Ki

TO1 ;/——_——\___________/—_

f
1.2, @fc=20MHz
:

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

Comparator output

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

n

(Timer 0 match)

Timer Qup-counter 1 X 2 X3 X4 X5 X1 X2 X3 X4X5X1X2X3)

(when TREGO = 5)

Timer 1 up-counter 1

2 X 1

(when TREG1=2)

)

Timer 1 match output

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

@ Output inversion with software

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

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

® 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 <TFF1C1, 0> to
set TFF1 to “1”.

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

16-bit timer mode

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

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

When set in 16-bit timer mode, the overflow output of
timer O will become the input clock of timer 1, regard-
less of the set value TMOD <T1CLK1,0>. Table 3.7 (2)
shows the relation between the cycle of timer (inter-
rupt) and the selection of input clock.

MCU900-501
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Table 3.7 (2) 16-Bit Timer (Interrupt) and Input Clock

Interrupt Cycle .

Input Clock (at fc = 20MHz) Resolution

oT1 (8/fc) 0.4ps ~ 26.214ms 0.4ps

T4 (32/fc) 1.6ps ~ 104.857ms 1.6

¢T16 (128/fc) 6.4ps ~ 419.430ms 6.4

The lower 8 bits of the timer (interrupt) cycle are set by The comparator match signal is output from timer O
the timer register TREGO, and the upper 8 bits are set each time the up-counter UCO matches TREGO, where
by TREG1. Note that TREGO always must be set first. the up-counter UCO is not to be cleared.
(Writing data into TREGO disables the comparator tem- With the timer 1 comparator, the match detect signal is
porarily, and the comparator is restarted by writing output at each comparator timing when up-counter
data into TREG1.) UC1 and TREG1 values match. When the match

detect signal is output simultaneously from both com-
parators of timer O and timer 1, the up-counters UCO
and UC1 are cleared to “0”, and the interrupt INTT1 is
generated. If inversion is enabled, the value of the timer
flip-flop TFF1 is inverted.

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
¢T16 (6.4us @ 20MHZz)0.4 sec +
6.4us = 62500 = F424H

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

Timer 0 Timer 1
Value of Value of
INTTO 101 comparison INTTY 701 comparison

16-Bit Timer Mode Generatonof | Disable to TREGO Generationof | Disable to TREG1+28

Counts Timer t upward\, | aninterrupt Output Counts aninterrupt output +TREGO

when Timer 015 upward even (16 bit full)

when matched/|
verflowed

8-8it Timer Mode Generation of Enable to output | TREGO Generation of Enable tooutput | TREG1e

Counts Timer 1 upward \ | aninterrupt imer 0 [Cleared an interrupt Timer 0 TREGO

when Timer 0is matched o when o Value of

Timer 1 matched Timer 1 Multiptier
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(&)

Example:

When TREG1 = 04H and TREGO = 80H

Value of up-counter
(uci, UCD{’

Timer 0 comparator
match detect signal Nl

0000H 0080H 0180H 0280H 0380H 0480H

L1

Interrupt INTT1

Timer output TO1

Inversion

Figure 3.7 (9). Output Timer by 16-Bit Timer Mode

8-bit PPG (Programmable Pulse Generation) Output
mode

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

Timer O outputs pulse to TO1 pin (also used P70).

In this mode, a programmable square wave is gener-

t

ated by inverting timer output each time the 8-bit up-
counter (UCO) matches the timer registers TREGO and
TREG1.

However, it is required that the set value of TREGO is
smaller than that of TREG1.

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

Figure 3.7 (1) shows the block diagram for this mode.

t

e

TREGO and UCO match

(Interrupt INTTO)
TREG1 and UCO match

Al

(interrupt INTT1)

[

A

7
\

TO1

711
\

TREGO

TREG1

Figure 3.7 (10). Block Diagram of 8-Bit PPG Output Mode

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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T01
TIO pin  — TRUN<TORUN> *
$T1 — R |
474 —»| selector 8-bit TFF |<— TFFCR<TFFIIE> = 1
$T16 —| up-counter (UCO)
[ Inversion
TMOD <TOCLK1,0>
INTTO
4
l Comparator I.> [ Comp IL INTTH
4

TREGO-WR| /€10 | Shift trigger
e

TFF(R!DBEN> [ Register buﬂfr__] L—ﬁi—-—]

Internal bus

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

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

TREGO each time TREG1 matches UCO.

TO1
TIOpin —» TRUN<TORUN> A
#T1 8-bit *——‘—j TFF <— TFFCR<TFFIIE> =1
$T4 —| Selector
$T16 —>| up-counter (UCO)
Inversion

o1 —
TMOD <TOCLK1, 0>
INTTO
I}

] Comparator L,l e INTT1

P
£

Selector | gy trigger
EEEEE—

[negismbungr__] I_ TREG | l

4
TFFCR<DBEN> T — TT

Internal bus

TREGO-WR >

Figure 3.7 (12). Operation of Register Buffer
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Example: Generating 1/4 duty 62.5kHz pulse @ fc =
20MHz)

o

¢ Calculate the value to be set for timer register.
To obtain the frequency 62.5kHz, the pulse cycle t

7 6 5 4 3 2 1 0
TRUN - - x - - - - 00
T™MOD « 1 0 x x X x 0 1
TREGO < 0 0 0 0 1 0 1 O
TREG1 « 0 0 0 o0 1t 0 0 O
TFFCR « - - -1 0 1 1 x

L |

P7CR « X X X X - - 1 -
P7FC «— X X X X - -1

TRUN « 1

Note:  x; don’t care —; no change

8-bit PWM Output mode

This mode is valid only for timer O. In this mode, maxi-
mum 8-bit resolution PWM pulse can be output.
PWM pulse is output to TO1 pin (also used as P71)
when using timer 0. Timer 1 can also be used as 8-bit
timer.

Timer output is inverted when up-counter (UC1)
matches the set value of timer register TREG or when
2n-1(n=86, 7, or 8; specified by TOIMOD

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

should be: t = 1/62.5kHz = 16ps.
Given ¢ T1 = 0.4us @ 20MH2),
16us + 0.4ps = 40

Consequently, to set the timer register 1 (TREG1) to
TREG1 =40 = 28H and then duty to 1/4, tx 1/4 =
16us x 1/4 = 4ps

4ps = 0.4ps =10
Therefore, set timer register O (TREGO) to TREGO = 10
= 0AH.

Stop timer 0, and clear itto “0".

Set the 8-bit PPG mode, and select ¢T1 as input clock.

Write “0AH".

Write “28H".

Sets TFF1 and enables the inversion and double buffer enable.

p Wiiting “10” provides negative logic pulse.

) Select P71 as TO1 pin.

Start timer 0 and timer 1 counting.

<PWMO01,07) counter overflow occurs. Up-counter
UCH1 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

MCU900-505
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TREGO and
UCO match 'ﬂ )“
2n-1
overflow ( /ﬂ / /ﬂ
(interrupt INTTO) \ ( \ (
TO1 I \I I . \I I
PWM

— twm
WM ode

Figure 3.7 (13). 8-Bit PWM Waveforms

Figure 3.7 (14) shows the block diagram of this mode.

TO1
TRUN <TORUN> A
TI0 —> . TFFCR
| 8-bit up-counter
o Selector Clear TFF c <TFF1C1,0,
$T4 —> (UCo) TFFUE, TFF1IS>
$T16 —|
I
201 T™OD nvert
<TIOM1,0> =11
TMOD <TOCLK1,0> overflow T™MOD
control <PWMM1,0>
Overflow

Comparator

INTTO

L

TREGO-WR—>

Selector Shift trigger I

Register buffer
TFFCR <DBEN>

! 3
Internal bus

Figure 3.7 (14). Block Diagram of 8-Bit PWM Waveforms
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In this mode, the value of register buffer will be shifted in Use of the double buffer makes the handling of small
TREGO if 2" - 1 overflow is detected when the double buffer of duty waves easy.
TREGO is enabled.
Match with TREGU n n
Up-counter = Qy Up-counter = Q,
2n -1 overflow /r|
(_shift into TREGO
b
(value to be (omLRaErSd‘; & Xﬂ. 9
Register buffer Q X Q3

R TREGO (register buffer) write

Figure 3.7 (15). Operator of Register Buffer

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

5 ‘
~—0Es
To realize 50.8us of PWM cycle by ¢T1 = 0.4ps (@ fc = Consequently, n should be set to 7.
20MH2z), As the period of low level is 36ps, for ¢T1 = 0.4ps, set the

50.8us + O.4us = 127 = 27 - 1 following value for TREGO:

36us + 0.4us =90 = 5AH

MSB LSB
7 6 5 4 3 2 1 0
TRUN — - X - - - - -0 Stop timer 0, and clear it to “0”.
TMOD « 1 1 1 0o - -0 1 Set 8-bit PWM mode (cycle: 27 - 1) and select @71 as the input clock.
TREGO « 0 1 0 1 1 0 1 0 Write “5AH".
TFFCR «— X X X X 1 0 1 X Clears TFF1, enables the inversion and double butfer.
IR« x x x x = = T~ ) Set P71 as TO1 pin.
P7FC « x x x x - =1 X
TRUN « 1 x - - = - =1 Start timer 0 counting.
Note: x; don't care —; no change

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-507
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Table 3.7 (3) PWM Cycle and the Setting of 2" -1 Counter
PWM Cycle (@ fc = 20 MHz)
ot oT4 ¢T16
264 25.2usec (39.0kHz) 100psec (10.0kHz) 0,40msec (2.4kHz)
271 50.8usec (19.7kHz) 203psec (4.9kHz) 0.81msec (1.2kHz)
281 102usec  (9.80kHz)  408usec (2.4kHz) 1.63msec (0.61kHz)
(5) Table 3.7 (4) shows the list of 8-bit timer modes.
Table 3.7 (4) Timer Mode Setting Registers
Register Name TMOD TFFCR
Name of Function in Register Tiom PWMM TICLK TOCLK TFF1IS
" PWMO Upper Timer Lower Timer Timer F/F Invert
Function Timer Modo Cycle Input Clock Input Clock Signal Select
External clock,
16-bit timer mode o _ - 071, 974, ¢T16 -
(00, 01, 10, 11)
Lower timer match, External clock, . . .
8-bit timer x 2 channels " _ 411,16, 256 Tt g4 gris |37 Lowertiner oub
(00, 01,10, 11) (00, 01,10, 11) - upp
External clock,
8-bit PPG x 1 channel 10 - - #T1, ¢T4, 4716 -
(00, 01,10, 11)
961971 281 External clock,
8-bit PWM x Tchannel 1 (o1,10,11) - 911, 9T4, ¢T16 -
e (00, 01,10, 11)
8-bit timer x 1channel 1 - (ﬁgﬁ T}g 13)56) - Output disabled

Note: —; Don’tcare

MCUS00-508
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3.8 8-Bit PWM Timer

The TMP96C081F has two built-in 8-bit PWM timers (timers 2
and 3).
They have two operating modes.

e 8-bit PWM (pulse width modulation: variable duty fixed inter-
val output mode
¢ 8-bit interval timer mode

Figure 3.8 (1) is a block diagram of 8-bit PWM timer (tim-
ers 2 and 3). :

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

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

Input clocks ¢P1, ¢P4, and ¢P16 for the PWM timers can
be obtained using the built-in prescaler.

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

MCU900-509
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TRUN <PRRUN>

fa/2

PWM dedicated
prescaler

Vb
#P1 4P4 4P16

(fva) (fu16) (fa/64) POMOD <PWMOM >

TRUN <PORUN>

(-lféFFzz) PWM2-OUT
(T02)

Setr 1C|ear

F/F control

Selector |«

$P1 —|
$P4 —
$P16—|

control (uc2)

RUN Clear

Clock { . 8-bit up counter

t

Note:

MCU900-510

1 Overflow
2n-1
POMOD <T2CLK1,0>
AA
POMOD <PWMOS1, 0>

1 T PFFCR <FF2C1,0>
PFFCR <FF2TRG1, 0>

Interrupt | INTT2

control

POMOD <PWMOINT>

8-bit comp Match detect
(cP2)
8-bit timer register
TREG2
hift tri
Shift trigger v B FG-‘__
Selector
Register buffer s A TREG-WR

Register write

POMOD <DB2EN>
3

Internal bus

Figure 3.8 (1). Block Diagram of 8-Bit Timer 0 (Timer 2)

Block diagram for 8-bit PWM timer 1 (timer 3) is the same as the above diagram.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TLCS-900 16-bit Microcontroller TMP96CO081F

® Prescaler

Generates input clocks dedicated to PWM timers by
further dividing the fundamental clock (fc) after it has
been divided by 2 (fc/2). Since the register used to
control the prescaler is the same as the one for other
timers, the prescaler cannot be operated indepen-
dently.

The PWM timer uses three input clocks: ¢/P1, ¢/P4,
and ¢/P16.

Like the 9-bit prescaler described in the 8-bit timer
section, this prescaler can be counted/stopped using
bit 7 <PRRUN> of the timer operation control register
TRUN. Setting <PRRUN> to 1 starts counting; setting
it to O zero-clears and stops counting. Resetting clears
<PRRUN> to O, which clears and stops the prescaler.

Dedicated prescaler cycle

20MHz
¢P1 (4/fc) 200ns
#P4 (16/fc) 800ns
$P16(64/fc) 3.2us
$P1 ¢Pa ¢#P16
T T
0 1 2 3 4
Oscillator l
cireuit 2 I Prescaler
T run/stop & clear
TRUN <PRRUN>
CLK ] I ] |

Figure 3.8 (2). Prescaler

@ Up-counter

An 8-bit binary counter which counts up using the
input clock specified by PWM mode register (POMOD
or PIMOD).

The input clock for the PWMO/PWM1 is selected from
the internal clocks ¢P1, ¢P4, and ¢P16 (PWM dedi-
cated prescaler output) depending on the value set in
the POMOD/P1MOD register.

Operating mode is also set by POMOD and P1MOD
registers. At reset, they are initialized to POMOD
<PWMOM> = 0 and P1MOD <PWM1M> = 0, thus, the
up-counter is in PWM mode. In PWM mode, the up-
counter is cleared when a 2" - 1 overflow occurs; in
timer mode, the up-counter is cleared at compare and
match.

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

® Timer registers

Two 8-bit registers used for setting an interval time.
When the value set in the timer registers (TREG 2 and
3) matches the value in the up-counter, the match
detect signal of the comparator becomes active.
Timer registers TREG2 and TREGS are each paired
with register buffer to make a double buffer structure.
TREG2 and TREGS are controlled double buffer
enable/disable by POMOD <DB2EN> and P1MOD
<DBB3EN>: disabled when <DB2EN>/<DB3EN> = 0,
enabled when <DB2EN>/<DB3EN> = 1.

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

At reset, <DB2EN>/<DB3ENS> is initialized to O to disable
double buffer. To use double buffer, write the data in the
timer register at first, then set <DB2EN>/<DB3EN> to 1,
and write the following data in the register buffer.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-511
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Up-counter

{

I Comparator I

i

l Timer register (TREG2/3) ‘}

TT Shift trigger

[ Register buffer l

8-bit match detect
PWM2n-1overflow

~— ==

Selector

Write

Internal bus

TREG2/3 WR
1 l
I

<DB2EN>/<DB3EN>

Figure 3.8 (3). Structure of Timer Registers 2 and 3

Note:

The timer register and register buffer are allocated to the same memory address. When <DB2EN>/<DB3EN> = 0, the same value is written to both

register buffer and timer register. When <DB2EN>/<DB3EN> = 1, the value is written to the register buffer only.

Memory addresses of the timer registers are as fol-
lows:

TREG2 : 000026H
TREG3 : 000027H
Both timer registers are write only; however, register

buffer values can be read when reading the above
addresses.

MCU900-512

® Comparator

Compares the value in the up-counter with the value in
the timer register (TREG2/TREGS). When they match,
the comparator outputs the match detect signal. A
timer interrupt (INTT2/INTT3) is generated at compare
and match if the interrupt select bit <PWMO1TNT>/
<PWM1NT> of the mode register (POMOD/P1MOD) is
set to 1. In timer mode, the comparator clears the up-
counter to O at compare and match. It also inverts the
value of the timer flip-flop if timer flip-flop invert is
enabled.

® Timer flip-flop

The value of the timer flip-flop is inverted by the match
detect signal (comparator output) of each interval
timer or 2" - 1 overflow. The value can be output to the
timer output pin TO2/TOS3 (also used as P72/P73).

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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7 6 5 a i 3 1 2 1 0
POMOD |bit Symbol | FF2RD | DB2EN PWMOINT i PWMOM | T2CLK1 | T2CLKO i PWMOS!I | PWMOSO
(0028H) I rive R w
After reset - 0 [ 0 0 0 0 0
Flip-flop {1: Double (0:2™1  [0:PWM i 00: 4pj (fsa) 00: 26-1
: i overflow mode
(FIF2) Buffer2: .o ) 01: ¢P4 (f/16) 01:27-1
Function | yqput Enable 1:Timer 0. 4p16 (f6d) 10: 28.1
compare mode
data & match 11: Don’t care 11: Don't care
nterrupt
Read-modify-write is
prohibited.
Select PWMO cycle
00 |[26-1
01 271
10 |28-1

11 [Don't care

—— Select PWMO input clock

00 |¢ P1(fc/d)

01 |4 P4(fc/16)

10 (4 P16 (fc/64)

11 |Don't care

L select PWMO mode

0 |PWM mode

1 |8-bittimer mode

select PWMO interrupt

0 |Overflow interrupt

1 Compare and match

interrupt

control double buffer

0 |Disable

1 |Enable

PWM timer Flip-flop2 (TFF2)

output value (TO2)

Figure 3.8 (4). 8-Bit PWMO0 Mode Control Register
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P1MOD [bit Symbol

(0029H) Read/Write

7 6 5 i 4 3 2 i 0
FFIRD | DB3EN PWMIINT: PWMIM | T3CLK1 | T3CLKO | PWMIST | PWM1SO
R w
After reset - 0 : 0 ] : 0 o o o
Flip-flop 1: Double §°= Z’“'" 0 "V:d'\" i 00: gP1 (fc/d) 00: 26-1
(FIF3) Buffer3i o o ! ;_" € | 01: gPa(fc6) 01:27-1
Function i JTimer 4. :28.
output Enable 1: Compare | mode | 10: P16 (f/64) 10:28-1
data i and : i 11:Don‘tcare 11: Don‘tcare
match H

Read-modify-write 1s
prohibited.

interrupt [

Select PWM1 cycle

00
01

10

2841

1

Don't care

————— Select PWM1 input clock

00

4 P1 (fc/)

01

4 P4 (fc/16)

10

4 P16 (fc/64)

n

Don't care

L Select PWM1 mode

0

PWMmode

1

8-bit timer mode

Select PWM1 interrupt

Overflow interrupy

Compare and match
interrupt

rol double buffer

Disable

enable

PWM

timer Flip-flop3 (TFF3)

output value (TO3)

Figure 3.8 (5). 8-Bit PWM1 Mode Control Register

MCU900-514 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.




TLCS-900 16-bit Microcontrolier

TMP96CO081F

PFFCR
(002AH)

7 6 5 4 3 2 1 0
bit Symbol | FF3C1 FF3CO FF3TRG1 FF3TRGO FF2C1 FF2C€0 FF2TRG? : FF2TRGO
Read/Write w RW w RW
After reset o i 0 o i o o i o o i o
00: Don‘tcare 00 : Disable TFF3 inverted. : 00: Don’t care 00 : Disable TFF2 inverted.
01:Set TFF3 01 : Invert by match. 01:Set TFF2 01 : Invert by match.
Function 10: Clear TFF3 10 : Set by match; 10: Clear TFF2 10 : Set by match ;
11: Don't care clear by overflow, 11: Don't care clear by overflow,
11 : Clear by match ; B 11 : Clear by match;
set by overflow. H set by overflow.

5

|

I—.Select PWM timer F/F2 (TFF2) trigger

00

Disable TFF2 trigger.

01

Invert by compare and match.

10

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

"

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

Control PWM timerF/F2 (TFF2)

00

Don’t care

01

Set TFF2to “1".

10

Clear TFF2 to “0”.

1

Don’t care

Select PWM timer
F/F3 (TFF3) trigger

00

Disable TFF3 trigger.

01

Invert by compare and match.

10

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

1

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

Control PWM timerF/F2 (TFF2)

00

Don't care

01

Set TFF3to “1”.

10

Clear TFF3 to "0".

n

Don‘t care

Figure 3.8 (6). 8-Bit PWM F/F Control Register
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7 6 i s i 4 i 3 2 1 0
TRUN  |bit Symbol | PRRUN TSRUN § T4RUN | PIRUN PORUN TIRUN TORUN
(0020H) e nwiite | row RW
After reset [ P00 f 0 P00 Poo0 foo0 o
Prescaler & Timer Run/Stop CONTROL
Function 0: Stop &Clear
1: Run(Countup)

— |

':S-bit timer (timer0) operation

0 |[Stop &clear

1 |Count

L » 8-bit timer (timer1) operation

0 |Stop &clear

1 |Count

8-bit PWM timer (PWM0/timer2) operation

0 |Stop &clear

1 |Count

> 8-bit PWM timer (PWMO/timer2) operation

0 |[Stop &clear

1 |Count

16-bit timer (timer4) operation

0 |[Stop & clear

1 |[Count

16-bit timer (timer5) operation

0 |[Stop &clear

1 {Count

nl

rescaler operation

0 |Stop &clear

1 |Count

Figure 3.8 (7). Timer Operation Control Register (TRUN)
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(1)

The following explains PWM timer operations.

PWM timer mode

Both PWM timers can output 8-bit resolution PWM
independently. Since both timers operate in exactly the
same way, PWMO is used for purposes of explanation.

PWM output changes under the following two condi-
tions.

Condition 1:
¢ TFF2is cleared to O when the value in the up-
counter (UC2) and the value set in the TREG2
match.
o TFF2is setto 1 whena 2" - 1 counter overflow (n
=6, 7, or 8) occurs.

PWM timing

Condition 2:
o TFF2is set to 1 when the value in the up-counter
(UC2) and the value set in TREG2 match.
e TFF2 s cleared to O when a 2" - 1 counter over
flow (n =6, 7, or 8) occurs.

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

The PWM timer can output 0% - 100% duty pulses
because a 2" - 1 counter overflow has a higher priority.
That is, to obtain 0% output (always low), the mode
used to set TFF2 to O due to overflow (PFFCR
<FF2TRG1, 0> = 1, 0) must be set and 2" - 1 (value for
overflow) must be set in TREG2. To obtain 100% out-
put (always high), the mode must be changed: PFFCR
<FF2TRG1, 0> = 1,1 then the same operation is
required.

PWM counter m-1 X m

Ame1 ) 22X 21

) CANIR I G

Timing in " Match detect

detail

2n-10verflow

I

counter clear

Match detect A

Overall
timing 2n-10verflow

[ . [
(Note) \ ( \ (
Timer F/F output

(T02/703)

Figure 3.8 (8). Output Waves in PWM Timer Mode

Note: The above waves are obtained in a mode where the F/F is set by a match with the timer register (TREG) and reset by an overfiow.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Figure 3.8 (9) is a block diagram of this mode.

fc2 —> prescaler

4P lwa APlEl

Clear

Clock control 8-bit up-counter

(uc2) POMOD
t t I <PWMOS1, 0>

POMOD<T2CLK1,0>
2n-1overflow

control overflow
overflow
8-bit Match PFFCR<FF2TRG1, 0>
comparator >
(cP2) P;F{CR<FFZC‘I,0>
j T Timer — TO2
LI FIF
. sbit control
timer register
5 (TREG2)
Seldo; S_hnﬂl_nggg_,ﬂ L1 interrupt
INTT2
TREG2ZWR —>=[A S Register buffer "
T control
POMOD <DB2EN> i
POMOD <PWMOINT >
Internal bus

Figure 3.8 (9). Block Diagram of PWM Timer Mode (PWMO0)

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

Match with TREG2

2001 (Up-counter = Q1) (Up-counter = Q2)
overflow
(Shift from register buffer
TREG 2 h) Q
(Compared value) ! x/ﬁ 2
Register buffer Q, X Qs

\ Register buffer write

Figure 3.8 (10). Register Buffer Operation
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Example: To output the following PWM waves to TO2 39.68us + 0.25ps = 127 =27 -1,
pin using PWMO at fc = 20MHz.
Consequently, setnto 7.

Since the low level cycle = 18.75us; for ¢ P1 = 0.312us

1 [ [ 18.75ps + 0.312 = 60 = 3CH
18,75 set the 3CH in TREG2.
39.68us

To implement 39.68us PWM cycle by ¢ P1 = 0.312us (@

fc = 20MHz)
7 6 5 4 3 2 A+ 0
TRUON < - x - - - 0 - - Stops PWMO and clears it to 0.
POMOD « - o 0 0 ©0 0 O 1 Sets PWM (27 - 1) mode, input clock oP1, overflow interrupt, and disables double buffer.
TREG2 « 0 0 1 1 1 1 0 0 Writes 3CH.
POMOD « - 1 60 0 0 0 O 1 Enables double buffer.
PFFCR « - - - - 0 1 1 1 Sets TFF2 and a mode where TFF2 is set by compare and match, and cleared by overflow.
IR e o x e ) Sets P72 s the T02 pi
PFC « x x x x - 1 - X e asthe 10 pin.
TRUN  « 1 X - - -1 - - Starts PWMO counting.
Note : x; don’t care -; no change

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

20MHz
Formula
g oP4 oP16
B4 | 264-gPn 12.6ysec 50.4yssec 201psec
(T9kHz) (20kHz) (4.9kHz)
21 | 2"-1-¢Pn 25.4y5ec 101.6yssec 406ysec
(39kHz) (9.8kHz) (2.5kHz)
289 | 281-¢Pn 51.0psec 204 0pssec 816psec
(20kHz) (4.9kHz) (1.2kHz)
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@

8-bit timer mode

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

@ Generating interrupts at a fixed interval

To generate timer 2 interrupt (INTT2) at a fixed interval
using PWMO timer, first stop PWMO, then set the oper-
ating mode, input clock, and interval in the POMOD
and TREG2 registers. Next, enable INTT2 and start

counting PWMO.

Example: To generate a timer 2 interrupt every 32us
at fc = 20MHz, set registers as follows:

N  « - x - - - 0 - =
POMOD « x 0 1 1 0 0 x X

Stops PWMO and clears it to 0.

Sets 8-bit timer mode and selects ¢P1 (0.2ps) and
compare interrupt.

Sets 32us/0.2us = AOH in timer register.

Enables INTT2 and sets interrupt level 4.

Starts PWMO counting.

TEGZ e« 1 0 1 0 0 0 0
INTEPWI) « - - - - 1 1 0 0
TN « 1 x - - - 1 - -

Note: x;dontcare - nochange

Select an input clock using the table below.

Table 3.8 (2) Interrupt Cycle and Input Clock Selection using 8-Bit Timer Mode

Input Clock (I::e'ﬁ'go(:xﬂ:) Resolution
@P1 (4/fc) 0.2us ~ 51.2ps 0.2ps
oP4 (16/fc) 0.8y ~ 20485 0.8us
P16 (64/c) 3.2us ~ 819.2s 328

Note: To generate interrupts in 8-bit timer mode, bit 5 (interrupt control bit <PWMO1NT>/<PWM1NT> of
POMOD/P1MOD) must be set to 1.

MCU900-520 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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@ Generating a 50% square wave value to the timer output pin (TO2).
To generate a 50% square wave, invert the timer flip- Example: To output a 2.4us square wave at fc =
flop at a fixed interval and output the timer flip-flop 20MHz from TO2 pin, set register as follows:

TRUN « - x - - - 0 - - Stops PWMO and clears it to 0.
POMOD « x 0 1 1 0 0 x X Sets 8-bit timer mode and selects ¢P1 (0.24ss) as the input clock.
TREGZ « 0 0 0 0 0 1 1 0 Sets 2.4y5/0.2pi5/2 = 6 in the timer register.
PFFCR « - - - - 1 0 0 1 Clears TFF2 to 0 and inverts using comparator output.
P7CR X X X X - 1 -
< ) Sets P72 as the TO2 pin.
P7FC «— X X X X - 1 -
TRUN  « 1 X - - = 1 - - Starts counting PWMO.

Note: x;don’tcare - no change

TRUN |
Up-counter 01 X 02 Yo3 o4 Yos Yo X Yoi o2 {04 Xos Yos X ooz X

Comparator
timing

Match

Al
detect
UCclear H "
\
|

TFF2

1.2us (@fc = 16MHz2)

102 /
[
|

Figure 3.8 (11). Square Wave (50% Duty) Output Timing Chart
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This mode is as shown in Figure 3.8 (12) below.

MCU900-522

fa/2 Prescaler
¢P11¢P4 lmsl
8-bit up counter Clear
Clock control
(UC2/uC3)
POMOD < T2CLK1, 0>/
PIMOD <T3CLK1,0
94
. Timer FIF
8-bit comp Match L TO270
(CP2/CP3) control
i +
] PFFCR<FF2C1,0>/
“ &but. " PFFCR<FF3C1,0>
imer register PFFCR<FF2TRG1, 0>/
A (TREG2/TREG3) PFFCR<FF3TRG1,0>
Shifttrigger
Selector Y] Interrupt INTT2
TREG2/3 WR A s /INTT3
. control
Register buffer
POMOD<DB2EN>/
PIMOD<DB3EN> ﬂ POMOD <PWMOINT >/
Register write S S PIMOD <PWMI1INT>

internal bus

Figure 3.8 (12). Block Diagram of 8-Bit Timer Mode
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3.9 16-Bit Timer ¢ Time differential measurement mode

The TMPQGCO$1 F contains two (timer 4 and timer 5) multi- Timer/event counter consists of 16-bit up-counter, two
funchonal 16-bit timer/event counter with the following opera- 16-bit timer registers, two 16-bit capture registers (one of them
tion modes. applies double-buffer), two comparators, capture input con-

troller, and timer flip-flop and the control circuit.

16-bit interval timer mode Timer/event counter is controlled by four control regis-

16-bit event counter mode ters: TAMOD/TSMOD, T4FFCR/TSFFCR, TRUN and T45CR.
16-bit programmable pulse generation (PPG) mode Figure 3.9 (1) and (2) show the block diagram of 16-bit
Frequency measurement mode timer/event counter (timer 4 and timer 5).

Pulse width measurement mode

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-523
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-

Upper byte

Internal bus S

Lower byte Upper by!e

Capture register 2
CAP2

Lower byte

|

Capture register 1
TAMOD < CAP1IN> il

TAMOD < CAP2TS, EQ5TS >
Trigger.

Trigger T4FFCR

TT‘:—__’ Capture ¢ Timer TFF4 T04
I

control
IS FE { TFFS I——»Tos

TRUN<TARUN>
T4MOD 11 -

Software Capture

Control
lear j
<capimi,Mo>  fTA T or 16-bit up-counter 1
Tia 716 — uca PGO T2
l shift
MBA [ TRUN<T4RUN> TAMOD< CLE> trigger 55
- - TAMOD <T4CLK1, 0> -
zz
Malc!\ Match
Comparator dgte(uon Comparator detection
CP4 CPS
I Selector
[<——— TREG4-WR
Register buffera
T45CR<DB4EN>
Upper byte Lower byte Upper byte Lower byte
internal bus
Figure 3.9 (1). Block Diagram of 16-Bit Timer (Timer 4)
MCU900-524
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TFF1 —=

TI6
TS

INT7

T5SMOD <CAP3IN>

Internal bus

Upper byte

Lower byte

Capture register 3
CAP3

Upper byte I Lower byte
Capture register 4
CAP4

INT6=Y

Trigger: " TSFFCR
Software Capture Trigger i}c
Capture Timer
control o p— 06
4 TRUN<T5RUN
— lear Control
TSMOD :.Tr:: _J_l
<CAP34M1, MO> > 16-bit up-counter
CAP34M1, MO 4T16 ——»| Selector f|————> UPCS G0 r
! wiagertr
A4 TRUN<TSRUN> T5MOD<CLE> [+[+] jadan
TSMOD<T6CLK1, 0> -
Match Match
Comparator detection Comparator detection
CP6 CP7
Z
Selector
<+—— TREG6-WR
Register buffer 6
TAS5CR<DBGEN>
Upper byte Lower byte Upper byte Lower byte
Internal bus

Figure 3.9 (2). Block Diagram of 16-Bit Timer (Timer 5)
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7 . 6 | s a i 3 2 1 i o0
T4MOD | bit Symbol | CAP2T5 EQSTS CAP1IN :CAP12M1 CAP12MO CLE T4CLK1 T4CLKO
(0038H) Read/Write RW w RW RW RW
After reset 0 0 ; 1 ] 1] 0 [] i 0
TEFSinvert trigger (0" z:::;ure ggpg‘,‘;::l’e“i“g 1 lcllc‘ Timer 4 source clock
. X -00: Di ear )
0: Disable trigger ' " wraoceursatriseedge. | Enable 00: T4
Function |1: Enable trigger -care 01:matr st H 01: ¢T1
: INT4 occurs at rise edge. 10: 4T4
Invert iinvert 10:Ta Ty 4
L"gs:':h:k :’hzz t:teer INT4 occurs at fall edge. 11: 4716
;up-cou 1:TFR1 ] TRRTY
loaded to :matches INTA occurs at rise edge.

CAP2 {TREGS

Jk______.

Timer 4 input clock

00 |External clock (T14)

01 |¢T1(8/fc)

10 |¢Ta(32/0)

1 |¢T16(128/fc)

Clearing the up-counter UC4

0 |[Cleardisable

'1 Clear by match with TREGS.

Figure 3.9 (3). 16-Bit Timer Mode Controller Register (T4MOD) (1/2)
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7 6 . 5 . 4 3 2 i 10
T4MOD |bit Symbol | CAP2TS | EQSTS : CAPIIN :CAP12M1 i CAP12MO [oaE TACLK1 | T4CLKO
(0038H) [geaamwrite W w RW CoRwW RW
After reset 0 H 0 1 [} 0 ; 0 0 0
TFESinverttrigger  (0: Soft-  iCapture timing i1:ucs Timer 4 source clock
e R Capture :00: Disable Clear 00: TI4
Function ? ED'“b'e lr}:gger 1 don't i INTaoccurs atrise edge. i Enable | O
: Enable trigger  care 501;".1 TSt ; 01: ¢T1
s i INT4occurs at rise edge. P 10: ¢T4
invert invert fen : H
when the iwhen the {10: et Ty H P 11:4T16
UCvalue is: up-counter: i INTAoccursatfall edge. : i
H : RARRUIE SR (2N
'c(::;d te f;;:;é:“ i INTAoccurs atrise edge.
1 [ ]
[::ture timing of timer4
Capture control INT4 control
00 |Capture disable Interrupt occurs
CAP1 at Tid rise at the rise edge
01 of Ti4 (INT1)
CAP2 at TIS rise input
........... e [Ty Wt
CAP1 at Ti4 rise at the fall edge U
10 of Ti4 (INT1)
CAP2 at Ti4 fall input.
CAP1 at TFF1 rise L’}'ﬁ;’e“ﬁ‘s::ﬁ“g'; A
" |caP2 at TFF1 fall A (INTT)
L——— Software capture
0 {The up-counterd value is loaded to CAP1
(software capture).
1 |Alwaysread as “1".
L Timerflip-fiop 5 (TFF5) invert trigger
0 |[Trigger disable (Invert Prohibition)
1 |Trigger enable (Invert permission)

CAP2TS : Invert when the up-counter value is loaded to CAP2

EQSTS

: Invert when the up-counter matches TREGS

Figure 3.9 (4). 16-Bit Controller Register (T4MOD) (2/2)
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T4FFCR
(0039H)

MCUS00-528

7 6 5 4 i 3 i 2 1i 0
bit Symbol | TFFSC1 | TFFSCO | CAP2T4 ;| CAPIT4 : EQST4 | EQ4T4 | TFFACI | TFFACO
Read/Write w RW RW RW RW w
After reset 0 [ 0 0 0 0 o i o

00: Invert TFFS TFF4 invert trigger 00: Invert TFF4
01: Set TFFS 0: Disable trigger 01:Set TFF4
Function [10:Clear TFFS 1: Enable trigger 10: Clear TFF4
11:don'tcare 11:don't care
nvert when :linvertwhen invertwhen Invertwhen
Always read as “11°.  the UCvalue :the UC value ithe UC the UC X Always read as
sloadedto :isloadedto imatches ‘matches 1"
TAP2 caP1 STREGS TREGA
| |

EQ5T4
EQ4T4

L Timer flip-flop 4 (TFF4) control

00 [Inverts the TFF4 value (software inversion).

01 [SetsTFF4to “1”.

10 |Clear TFF4to “0”.

11 |Don'tcare (Always read as “11") .

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

0 |Triggerdisable (Invert prohibition)

1 |Trigger enable (Invert permission)

CAP2T4 : Invert when the up-counter value is loaded to CAP2
CAP1T4 : Invert when the up-counter value is loaded to CAP1

: Invert when up-counter matches TREGS
: Invert when up-counter matches TREG4

L Timerflip-flop 5 (TFF5) control

00 [Inverts the TFF5 value (software inversion).

Set TFF5to “1”.

. Clear TFF5 to “0”.

11 |Don't care (Always read as “11"))

Figure 3.9 (5). 16-Bit Timer 4 F/F Control (T4AFFCR)
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7 6 s i a4 i 3 i 2 1 1 . 0
T5MOD |bit Symbol | CAP3IN iCAP34M1iCAP3AMO: CLE | TSCLKI ; TSCLKO
(0048H) [geadnwrite w RW RW RW
After reset 1 0 0 0 0 0
0: Soft-  Capture timing 1: UCS Timer S source dock
Capture :00: Disable Clear ' 00: TG
. 1: don't i INT6occurs at rise edge Enable : "V
Function Ccare  j01:mer w7t 10141
i INT6occurs at nise edge. 10: ¢T4
i10:TI6t  TI6} .
1 INT6occurs at fall edge 11:4T16
TR TRRYY
i INT4occurs at rise edge.

Timer 5 input clock

00 |External clock (Ti4)

o |gTi@hg

10 |gT4 (32/fc)

11 |4T16(128/fc)

L Clearing the up-counter UC5

0 |[Cleardisable

1 |Clear by match with TREG7

Figure 3.9 (6). 16-Bit Timer Mode Control Register (TSMOD) (1/2)
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MCUS900-530

T5MOD
(0048H)

6 : 5 a4 i 3 i 2 1 0
bit Symbol CAP3IN :CAP3aM1 ECAPMMO CLE TSCLK1 TSCLKO
Read/Write w RW iORW RW
After reset | o i o i o 0 0

{0: Soft- ~ :Capture timing ucs Timer 5 source clock
Capture :00: Disable Clear 00:T16

-:|< don't i INT6 occurs at rise edgy Enable ‘
H ‘(a" 01:met T2t 01: gTt

I INT6 occurs at rise edge 10: T4

10:TI6T  T6) A

i INT6 occurs at fall edg 11: ¢T16

1ITERY TRRIY

INT4 occurs at rise edg:

] —— |

(——Timer 5 Capture timing
Capture control INT4 Control

00 |Capture disable

CAP3 at TI6 rise
CAP4 at TI7 rise

01

Interrupt occurs

at the rise edge

of TI6 (INT6) 4
input.

CAP3 at Ti6 rise

CAP3 at TFF1 rise

1 1 cap4 at TFF1 fall

“Tintérrupt occurs

l'ﬁte'r‘ru;f)t"ocgurs
at the fall edge
of TI6 (INT6) L
input. .

at the rise edge
of Ti6 (INT6) £ |
input.

L, Software capture

0 |The up-counter 5value s loaded to CAP3.

1 |Alwaysreadas“1”.

Figure 3.9 (7). 16-Bit Timer Control Register (TSMOD) (2/2)
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7 i 6 i S 4 i 3 2 L
TSFFCR |bit Symbol CAP4TE : CAP3T6 EQ7T6 EQ6T6 TFF6C1 TFF6CO
(0049H) | geagnwrite PoRw RW RW RW w
After reset i o 0 0 o i o ! o
;TFFSinven trigger i00: Invert TFF6
:0: Disable trigger 01:Set  TFF6

10: Clear TFF6

i1: Enable trigger
11:don’t care

Function H ; : H
{Invertwhen invertwhen :invertwhe:

ithe UC value ithe UC value :the UC
lisloadedto isloadedto :matches
icapa icaP3 TREG7 i TREGE

1

L Timer flip-fiop 6 (TFF6) control

00 [Invertsthe TFF4 value (software inversion).

X Always read as
e

01 |[SetsTFF6to “1”.

10 |Clear TFF6to “0”.

11 |Don't care (Alwaysread as “11").

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

0 |[Triggerdisable (Invert prohibition)

1 [Trigger enable (Invert permission)

CAP4T6 : Invert when the up-counter value is loaded to CAP4
CAP3T6 : Invert when the up-counter value is loaded to CAP3
EQ7T6 : Invertwhen up-counter matches TREG7
EQ6T6 : Invertwhen up-counter matches TREG6

Figure 3.9 (8). 16-Bit Timer 5 F/F Control (TSFFCR)
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7 5 4 3 2 0
T45CR [bit Symbol - PGIT PGOT DB4EN
(003AH) Read/Write RW RW
After reset 0 0 o i o i o
Fixat 0" ' PG1shift  PGOshift
: Trigger Trigger H )
0:8 bit 0:8 bit 0: Disable
i Timer Trigger: Tymer Trigger: 1: Enable
(Y.mer(?.l) (Timer 0, 1) Double :Double
'; 6Bt i1 16bt iy fferof buffer of
imer Trigger: Timer Tnigger TREG6 {TREGA
(Timer 5) (Timer 4) H
L Double buffer countrol
0 |Disable
1 |Enable
DB6EN : Double buffer of TREG6
DB4EN : Double buffer of TREG4
Figure 3.9 (9). 16-Bit Timer (Timer 4, 5) Control Register (T45CR)
7 5 4 3 2 1 0
TRUN |bit Symbol | PRRUN TSRUN T4RUN PIRUN PORUN TIRUN TORUN
(0020H) Read/Write RW W
After reset 0 o i o { o i o0 0 0

Prescaler & Timer Rurv/Stop CONTROL
0: Stop &Clear
1: Run(Countup)

MCU900-532

L Operation of 16-bit timer (timerd)

0 |Stop and clear

1 |Count

L————» Operation of 16-bit timer (timer5)

0 |[Stop and clear

1 |Count

Operation of prescaler

0 [STOP and clear

1 |Count

Figure 3.9 (10). Timer Operation Control Register (TRUN)
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® Up-counter (UC4/UC5)

UC4/UCS is a 16-bit binary counter which counts up
according to the input clock specified by T4AMOD
<T4CLK1, 0> or TSMOD <T5CLK1, 0> register.

As the input clock, one of the internal clocks ¢ T1 (8/
fc), ¢ T4 (32/fc), and ¢ T16 (128/fc) from 9-bit prescaler
(also used for 8-bit timer), and external clock from T4
pin (also used as P80/INT4 pin) or TI6 (also used as
P84/INT6 pin) can be selected. When reset, it will be
initialized to <T4CLK1, 0>/<T5CLK1, 0> = 00 to select
TI4/T16 input mode. Counting or stop and clear of the
counter is controlled by timer operation control register
TRUN <T4RUN, TSRUN>.

When clearing is enabled, up-counter UC4/UC5 will be
cleared to zero each time it coincides matches the

timer register TREGS5, TREG7. The “clear enable/dis-
able” is set by T4AMOD <CLE> and TSMOD <CLE>.
If clearing is disabled, the counter operates as a free-
running counter.

@ Timer Registers

These two 16-bit registers are used to set the interval
time. When the value of up-counter UC4/UC5 matches
the set value of this timer register, the comparator
match detect signal will be active.

Setting data for timer register (TREG4, TREGS, TREG6
and TREG?7) is executed using 2 byte date transfer
instruction or using 1 byte date transfer instruction
twice for lower 8 bits and upper 1 bits in order.

TREG4 TREGS
Upper 8 bits Lower 8 bits | | Upper 8 bits Lower 8 bits
000031H 000030H 000033H 000032H
TREG6 TREG7
Upper 8 bits Lower 8 bits | | Upper 8 bits Lower 8 bits
000041H 000040H 000043H 000042H

TREG4 and TREGS6 timer register is of double buffer
structure, which is paired with register buffer. The timer
control register TA5CR <DB4EN, DBBEN> controls
whether the double buffer structure should be enabled
or disabled. : disabled when <DB4EN, DB6EN> = 0,
while enabled when <DB4EN, DB6EN> = 1.

When the double buffer is enabled, the timing to trans-
fer data from the register buffer to the timer register is
at the match between the up-counter (UC4/UC5) and
timer register TREG5/TREG7.

When reset, it will be initialized to <DB4EN, DBBEN> =
0, whereby the double buffer is disabled. To use the
double buffer, write data in the timer register, set
<DB4EN, DB6EN> = 1, and then write the following
data in the register buffer.

TREG4, TREG6 and register buffer are allocated to the

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

same memory addresses 000030H/000031H/
0000400H/000041H. When <DB4EN, DBEEN> = 0,
same value will be written in both the timer register and
register buffer. When <DB4EN, DB6EN> = 1, the value
is written into only the register buffer.

® Capture Register

These 16-bit registers are used to hold the values of
the up-counter.

Data in the capture registers should be read by a 2-
byte data load instruction or two 1-byte data load
instruction, from the lower 8 bits followed by the upper
8 bits.

MCU900-533
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CAP1 CAP2
Upper 8 bits Lower 8 bits | | Upper 8 bits Lower 8 bits
000035H 000034H 000037H 000036H
CAP3 CAP 4
Upper 8 bits Lower 8 bits | [ Upper 8 bits Lower 8 bits
000045H 000044H 000047H 000046H

@ Capture Input Control

This circuit controls the timing to latch the value of up-
counter UC4/UCS5 into (CAP1, CAP2)/(CAP3, CAP4).

The latch timing of capture register is controlled by reg-
ister T4MOD <CAP12M1, 0>/TSMOD <CAP34M1, 0>.

¢ When T4MOD <CAP12M1, 0>/TSMOD
<CAP34M1, 0> =00
Capture function is disabled. Disable is the
default on reset.

* When T4MOD <CAP12M1, 0>/TSMOD
<CAP34M1, 0> =01

Data is loaded to CAP1, CAP3 at the rise edge
of T4 pin (also used as P80/INT4) and Ti6 pin (also
used as P84/INT6) input, while data is loaded to
CAP2, CAP4 at the rise edge of TI5 pin (also used as
P81/INT5 and TI7 pin (also used as P85/INT7) input.
(Time difference measurement)

* When T4MOD <CAP12M1, 0>/TSMOD
<CAP34M1, 0> = 10
Data is loaded to CAP1 at the rise edge of Tl4
pin input and to CAP3 at the rise edge of TI6, while to
CAP2, CAP4 at the fall edge. Only in this setting,
interrupt INT4/INT6 occurs at fall edge. (Pulse width
measurement)

* When T4MOD <CAP12M1, 0>/TSMOD
<CAP34M1, 0> = 11

Data is loaded to CAP1, CAP3 at the rise edge of timer
flip-flop TFF1, while to CAP2, CAP4 at the fall edge.

Besides, the value of up-counter can be loaded to
capture registers by software. Whenever “0” is written
in TAMOD <CAPIN>, TSMOD <CAP31N> the current
value of up-counter will be loaded to capture register
CAP1/CAPS. It is necessary to keep the prescaler in
RUN mode (TRUN <PRRUN> to be “1”).

® Comparator

These are 16-bit comparators which compare the up-
counter UC4/UCS5 value with the set value of (TREG4,
TREGS)/(TREGSB, TREG?7) to detect the match. When a
match is detected, the comparators generate an interrupt
(INTT4, INTTS)/(INTTS, INTT7) respectively. The up-
counter UC4/UCS s cleared only when UC4/UC5
matches TREG5/TREG?. (The clearing of up-counter
UC4/UCS5 can be disabled by setting TAMOD <CLE>/
T5MOD <CLE> =0.)

® Timer Flip-Flop (TFF4/TFF6)

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 T4FFCR <CAP2T4, CAP1T4, EQ5T4,
EQ4T4>/T6FFCR <CAP4T6, CAP3T6, EQ7T6,
EQBT6>. TFF4/TFF6 will be inverted when “00” is writ-
ten in TAFFCR <TFF4C1, 0>/T6FFCR <TFF6C1, 0>.
Also it is set to “1” when “10” is written, and cleared to
“0” when “10” is written. The value of TFF4/TFF6 can
be output to the timer output pin TO4 (also used as
P82) and TOB (also used as P86).

@ Timer Flip-Flop (TFF5)

This flip-flop is inverted by the match detect signal from
the comparator and the latch signal to the capture reg-
ister CAP2. TFF5 will be inverted when “00” is written
in T4AFFCR <TFF5C1, 0>/T6FFCR <TFF6C1, 0>. Also it
is set to “1” when “10” is written, and cleared to “0”
when “10” is written. The value of TFF5 can be output
to the timer output pin TO5 (also used as P82).

Note: This flip-flop (TFF5) is contained only in the 16-bit timer 4.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TLCS-900 16-bit Microcontroller

TMP96CO081F

™

@

16-bit Timer Mode

Timers 4 and 5 operate independently.

Since both timers

timer 4 is used for the purposes of explanation.

Generating interrupts at fixed intervals:

operate in exactly the same way,

In this example, the interval time is set in the timer reg-
ister TREG5 to generate the interrupt INTTRS.

TRUN  « - X -0 - - - - Stop timer 4.
INTETS4 « 1 1 0 0 1 0 0 0 Enable INTTR5 and sets interrupt level 4. Disables
INTTR4.
TAFFCR « 1 1 0 0 0 0 1 1 Disable trigger.
TAMOD « 0 0 1 0 0 1 * * Select internal clock for input and disable the capture function.
(**=01,10,11)
TREGS « * * * * * * * * Set the interval timer (16 bits).
TRUN « 1 X - 1 - - - - Start timer 4.
Note: x; don’t care —; no change

16-bit Event Counter Mode

In 16-bit timer mode as described in above, the timer
can be used as an event counter by selecting the
external clock (T14/T16 pin input) as the input clock. To
read the value of the counter, first perform “software
capture” once and read the captured value.

The counter counts at the rise edge of Ti4/TI6 pin
input.

TI4/T16 pin can also be used as P80/INT4 and P84/
INT6.

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

Stop timer 4.

Set P80 to input mode.

Enable INTTRS and sets interrupt level 4, while
disables INTTR4.

Disable trigger.

Select Tl4 as the input clock.

Set the number of counts (16 bits).

Start timer 4.

7 6 5 4 3 2 1 0
TRUN  « - X - 0 - - - -
PBCR < - - - - - = =10
INTETS4 « 1 1 0 0 1 0 0 0
TAFFCR « 1 1 0 0 0 0 1 1
TAMOD « 0 0 1 0 0 1 0 0
TREGS « -~ « - " N * - *
TRUN  « 1 X - 1 - - - -

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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(3)  16-bit Programmable Pulse Generation (PPG) Output

Mode

Since both timers operate in exactly the same way,

timer 4 is used for the purposes of explanation.

0
(ti

X
1

7 6 5
TRUN «— - X -
TREG4 & -~ * *
TREGS « * * *
TSR « 0 X X
TAFFCR « 1 1 0
TAMOD « 0 0 1
PBCR & - - - -
P8FC «— X = X
TRUN « 1 X -

Note:  x; don’t care —; no chan

Match with TREG4
(interrupt INTTR4)

Match with TREGS
(interrupt INTTR5)

TO4 pin

ge

3 2
1 1
0 1
01,10,11)

1
1

fl

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

(Set value of TREGA4) < (Set value of TREGS)

10
- - Stop timer 4.
* * Set the duty (16 bits).
* * Set the cycle (16 bits).
- 1 Double buffer of TREG4 enable.
(Changes the duty and cycle at the interrupt INTTRS)
0 0 - Set the mode to invert TFF4 at the match with
TREG4/TREGS, and also sets TFF4 to 0"
* * Select internal clock for input and disables the capture function.
-0 ) Assign P82 as TO4.
X X
- - Start timer 4.

[ A
1

I | B |
I
L

1|
YU U

Figure 3.9 (11). Programmable Pulse Generation (PPG) Output Waveforms

MCU900-536
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When the double buffer of TREG4 is enabled in this at match with TREGS. This feature makes easy the handling of
mode, the value of register buffer 4 will be shifted in TREG4 low duty waves.

] 1

Match with TREGA Up-counter =Q4 Up-counter=Q2

Match with TREGS [ Shiftinto the TREGS

TREG4

(value to be Qi \x Q2
compared)

Register buffer Q2 r Q3

Write into the TREG4

Figure 3.9 (12). Operation of Register Buffer

Shows the block diagram of this mode.

TRUN<TARUN> 164 (pPG output)  TOS

T4 s
$T1—| | 16-Bit up-counter dear FIF FIF
$T4—> ucs (TFFa) (TFF5)

STI6T i
< L <
match) match
| 16-Bit Comparator I 16-Bit Comp: | ¢
AN 4N
TREG4
N
Selector
TREG4-WR —»

Register buffer 4 ] I TREGS J

1 )

Internal bus

T45CR<DB4EN>

Figure 3.9 (13). 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 TFF4 status to TO4
pin can be enabled or disabled. Combined with inter-
rupt function, they can be applied in many ways, for
example:

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

® Pulse width measurement

@ Time difference measurement

® One-Shot Pulse Output from External Trigger Pulse

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

When the interrupt INT4 is generated at the rise edge
of Tl4 input, set the CAP1 value (c) plus a delay time (d)
to TREG4 (= ¢ + d), and set the above set value (c + d)
plus a one-shot pulse width (p) to TREGS5 (= ¢ +d + p).
When the interrupt INT4 occurs the T4AFFCR <EQ5T4,
EQ4T4> register should be set that the TFF4 inversion
is enabled only when the up-counter value matches
TREG4 or TREGS. When interrupt INTTR5 occurs, this
inversion will be disabled.

(’ Set the counter in free-running mode.

Countclock """"""
(internal clock) --....ﬂ!l!l(l’uL Jylan{lp“‘ﬂ[mn""
Tl4 pininput
(external trigger pulse) .k Load the up-counter value into Capture .l_‘_
Register 1 (CAP1) INT4 occurred
Match with TREG4 /"

Inversion
enable

INTTRS occyrred
r Y

Match with TREGS
Disables inversion

caused by loading
of the up-counter
/ value into CAPI

Timer output pin TO4

' lnverSIon !
{ enable ]

Delay time

: Pulse width

-

(d)

)

MCU900-538

Figure 3.9 (14). One-Shot Pulse Output (with Delay)
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Setting Example:  To output 2ms one-shot pulse with 3ms delay to the external trigger pulse to T4 pin.

Keep counting (Free-running).
iﬂain setting ‘ I Count with ¢T1.
TAMOD « 0 1
l I Load the up-counter value into CAP1 at the rise edge of TI4 pin input.
T4FFCR « 1 1 0 0 0 0 1 0
l I | ' ' Clear TFF4 to zero.

Disable TFF4 inversion.

|

!
.y
o
—_
o

PR « - - - - - 1 - -

PFC < x - x y o < x ) Select P82 as the TO4 pin.

INTESS « - - - - 1 1 0 0 Enable INT4, and disables INTTR4 and INTTRS.
INTETS4 « 1 0 0 0 1 0 0 0

[TRUN 1 x - 1 - - - = Start timer 4.

Setting of INT4

TREG4  « CAP1 + 3ms/gT1
TREGS  « TREG4 + 2ms/gT1
TAFFCR ¢« - - - - 1 1 - -
I I Enable TFF4 inversion when the up-counter value matches TREG4 or 5.
INTETS4 « 1 1 0 0 - - - - Enable INTTRS.

Setting of INTS

T4FFCR « - - - - 0 0 - -
| | Disable TFF4 inversion when the up-counter value matches TREG 4 or 5.
INTETS4 1 0 0 0 - - - - Disable INTTR5.
Note: x;don’tcare —; no change
When delay time is unnecessary, invert timer flip-flop inversion should be enabled when the up-counter (UC4) value

TFF4 when the up-counter value is loaded into capture register matches TREGS, and disabled when generating the interrupt
1 (CAP1), and set the CAP1 value (c) plus the one-shot pulse INTTRS.
width (p) to TREGS5 when the interrupt INT4 occurs. The TFF4

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-539
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Count clock """""" """"" """""
C C+p

{internal clock)

Tid pin input
(external trigger pulse] Load the.up-counter value into Capt:
gger pulse) h Reg?ster‘l CAP1)."INT4 o«urredap ure

Load the up-counter value into

h
' H

3 /”INTTRS 1 Capture Register 2 (CAP2).
Match with TREGS i occurred i
i Inversion ' H
H enable !
Timer output pin TO4 < H
/ Pulse width | /

Enables inversion caused ‘ H_(Tw_-*:
A P : Disables inversion caused by loading of
by loading of the up- the up-counter value into CAP2.

counter value into CAP1.

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

@ Frequency Measurement of Timer 4. The value of the up-counter is loaded into
the capture register CAP1 at the rise edge of the timer
flip-flop TFFt of 8-bit timers (Timer O and Timer 1), and
into CAP2 at its fall edge.

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

The frequency of the external clock can be measured
in this mode. The clock is input through the Tl4 pin,
and its frequency is measured by the 8-bit timers
(Timer O and Timer 1) and the 16-bit timer/event
counter (Timer 4).

The Tl4 pin input should be selected for the input clock

Count clock """""" _""ml

(internal clock)

TFF1

(4]
L . | C1 ' i‘l C1
oading UC16 into CAP1 T H
Loading UC16 into CAP2 \E 2 i ﬂ a
TINTTO/INTTY n "
Figure 3.9 (16). Frequency Measurement
For example, if the value for the level “1” width of TFF1 between CAP1 and CAP2 is 100, the frequency will be

of the 8-bit timer is set to 0.5 sec. and the difference 100/0.5[s] = 200[Hz].

MCU900-540 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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® 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 T4 pin.
Then the capture function is used to load the UC4 val-
ues into CAP1 and CAP2 at the rising edge and falling

Count clock
(internal clock)

Ti4 pin
(external pulse)

C1

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

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

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

1

C1

Loading UC16 into CAP1

C2

Loading UC16 into CAP2

— i —— s Ehiy
o
~

INT4

Figure 3.9 (17). Pulse Width Measurement
Only in this pulse width measuring mode (T4MOD <CAP12M1, 0> = 10), external interrupt INT4 occurs at the falling edge of Tl4 pin input. In other

modes, it occurs at the rising edge.

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

@ Time Difference Measurement

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

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

(free-running) with the internal clock, and load the UC4
value into CAP1 at the rising edge of the input pulse to
Ti4. Then the interrupt INT4 is generated.

Similarly, the UC4 value is loaded into CAP2 at the ris-
ing edge of the input pulse to TI5, generating the inter-
rupt INTS.

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

MCU900-541




TMP96CO081F TLCS-900 16-bit Microcontroller

Count clock
(internal clock) _m"cl!m =" - —mC.I!"“L -----
Ti4 pin input 7_'
i
i
V f l
TIS pininput '
[ (i
Loading UC16 into CAP1 :
V
i [\
Loading UC16 into CAP2 \
INT1 \

INT2

Time difference

Figure 3.9 (18). 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)

When the value in up-counter UC4 and the value in
TREG4 (TREG5) match, the value in TFF4 (TFF5) is
inverted and output to TO4 (TO5).

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

Match with TREG4 7{“ n ﬂ n
Match with TREGS ﬂ ﬂ ”

A\

TO4

TOS5

Figure 3.9 (19). Phase Output

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

20MHz
o1 ’ 0.819ms
oT4 3.27Tms
¢T16 13.11ms
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3.10 Stepping Motor Control/Pattern Generation Port Channel 0 (PGO) is synchronous with 8-bit timer O or
TMP96C141/TMPI6CM40/TMPI6PM40 contains 2 chan- timer 1, 16-bit timer 5, to update the outout.

nels (PGO and PG1) of 4-bit hardware stepping motor control/ The PG ports are controlled by control registers

pattern generation (herein after called PG) which actuate in (PGO1CR) and can select either stepping motor control mode
synchronization with the (8-bit/16-bit) timers. The PG (PGO or pattern generation mode. Each bit of the P6 can be used as
and PG1) are shared in 8-bit I/O ports P6. the PG port.

Y
b7 r—i P63/PGO3
| Peo3 [ permers)

1-2 excitation

1/2 excitajon

pGOZ]____. P62/PGO2
| O (P66/PG12)

- C] v c
o O] w O
| b2 Eal |5
H "_’ 23 |22
E ;_
5 |.bs :}_____.D P61/PGO1
2 pGo1 (P65/PG11)
[ sa01_]
b4
PGOD.______. PGO/PGO0
S U reareio

Figure 3.10 (1). PG Block Diagram
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7 6 . 5 i 4 i 3 2 i1 0
PGO1CR |bit Symbol | PAT1 | CCW1 | PGIM | PGITE PATO CCWO i PGOM i PGOTE
(004EH) Read/Write R/IW R/IW
After reset V] [ [ 0 [} 0 ] 0
PG1write :PG1 PG1 mode PG1 PGOwrite :PGO PGO mode :PGO
mode ing itati igger mode Rotaing i(excitation)trigger
. 0: 8bit .direction 0: |7x<-uuenir:‘;::;le 0: 8bit direction :0: 1enti1allonir:‘pl:l
Function write :0: Normal : tat e write  0: Normal :' ot enable
. rotation: 2" gisable i .. rotation, 2#*"UO%0. gicable
1: 4bit . 1:12 1: 4bit 112
write 1: Reverse excitation© enable write 1: Reverse excitation 1: enable
rotation: rotation
| ] | L 1

|—> PGO Trigger inputenable

0 | Triggerinputdisable to PGO

1 | Triggerinput enable to PGO

L——— Set the operation mode of PGO

0 | 1or2 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

L Selecting PGO write mode

0 | 8-bitwrite

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

1

Figure 3.10 (2a). Pattern Generation Control Register (PGO1CR)
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7 . 6 i 5 a3 2 i 10
PGO1CR [bit Symbol | PAT1 i CCW1L | PGIM PGITE | PATO CCWO0 | PGOM | PGOTE
(004EH) freadmwrite RIW RIW
After reset o i o i o 0 0 0 0 0
PG1write :PG1 PG1 mode :PG1 PGOwrite :PGO PGO mode :PGO
mode Rotaing i(excitation)itrigg :mode ing  i(excitation) trigger
0: 8bit direction .0: |exntahon.inpl:,l| O 8bit direction :0: 1excitationinput
Function write  :0: Normal : :;wm msena € i write :0:Normal 2°’ o enable
L on . .. . excitations | .
1: abit 51. ;‘otalnon:h 12 0: d-sablle 1: dbit .rotatnon 112 0: disable
write i1 heVerse i o ctaton 1: enable write 1: Reverse excitation 1: enable
I rotation: H rotation
L ] | | J

PG1 trigger input enable

0 | Triggerinputdisable to PG1

1 | Triggerinput enable to PG1

L= Set the operation mode of PG1

0 | 10r2excition (full step)

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

PG1 (stepping motor control)

Rotaing direction control

0 | Normal rotation /PG mode

1 Reverse rotation

Selecting PG1 write mode

0 | 8-bitwrite

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

1

Figure 3.10 (2b). Pattern Generation Control Register (PG01CR)
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7 6 5 4 3 2 1 0
PGOREG | bit Symbol PGO3 PG02 PGO1 PG00 SA03 SA02 SA01 SA00
(004CH) Read/Write W RW
Atter reset o 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 3.10 (3). Pattern Generation 0 Register (PGOREG)
7 6 5 4 3 2 1 0
PGIREG | bit Symbol PG13 PG12 PG11 PG10 SA13 SA12 SA11 SA10
(004DH) Read/Write W RW
Alter reset 0 0o 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 3.10 (4). Pattern Generation 1 Register (PG1REG)

MCU900-546
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T45CR
(003AH)

7 6 . 5 .4 i 3 2 i1 0
bit Symbol - PGIT PGOT DB6EN DB4EN
Read/Write| R/W R/IW
After reset [] (] (] 0 o
Fixat“0" : PG1 Shift PGO Shift Double buffer
: igger trigger 0: Disable
* ’Ael:::: 0:8-bittimer :0:8-bittimer : 1: Enable
Function 0" trigger tngger
(timer0,1) : (timer0.1) [ Double : Double
2:16-bittimer :1: 16bittimer : hyffer of : buffer of
trgger tigger i TREG6 TREG4
(timerS) (timerd)
| 1 ]

L' Double buffer control

0 | Disable

1 Enable

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

L————— Selecting PGO shift trigger

0 | 8-bittimertrigger (timer 0, 1)

1 16-bit timer trigger (timer 4)

L———————— Selecting PG1 shift trigger

0 | 8-bittimertrigger (timer 0, 1)

1 16-bit timer trigger (timer 5)

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

Figure 3.10 (5). 16-bit Timer Trigger Control Register (T45CR)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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8-Bit timer —
{timer 0, 1) Ia |
Select —»| PO [ Port6D~63
8 S —
et ] 1
16-Bittimer4 PGOT
(A \ fe
Setect PG1{ _ Port6a~67
bl =

PGIT

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

(1)  Pattern Generation Mode In this mode, set PGO1CR <PGOM> and <PG1M> to ‘
1, and PGO1CR <CCW0> and <CCW1> to 0. ;
PG functions as a pattern generation according to the The output of this pattern generator is output to port 6;
setting of PGO1CR <PAT1>/PATO>. In this mode, writ- since port and functions can be switched on a bit basis
ing from CPU is executed only on the shifter alternate using port function control register PEFC, any port pin
register. Writing a new data should be done during the can be assigned to pattern generator output.
interrupt operation of the timer for shift trigger, and a Figure 3.10 (7) shows the block diagram of this mode.

pattern can be output synchronous with the timer.

Trigger Signal from Timer I ]
" " ﬂ Writing data 10 SA300 on J n
l Timer interrupt { 4 i i i 1
S e -1\ * n__ |\ X n+1 3 X n+2 | X ns+3
outpu
Rosom N S \N Al \\

Pattern Generator regster X -1 X n X n+1 X _ns+2

output
#G03-00)

Example of pattern generation mode
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Shift alternate register

I
e *

PGO3
—’D(Pss)

PGO2
— Jp62)
3
° SA02
_|"Bus2 port
]
<
< PGO1
° PGO1 —’l I(pm)
[~
e I
PG00
[ oo -
*—*

7T

Shift due to the shift trigger from timer

Figure 3.10 (7). Pattern Generation Mode Block Diagram (PGO)

In this pattern generation mode, only writing the output mode. Accordingly, the data shifted by trigger signal from a
latch is disabled by hardware, but other functions do the same ~ timer must be written before the next trigger signal is output.
operation as 1-2 excitation in stepping motor control port
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(2)  Stepping Motor Control Mode Figure 3.10 (8) and Figure 3.10 (9) show the output
waveforms of 4-phase 1 excitation and 4-phase 2
® 4-phase 1-Step/2-Step Excitation excitation, respectively when channel O (PGO) is
selected.
Trigger signal

W nononoononoonoon
PG00 (P60) ad 2l b6 bs b4 1
PGO1 (P61) bs b4 b7 ™ ]bs —
PG02 (P62) _b—G_I bs b4 b7 [ee |
PGO3 (P63) b7 b6 bS b4 b7 1

t

Initial value PGOREG « 0100 x x X X

Note: bnindicates the initial value of PGOREG « b7 b6 b5 b4 X X X X

®  Normal Rotation

Trigger signal

from timer n n n n n n I l
$G00 (P60) b4 bS b6 b7 b4 | l
pGO1 (P61) bs b6 b7 b4 b5 | 1
PGO2(P62) (b6 I b7 b4 bs [o6 ]
pGo3 (P63) b7 b4 bs I3 le7 I

Initial value PGOREG ¢ 0100 x x x X
@  Reverse Rotation

Figure 3.10 (8). Output Waveforms of 4-Phase 1-Step Excitation
(Normal Rotation and Reverse Rotation)
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Trigger signal

from timer n j n n n n L
PG00 (PE0) 2 b4 b7 b6 bS b4
$GO1 (P61) b5 b4 b7 b6 bS
PG02 (P62) b6 |bS b4 b7 b6
$GO3 (P63) b7 6 bs ba b7
4

Initial value PGOREG « 1100 x x x x

Figure 3.10 (9). Output Waveforms of 4-Phase 2-Step Excitation (Normal Rotation)

The operation when channel O is selected is
explained below.

The output latch of PGO (also used as P6) is shifted
at the rising edge of the trigger signal from the timer to be
output to the port.

The direction of shift is specified by PGO1CR
<CCWO>: Normal rotation (PG00 —» PGO1 — PG02 —»
PG03) when <CCWO0> is set to “0”; reverse rotation
(PG00 « PGO1 « PGO2 « PG03) when “1”. Four-phase

Shift alternate Register
b7

|03
b6
1 02 I sa02
Lol sa01

bu

Internal

1-step excitation will be selected when only one bit is set
to “1” during the initialization of PG, while 4-phase 2-step
excitation will be selected when two consecutive bits are
set to “1”.

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

Figure 3.10 (10) shows the block diagram.

PGO Output latch
AL

PGO3 —>[]PG03 (P63)

L

PG02 —[]PG02 (P62)

ys

PGO1 +—[]PGO1 (P61)

AL
PG00

[

&L isshowing toshift the signal at the
rising edge of trigger signal from
timer.

—-[PGO00 (P60)

Figure 3.10 (10). Block Diagram of 4-Phase 1-Step Excitation/2-Step Excitation
(Normal Rotation)
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@ 4-Phase 1-2 Step Excitation

Figure 3.10 (11) shows the output waveforms of 4-
phase 1 -2 step excitation when channel O is selected.

et N B R T B e I
PGOO (P60) b4 b0 b7 3 b6 ]b2 bs b1
PGO1 (P61) bs o ba b0 [67 b3 b6 ez
PGO02 (P62) b6 l b2 bs b1 b4 b0 b7 b3
PGO3 (P63) b7 b3 b6 [v2 b5 b1 b4 b0

t

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 n n j n n n rl
‘ba
PG00 (P60) :b b1 bs b2 | b6 b3 b7 1Lvo
pGo1 P61y +25 b2 b6 b3 b7 | eo b4 b1
poo2(P62) | b6 b3 b7 | b0 b4 b1 bs b2
PGO3 (P63)  : 7 ] vo b4 b1 bs b2 b6 b3
Initial value PGOREG ¢« 10001100
Reverse Rotation

Figure 3.10 (11). Output Waveforms of 4-Phase 1-2 Step Excitation
(Normal Rotation and Reverse Rotation)

MCUS00-552
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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 bQ”, 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

Shifter alternate

¥

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 3.10 (12) shows the block diagram.

PGO Output

PGO3 —— PGO3 (P63)

41

register
b7
L ﬁ“
[ saos |
“1b6
3
L0

PGO02 —> PG02 (P62)

Internal
o
wv

Ty

PGO1 ——> PGO1(P61)

i1

¥

PG00 — PGOO (P60)

A L isshowing to shift the signal at therising

edge of trigger signal from the timer.

Figure 3.10 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation)
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Setting example: To drive channel 0 (PGO) by 4-phase 1-2

step excitation (normal rotation) when

7 6 5 4 3 2 1 0
TRUN  « - x - - - - =10
™MD « O 0 x x - - 0 1
TFFCR  « x X X 0 1 0 1 0
TREGD « * . * * * * * *
P6BCR & - - - - 1 1 1 1
P6FC - - - - -1 1 1 1
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

timer O is selected, set each register as follows:

Stop timer 0, and clears it to zero.

Set 8-bit timer mode and selects ¢T1 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 bits to the output mode.

Set P60 ~ P63 bits to the PG output.

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

Start timer 0.

(8)  Trigger Signal From Timer not equal to the trigger signal of timer flip-flop (TFF1,
TFF4, TFF5, and TFF6) and differs as shown in Table
The trigger signal from the timer which is used by PG is 3.10 (1) depending on the operation mode of the timer.
Table 3.10 (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*23 + 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 T4FFCR <EQ5T4> or TAMOD <EQ5T5> to “1” and a
timer Timer 4/Timer 5. In this case, the PG shift trigger trigger is generated when the value in UC4 and the
signal from the 16-bit timer is output only when the up- value in TREGS5 match. When using a trigger signal
counter UC4/UC5 value matches TREGS5/TREG?. from Timer 5, set TSFFCR <EQ7T6> to 1. Generates a
When using a trigger signal from Timer 4, set either tr igger: when the value in UC5 and the value in TREG7
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.

To drive a stepping motor, in addition to the value of
each phase (PG output), synchronizing signal is often
required at the timing when excitation is changed over.
In this application, port 6 is used as a stepping motor
control port to output a synchronizing signal to the
TO1 pin (shared by P71).

TREG1
TO1(P71) n n
-] |-
TREGO [ |
PG00 (P60)
PGO1 (P61)

PGO2 (P62) I

PGO3 (P63) J l

Figure 3.10 (13). Output Waveforms of 4-Phase 1-Step Excitation

Setting example:
7 6 &5 4 3 2 1 0
TROIN < - x - - - - 0 0
TMOD « 1 0 x x x x 0 f
TFFCR  « x X X 0 0 1 1 X
TREGO « * * . M - N . -
TREG!  « * . " * . * N N
P7CR  « x X X x - - 1 -
P7FC «— X X X x - - 1 X
PBCR « - - - - 1 1 1 1
P6FC « - - - - 1 1 1 1
PGOICR « - - - - 0 0 0 1
PGOREG « * . M N N N N N
TRUN  « 1 X - - - -1 1
Note: x;dontcare  —; no change

Stop timer 0, and clears it to zero.

Set timer 0 and timer 1 in PPG output mode and selects ¢T1 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 TREG1.

) Assign P71 as TON.

) Assign P60 - 63 a5 PGO.

Set PGO in 4-phase 1-step excitation mode.
Set an initial value.
Start timer 0 and timer 1.
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3.11 Serial Channel as well as for I/O extension.
TMP96C141/TMP9BCMA40/TMPIBPMAO contains two serial I/ The serial channel has the following operation modes:
O channels for full duplex asynchronous transmission (UART)

@ |/O interface mode Mode O: To transmit and receive I/O data as well as
(channel 1 only) the synchronizing signal SCLK for extending 1/0.
Mode 1:  7-bit data
@ Asynchronous transmission —E 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 3.11 (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 O (/O interface mode)

<— Transfer direction

* Mode 1 (7-bit UART mode)

000000
OO0 00 0T

* Mode 2 (8-bit UART mode)

N0 000005
O 00000000

¢ Mode 3 (9-bit UART mode)

PON0 0000005
D KR 6D €3 €3 € €3 63 00 X L

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

Figure 3.11 (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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

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 (¢TO, ¢T2, ¢T8, and ¢T32) from the internal pres-
caler (shared by 8-bit/16-bit timer) by the value 2 to 16.

In 1/O interface mode, it is possible to input synchronous
signals as well as to transmit or receive data by external clock.

3.11.1 Control Registers

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

MCU900-557




TMP96C081F

TLCS-900 16-bit Microcontroller

MCUS900-558

7 i 6 s | a 3 2 1 o
bit Symbol 7808 CTSEO RXEQ Wuo SMO1 SMO00 $CO1 $C00
$COMOD Read/Write RW
(0052H) T T T
After reset 0 0 0 0 0 0 [ 0
Transfer ;Hand  :Receiving i Wakeup Serial tr i Serial tr
data ishake  iFunction :Function imode clock (UART)
Bit8 [0: Receive 00: Cannot be used i00: TOO Trigger
. . Rocae.0: disable 01: 7-bit UART  01: baud rate
Function i1: Receive )
0:CTS i enable :1: Enable i10: 8-bit UART generator
disable | 11: 9-bit UART i10: Internal clock &1
irers 11: don't care
i enable
1 1
Serial transmission clock (UART)
00 | Timer 0 match detect signal
01 N g_aud rate generator -
10 |Internal clock &1
11 |don't care
‘——> Serial transmission mode
00 |Can not be used
01 7-bit length
10 |UART 8-bit length
1" 9-bit length
‘———— Wake-up Function
9-bit UART Other mode
0 |Interrupt when
data are received don't care
1 |interrupt only
whenRB8 =1
'——————————— Receiving Function
0 |Receive Disable
1 |Receive Enable
Hand shake function (CT$ Pin) enable
0 |Disable (always Transferable)
1 |Enable
Transmission data bit 8

Note: Thereis SCIMOD (56H) in Channell

Figure 3.11 (2). Serial Mode Control Register (Channel 0, SCOMOD)
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7 . 6 i s 4 i 3 i 2 ) 0
R bitSymbol | RB0O8 i EVENO i PEO OERRO | PERRO : FERRO @ SCLKO 10C0
(3§2$H) Read/Write R RW R ( cleared to Zero when read) RW
After reset 0 0 0 i o i o [ 0
Received : Parity Parity 0: SCLKO :0:
data :0:0dd :addition 1. error (J_) Baud Rate
Bit8 :i1:Even :0: Disable . i Generator
Function 11:Enable : H 1: SCLKO :1: SCLKO
i i Overrun  : Parity i Framing
H H H (—L) Pin input
L 1 1 1 1 1 1 1 )

E: Select /O interface input clock (Notet)

0 |Baud rate generater
1 |SCLKO Pin input

Edge selection in SCLK pin input mode

Transmits and receives ( _§ )
data at raise edge of SCLK

0

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

L——»Framing error flat
9 9 Cleared to Zero

————>Parity error flag ‘when read.

Overrun error flag

\—————————> Enable parity addition

0 |Prohibition (disable)

1 |Permission (enable)

Additi

/ check of even parity
0 |Odd parity

1 |Even parity

Receving 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 3.11 (3). Serial Control Register (Channel, SCOCR)
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7 6 s 4 i 3 2 1 [
BROCR | bit Symbol - BROCK1 | BROCKO i BROS3 : BROS2 : BROS1 ; BROSO
(0053H Read/Write W
After reset 0 0 0 I 0 0 0
Fixat “0”
: 00: ¢70 (f/d)
Function 01: ¢T2(fc/16) Setting of the Divided frequency
H 10: T8 (f/64)
11: ¢T32 (f0/256)
[

Setting of the divided frequency
of baud rate generator

0000 |16 divisions

0001 |Don‘tset

0010 |2to 15 divisions
§
111

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

00 |Internal clock ¢TO (fc/4)

01 [internal clock ¢T2 (fc/16)
10 |internal clock ¢T8 (fc/64)
11 |Internal clock ¢T32 (fc/256)

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

Figure 3.11 (4). Serial Channel Control (Channel 0, BROCR)

7 6 5 4 3 2 1 0
[1807 806  TBOS | TBO4 | TB03 | TBO2:TBO1:TBOO | (Transmission)

SCOBUF
(508 7 6 S5 4 3 2 1 0
| RBO7 { RBO6 ; RBOS ; RBO4 : RBO3 | RBO2; RBO1 | Rsoo] (Receiving)

Note: When setting the serial transfer mode to “9-bit length UART mode”, transfer data “TB08”
is written to bit7 of SCOMOD register, and received data “RB08” is read from bit7 of

SC)CR register.

Figure 3.11 (5). Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF)
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bit Symbol

1818

— i RXEl

wu1 SM11

SM10 SC11

SC10

$C1IMOD Read/Write

RW

(0056H)

After reset

0

0 : 0

0 0

0 0

Function

Transfered
data
88

Fixat “0" ERe:eiving
éFunttion

0: Receive
disable
Receive
Enable

Serial

Wake up Serial Tr
Function :mode
0: disable :00: VOini

1: enable mode

01: 7-Bit UART
10: 8-Bit UART
11: 9-Bit UART

clock
terface

(UART)

00: TOO Trigger

01: Baud rate
generator

10: Internal dock @1

11: don't care

Figure 3.11 (6). Serial Mode Control Register (Channel 1, SC1MOD)

Serial transmission clock (For UART)

00

Timer 0 match detect signal

0

Baud rate generator

1

o

Internal clock ®1

1

don't care

——> Serial

| transmission mode

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

00

1/0 interface mode

7-Bitlength

UART mode : g.Bit length

9.Bit length

‘——— Wake up Function

9.Bit UART

Other mode

o

Interrupt when
data are received

Interrupt only
whenRB8 = 1

don‘t care

Recei

iving control

0

Receive disable

Receive enable

data bit 8
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7 06 s i 4 3 i 2 1 0
SCICR bit Symbol RB18 | EVEN1 PE1 OERR1 PERR1 FERR1 SCLK1 10C1
(0055H) Read/Write R RW R (clear to Zero when read) RW
After reset 0 0 0 H [ 0 0 [
Received : Parity Parity 0: SCLK1 :0:
data :0:0dd :addition 1: error —\ i gaud rate
Bit8 i1:Even :0:Disable (-J )
Function ‘l Enable Overrun Parity Framing 1: SCLK1 l SFLK)
H H H Pin input
L)
L 1 1 Il 1 1 | | J

Select /O interface input clock (Note1)

0 [Baud rate generate

1 |SCLK1 Pininput
Note1: For channel 0, fix this bitto “0"

Edge selection in SCLK pin input mode

Transmits and receives ( __}_ )
data at raise edge of SCLK

0

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

L—— Framing error flag Cleared to Zero
> Parity error flag when read
‘> Overrun error flag

\w————————————> Enable parity addition
0 |[Disable

1 |Enable

Addition/ check of even parity
0 |Odd Parity

1 |Even Parity

Receiving data bit 8

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

Figure 3.11 (7). Serial Control Register (Channel 1, SC1CR)
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7 i 6 i s 4 i 3 2 1 0
BRICR | bit Symbol — i BRICK1 | BRICKO : BR1S3 : BRIS2 : BRIS1 : BRISO
(0057H)| readrwrite H RW
After reset 0 H 0 H 0 H 0 H 0 0 o
Fix at 0" : ; :
‘ § 00: ¢T0 (f/d)
) i 01: ¢T2(fU16) Setting of the Divided frequency
Function H
§ 10: ¢T8(fc/64)
11: 732 (f/256)

l Setting of the divided frequency of baud rate
generator

0010
§ 2to 5divisions
1mn

L Selecting the input clock of baud rate generator

00 |internal clock ¢ TO (fc/4)
01 |Internal clock ¢ T2 (fc/16)
10 |Internal clock $T8 (fc/64)

11 |Internal clock ¢T32 (fc/256)

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

Figure 3.11 (8). Baud Rate Generator Control Register (Channel 0, BROCR)

7 6 5 4 3 2 1 0
[1817 7816 7815 814 7813 7812 {1811 T810] (Transmission)

SC1BUF
(0054H)

6 S5 4 3 2 1 0
IRB17§RB165R815?RB14§RB13§RB12§R811%RBiOI(Receiving)

Note: When setting the serial transfer mode to “9-bit length UART mode”, transfer data “TB18” is
written to bit7 of SCIMOD register, and received data “RB18” is read from bit7 of SCICR

register.

Figure 3.11 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF)
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7 i 6 | s i 4 3 2 1 0
poFC | bitSymbol PISF PO3F P92F POOF
(001DH)| Readwrite R w w w
o0 0 0 0
0: PORT : 0: PORT | 0: PORT 0: PORT
1:SCLK1 1: TxD1 § 1: SCLKO 1: TxDO
Prohibit Read
modify write
Setting P90 as TxDO output
0 |Port output
1 |TxDO (channel 0) output

———> Setting P93 as TxD1 output

0 IPort output

TxD1 (channel 1) output

Setting P95 as SCLK output

0 |Port output

1 ]SCLK1 (channel 1) output

Figure 3.11 (10). Port 9 Function Register (P9FC)

7 6 5 4 3 2 1 V]
ODE bit Symbol ODE1 ODEO
(0058H)| read/write RW
[ []
P93 P90
:0: CMOS  :0: CMOS

1: OPEN i1: OPEN
Drain Drain

E Setting P90 as Open-drain output

0 |CMOS output

Open-drain output

—> Setting P93 as Open-drain
0 |CMOS output

1 {Open-drain output

Port 3.11 (11). Port 9 Open Drain Enable Register (ODE)
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3.11.2 Configuration
Figure 3.11 (12) shows the block diagram of the serial channel 0.

--------- Serial clock g ion circuit

I
|
s BROCR<BROCK1,0>  TOOTRG (Timer 0 comparator output)
'
'

! '
B0 i

SIOCLK

Selector

]
'
'
'
'
'
H
- [}
e H
16T2(fc16) 4 T H
e '
T8 (f/6a) -3 '
14732 (f0256) +>{ :
E 2 K] g
! +- Baudrate ---- $SCOMOD :
181 (fa2) <sC1,0> H
1 1
H H
' i
1 1
[ INTRXO INTTXO
© Receive SCOMOD Serial channel Transmission
counter <WU> —+|interrupt counter
(+16) control (=16)
RXDCLK § 4 TXOCLK § }
SCOMOD N —
< RXE> - Receive N T
control |) control
SCOCR
<PE> <EVEN>
Parity control Thereisn'tin
RxD0 (09| Recewve butferi(shift register) channel 1
(Shared by P91)
[ re8 [reconebutterzisconv | [ errortiag | [ 188 Jreansmussion butter scosur) |—=D1Tx00
T T (Shared by P90)
COCR
<OERR> <sP RR> <FERR>
q Internal bus 5

Figure 3.11 (12). Block Diagram of the Serial Channel 0
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Figure 3.11 (13) shows the block diagram of the serial channel 1.

MCU900-566

------ Serial clock generation circuit

BR1CR<BR1CK1,0>

TOOTRG (Timer 0 comparator output)

-
H
'
I
'
L i :
H
' UART ° !
W10 (fca) : 2 i slocLk
i$T2(fd16) ! Y ;
1#78(f/6a) — i o !
' ' "
1732 (f256) ' ' E
! H H :
' \._Baudrate ___) '
1 generator ’ SCiMOD sciMoD |
181 (fg2) <SC1,0> <SM1,0> |
H '
. . I
H +2 2 i
' & [ VOinterface mode H
SCLK1 O+ a E
input ! |
(Shared ! ¥ '
L I R ——ed
SCIMOD
e o _<1oc>
Output INTRX1 INTTX1
(Shared
by
y P95) Receive SCIMOD] Serial channel Transmission
counter WU>-> interrupt counter
(UART only + 16) control (UART only +16)
RXDCLK § 4 T T TXDCLK | [}
SCIMOD Receive Trar
<RXE>=  control control
SCICR
<PE> <EVEN>
Parity control
RxDO 9% Recewve buffer1(Shift register)
(Shared by P94)

L RB8 Jiuewe buffer2 (SC1BUF) J Error flag

l 88 ITrammissmnbu"ﬂ(SC!BUF)—}‘"UTXDO

(Shared by P93)
SCICR
<OERR> <PERR> <FERR>
Y iy
L Internal bus S

Figure 3.11 (13). Block Diagram of the Serial Channel 1
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@ Baud Rate Generator One of these input clocks is selected by the baud rate
generator control register BROCR/BR1CR <BROCK,

Baud rate generator comprises a circuit that generates 0/BR1CK1, 0>.

transmission and receiving clocks to determine the The baud rate generator includes a 4-bit frequency
transfer rate of the serial channel. divider, which divides frequency by 2 to 16 values to
The input clock to the baud rate generator, ¢TO (fc/4), determine the transfer rate.
@¢T2 (fc/16), ¢T8 (fc/64), or ¢T32 (fc/256) is generated How to ca!culate a transfgr rate when the baud rate
by the 9-bit prescaler which is shared by the timers. generator is used is explained below.
o UART mode
Transfer rate = Input clock of baud rate generator +16

Frequency divisor of baud rate generator
® /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:

#T0= fo/d
#T2 = fc/16
#T8 = fc/64

¢T32 = fc/256
Accordingly, when source clock fc is 12.288 MHz, input clock is ¢T2 (fc/16), and frequency divisor is 5, the transfer rate
in UART mode becomes as follows:

Transfer rate = fc/16 .
~5 16

= 12.288 x 10%/16/5/16 = 9600 (bps)

Table 3.11 (1) shows an example of the transfer rate in UART mode.
Also with 8-bit timer O, the serial channel can get a transfer rate. Table 3.11 (2) shows an example of baud rate using

timer O.
Table 3.11 (1) Selection of Transfer Rate (1) (When Baud Rate Generator is Used)
Unit (kbps)
Input Clock
¢ (Mha] — ¢T0 T2 o18 ¢132
(fc/4) (fe/16) (fc/64) (fc/256)
Divisor
9.830400 2 76.800 19.200 4.800 1.200
T 4 38.400 9.600 2.400 0.600
) 8 19.200 4.800 1.200 0.300
T 0 9.600 2.400 0.600 0.150
12.288000 5 38.400 9.600 2.400 0.600
T A 19.200 4.800 1.200 0.300
14.745600 3 76.800 19.200 4.800 1.200
T 6 38.400 9.600 2.400 0.600
T C 19.200 4.800 1.200 0.300

Note: Transfer rate in I/O interface mode is 8 times as fast as the values given in the above table.
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Table 3.11 (2) Selection of Transfer Rate (1) (When Timer 0 (Input Clock ¢T1) is Used)

Unit (Kbps)
TREGO fe 12.288MHz 12MHz 9.8304MHz 8MHz 6.144MHz
1H 96 76.8 62.5 48
2H 48 38.4 31.25 24
3H 32 31.25 16
4H 24 19.2 12
5H 192 96
8H 12 96 5
AH 96 28
10H 6 48 3
14H 48 24

How to calculate the transfer rate (when timer O is used):

T———(When timer O (input clock ¢T1) is used)

Transfer rate = fc
TREGOx8x 16
Input clock of timer O
oT1= /8
¢T4 = /32

éT16= /128

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

@ Serial Clock Generation Circuit

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

1) 1/O interface mode (channel 1 only)

When in SCLK output mode with the set-
ting 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 accord-
ing to the setting of SC1CR <SCLKC> regis-
ter to generate the basic clock.

2) Asynchronous Communication (UART) mode

According to the setting of SCOCR and
SC1CR <SCH1, 0>, the above baud rate gen-
erator clock, internal clock ¢1 (500 Kbps @ fc
= 16 MHz), or the match detect signal from
timer O will be selected to generate the basic
clock SIOCLK.

® Receiving Counter

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

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

For example, if the sampled data bit is “1", “0” and “1”
at 7th, 8th and 9th clock respectively, the received data
is evaluated as “1”. The sampled data “0", “0” and “1”
is evaluated that the received data is “0”.

@ Receiving Control

1) /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 set-
ting SC1CR <lOC> =“1", RxD1 signal will be
sampled at the rising edge or falling edge of
SCLK input according to the setting of
SC1CR <SCLKS> register.
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2) Asynchronous Communication (UART) mode

The receiving control has a circuit for
detecting the start bit by the rule of majority.
When two or more “0” are detected during 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.

® Receiving Buffer

To prevent overrun error, the receiving buffer has a
double buffer structure.

Received data is stored one bit by one bit in the receiv-
ing buffer 1 (shift register type). When 7 bits or 8 bits of
data are stored in the receiving buffer 1, the stored
data is transferred to another receiving buffer 2
(SCOBUF/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 over-
run error occurs, the contents of the receiving buffer 1
will be lost, although the contents of the receiving
buffer 2 and SCOCR <RB8> 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”.

® 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.

soc JLILN LN N N A AT | |||
1516T1]2345678910111213141516,’12
H]

TXDCLK 'u

Figure 3.11 (14). Generation of Transmission Clock

@ Transmission Controller
1) 1/O interface mode (channel 1 only)

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

In SCLK input mode with the setting SC1CR <lOC> =
“1", the data in the transmission buffer are output bit

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

by bit to TxD1 pin at the rising edge or falling edge of
SCLK input according to the setting of SC1CR
<SCLKC> register.

2) Asynchronous Communication (UART) mode

When transmission data is written in the transmission
buffer sent from the CPU, transmission starts at the ris-
ing edge of the next TXDCLK, generating a transmis-
sion shift clock TxDSFT.
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Handshake function ated, requests the next send data to the CPU.

Though there is no RTS pin, a handshake function can
Serial channel 0 has a CTSO0 pin. Using this pin, data be easily configured by setting any port assigned to the
can be sent in units of one frame; thus, overrun errors RTS function. The BRTS should be output “High” to
can be avoided. The handshake function is enabled/ request data send halt after data receive is completed
disabled by SCOMOD <CTSE>. by a software in the RXD interrupt routine.

When the CTSO pin goes high, after completion of the
current data send, data send is halted until the CTSO
pin goes low again. The INTTXO Interrupts are gener-

96C081
TxD RxD
cTs RTS (any port)
Sender Receiver

Figure 3.11 (15). Handshake Function

Timing to write J_-IJ( 2
tr ion buffer £
- Send is suspended £
CTs Tlrom(l)m(z). <£\
0] 13 14 15 16 1 2 3 14 15 16 1 2 3
SIOCLK 0 LN -4 Linni
i . n

TxDCLK —4f;

I\
TxD v \ start bit A bit0

Note 1: If the CTS signal falls during transmission, the next data is not sent after the completion of the current transmission.
Note 2: Transmission starts at the first TXDCLK clock fall after the CTS signal falls.

Figure 3.11 (16). Timing of CTS (Clear to Send)
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Transmission Buffer

Transmission buffer (SCOBUF/SC1BUF) shifts to and
sénds the transmission data written from the CPU from
the least significant bit (LSB) in order, using transmis-
sion shift clock TXDSFT which is generated by the
transmission control. When all bits are shifted out, the
transmission buffer becomes empty and generates
INTTXO/INTTX1 interrupt.

® Parity Control Circuit

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

For transmission, parity is automatically generated
according to the data written in the transmission buffer
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 transmis-
sion 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

@ Generating Timing

1) UART mode

Receiving

7-bit UART mode and with SCOMOD <RB8>/
SC1MOD <RB8> when in 8-bit UART mode. If they
are not equal, a parity error occurs, and SCOCR
<PERR>/SC1CR <PERR> flag is set

® Error Flag

Three error flags are provided to increase the reliability
of receiving data.

1. Overrun error <OERR>

If all bits of the next data are received in
receiving buffer 1 while valid data is stored in
receiving buffer 2 (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 occurs.

Mode 9 Bit

8 Bit + Parity

8 Bit, 7 Bit + Parity, 7 Bit

Interrupt timing

Framing error timing

Parity error timing Center of last bit (Bit 8)

Center of last bit (parity bit)

Center of stop bit
Center of stop bit
Center of stop bit

Overrun error timing Center of last bit (Bit 8)

Center of last bit (parity bit)

Center of stop bit

Note: Framing error occurs after an interrupt has occurred. Therefore, to check for framing error during interrupt operation, it is necessary

to wait for 1 bit period of transfer rate.

Transmitting

Mode 9 Bit

8 Bit + Parity

8 Bit, 7 Bit + Parity, 7 Bit

Interrupt timing Just before last bit is transmitted.

« «
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2) /O Interface mode

SCLK output mode

Immediately after rise of last SCLK signal. (See figure 3.11 (19))

Transmission interrupt timin,
P ¢ SCLK input mode

Immediately after rise of last SCLK signal (rising mode), or immediately after fall in falling mode.
(See Figure 3.11 (20))

SCLK output mode

Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after
last SCLK. (See Figure 3.11 (21))

Receiving interrupt timing
SCLK input mode

Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after
SCLK. (See Figure 3.11 (22))

3.11.3 Operational Description

(1) Mode 0 (/O interface mode)

This mode is used to increase the number of I/0 pins

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.

Output Input
extension extension
TMP96C081 Shiftregister A —» TMP96C081 Shiftregister Al «—
B — B| =
TxD N| C|— RxD QH C| -—
D| — D| -
SCLK SCK E|— SCLK CLOCK E| =—
F| — F| =
Port RCK G| — Port S/t G| -
H| — H| =
TC74HC595 or TC74HC165 or
the like the like

Figure 3.11 (17). Example of SCLK Output Mode Connection

Output port Input port
extension extension

TMP96C081 Shiftregister A | — TMP96C081 Shiftregister A| <«

B| — B| -

TxD Sl Cc| — RxD QH C| =

D| — D| =

SCLK SCK E| —> SCLK CLOCK E| =—

F| — F| -

Port RCK G| — Port s/t G| -

H| — H| =

TC74HC595 or TC74HC165 or
External clock— the like External clock — | the like

Flgure 3.11 (18). Example of SCLK Input Mode Connection
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® Transmission time the CPU writes data in the transmission buffer. When
all data is output, INTES1 <ITX1C> will be set to generate

In SCLK output mode, 8-bit data and synchronous clock INTTXT interrupt.

are output from TxD pin and SCLK pin, respectively, each

Timing to write
transrgission n\ 4
data

\ Ly
SCLK output ~—t_4 L_A L‘,..A LA L4

TxD A_bito X bit1 X Y X bité X bit7 X
TXDSFT M Nn 5 I N M
ITX1C (INTTX1 " |

interrupt request) w

Figure 3.11 (19). Transmitting Operation in I/0 Interface Mode (SCLK Output Mode)

In SCLK output mode, 8-bit data are output from TxD1 When all data are output, INTES1 <ITXIC> will be set
pin when SCLK input becomes active while data are to generate INTTX1 interrupt.
written in the transmission buffer by CPU.

séé'fé’é‘l“& Rising edge mode) L_"A L—‘A L‘&"‘A L-—A I—A
ety oy
SCLK input
(SCLKC = 1: Falling edge mode)
TxD X _bito X bit1 )Q\ bit5 X bit6 X bit7 X
TXDSFT M ﬂ"(' n M
ITX1C (INTTX1 4§ [

interrupt request)

Figure 3.11 (20). Transmitting Operation in I/0 Interface Mode (SCLK Input Mode)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-573




TMP96C081F TLCS-900 16-bit Microcontroller

@ 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 INTES1

IRX1C I ~ £« {
AN ' A
SCLK ~—~t A LA LA LA LK
RxD bit 0 X bit1 it bit 6 bit7
Timing to shift datain Generate
the receiving buffer 2 INTRX1

Figure 3.11 (21). Receiving Operation in /O 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

s I e I IRV B B W
S w00 e 200 e 200 e 2

SCLK input
(SCLKC = 1: Falling edge mode) «
RxD bito X bit1 Yoitz ! X bite X bit7 Y
s
Timing to shift data Generate
inthegreceiving INTRX1 n
buffer2

Figure 3.11 (22). Receiving Operation in I/O Interface Mode (SCLK Input Mode)

Note:  For data receiving, the system must be placed in the receive enable state (SCMOD <RXE> = “17)
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(2) Mode 1 (7-bit UART Mode) and even parity or odd parity is selected by SCOCR
<EVEN>/SC1CR <EVEN> when <PE> is set to “1”

The 7-bit mode can be set by setting serial channel (enable).

mode register SCOMOD <SM01,00>/SC1MOD

<SM11,10> to “01”. Setting example: ~ When transmitting data with the

In this mode, a parity bit can be added, and the addi- following format, the control

tion of a parity bit can be enabled or disabled by serial registers should be set as described
channel control register SCOCR <PE>/SC1CR <PE>, below. Channel O is explained here.

- e
start 7 Kparity stop

«——— Direction of transmission (tr ission rate: 9600 bps @ fc = 12.288 MH2)

7 6 5 4 3 2 1 0
P9CR — x x - - - - -1 )Sel + P90 25 the TxD o
P9FC « x x - x - x x 1 ectFhasthe b pin.
SCOMD « x 0 - x 0 1 0 1 Set 7-bit UART mode.
SCOCR  « x 1 1 x x x 0 0 Add an even parity.
BROCR « 0 x 1 0 0 1 0 1 Set transfer rate at 2400 bps.
TRUN «— 1 X - - = - - Start the prescaler for the baud rate generator.
INTESO « 1 1 o 0o - - - - Enable INTTXO interrupt and sets interrupt level 4.
SCOBUF  « ~ * o o * * Set data for transmission.
Note: x; don'tcare —; nochange
(3)  Mode 2 (8-bit UART Mode) SC1CR <PE>, and even parity or odd parity is selected
by SCOCR <EVEN>/SC1CR <EVEN> when <PE> is
The 8-bit UART mode can be specified by setting set to “1” (enable).
SCOMOD <SM01,00>/SC1MOD <SM11,10> to “10”. B ‘
In this mode, parity bit can be added, the addition of a Setting example: ~ When receiving data with the
parity bit is enabled or disabled by SCOCR <PE>/ following format, the control register

should be set as described below.

.
start 7 Aparity stop

<«—— Direction of transmission (transmission rate: 9600 bps @ fc = 12.288 MHz)
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Main setting
7 6 5 4 3 2 1

PICR « x x - - - 0 Select P91 (RxD) as the input pin.
SCOMD « - 0 1 x 1 0 0 Enable receiving in 8-bit UART mode.
SCOCR « X 0 1 X X X 0 Add an odd parity.
BROCR « 0 X 0 1 0 1 0 Set transfer rate at 9600 bps.
TRUN « 1 X - - = - Start the prescaler for the baud rate generator.
INTESO - - - - - 1 1 0 Enable INTTXO interrupt and sets interrupt level 4.
Interrupt processing ) Check for rror.

Acc « SCOCR and 00011100

If Acc = 0 then ERROR

Acc « SCOBUF Read the received data.

Note: x; don'tcare -; no change

@)  Mode 3 (9-bit UART Mode)

The 9-bit UART mode can be specified by setting
SCOMOD <SM01,00>/SC1MOD <SM11,10> to “11”.
In this mode, parity bit cannot be added
For transmission, the MSB (9th bit) is written in SCMOD
<TB8>, while in receiving it is stored in SCCR <RB8>.
For writing and reading the buffer, the MSB is read or
written first, then SCOBUF/SC1BUF.

Wake-up function

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

TxD

Master

RxD

TxD

RxD

Slave 1

TxD

RxD TxD RxD

Slave 2 Slave 3

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

MCUS00-576

Figure 3.11 (23). Serial Link Using Wake-Up Function
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Protocol ® The master controller transmits one-frame data

. including the 8-bit select code for the slave control-
@ Select the 9-bit UART mode for master and slave Iersl.JThg MSB (bilt 8) <TB8> is set to “1 ? contro
controllers. :

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

PO 000000007
N/

Select code of slave controller 1"

@ Each slave controller receives the above frame, and ® The master controller transmits data to the specified
clears WU bit to “0” if the above select code matches i'\‘/’\‘/ﬁ:%?tt"dler whose SCOMOD <WU>/SC1MOD
its own select code. is cleared to “0.” The MSB (bit 8) <TB8> is cleared to

‘0.

POO000 000
N

Data “0

® 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 ¢1 (fc/2) as the transfer clock.

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

Since serial channels 0 and 1 operate in exactly the

e Setting the master controller

Main setting

P9CR « x x - - = =0 1
P9FC « X X - X - X X
INTESO  « 1 1 0 0 1 1 0 1
SCOMOD «~ 1 0 1 0 1 1 1 0
SCBUF « 0 0 o0 o0 0 o0 0 1

INTTXO interrupt
SCOMOD
SCOBUF

|
o

«—

¢ Setting the slave controller 2

Main setting
P9CR

P9FC

ODE
INTESO
SCOMOD

O 4 x X x
o = x x =
>

— < X
>
- o x X
-
o o = a4

-
-
-
-
-

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

MCU900-578

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

) Select P90 as TxD pin and P91 as RxD pin.

Enable INTTX0 and sets the interrupt level 4.

Enable INTRX0 and sets the interrupt level 5.

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

Set TB81to “0".
Set data for transmission.

) Select P91 as RxD pin and P90 as TxD pin (open drain output).

Enable INTRX0 and INTTXO.

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

Clear <WU>to “0".
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3.12 Analog/Digital Converter Figure 3.12 (1) shows the block diagram of the A/D con-
The TMP96CO81F contains a high-speed analog/digital con-  Verter. 6-channel analog input pins (ANS to ANO) are shared by
verter (A/D converter) with 6-channel analog input that features input-only P5 and so can be used as input port.

10-bit successive approximation.

Internal bus

AJD converter mode register (ADMQD) —————————————

A/D channel select register (ADBS)
EOCF ADBF KE'PET SCAN ADCS ADS
}

ADCH , ¢

repeat yscan yspeed ystart
[>| Decoder

end |busy

Analog input

ANS (P55) [
AN4(pPs4) O—

AN3(P53) O Multiol L

AN2 (P52) OF ultiplexer

AN1(PS1) O—
ANO (P50) (O

A/D converter |, INTAD
control circuit interrupt

Channel select

AJD conversion result register
(ADREGO to ADREG3)

Vegr ————————————>
Agvo OF——|

D/A converter

Figure 3.12 (1). Block Diagram of A/D Converter

Note 1: 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.

Note 2: In order to reduce power supply currency in IDLE or STOP mode, the A/D converter enters standby mode even if the internal comparator remains in
the enable state depending on the timing. Stop the A/D converter before executing the HALT command. Since the ladder resistor between Vger -
Agnp cannot be stopped internally, Ige is transmitted regardless of a mode.
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MCU900-580

ADMOD
(00SEH)

7 ;6 5 . 4 3 2 1 0
bit Symbol EOCF : ADBF REPET SCAN ADCS ADS ADCH1 : ADCHO
Read/Write R : RIW
After reset 0 ¢ o { o i o 0 0 [

ap A iRepeat iscan Y] A Analog Input
conversion conversion imode  imode conversion : conversion Channel Select
EndFlag  :BUSYFlag H Speed stant
H Single : 1 Set hannel
. . H N ets input channels
Function 1: END mode O Fixed 0: High conversion : together with the
Repeat: channel speed  ;Start i <ADCH2> bit setting
mode mode mode i 1n ADBS register
I Channel : 1: Low Always
Scan speed ireadas
mode mode :"0" :
t T t -+

Note)

Always “0” when data is read.

L A/D conversion speed selection

0 | A/D High speed conversion mode: 160 states = 16,5 (@20MHz)

AJ/D Low speed conversion mode : 320 states = 32,5 (@20MHz)

Analog input channel select (with ADCH2 = 0)

L Specification of A/D scan mode

0 | Fixed A/D conversion channel mode

1 | A/D conversion channel scan mode

—> Selecting A/D repeat mode

0 | A/D conversion single mode

1 | A/D conversion repeat mode

l——————» A/D conversion busy flag

0 | A/D conversion not busy

1 | A/D conversion busy

L— —— » A/Dconversion end flag

0 | A/D conversion not ended nor started

1 | A/D conversion ended

Analog input channel select (with ADCH2 = 0)

Normal Scan mode Normal Scan mode
00 ANO ANO 00 AN4 AN4
B v I o e
e e R
e e

Figure 3.12 (2). A/D Control Register
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7 6 5 4 3 2 1 0
ADREGOAL [
t Symbol ADR041 ADR4
(0060H) bit Sym ‘o 0 0
Read/Write R
After reset Undefined 1 1 1 1 1 1
Function Lower 2 bits of A/D result for ANO or AN4 are stored.
7 6 5 4 3 2 1 0
Az)%%ﬁ%“ bit Symbol ADR049 ADR048 ADRO47 ADR046 ADRO45 ADR044 ADR043 ADRO42
Read/Write R
After reset Undefined
Function Upper 8 bits of A/D result for ANO or AN4 are stored.
7 6 5 4 3 2 1 0
ADREG15L [
bit Symbol ADR151 ADR150
(0062H) |0
Read/Write R
After reset Undefined 1 1 I 1 1 1
Function Lower 2 bits of A/D result for AN1 or ANSare stored.
7 6 5 4 3 2 1 0
ADREGSH it Sympol ADR159 ADR158 ADR157 ADR156 ADR155 ADR154 ADR153 ADR152
(0063H) -
Read/Write R
Adter reset Undefined
Function Upper 8 bits of A/D result for AN1 or ANS are stored.

Figure 3.12 (3-1). A/D Conversion Result Register (ADREG04, 15)
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7 P 6 s i a4 i 3 1 2 1 0
/?8SGEAGI-{2)L bitSymbol | ADR21 | ADR20 : ; :
Read/Write R
After reset Undefined 1 © 1 i ¢ i ¢ i o1 1 9

Function | Lower 2 bits of A/D result for AN2 are stored.

7 6 Poos i o4 i3 i 2 i 0
A(%gg?&)'" bitSymbol | ADR29 : ADR28 | ADR27 : ADR26 : ADR25 i ADR24 i ADR23 i ADR22
Read/Write R
After reset Undefined

Function Upper 8 bits of A/D result for AN2 are stored.

7 i 6 i s i a 3 2 1 0
A(Q&E‘S})L bitSymbol | ADR31 : ADR30 . i
Read/Write R
After reset Undefined R
Function | Lower 2 bits of A/D result for AN3 are stored.
7 i 6 i s 4 3 2 1 0
,btlggE?Gg)H bitSymbol | ADR39 i ADR38 i ADR37 : ADR36 ADR35 ADR34 ADR33 ADR32
Read/Write R
After reset Undefined

Function Upper 8 bits of A/D result for AN3 are stored.

Figure 3.12 (3-2). A/D Conversion Result Register (ADREG2, 3)

G283, [bitsymool
Read/Write
After reset

Function

(. Analog input channel select

Normal Scan mode
0 ANO~3 ANO—AN1-AN2—AN3
1 AN4~5 AN4—ANS

Figure 3.12 (3-3). A/D Channel Select Register
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3.12.1 Operation

1)

©)

Analog Reference Voltage

High analog reference voltage is applied to the VREF
pin, and low analog reference voltage is applied to
AGND pin.

The reference voltage between VREG and AGND is
divided by 1024 using ladder resistance, and com-
pared with the analog input voltage for A/D conversion.

Analog Input Channels

Analog input channel is selected by ADMOD <ADCHT,
0>. However, which channel to select depends on the
operation mode of the A/D converter.

In fixed analog input mode, one channel is selected by
ADMOD <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 <ADCHT1, 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
setto “1".

A/D Conversion Mode

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

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

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

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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™

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

* 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 conver-
sion of specified channel ends in fixed conversion
channel mode or when A/D conversion of the last
channel ends in channel scan mode.
* A/D conversion repeat mode
For both fixed conversion channel mode and con-
version channel scan mode, INTAD should be disabled
when in repeat mode. Always set the INTEOAD at
“000,” that disables the interrupt request.
Write “0” to ADMOD <REPET> to end the repeat
mode. Then, the repeat mode will be exited as soon as
the conversion in progress is completed.

Storing the A/D Conversion Result

The results of A/D conversion are stored in 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: ~ When the analog input voltage of the
AN3 pin is A/D converted and the
result is stored in the memory
address FF10H by A/D interrupt
INTAD routine.
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Main setting
INTEOAD « 1 1 0 0 - - - -
ADMOD “—- X X 0 0 0 1 1 1

INTAD routine
WA «  ADREG3
WA > > 6

| (QOFF10H) « WA

Enable INTAD and sets interrupt level 4.

Specify AN3 pin as an analog input channel and starts A/D conversion in high speed
mode.

Read ADREG3L and ADREG3H values and writes to WA (16 bit).
Right-shifts WA six times and writes 0 in upper bits.
Writes contents of WA in memory at FF10H.

When the analog input voltage of ANO ~ AN2 pins is A/D converted in high speed conversion channel scan repeat mode.

INTEOD & 1 0 0 - - - - -
ADMOD « x x 1 1 0 1 10

Note: x;don’tcare -; no change

3.13 Watchdog Timer (Runaway Detecting Timer)
The TMPO6CO81F 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

MCU900-584

Disable INTAD.

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

watchdog timer detects a malfunction, it generates a non-
maskable interrupt to notify the CPU of the malfunction, and
outputs 0 externally from watchdog timer out pin WDTOUT to
notify the peripheral devices of the malfunction.

Connecting the watchdog timer output to the reset pin
internally forces a reset.
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3.13.1 Configuration
Figure 3.13 (1) shows the block diagram of the watchdog timer (WDT).

¢ (fd2)—

fcf216
fcf218
fcf220
fef222

Watchdog timer

22-stage binary counter

Q

R

S

Reset.
HALT

reset ? — : Reset
WDMOD

<WDTE >|

(Stop or idle mode)

4EH BIH
Write Write

Watchdog timer
control register

Internalbus

Figure 3.13 (1). Block Diagram of Watchdog Timer
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woTOoUuT > 0 WoTouT
< >
1 out control
<W:¥:r0°: :: Selector enable ? r
fva  Reset

MCUS900-585




TMP96CO81F

TLCS-900 16-bit Microcontroller

The watchdog timer is a 22-stage binary counter which
uses ¢ (fc/2) as the input clock. There are four outputs from the
binary counter: 2¢/fc, 218/fc, 220/fc, and 22%/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

WDT Counter

be reset. The watchdog timer out pin is set to 1 by clearing the
watchdog timer (by writing a clear code 4EH in the WDCR reg-
ister). 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.

f——

«
)
Clear code of write

WDT Interrupt I I
WDT Clear
(Soft ware)
WDTOUT l

£
7
(-

w

Figure 3.13 (2). Normal Mode

Over flow

WDT Counter n %

I

1

WDT Interrupt

)

I

WDTOUT
(internal Reset)

]

Figure 3.13 (3). Reset Mode

MCUS00-586
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3.13.2 Control Registers

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

)

I

Watchdog Timer Mode Register (WDMOD)

@ Setting the detecting time of watchdog timer
<WDTP>

This 2-bit register is used to set the watchdog timer
interrupt time for detecting the runaway. This register is
initialized to WDMOD <WDTP1, 0> = 00 when reset, and
therefore 2'6/fc is set. (The number of states is approxi-
mately 32,768).

® 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 X
WDCR « 1 0 1 1 0 0 0 1

¢ Enable control
Set WDMOD <WDTE> to “1".

WDCR « 0 1 0 0 1 1 1 0

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

To disable, it is necessary to clear this bit to “0” and
write the disable code (B1H) in the watchdog timer control
register WDCR. This makes it difficult for the watchdog
timer to be disabled by runaway.

However, it is possible to return from the disable
state to enable state by merely setting <WDTE> to “1".

® Watchdog timer out reset connection <RESCR>

This 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.

(2) Watchdog Timer Control Register WDCR)

This register is used to disable and clear the binary

counter of the watchdog timer function.

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

¢ Watchdog timer clear control

The binary counter can be cleared and resume
counting by writing clear code (4EH) into the WDCR reg-
ister.

Write the clear code (4EH).
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7 6 | 5 | a I 0
bitSymbol | WDTE | WDTP1 i WDTPO | WARM : HALTMO | HALTMO | RESCR DRVE
WDMOD - write RW . .
(005CH) H - T T
After reset 1 [ 0 H 0 H [ 0 0 0
WOT Select detecting time éWarming iStandby mode 1 1
H {Uptime
control - i0: 216/kc :PUME 00: RUN mode interally e the
Function i01: 218/fc 01: STOP mode connects :pinevenin
1: Enable 510: 220/fc ‘0: J1aygc 107 IDLE mode {WDToutto :STOP mode
11 222/f¢ 126 MV Don‘tcare ithe reset pin
- T

T 7 ]

L DRVE (explanation by stop mode)

Watchdog timer out control
0 |—

Connects WDT out to a reset

———> 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

‘—————> Select the detecting period of watchdog
timer

0 | 214/fc (approx. 1.0ms @16MHz)

216/fc (approx. 4.1ms @16MHz)

{————————> Select the detecting time of watchdog timer
216/fc (approx. 4.1ms @16MHz)

218/fc (approx. 16ms @16MHz2)
10 | 220/fc (approx. 66ms @16MHz)
11 | 222/f¢c (approx. 262ms @16MHz)

Watchdog timer Enable / Disable control
0

Disable

=)
8

ie

1 |Enable

Figure 3.13 (4). Watchdog Timer Mode Register
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7 6 i s 4 3 2
WDCR bit Symbol -
Read/Write 4
(005DH)
After reset -
B1H : WDT disable code
4EH : WDT clear code
Function

l——-v Disable/clear WOT

B1H Disable code

4EH Clear code

Others |—

Figure 3.13 (5). Watchdog Timer Control Register
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3.13.3 Operation ation by an anti-malfunction program. By connecting the

The watchdog timer generates interrupt INTWD after the watchdog timer out pin to peripheral devices’ resets, a CPU
detecting time set in the WDMOD <WDTP1, 0> register and malfunction can also be acknowledged to other devices.
outputs a low level signal. The watchdog timer must be zero- The watchdog timer restarts operation immediately after
cleared by software before an INTWD interrupt is generated. If ~ resetting is released.

the CPU malfunctions (runaway) due to causes such as noise, The watchdog timer stops its operation in the IDLE and
but does not execute the instruction used to clear the binary STOP modes. .

counter, the binary counter overflows and an INTWD interrupt The watchdog timer stops when a bus is released or

is generated. The CPU detects malfunction (runaway) due to internal DMAC is operating.

the INTWD Interrupt and it is possible to return to normal oper-

Example: @ Clear the binary counter
WDCR « 0 t 0 0 1 1 1 0 Write clear code (4EH).

@ Set the watchdog timer detecting time to 218/c
WOMOD « 1 0 1 - - - x X

® Disable the watchdog timer

WDMOD ¢« 0 - - - - - X X Clear WDTE to “0".
WDCR « 1 0 1 1 0 0 0 1 Write disable code (B1H).

@ Set IDLE mode

WOMOD « 0 - - - 1 0 x x Disables WDT and sets IDLE mode.
WCR « 1t 0 1 1 0 0 0 1
Executes HALT command Set the standby mode

® Set the STOP mode (warming up time: 2'6/c)

WMOD & - - - 1 0 1 x x Set the STOP mode.
Executes HALT command Execute HALT instruction. Set the standby mode.
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3.14 Direct Memory Access Controller (DMAC)

3.14.1 Outline

The Direct Memory Access Controller (DMAC) is a peripheral
circuit used to directly access memory in more than one
mode. The DMAC enables direct data transfer between the
internal and the external I/Os of the TMP96C081 without inter-
fering with the CPU operation, thus contributing to system effi-
ciency.

The DMAC has four independent built-in channels. Pro-
grammable channel control registers support three transfer
modes and two address specification methods. Auto-initializa-
tion is also supported. This enables repeated DMA transfers,
by automatically returning the values previously set in the regis-
ters at the completion of one data transfer.

Also supported are:

¢ increment/decrement of transfer source and destination
address

e accesses necessary for the DMAC built into the MCU, such
as access to fixed addresses and access in /O mode (see
3.14.4 (4) Address specification).

Channels have the following capabilities:

maximum number of transfer blocks: 64K words
maximum address area: 16M bytes

3.14.2 Features
¢ Four independent DMA channels
¢ Transfer speed at 20MHz:
Single address transfer:
external memory — external I/0, 5M bytes (words)/s
external memory — internal /O, 5M bytes/s
internal memory — external /0, 3.3M bytes/s
Dual address transfer:
8 — 8 or 16— 16 bit transfer, 2.5M bytes (word)/s
8 — 16 or 16— 8 bit transfer, 3.3 M bytes (word)/s
¢ Three transfer modes; byte, demand, and continuous
¢ Transfer between memories or between memories and 1/Os
¢ Independent auto-initialization for each channel

¢ Programmable address increment/decrement/fixed 1/0
mode

e Control of enable/disable for each DMA request

¢ Three methods of ending transfers: completion of specified
number of transfers, end of process by external circuit, and
data match detect

* DMA request by software

* Report of transfer end to CPU by interrupt

® Channel priority can be rotated

¢ Transfer between ROM and RAM in different bus sizes

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

3.14.3 Circuit Configuration and Related Pins
The circuit configuration

Note: An asterisk* next to the pin name represents a
channel number.

(1) DREQ*
Input pin used for DMA start requested by an external
circuit.

(2) DACK*

Output pin used respond to DMA start requested by
an external circuit.

8 TC*
Output signal pin used to indicate DMA completion.
The specified number of DMA transfers in response to
a DMA request is ended.

(4) EOP*
Input pin used to request DMA transfer ended by an
external circuit.

(6) AEN*
Output signal used to externally notify DMA in opera-
tion.

6 IORD*

Read signal used for external I/Os.

(7 TOWR*
Write signal used for external I/Os.
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[<«—— INTAD
Request Control [«——— INTTO
re—— INTT2
[e———— INTT!
Block je—— INTRX0/1
[-—— INTTX0/1
> DACKRX0/1
> DACKTX0/1
———> DACKADUH
[«——— DREQO~3
> DACKO0~3
c ———> BUSRQ
RD
Address DMA Control Block WR
p——
1 | control — :8\'I‘VDR
block ———> AEl
address count [ MATCH
incrementer —>T¢C
decrementer ‘__’——> ERROR
28 a6 INTDO~3
28bit bus
—
24bit bus [16bit bus match comparater
16bit bus
— T
gase base base ;‘"""‘“ " current count data data mode status
posiiied ;%‘é'r‘:“ counter S ;%‘é',‘:ss register match buffer command | register
register register register register register register
(24x8) (2ax4) (16x4) (16 4) (16x ) (16) (16x4) (16) (axa) (8x4)
Internal BUS
A0~A23

MCU900-592

Figure 3.14 (1). DMAC Block
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3.14.4 DMA Operation

This section describes address specification methods, transfer
modes, start/stop methods, and interrupt generation.

(1)  Address Specification Methods

¢ Single address transfer

ALE

ADO~15

1-byte or 1-word transfer in 1-bus cycle. Simultaneous
read and write from/to memories and internal/external
peripheral circuits. When an internal peripheral circuit is
accessed, a wait may automatically be inserted to
adjust the clock phase. Note that single address trans-
fer is enabled only for SIO0, SIO1, and A/D among

internal peripheral circuits.

K
A
N\
-
— M
x A0~15_ X )(: Din_
; \ —
Case (1)
.. Internal wiite timing
: |-
\_
Case (2)
\ anml

Single address transfer

Case (1) memory —> internal peripheral circuit (e.qg. serial channels)
Case (2) memory — external I/O

Figure 3.14 (1). Single Address Transfer Timing

Note: CLK output is not necessarily the same as the above phase.
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I VA WAL NIV WA WAL W 2

ClK(note) — | I\ / "\

a16~23 X

Cs0~Csa

ADO~15 x AO—TS. X : ¢ _Dout

=i
~

o
Qj

i ", Internakread timing

Single Address Transfer
Internal peripheral circuit (e.g. serial channels) — memory

Figure 3.14 (2). Single Address Transfer Timing

Note: CLK output is not necessarily the same as the above phase.
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CLK (note) ___/ ’ \

2
o
!
N
w
oy

W
ol
]
%4
B
—-

9l
>
[a)
Py
[=]
!
o
>
0
Pl
wi
=

E
Ll

-]
m
N7

I

ADO~15 )(_%071'51( X o

WR \_
TORD 3 "\

Single address transfer
External /0 — memory

Figure 3.14 (3). Single Address Transfer Timing

Note: CLK output is not necessarily the same as the above phase.
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® Dual address transfer

1-byte or 1-word transfer in 2-bus cycle consisting of
read and write cycles. When an internal peripheral cir-

X1
CLK
A16~23

CS0~C54

DACKO~DACK3

MCU900-596

cuit is accessed, a wait may automatically be inserted
to adjust the clock phase.

Note that DACKO to DACKS signals are output only
when DACK output is enabled. For details, see (10)
DACK output enable bit.

/ \ / \
X
N\
N\
—
X A0~1 X_Din §
X a0~15 X Dout §
\ | &

Figure 3.14 (4). Dual Address Transfer Timing
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AN AW AN AW WA AV aWaWal'y

read

ADO~15 Xz X| X oim X

ADO~15 A0~15 Dout A0~15 Dout

write

ARWE T \

Transfer data from 16 bit size to 8 bit size

Figure 3.14 (5). Dual Address Transfer Timing

SN AVAWVAVAN AV AWAN avYavaVa
CLK / : (_\- : ;\(—\'r\/—

-~

A16~23 X

co~4

RW

ALE /‘—\ TN\

ADO~15 XA%Q} X_DiniX| Xao~15s X| X_Din

read

ADO~15 : Xa0~15X___ Dout

write

Transfer data from 8 bit size to 16 bit size

Figure 3.14 (6). Dual Address Transfer Timing
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(2)  Transfer Modes

The DMAC supports the following three transfer
modes.

® Byte mode

In this mode, bus mastership is released after each
transfer in response to a DMA request and when
DREQ (DMA request input) is sensed. If DREQ is
active, bus mastership is re-captured to resume DMA
transfer; if DREQ is inactive, DMA transfer ends.

* Continue mode

In this mode, the specified number of DMA transfers is
executed by one DMA request.

* Demand mode

In this mode, DMA transfers continue as long as DREQ
by one DMA request. Transfer ends when DREQ
becomes inactive.

(Note) When starting DMA transfer using a built-in peripheral
circuit which can be connected internally, the DREQ
detect method (pulse or level) must be set depending
on the output waveform of the interrupt signal to be
connected.

(8) DMA Transfer Start and Stop Methods

o Start

The DMAC can be started using any of the following
three methods:

1. DREQ input by external peripheral circuit
Inputting DREQ to the external DREQ pin correspond-
ing to a channel starts DMA transfer.

2. DREQ input by internal peripheral circuit
Selecting the internal DREQ input corresponding to a
channel and ending the anticipated operation starts
DMA transfer.

3. Software request
Setting the DSREQ* DMA start request bit in the
DMACR* command register for a channel starts trans-
fer.

® Stop

The DMAC can be stopped in any of the following
three methods:

1. Completion of a set number of DMA transfers (terminal

count: TC)

When the number of data transfers set in the count
register for a channel is completed, the DMAC
releases bus mastership and outputs the TC signal.
Interrupt generation and setting the TC* (* = channel
number) bit in the status register notify the CPU of
DMAC stop.

2. End of process signal input by external circuit (End of

process: EOP)

Inputting the EOP signal to a channel in DMA transfer
ends transfer and releases bus mastership. Interrupt
generation and setting the EOP* (* = channel number)
bit in the status register notify the CPU of DMAC stop.

3. Data match detected (match: MATCH)

Detecting a match between the data set in the match
register for a channel and the data to be transferred
ends transfer. Interrupt generation and setting the
MAT* (* = channel number) bit in the status register
notify the CPU of DMAC stop.

DMA Transfer Start and Stop Methods

The DMAC supports four methods for updating the
transfer source and destination address:

. Fixed mode:
Used to access address set in the transfer source and
destination address registers.

2. Increment mode:

Used to sequentially increment addresses set in the
transfer source and destination address registers:
DMASAA/B/C* and DMADAA/B/C (* = channel num-
ber).

3. Decrement mode:

Used to sequentially decrement addresses set in the
transfer source and destination address registers:
DMASAA/B/C* and DMADAA/B/C (* = channel num-
ber).

4. /0 mode:

Used to access 2-byte data repeatedly. Useful for
accessing internal peripheral circuits
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Conversion result by A/D converter

Address 000060H lower 2 bits
61H upper 8 bits

DMAC setting contents
® Transfer source : ADREG04 L/H

Transfer destination : memory
® Address updata method :

Transfer destination (memory)
lower 2 bits 007000H
upper 8 bits 01H

{ lower 2 bits 02H

upper 8 bits 03H
lower 2 bits 04H
< upper 8 bits 0SH
lower 2 bits 06H
< upper 8 bits 07H

transfer source : I/0 mode and transfer destination : INC mode

® Counter: 8 bytes

Figure 3.14 (5). Example: Setting Transfer Source Address Update Method to I/0 Mode

Transfer Error Generation

The DMAC can notify the CPU that a transfer is
accepted by setting O in the count register. When O is
set in the count register, accepting a transfer request
causes an error to occur in the DMAC. In this case, the
DMAC does not perform DMA transfer. It generates an
interrupt and sets the ERR* bit (* = channel) in the sta-
tus register. After an error occurred in the DMAC, DMA
transfer can be enabled by the following steps:

(1) set a value other than 0 in the count register.

(2) reset the error bit in the status register.

(3) set the DMA enable bit.

However, if the DMA request source disappears during
step (1) to (8), DMA transfer will not be performed.

Auto-initialization

When DMA transfer stops (explained in (3), DMA trans-
fer start and stop methods), and RLD*, the auto-initial-
ization bit in the DMACR* command register for a
channel is set, the pre-transfer data is returned to the
registers. One of the advantages of auto-initialization is
that it eliminates the need to set the DMA control regis-
ters when the same address is repeatedly accessed.

Auto-initialization is used for count registers, and trans-
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)

fer source and destination address registers.

Usually, the DMAEN* bit in the DMACR* command
register is cleared after a channel ends transfer. How-
ever, if RLD is set and DMA transfer stops due to inter-
rupt disable (set in the DMACR command register), the
DMAEN bit will not be cleared. In this case, when a
DMA request is generated, DMA transfer restarts with-
out setting DMA enable again.

Channel Priority Setting

The DMAC supports the following two methods for
setting channel priority. Priority is set in the PRI bit of
the DMAMODAS mode A register.

Fixed method

Used to assign fixed priorities to four channels. Chan-
nel O has the highest priority: next highest is channel 1,
then channel 2, and channel 3 has the lowest priority.

Rotate mode

Used to change the priorities of four channels. In this
mode, when DMA transfer ends for a channel, the pri-
ority of that channel becomes the lowest, then the next
channel has the highest priority.
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®

MCU900-600

Interrupt Generation

The DMAC can notify the CPU of an event such as
transfer end by generating an interrupt. The DMAC
supports the following four interrupt sources. It can set
interrupt generation enable/disable using the DMACR*
(* = channel number) command register.

Match (MATCH)
Data set in the match register matched the data being
transferred.

Terminal count (TC)
Number of transfers set in the count register has
ended.

End of process (EOP)
Transfer ended by end of process input externally.

4.

©

Error (ERROR)

DMA start request is generated with Os in the count
register and an error has occurred in the correspond-
ing channel.

When an interrupt is generated, this is reflected in the
DMAST* status register. Thus, writing 1 in DMAST*
clears the status.

DACK Output Enable Bit

Bit 7 in the DMACR* command register for channels 0
to 2 is used to set whether to send a response (DACK)
when a DMA request (DREQ) is input to a channel.
DACK signal output can be classified as shown in the
table below, depending on the combination of address
specification method and transfer mode.

Bit 7 in the DMAC3* command register for channel 3 is
used to set DMAC channel priority. Thus, DACK signal
output cannot be set for channel 3. Instead, channel 3
supports DACK output using O set in bit 7 of other
channels.
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Table 3.14 (7) DAMC Register Setting and Address and DACK Output

DACK MIO/IOM | Sng/Dual Internal
output connection |Output Internal External
select /no connection |address DACK DACK
DMA MODA MODA MODA mMoDs address output
startsource | bit7 bit3 bit2 bitd
0:nooutput {0:10 >M | 0:Dual |[0:no SA : Transfer O: O:
1 output 1:M-=I0 1:5ng! | connection source output output
1: connection |DA : destination
0 0 0 0 SA/DA x x
1 0 0 0 SA/DA x (@)
0 0 1 0 DA x o
External 1 0 1 0 DA x O
DREQ ] 1 0 0 SA/DA x x
1 1 0 (] SA/DA x (@]
0 1 1 0 SA x o)
1 1 1 0 SA x O
0 0 0 1 SA/DA x X
1 0 0 1 SA/DA x o]
0 0 1 1 DA O X
Internal 1 0 1 1 DA (@) (@)
DREQ 0 1 0 1 SA/DA X X
1 1 0 1 SA/DA x O
0 1 1 1 SA @] x
1 1 1 1 SA (@) ®)
0 0 0 0 SA/DA x X
1 0 0 0 SA/DA x (@]
0 0 1 0 DA x (@]
Software 1 0 1 0 DA x O
request 0 1 0 0 SA/DA X x
1 1 0 0 SA/DA x (@]
0 1 1 0 SA x O
1 1 1 0 SA x Q
Notes: @ Internal DREQ signal is used by the peripheral circuit specified by bits 7 to 5 in the mode B
register. Internal DACK signal is only output at SIO0 send request, SIO0 receive request, SIO1
send request, SIO1 receive request, and A/D conversion end.
® To start the DMA by an external DREQ or software request, set the internal connect bit (bit 4
in the mode B register) to 0.
® Do not set <PAFC> for DREQ function with software request start.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

MCU900-601




TMP96CO081F TLCS-900 16-bit Microcontroller

3.14.5 DMAC Control Registers (1)
The TMP96CO081F has four built-in independent channels,
each of which has 14 registers belonging to eight register
groups. Channel functions are almost the same. Channel-spe-
cific functions specific to channels are also explained below.
When setting the following (1) to (8) registers, the
TMP96C081F must be in DMA disable state (bit DMAEN* in
the DMACR* command register = 0).

DMASAA* (Transfer source address : lower 8 bits)

Source Address Register, Common to All Channels
(*: channel number)

Used to specify the start address of the data trans-
ferred by the DMAC, and memory-mapped I/O register
addresses. To transfer 16-bit data, specify even-num-
bered addresses.

Register name 87 B6 BS B4

B3 B2 B1 BO

DMASAA* | sp07* | sA06* | SAOS* | SA04*

SA03* | SA02* | SAO01* | SA00*

DMASAB* (Transfer source address : middle 8 bits)

Register name B7 B6 BS B4

B3 B2 B1 BO

DMASAB* SA15* | SA14* | SA13* | SA12*

SA11* | SA10* SA09* | SA08*

DMASAC* (Transfer source address : upper 8 bits)

Register name B7 B6 BS B4

B3 B2 B1 B0

DMASAC* | gap3+ | sa22* | sa21* | sA20*

SA19* | SA18* SA17* | SA16*

(2)  Destination Address Register, Common to All Channels
(* = Channel Number)

Used to specify the transfer destination address. To
transfer 16-bit data, specify even-numbered
addresses.

DMADAA* (Transfer destination address : lower 8 bits)

Register name B7 B6 BS B4

B3 B2 B1 BO

DMADAA* | pag7+ | DAOG* | DAOS* | DAO4*

DAO3* | DAO2* | DAO1* | DAOO*

DMADAB* (Transfer destination address : middle 8 bits)

Register name B7 B6 BS B4

B3 B2 B1 BO

DMADAB* DA15* | DA14* | DA13* | DA12*

DA11* | DA10* | DAO9* | DAO8*

DMADAC* (Transfer destination address : upper 8 bits)

Register name B7 86 BS B4

B3 B2 B1 BO

DMADAC* | paz3+ | DA22* | DA21* | DA20*

DA19* | DA18* | DA17* | DA16*
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(3)  Count Register, Common to All Channels (* = Channel transfer or the number of words for 16-bit DMA transfer.
Number) If the data width of the transfer source differs from the
transfer destination, the data width of the transfer
Used to specify the number of bytes for 8-bit DMA source is used for counting data.

DMACTA* (Count register : lower 8 bits)
Register name 87 86 BS B4 83 B2 B1 80
DMACTA* | c1o7+ | cTose* | cTos* | cToa* | cTo3* | cro2* | cTo1* | croo*

DMACTB* (Count register : upper 8 bits)
Register name 87 86 85 B4 B3 B2 B1 80
DMACTB* | cT1s* | ¢T1a* | cT13* | cT12* | cT11* | cTi0* | cro9* | cros*

(4)  Match Register, Common to All Channels (* = Channel bit to 8-bit transfer, the upper 8-bits are not compared
Number) but ignored.
If the data width of the transfer source differs from the
Used to specify data for stopping DMA transfer if the transfer destination, the data width of the transfer
specified data is accessed during DMA transfer. For 8- source is used for counting data.

DMAMAA* (Match data : lower 8 bits)
Register name B7 B6 BS B4 B3 B2 B1 BO
DMAMAA* [ pMAg7* | MAO6* | MADS* | MAO4* | MAO3* | MA02* | MAO1* | MAOO*

DMAMAB* (Match data : upper 8 bits)
Register name B7 86 BS B4 83 B2 81 BO
DMAMAB* | \a15% | MA14* | MA13* | MA12* | MA11* | MA10* | MAD9* | MAOS*
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(6) Mode Register A, Common to Channels 0 to 2; whether to output DACK to request source at DMA
Excluding Channel 3 ~ transfer by an external DREQ. With channel 3, bit 7 is
used to specify channel priority specification method
Used to specify transfer mode, data width, and transfer for the DMAC; that is, DACK output cannot be set.

direction. With channels O to 2, bit 7 is used to specify

Channels 0 to 2 (» : channel number)

B7 B6 : BS B4 i B3 | B2 B1 80
omamopa | bit Symbol | DACKs Lv+ § BUSI* | BUSOx i DIR* i SD+ i MODIx | MODO«
Read/Write W
After reset 0 0 o i o [ 0 o i o
ISets outputiSets DREQ :Sets transfer source and Sets Sets DMA Sets DMA transfer
. destination data width
Function |PACK detect 0 ¢ transfer  itransfer mode
. SACKO: 0: Bbits for transfer sourceiy: o b1 q
{0: NoDACK:0: Detects 'and Bbits for transfer c!-rectuon inimethod  :00: Byte fnode
output i DREQ byigestination single 0: Dual  01: Continue mode
1: DACK level 01 16bits for transfer address address :10: Demand mode
output :1: Detects :our:: av;dlsbmfor transfer transfer :11: Not defined
DREQ byitransfer destination 0: /10 1: Single
10: 8bits for transfer source
Pulse % 16bis for transter SMEM | address
destination 1: MEM transfer
11: 16bits for transfer -0
‘source and Bbits for transfer
:destination

E—: Sets DMA transfer mode

00_| Byte mode

1_| Continue mode

0 _{ Demand mode

11_| Not defined

> Sets DMA transfer method
[0 T Oual address tranfer ]
1 _]single address transfer |

Sets transfer directionin single
address transfer (Note 1)

[0 [voSMEm ]
1 [MEM—U0 ]
Sets transfer source and
destination data width (Note 2)
00 ] 8bits for transfer source and destination data width

01| 16bits for transfer source and 16bits for tranfer d
10 _| 8bits for transfer source and 16bits for transfer
11_| 16bits for transfer source and 8bits for transfer d \

Sets DREQ detect by level or pulse

[0 [Detects DREQ by level ]

|1 [ DetectsDREQ by pulse |

Sets whether to output DACK (Note 3)

[0 [No DACK output |
[ 1| DACK output

(Note1) The DIR* bit s sighificant only when single address transfer is specified in the SD* bit below.

(Note2) Operations depend on transfer mode. For details, see Table 3.14(7), DMAC register setting and address/DACK output.

(Note3)Set the transfer source and destination data widths to same as those in the CS/w controller. When transferring data
to/from internal memory mapped I/O (including internal /O in single address transfer). Set the transfer data width to
8bits.

(Noted)Set the transfer source and destination data widths o same as those when single address transfer is specified.
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TMP96CO081F

Channels 3
87 86 BS B4 B3 B2 : B1 BO
omamopa3 | bit Symbol | PRI Lv3 BUS13 | BUSO3 DIR3 s03 MOD13 | MODO3
Read/Write RW
After reset 0 o i o i o 0 o i o i o
— et
pecifies :Sets DREQ Sets transfer source and Sets Sets DMA Sets DMA transfer
Function [channel idetect ~ Hestratondatawidth = transfer transfer mode
priority  0: Detects ‘,",’.;, ::l:‘,o"":":""“,:’°"'“;dire<tion inimethod  00: Byte mode
0: Fixes  : DREQ by:gestination single 0: Dual  01: Continue mode
channel : level  01: 16bits for transfer ‘address address Demand mode
priority :1: Detects :source and 16bits for transfer transfer 11: Not defined
1: Rotates : DREQ bytransfer distination 0: VO 1: Single |
channel | pulse 'O 8bwsforuanstersource:  _ppeng i agdress
P :and 16bits for transter H
priority distination transfer
: 11: 16bits for transfer
source and Bbits for transfer :
Jisunation H
: Sets DMA transfer mode
00 | Byte mode

01_| Continue mode

10 | Demand mode

11_| Not defined

- —> Sets DMA transfer method

[0 TDual address tranfer

e s

[_1_]single address transfer

Sets transfer direction in single
address transfer (Note 1)

[0 [wvooMem

[ [memoio

1

Sets transfer source and

distination data width (Note 2)

00_| 8bits for transfer source and disti data width
01_] 16bits for transfer source and 16bits for tranfer d

10 _|8bits for transfer source and 16bits for transfer desti
11_| 16bits for transfer source and 8bits for transfer desti

Sets DREQ detect by level or

[0 [Detects DREQ by level

[ 1| Detects DREQ by pulse

Specifies channel priority

0] Fixes channel priority : ch0>ch1>ch2>ch3

[
[

| Rotates channel priority : chO—ch1—ch2—ch3 |

(Note1) The DIR* bitis sighificant only when single address transfer is specified in the SD bit below.

(Note2)Set the transfer source and destination data widths to same as those in the CS/W controller.

When transferring data

to/from internal memory mapped I/0 (including internal /O in single address transfer), set the transfer data width to

8bits.
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(6) Mode Register B, Common to All Channels internal I/O and DMA start request; also, the method
for updating transfer source and destination address.

Used to control connection between the TMP96C081

B7 : B6 i BS i B4 83 B2 : Bl : BO

omamooge | bit Symbol | IDRQ2* : IDRQ1* : IDRQO* i IDRQE* ; DAI* i DAO* i SA1*  SAO*
Read/Write RW H

Afterreset| 0 ¢ o0 :{ o { o ! o : o o i o

[Specifies internal /0 and DREQ connection :Specifies Sets update‘ method  Sets update mdethod

) |000: Requests at SIO0 send end (by pulse) H

Function [001: Requests at SIO0 receive en:{by level, specified by : fOF transfer source  ifor transfer source

released by SCOBUF read) eabove3 :00: Fixed mode :address

1010: Requests at SIO1 send end (by pulse) ‘bits and DREQ:01: Increment mode  :00: Fixed mode

O e :,i'f;d"by";"c',;‘c,d, read) 10: Decrementmode (01: Increment mode
connect :11: /O mode 10: Decrement mode

internal (2 bytes, repeated :11: /O mode

100: Requests at A/D conversion end (by
level, released by ADREGOAH read)
101: Requests at 8-bit timer 0 time out (by

pulse) DREQ access) i (2bytes, repeated
110: Requests to8-bit PWM timer 2 time Connect i access)
out (by pulse) internal H
111: Requests at 16-bit timer 4 time out ( 10 to
puise) DREQ
Sets update method for transfer source
s
00 | Fixed mode
01_|Increment mode
10 _| Decrement mode
11 | /O mode (2 bytes, rep d access)
Sets update method for transfer source
address
00 | Fixed mode
01_}Increment mode
10_| Decrement mode
11_| /O mode (2 bytes, repeated access)
pecifies internal I/O specified by the above 3
0 | Does not connect internal I/O to DREQ
[ 1 [Connectinternal I/0 to DREQ
Specifies i | /O DREQ connection (Note)
B7 B6 BS |Specifiesinternal I/0 and DREQ connection Internal DACK
0 0 O | Requests at 5100 send end (by pulse) Yes
0 0 1| Requests at SIO0 receive end (by level, released by SCOBUF read) Yes
0 1 0 at SI01 send end (by pulse) Yes
0 1 1 | Requests at SIO1 receive end (by level, released by SC1BUF read) Yes
1 0 0 | Requests at A/D conversion end (by level, released by ADREGO4H read) Yes
1 0 1 q at 8-bit timer 0 time out (by pulse) No
1 1 0 at 8-bit PWM timer 2 time out (by pulse) No
1 1 1| Requests at 16-bit timer 4 time out (by pulse) No

(Note) For arequest by puise, set the LV* bitin the DMAMODA* register to 1 ; for a request by level, to 0.
Since DACK for A/D conversion end is connected to CHO, use CHO for DMA transfer.
ANO and AN4 of A/D converter, use ANO or AN4 for DMA transfer . (selectable using ADBS register)
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@)

Command Register, Common to All Channels

Used to control interrupt enable/disable, auto-initializa-

DMACR*

tion, or software request.

B7 | 86 85 B4 83 B2  B1 : B0
bit Symbol MTr e IEP* IER* MAT* RLD* DSREQ* DMAEN*
Read/Write RW i
After reset [ 0 o : 0 [ o i o
Sets interrupt enable/disable for the interrupt -‘:30“:'"‘5'2’ h:ﬂ’;"‘b':’ "“‘3“‘? Sets DMA
1§ H :disable match disable auto :transfer H
Function [source specified by each bit. idetect imtialization isoftware 4 istart
ibetween  D:Disables  0:Doesnot :0: Disables
I0: Disable :MA transfer: auto- ! request DMA
. idata and data: initialization, DMA
1 Enable inmatch  f:Enables | transferby : Start
iregister i auto i software nables
B7: Datamatch i0: Oisables : initiahizationil:Requests DMAE
: . i omatch : DMA
B6: Terminal count D detect | wansterby | Start
B85: Compulsory stop 1: Enables : software
B4: Error request i match :
detect
Sets DMA START
[0 TpDisablesDMAstart |
[__1_[Enables DMAE start |
Sets DMA transfer by soft ware

[0 TDoes not request DMA transfer by software |

[l

| Requests DMA transfer by software

> Sets

ble/disable auto initiali 1 (Note)
[ o ]Disables aut iali
|1 _[Enables aut ]

Sets enable/ disable match detect between
DMA transfer data an inm register

0 [ Disables match detect

1| Enables match detect

]

Sets interrupt enable/disable
for thei pt source

specified by each bit.

[ o Tpisable

L1 _|Enable

L1

(Note) When auto-initialization s set, start of auto-initiahzation can be selected depending on the interrupt source. (More than

one interrupt source can be specified)

For interrupt source for which auto-initialization is enabled, to disable interrupts, sets Os in bits 7 to 4 in the DMACR* ;
for interrupt source for which auto-initialization is disabled, to enable interrupts, set 1s
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®

MCU900-608

Status Register B, Common to All Channels
(* = Channel Number)

Used to display DMA stop source or error generation,
or whether there are any sources held for internal/
external DREQs.

Writing 1 in the EOP*, MAT*, TC*, or ERR* bit clears
the DMA transfer stop source. Once EN* bit is latched.
it is held until the status is cleared or reset. When
DREQ is detected by level (by setting the LV bit in the
mode A* register), the EN* bit must be cleared in order
to determine the current DMA request before the sta-
tus register.

B7 B6 B5 B4 83 B2 B1 BO
DMACR* | bit Symbol EN* EOP* MAT* T ERR*
Read/Write RW ;
After reset o i o | o 0 o i o i o0 0
H Displays  :Displays whether DMA transfer Displays
Function iwhether istop source is generated iwhether
DMA sstart : ‘error is
sourceis 0 Stop source not generated igenerated
i0: Error
11 Stop source generated i not
generat
ed
1: Error
. generat
i ed
* (Write function is abailable only in bit clear mode) l
Displays whether error is
generated

[0 JpisablesDMAstart |
[[_[Enable DMAE start |

Displays whether DMA transfer

stop source is generated
[0 Tstop source not generated |
|3 Tstop source generated

Displays

DMA start
source is held

0_| Error not generated ]
1 [Errorgenerated |

(Note) This bit does not influence software requests.
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Examples of program settings using DMAC

(a) Initial setting

LD sP
MAX

L0 (BICSL ),
) (BICSH ),
) (P4CR ),
LD (P4FC ),
LD (P10CR ),
Lo (P10FC ),
L0 (P11CR ),
LD (P11FC ),
) (INTOMAO),
EI 6

0200H Sets stack pointer to 200H
Sets maximum mode
93H CS/CAS ENABLE, 8bit Bus & 0 wait
00H Addresses 100H to 7FFFH
1FH output set
1FH CS/CAS set
02H output set
03H DACKO, DREQO set
10H output set
1FH TORD, IOWR, TC EOP, AEN set
06H Sets DMAC ch0 interrupt request level to 6

Sets CPU interrupt receive level to6

(b) Single address transfer start at completion of SIO0Tx

MSB
7

DMASAAD « X
DMASABO « X
DMASACO « X
DMACTA0 «
DMACTBO «
DMAMAAQ  «
DMAMABO  «
DMAMODEAO«

DMAMODEBO« 0
DMACRO  « X

-3 DX 3 XX M X X O
© X X > X X > X O,
O > > > X X > > &

> o

> o

-

Ll T S S )
O3 3 > X X X X N
O 3 > > X X >X X

>x o

LSB

Sets transfer source address

Sets number of transfers

} Sets data to be mached

Pulse detect, transfer source : 8 bits — transfer destination
: 8 bits, memory — /0, single address transfer, byte mode
Requests at completion of SI00Tx

Does not set software request

0
X
X
X
X
X
X
X
0

[N
>x o
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(c) Single address transfer at completion of A/D conversion and continue mode start

MSB LS8

76543210
DMADAAD « X X X X X X X X
DMADABO « X X X X X X X X Sets transfer source address
DMADACO « X X X X X X X X
OMACTA0 « 00000010 }Sets number of transfers to 2
DMACTBO « 00000000
DMAMAAD « X X X X X X X X }Setsdatatobematched
DMAMABO « X X X X X X X X
DMAMODEAO+- X 0 0 0 0 1 0 1 Level detect, transfer source : 8 bits — transfer destination :

8 bits, I/0 — memory, single address transfer, continue mode

DMAMODEBO- 1 0 0 1 000 1 Requests at completion of A/D conversion

DMACRO ¢ X X X X X X 0 X Does not set software request

(d) Dual address transfer at completion of A/D conversion and continue mode start
(update method : /0O mode)

MSB LSB
76543210

DMASAA0 « 01100000

DMASABO « 00000000 }SetsA/D register address

DMASACO « 00000000

DMADAAD « X X X X X X X X

DMADABO « X X X X X X X X }Setstransferdestination address

DMADACO « X X X X X X X X

DMACTAO « 00000010 }Se(s number of transfers to 2. (Even number must be set

DMACTBO « 00000000 because ADREGO4L and ADREGO4H must be read in two
bytes.)

DMAMARD « X X X X X X X }Setsdata to be matched

DMAMABD « X X X X X X X

DMAMODEAO+ X 0 0 0 X 0 O Level detect, transfer source : 8 bits — transfer destination : 8
bits, dual address transfer, continue mode

DMAMODEBO« 1 0 0 1 X X 1 1 Requests at completion of A/D conversion. Transfer source :
1/0 mode

DMACRO ¢ X X X XX X0 X Does not set software request
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(e) DMA start at 16-bit timer 4 time out, and overwrite of timer register
Dual address transfer, transfer source : 16 bits — transfer destination : 8 bits

MSB

DMASAAD « X
DMASABO « X
DMASACO « X
DMADAAO « 0
DMADABO « 0
DMADACO « 0
DMACTA0 « X
DMACTBO « X
DMAMAAOD  « X
DMAMABO « X
DMAMODEAO+ X

DMAMODEBO+«

-

DMACRO ~ « X

Note : In this case, CS at the transfer source must be set to 16 bits.

LSB
6543210
XXXXXXX
XXXXXXX }Setstransfersource address
XXXXXXX
0110000
0000000 }Sets timer register address
0000000
XXXXXXX }Setsnumberoftransfers
XXXXXXX
KX XX XXX }Setsdata to be matched
XXXXXXX
111X000 Pulse detect, transfer source : 16 bits — transfer destination :

8 bits, byte mode

1111101 Starts at 16-bit timer 4 time out.

Transfer source : /O mode
Transfer destination : increment mode

XXXXX0X Does not set software request

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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DMA Cycle Timing state dummy cycle may insert to bus cycle.
When bus cycle return to CPU cycle from DMA cycle, 2

DREQ timing, common to single and dual address transfers

A A A A A A A A A AT AT

ak _ XXX ) G G G B B N BB

Busa Y cu | cPy X _ccu X oma  Xomaiceu X ( ):inbyte
mode
susB X cu [ CPU X v v X oma X ]
ORED 1
A B -
DACK \ 5 Omitted in byte
mode
AEN fouerenn. ; ]
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DREQ release : _single address transfer, byte mode
I N N N R W W W W AW AW AW AW

ak A XX _ XX IX ) SN (D G G N BB 6

BusA S oma J cu ) DMA X v X v f cpu feru
BusB S oma X cu [ DM, X ceu X oma X e Jeru
o \
DR [...;

AT

TC I \ T
DREQ release : _single address transfer, demand and continue modes
N A aaY
CLK X X X X A ) D O O D O O |
Busa _X _oma J oma X DMA X v X cru X cru Xcru
Bus8 X oma S oma [ _DMA Y oma X cu X cu Ycru
,:::f:t‘; Y oma ) £;MA ) & DMA Y oma Y oma ) oma ) cru
DREQ [...;
A 8
BK-C‘K I --------- J'
AEN R R
Tc —\ o peven
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TLCS-900 16-bit Microcontroller

X SN\

CLK

X

CLK

BUSA
Demand

mode BUSB

Continue mode
S

MCU900-614

DREQ release : _dual address transfer, byte mode

/B VY WY Y Y W VY WY Y

) S O O O | [ X ) S G O G O O
cPy DMA (RD) X _DMA (WR) X _eeu X ey X ceu X cpu
X v Yomarp X DMA(WR)\ _L_cru__ X oma(ro) X omawr) X
[

- \ / L
__f \ :

SAVY VYAV AN

DREQ release :

dual address transfer, demand and continue modes

YA VY LNV Y QWY [ WY J WY L WY Y W

X X X C X ) I G O D O D G
Y oma wr) | oma o) X DMA (WR) X v L ov v X
X oma wr) X oma ro) DMA (WR) X oma ro) Xomawr X__ceu X
Yomawr {omawo) | omawe) X oma (ro) Y oma wr) { oma ko) X omawr { ceu X
= —

mode
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End of process (EOP) : _single address transfer

A A A A S A AT ATATATATATAAS

ak XX XTIXXXXXFIIJ
BytemodeBUS A _J__oma X Py X oma X v X v N v )
oemand guse Y oma wr) ) OMA (RD) Xomawm X ceu X cru )

DREQ

oAk \___ [l L/

o S —

EOP

End of process (EOP) : _dual address transfer

M ANAWNL

CLK XX ) Sl ) SN G G D B
Byte mode BUSA _ J OMA(RD) X omawr) | X _cu X ceu L v [
oimand  BUS B J_oma wr) X DMA (RD) Xomawn X v L v X
DREQ
DACK \ o 8
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MATCH (second byte is used for match) : _single address transfer

G L Y VY WY/ Y Y W WY Y WY A WY

ak X X X X X X XX

—
BytemodeBUS A (J ceu X oma Y e X oma X v Y

oemand/ gysg X ceu X oma X oma X oma [ cu fcru
continue mode
DREQ  \
A

oack — \ [\ [
N e —\

MATCH (second byte is used for match) : dual address transfer

LI [ VY VY WY WY A Y Y QAT A WY [ WY WY ALY Y

ak X X X X X X X X X X X _Xx_ X
Byte mode BUS A \':X cru_ Y oma(ro) [ omawr X cru_ X oma(ro) X oma(wr) X cru

oemand/ gysg [ cpu X omA(RD) X oma(wr) X oma(rp) K omawr) X cpu X cpu

continue mode

DREQ |
pAck — \ A[B———-\ reeeaas —
AEN r AB. .........
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Auto initialization (TC =1 or 2, match or no match) :

single address transfer

LI VY VY J WY Y A Y W WY VYA Y QWY QA WY WY

CLK i Gl D OB B N B B B D A A B BB
BREQ |,
Y
BytemodeBUS X ceu X oma [ cru ) X cu J oma ) Te=1,
no match
TC \ [\ [\
(mochameasanBUS X cru N_oma X _cru X X oma [ ceu ) TC=2,
first byte) match
detected in
TC first byte
demand/  Bys X' cpy X oma X cru [ X_cu X _oma ) TC=1
continue mode y
no match
TC / \ J \ I—\_ -
conmuamede BUS N cPu_ )| OwA DMA DMA DMA TC=2,
(match detected in match
festbyte) detected in
TC / \ /_-\_ first byte
e
cmmvemode  BUS _X__cru_X_oma Y oma ) Y cu  oma ) TC=2,
(match detected in match
first and second bytes) detected in
TC ’ \ furst and
= second bytes

Auto initialization (TC=1):

dual address transfer

LI [ WY WY WY VY WY QY QLY S VYA WY A WY A WY

CLK

) I G D B O

X

) D G O |

Byte mode BUS X

CPU rDMA(RD) x DMA (WR) l CPU ‘ DMA (RD) x DMA (WR) x

demand/ BUS x

cru X oma(ro) f oma (wr) X

X oma (o) { oma (wr) X

continue mode
DREQ —\4‘

TC

[\

[T\

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

MCU900-617




TMP96CO081F
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Internal timing when an interrupt occurred

S AVAVAVAWAWAWAWAWAWAN
CLK X X Y Y
Sirtlvgalrfs?grd Bus ooy X DMA Y U Y
TC _____J
MATCH I |
eop__f
?r:?,ls?grd Brfjsff ) { DMA (RD) X DMA (WR) ) =
TC ’
MATCH |
EOP {
BUS cPy ) cPy X U
DREQ \,,
ERR ,

MCU900-618
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Priority order when transferring in byte mode (D Rotate mode, @ Fixed mode)

DAEQD |\

DAEQT \_

DACKD /L

DACK1 \ T
AEN ' \ ' \

BUS @ cPu_ [CPUJomad(CPUYoma cPUY

BUS®@ CPU Y cPUJomad(CPU Yomag cPu X

T
\

Priority order when transferring in demand and continue mode
(Auto initialization ) Rotate, @ Fixed mode, when TC = 1)

o g

Y ) M el
(when dema’r:{ (@ when
-\V mode) Xemand mode)

DAEQO

DAEQT _-\ c(i?mv;::nmode)
DACKO v/ L

DACKi |

BUS® CcPU__ JCPUJomadbmad(cpuYomalf

BUS@ cPU__ ) cPU)omagbmaof CPUYomad
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Priority order between BUSRQ and DREQ when transferring in byte mode

o PP
NN A

BUSRQ

BASACK

DREQ

DACK

AEN

BUS A CPU  Jrrerercesensnsaisanisionnscnnsscenes DMA

BUSB [V { CPU YOMAY: - cevveranennnn

If BUSRQ and DREQ are generated at sampling, BUSRQ has the
priority over DREQ
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TLCS-900 16-bit Microcontroller TMP96C081F

Priority order between BUSRQ and DREQ when transferring in demand or continue mode

ax X X X XX X
BUSRQ i( B ﬁ__—_
BASACK A [ ..
o - —

AEN / \

BUSA CPU  Jreccerececccncecenesscssanssnnasesns DMA

BUSB [TV { CPU Yoma\ oma }-----

End of transfer

Priority order between BUSRQ and other channel’s DREQ when transferring DMA

el el A
LK DF:X:X:

— :F_A‘\ ....... ke K d

BASACK \ o /

DREQD _ /[ \ \ \
DREQT
]

DACK
DACK1 _
AEN \ ’
BUSA omao X DMAO ) ZEERERR PP PP PP @
BUSB omao DMAOQ “YCPU) e OMA1

Because other channel’s DREQ is sampled at the DMA last transfer cycle, BUSRQ has the
priority even if BUSRQ is generated after other channel’s DREQ is generated.
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TMP96CO081F

TLCS-900 16-bit Microcontroller

4. Electrical Characteristics

4.1 Absolute Maximum (TMP96C081F)

Symbol Parameter Rating Unit
Vee Power Supply Voltage -05-~6.5 \
VIN Input Voltage 05~V +05 v
zI0L Output Current (total) 100 mA
ZI0H Output Current (total) -100 mA

PD Power Dissipation (Ta = 70°C) 600 mw

T SOLDER Soldering Temperature (10s) 260 °C
TS1G Storage Temperature -65 ~ 150 C
TOPR Operating Temperature 20-~70 c

MCU900-622
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TLCS-900 16-bit Microcontroller TMP96CO081F
4.2 DC Characteristics (TMP96C081F) . .
Vee =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 (AD0-15) -0.3 08 v
Vitt P2, P3, P4, P5, P6, P7, P8, P9, PA, PB -03 0.3Vge Vv
ViL2 RESET, NMI, INTO (P87) 03 025V, v
ViL3 AMB8/T6 03 03 v
ViL4 X1 -0.3 0.2V¢, \
VIH Input High Voltage (ADO- 15) 22 Ve +0.3 v
VIH1 P2, P3, P4, P5, P6, P7, P8, P9, PA, PB 0.7V Ve +0.3 v
VIH2 RESET, NMI, INTO (P87) 0.75Vge Ve +03 v
VIH3 AMB8/T6 Ve -03 Ve +03 v
VIH4 X1 0.8V, Ve +03 v
VoL Output Low Voltage 045 V | I0L=16mA
V OH Output High Voltage 24 V | IOH=-400pA
V OH1 0.75V; V | 10H=-100pA
V OH2 0.9V, V |I10H=-20pA
LU ot iy 10 35 | ™ el
ILI Input Leakage Current 002 (Typ) s pA 00< Vin <V
L0 Output Leakage Current 0.05 (Typ) +0 PA 1025V SV -02

%;ieEratlng Current (RUN) 2 (TyD) ?g m fosc = 16MHz
oo STOP (Ta = -20 - 70°C) o gggg 50 WA {025V, SV -02

STOP (Ta= 0~ 50°C) ’ 10 A 022V <V -02
e | o | v |
RRST RESET Pull Up Register 50 150 )
cio Pin Capacitance | ' 10 pF | tosc = TMHz
VH %n%ﬂ - (p87) 04 10(Typ) v
RK Pull Down/Up Register 50 150 KQ

Note: |-DAR is guaranteed for a total of up to 8 ports.
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-623




TMP96CO081F

TLCS-900 16-bit Microcontroller

4.3 AC Electrical Characteristics (TMP96CO081F) 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) 62.5 250 62.5 50 ns

2 tax | CLKwidth 2x-40 85 60 ns

3 tak A0 - 23 Valid—CLK Hold 0.5x-20 1 5 ns

4 ta CLK Valid—A0 - 23 Hold 15%-70 24 ns

5 ta A0-15 Valid—ALE fall 0.5x- 15 16 10 ns

6 ta ALE fall—A0 - 15 Hold 0.5¢-15 16 10 ns

7 t ALE High width x-40 23 10 ns

8 te ALE fall—RD/WR fall 0.5x-30 1 -5 ns

9 toL RD/WR rise—ALE rise 0.5x-20 11 5 ns
10 tac. | AD- 15 Valid—RD/WR fall x-25 38 % ns
11 tach | AO-23 Valid—RD/WR fall 1.5%- 50 44 % ns
12 tcx | RDWRTrise—AO - 23 Hold 0.5x-20 1 5 ns
13 to. | AO-15Valid—D0 - 15 input 30x-45 143 105 ns
14|ty | AO-23Valid—D0- 15 input 3.5x-65 154 110 ns
15 to RD fall—D0 - 15 input 2.0x - 50 75 50 ns
16 the RD Low width 2.0x- 40 85 60 ns
17 i RD rise—D0 - 15 Hold 0 0 0 ns
18 thae RD rise—A0 - 15 output x-15 48 35 ns
19 tww 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—DO0 - 15 Hold 0.5x-10 21 15 ns
2 e | AO-23Valid—WAIT input (IWAIT + n mode) 35x-90 129 85 ns
2| taww | AO-15Valid—WAIT input (IWAIT + n mode) 3.0x-80 108 70 ns
24 tew RD/WR fall>WAIT Hold (IWAIT + n mode) 2.0x+0 125 100 ns
25|  tapy | AO-23Valid—PORT input 25x-120 80 36 ns
26| tpnp | AO-23Valid—PORT Hold 2.5+ 50 206 175 ns
27 tp WR rise—PORT Valid 200 200 200 ns
28| taw | AO-23Valid—RAS fall 1.0x- 40 23 10 ns
29| tagm | AO-15Valid—RAS fall 0.5x-15 16 10 ns
30 tac | RASfall»D0 - 15 input 25x-70 130 86 ns
31 tray RAS fall—A0 - 15 Hold 05x-15 16 10 ns
32 tas | RAS Low width 20x-40 85 60 ns
33 tap RAS High width 2.0x- 40 85 60 ns
34 thst | CASfall>RAS rise 1.0x-35 28 15 ns
35| tasc | RAStise—CASrise 0.5x-25 6 0 ns
36| thep | RASfall-CAS fall 1.0x- 40 3 10 ns
37 tcac | CAS fall—DO - 15 input 1.5x-65 2 10 ns
38 toas CAS Low width 1.5x-30 64 45 ns

AC Measuring Conditions
e Qutput Level: High 2.2V

* Input Level: High 2.4V

/Low 0.8V, CLS0pF o _
(However CL = 100pF for ADO ~ AD15, ADO ~ AD23, ALE, RD, WR, HWR, R/W, CLK, RAS, CASO ~ CAS2)
/Low 0.45V (ADO ~ AD15)

High 0.8Vec  /Low 0.2Vce (Except for ADO ~ AD15)

MCUS00-624
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TLCS-900 16-bit Microcontroller TMP96CO081F
(1) Read Cycle
~—tosc—*
4
" \ \ \ \_/
tck |
'S X
X
~tak ! ! tKA
A0~23 }‘ $<:
X '
cso~4 N a
N 4
RW A \
_/ TAWH tew—]
WAIT
Portinput = =f= == : ==
~—tASRH—> —tpp
AL tRSH T e
RAS N~ tRAS ™7/ |~
‘ASRL; ] tRAC—+ tRsC
N T | tcas—
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L * =\ 1~
RD tACH : tRR Y tRAE—™]
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TMP96CO81F

TLCS-900 16-bit Microcontroller

(2) Write Cycle

X1

CLK
A0~23

¢s0~4

ALE

MCU900-626
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TLCS-900 16-bit Microcontroller TMP96CO081F
4.3.2 Serial Channel Timing - I/O Interface Mode
Voo =5V+10% TA = -20 ~ 70°C (4MHz ~ 20MHz)
Variable 16MHz 20MHz
Number Symbol Parameter Unit
Min Max Min | Max | Min | Max
1 tok DACK valid—CLK hold 0.5x-20 1 5 ns
2 tko CLK valid—DACK hold 1.5x-70 24 5 ns
3 taek AEN valid—CLK hold 0.5x-20 1 5 ns
4 tkae CLK valid—AEN hold 1.5x-70 24 5 ns
5 e ALE fall—IORD/IOWR fall 0.5x-30 1 5 ns
6 ok TORD/IOWR rise—ALE rise 0.5x-20 11 5 ns
7 o AO - 15 valid—IORD/IOWR fall x-25 38 25 ns
8 tk | AO- 23 valid—TORD/IOWR fall 15x-20 4 25 ns
9 tae | IORD/OWR rise—AO - 23 hold 0.5x-20 1 5 ns
10 tic 10RD fall—DO0 - 15 input 2.0x-50 75 50 ns
1 tiacL IOWR low—spulse width 2.0x- 40 85 60 ns
12 tacy | IORD rise—DO - 15 hold 0 0 0 ns
13 trae | IORD fall—A0 - 15 output x-15 48 35 ns
14 tww | IOWR low—pulse width 2.0x- 40 85 60 ns
AC Measuring Conditions
« Qutput Level: High2.2v  /Low 0.8V, CL50pF
(However CL = 100pF for ADO ~ AD15, ADO ~ AD23, ALE, IORD, IOWR, CLK, AEN, DACKO ~ DACK3)
* Input Level: High2.4Vv  /Low0.45V (ADO ~ AD15)
High 0.8Vce /Low 0.2Vcce (Except for ADO ~ AD15)
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCUS900-627




TMP96CO081F

TLCS-900 16-bit Microcontroller

(1) DMA Cycle

X1
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A0~23
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AEN

WAIT
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TLCS-900 16-bit Microcontroller TMP96C081F
4.4 A/D Conversion Characteristics (TMP96C081F)
Vee=5V+10% TA=-20 ~ 70°C
Symbol Parameter Min Typ Max Unit
Vier Analog reference voltage Vee-15 Vee Vee
Asnp Analog reference voltage Vss Vss Vs v
Van Analog input voltage range Ves Vee
lper Analog current for analog reference voltage 05 15 mA
Total error 40
Error (TA=25°C, Vi = Vper = 5.0V) ’
(Quantize error of
105 LSB not include) | 2 & 50 LS8
4.5 Serial Channel Timing - I/O Interface Mode
Vee =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 [
toss Output Data—rising edge of SCLK tscy/2 - 5% - 50 137 100 ns
toHs SCLK rising edge—output data hold 5x-100 212 150 ns
tusr SCLK rising edge—sinput data hold 0 0 0 ns
tsro 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
tscy SCLK cycle (programmable) 16x 8192x 1 512 08 409.6 us
toss Output Data—rising edge of SCLK tsoy - 2x - 150 725 550 ns
tous SCLK rising edge—output data hold 2-80 45 20 ns
thsr SCLK rising edge—input data hold 0 0 0 ns
tspo SCLK rising edge—effective data input tsoy - 2x- 150 725 550 ns
4.6 Timer/Counter Input Clock (T10, Ti4, TI5, Ti6, TI7)
Voo =5V+10% TA = -20 ~ 70°C
Variable 16MHz 20MHz .
Symbol Parameter Unit
Min Max Min Max Min Max
tvck Clock cycle 8x +100 600 500 ns
tyckL Low level clock pulse width 4x+40 290 240 ns
tyckH High level clock pufse width 4x + 40 290 240 ns
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-629




TMP96CO081F

TLCS-900 16-bit Microcontroller

4.7 Interrupt Operation

Ve = 5V+10% Ta = -20 ~ 70°C

Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tiNTAL NMI, INTO Low level pulse width 4x 250 200 ns
tinTAH NMI, INTO High level pulse width 4x 250 200 ns
tinTaL INT4 ~ INT7 Low level pulse width 8x +100 600 500 ns
tinteH INT4 ~ INT7 High level pulse width 8x +100 600 500 ns
MCU900-630 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.




TLCS-900 16-bit Microcontroller

TMP96CO081F

4.8 Timing Chart for I/0 Interface Mode

cLK I P R A B

' toss tOHs|
OUTPUT DATA I~
TxD
¢ X 1 X : X : X
tsrD I | tHsr
INPUT DATA 1

RxD X VAUD)<

X vaup X X vaup X X vaup )C
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TMP96CO081F TLCS-900 16-bit Microcontroller

4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK)

{Note 1)
ac o X3E X X3 X KA
|l teRC = t8rC
BUSRQ
_\LA 45 iy / teaan
BUSAK e 3 —
A 4% /]
taBA ‘_LBAA

ADO~AD1S % SRR ¢ SRS <
A16~A23 SS \ qqMNoted /‘_

Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tare BUSRQ setup time for CLK 120 120 120 ns
[ CLK—BUSAK falling edge 1.5x+120 245 220 ns
toaan CLK—BUSAK rising edge 0.5x + 40 n 65 ns
tasa Floating time to BUSAK fall 0 80 0 80 0 80 ns
taaa Floating time to BUSAK rise 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: The built-in programmable pull-down register is always provided.
Note 3: The built-in programmable pull-up register is always provided.
Although CS2/CAS2 pin does not have programmable pull-up register, the built-in pull-up register is always supported with a bus release.

MCU900-632 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TLCS-900 16-bit Microcontroller

TMP96CO081F

4.10 DMAC
Variable 16MHz 20MHz
Number Symbol Parameter Unit
Min Max Min | Max | Min | Max

1 toRw DREQ low—Pulse width (input) 2 250 100 ns

2 toRc CLK valid—DREQ fall (input) 80 ns

3 tocH CLK valid—DREQ rise (input) 0 0 ns

4 toorc | DREQ fall (input)—CLK valid 0 0 ns
(Receiving DREQ in demand mode)

5 toocH CLK valid—DREQ rise (input) 0 0 ns
(Receiving DREQ in demand mode)

6 tooaH DREQ rise (input)—CLK valid 0 0 ns
(Canceling DREQ in demand mode)

7 tonac CLK valid—DREQ high hold (input) 0 0 ns
(Canceling DREQ in demand mode)

8 tar CLK valid—TC rise (output) x-25 38 25 ns

9 trg CLK valid—TC fall (output) 1.5x-70 24 5 ns

10 teoc CLK valid—EOP fall (input) 40 40 ns

11 teow | CLK valid—EQP rise (input) 0 0 ns

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-633




TMP96CO081F

TLCS-900 16-bit Microcontroller

4.10 DMA Timing Chart
o L
(- T~ T~ |
LK 4 X ) & ) & C
ALE \ \ \ [
ADO-15 X DMA cycle )
torw
DREQU-3 (pulse tooQH tooqc
torc DCH_ | - e S
DREQ (level) AT
“toore e tD;;H
DACKO-3
AEN
ORD | W S i
TOWR e \_'_T'?x_/_ i
TC teoc L
- = ol
FoP y o
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TLCS-900 16-bit Microcontroller

TMP96CO081F

(SFR; Special Function Register)

5. Table of Special Function Registers

The special function registers (SFRs) include the I/0 ports
and peripheral control registers allocated to the 128-byte
addresses from 000000H to 00007 FH.

Configuration of the table

(1) /O port

(2) VO port control

(3) 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

Symbol Name

Address

7 N/ 1:0
I > bit Symbol
I\ ~Read / Write
n : ~+Initial value afrer reset
J/ : -+Remarks

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TMP96CO081F

TLCS-900 16-bit Microcontroller

Table 5 I/0 Register Address Map (1/2)

Address Address Name Address Name Address Name

000000H 20H | TRUN 40H | TREG6L 60H | ADREGOL
1H 21H 41H | TREG6H 61H | ADREGOH
2H 22H | TREGO 42H | TREG7L 62H | ADREG1L
3H 23H | TREG1 43H | TREGTH 63H | ADREG1H
4H 24H | TMOD 44H | CAP3L 64H | ADREG2L
5H 25H | TFFCR 45H | CAP3H 65H | ADREG2H
6H | P2 26H | TREG2 46H | CAPAL 66H | ADREG3L
TH| P3 27H | TREG3 47H | CAP4H 67H | ADREG3H
8H | P2CR 28H | POMOD 48H | TSMOD 68H | BOCSL
9H | P2FC 29H | PIMOD 49H | T5FFCR 69H | BICSH
AH | P3CR 2AH | PFFCR - 4AH | B4CSL 6AH | BICSL
BH | P3FC 2BH 4BH | B4CSH 6BH | BICSH
CH | P4 2CH 4CH | PGOREG 6CH | B2CSL
DH | P5 2DH 4DH | PG1REG 6DH | B2CSH
EH | P4CR 2EH 4EH | PGO1CR 6EH | B3CSL
FH 2FH 4FH 6FH | B3CSH
10H | P4FC 30H | TREGAL 50H | SCOBUF 70H | INTEOAD
11H 31H | TREG4H 51H | SCOCR 71H | INTE45
12H | P6 32H | TREG5L 52H | SCOMOD 72H | INTE67
13H | P7 33H | TREGSH 53H | BROCR 73H | INTET10
14H | P6CR 34H | CAPIL 54H | SC1BUF 74H | INTEPW10
15H | P7CR 35H | CAP1H 55H | SC1CR 75H | INTET54
16H | P6FC 36H | CAP2L 56H | SCIMOD 76H | INTET76
17H | PTFC 37H | CAP2H 57H | BR1CR 77H | INTESO
18H | P8 38H | TAMOD 58H | ODE 78H | INTESt
19H | P9 39H | TFFACR 59H 79H [ INTDMAO
1AH | P8CR 3AH | T45CR 5AH 7AH | INTDMA1
1BH | P9CR 3BH 5BH 7BH | IMC
1CH | P8FC 3CH | PACR 5CH | WDMOD 7CH | DMAOV
1DH | P9FC 3DH | PBCR 5DH | WDCR 7DH | DMA1V
1EH | PA 3EH | PAFC 5EH | ADMOD 7EH | DMA2V
1FH | PA 3FH | PBFC 5FH | ADBS 7FH | DMA3V

MCU900-636
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TLCS-900 16-bit Microcontroller

TMP96CO081F

Table 5 1/0 Register Address Map (2/2)

Address Name Address Name Address Name Address | Name
000080H | DMASAAD AOH | DMASAA2 COH EOH
81H | DMASABO A1H | DMASAB2 C1H EtH
82H | DMASACO A2H | DMASAC2 C2H E2H
83H A3H C3H E3H
84H | DMADAAD A4H | DMADAA2 C4H E4H
85H | DMADABO ASH | DMADAB2 C5H E5H
86H | DMADACO A6H | DMADAC2 C6H E6H
87H ATH C7H E7H
88H | DMACTAO A8H | DMACTA2 C8H E8H
89H | DMACTBO A9H | DMACTB2 C9H E9H
8AH | DMAMAAD AAH | DMAMAA2 CAH EAH
8BH | DMAMABO ABH | DMAMAB?2 CBH EBH
8CH | DMAMODEAO ACH | DMAMODEA2 CCH ECH
8DH | DMAMODEBO ADH | DMAMODEB2 CDH EDH
8EH | DMACRO AEH | DMACR2 CEH EEH
8FH | DMASTO AFH | DMAST2 CFH EFH
90H | DMASAAT BOH | DMASAA3 DOH FOH
91H | DMASAB1 B1H | DMASAB3 D1H FiH
92H | DMASAC1 B2H | DMASAC3 D2H F2H
93H B3H D3H F3H
94H | DMADAA1 B4H | DMADAA3 D4H F4H
95H | DMADAB1 B5H | DMADAB3 D5H F5H
96H | DMADAC1 B6H | DMADAC3 D6H F6H
97H B7H D7H F7H
98H | DMACTA1 B8H | DMACTA3 D8H F8H
99H | DMACTB1 B9H | DMACTB3 D9H F9H
9AH | DMAMAA1 BAH | DMAMAA3 DAH FAH
9BH | DMAMAB1 BBH | DMAMAB3 DBH FBH
9CH | DMAMODEA1 BCH | DMAMODEA3 DCH FCH
9DH | DMAMODEB1 BDH | DMAMODEB3 DDH FDH
9EH | DMACR1 BEH | DMACR3 DEH FEH
9FH | DMAST1 BFH | DMAST3 DFH FFH
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-637




TMP96CO081F TLCS-900 16-bit Microcontroller

(1) /O Port (1/2)

Symbol | Name Address 7 6 5 4 3 2 1 0
P27 P26 P25 P24 P23 P22 P2t P20
P2 PORT2 06H R
Input mode
0 0 0 0 0 0 0 0
P37 P36 P35 P34 P33 P32 P31 P30
P3 PORT3 O7H R
Input mode
1 1 1 1 1 1 1 1
P44 P43 P42 P41 P40
RW
P4 PORT4 0CH e
0 1 1
P55 P54 P53 P52 P51 P50
P5 PORT5 0DH R
Input mode
P67 P66 P65 P4 P63 | P2 | Pl | PO
RW
P6 PORT6 12H erp—
1 1 1 1 1 1 1 1
P73 P72 P71 P70
RW
P7 PORT? 13H ot mode
1 1 1 1
P87 P86 P85 P84 P83 P82 P8t P8o
RW
P8 PORT8 18H oot mode
1 1 1 1 1 1 1 1
P95 P94 P93 P92 Po1 P90
RW
P9 PORTY 19H
Input mode
1 1] 1 1 1 1
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TLCS-900 16-bit Microcontroller

TMP96CO081F

(1) 1/O Port (2/2)

Symbol Name Address 7 6 5 4 3 2 1 [1}
P107 P106 P105 P104 P103 P102 P101 P100
RW
PA PORT8 18H
Input mode
1 1 1 1 1 1 1 1
P117 P116 P115 P114 P113 P112 P11 P110
PB PORT9 19H W
Input mode
I I

Note:  Clearing the output latch register RDFC tgLO" outputs the RD strobe from RD pin for PSRAM, even when the internal address is accessed. If the out-
put latch register RDFC remains “1”, the RD strobe is output only when the external address is accessed.

Either read or write is possible

Read/Write RW
R

w

(2) IO Port Control (1/3)

Prohibit RWM ;

Only read is possible
Only write is possible

Prohibit Read Modify Write. (Prohibit RES/SET/TSET/CHG/STCF/ANDCF/ORCF/XORCF Instruction)

Symbol Name Address 7 6 5 4 3 2 1 0
P27C P26C P25C P24C P23C P22C P21C P20C
08H W
PICR PORT2
Control | (Prohibit o | o ] o ] o ] o [ o ] o [ 0
RMW) <<Refer to the “P2FC">>
ParF | P6F | PpsF | PdF | PBF | P2F [ PAF | PF
09H m
POFC PORT2
Function | (prohibit o [ o [ o [ o T o ] o [ o [ o0
RMW) P2FC/P2CR =00 IN, 01: OUT, 10 : A7 -0, 11: A23- 16
Pa7C | PsC | psC | Pac | PaC | PRC | [
OAH
w
Control (Prohibit o [ o [ o [ o [ o [ o | |
RMW) 0:IN1:0UT
PatF | PF [ PsF | P3| | pF | PF | P3OF
0BH w
PORT3
PaFe Function o 0 0 0 0 0 0 0
(Promibit ™" pORT | 0:PORT | 0:PORT | 0:PORT O:PORT [ 0:PORT [ 0:PORT
RMW) 1:RAS | 1:RW | 1:BUSAK | 1:BUSRQ 1:FWR | 1:WR 1:7D
P44C P43C P42C P41C P40C
OEH W
P4CR PORT4
Control (Prohibit o [ o [ o T o T o
RMW) 0:IN1:0UT
Pir | PasF | PoF | PatF [ PAOF
10H W
PAFC PORT4
Function (Prohibit 0 | 0 { 0 ] 0 ' 0
RMW) 0: PORT 1: CS/CAS
Note:  With the TMPI6C141/TMPI6C141A/TMPI6C041A, which requires an external ROM, PORTO functions as ADO to AD7; PORT1, AD8 to AD15; P30,

the RD signal; P31, the WR signal, regardless of the values set in POCR, P1CR, P1FC, P30F and P31F.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TLCS-900 16-bit Microcontroller

(2) I/O Port Control (2/3)

Symbol Name Address 7 6 5 4 3 2 1 0
P67C P66C P65C P6AC P63C P62C P61C P60C
144
PECR PORT6 w
Control (Prohibit 0 0 0 0 o [ o [ o T o
RMW) 0:IN 1:0UT
prsc | prc | pric [ proc
PORT? o w
P7CR
Control (Prohibit 0 ] 0 1} | 0
RMW) ~0:IN 1:0uT
PTF Pe6F PG5F P64F Pk | PeF | PBIF [ PBOF
16H
PORTG w
P6FC
Function | (pronibit 0 0 0 0 o [ o [ o T o
RMW) 0:IN :0UT 0: PORT 1:PGO - OUT
PF | PTF | PIFF
PORT7 17 w
PTFC , 0 0 0
Function "
(Prohibit 0:PORT | O:PORT | 0:PORT
RMW) 1:703 1:702 1:701
P87C P86C P85C P84c Pe3c P82C P8IC P8OC
1AH
w
Control (Prohibit 0 0 o | o | o | o [ o ] o
RMW) 0:IN 1:0UT
PsC | Poac | pmc | Pec [ PIIC | P90C
1BH
w
PORTY
PICR
Control (Prohibit o | o ] o [ o | o ] o0
RMW) 0:IN 1:0UT
P86F P3F P82F
PORT 1CH w w w
pere Function » 0 0 0
(Prohibit 0: PORT 0:PORT | 0:PORT
RMW) 1:706 1:105 1:704
POSF PO3F PO2F PYOF
PORTo 1DH W w w w
POFC Function » 0 0 0 0
(Prohibit 0: PORT 0:PORT | 0:PORT 0: PORT
RMW) 1:SCLK1 1:T01 | 1:SCLKO 1:TxD0
PATC PAGC PASC PAAC PA3C PA2C PAIC PAOC
3CH W
PACR PORTA
Control (Prohibit 0 ' 0 I 0 L 0 r 0 | 0 l 0 I 0
RMW) 0:IN 1:0UT
| | | pear [ PeF | PRF | PBIF | PBIF
3DH W
PRCR PORTS -
Control | (Pronibit 1 | [ o [ o | | o | o
RMW) 0:IN 1:0UT
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TLCS-900 16-bit Microcontroller TMP96C081F

(2) 1/0 Port Control (3/3)

Symbol Name Address 7 6 5 . 4 3 2 1 0
PA7F PAGF PASF PA4F PA3F PA2F PA1F PAOF
PORTA 3EH w
PAFC Function . 0 0 0 0 0 0 0
ﬁmb” 0:PORT | O:PORT | O:PORT | O:PORT | O:PORT | O:PORT | O:PORT | 0O:PORT
) 1:DACK3 | 1:DREQ3 1:DACK2 [ 1:DREQ2 | 1:DACK1 1:DREQ1 1:DACKO [ 1:DREQO
PB4F PB3F PB2F PB1F PBOF
PORTB 3 w
PBFC Function . 0 0 0 0 0 0 0
(Prohibit 0:PORT | O:PORT | O:PORT | O:PORT | O:PORT
RMW) 1:10WR 1:10RD 1:TC 1:EOP 1:AEN
(3) Timer Control (1/4)
Symbol Name Address 7 6 5 4 3 2 1 0
PRRUN T5RUN T4RUN P1RUN PORUN TIRUN TORUN
RW RW
N | e 20H 0 o [ o [ o [ o 0 0
Prescaler and Timer Run/Stop CONTROL
0: Stop and Clear
1: Run (Count up)
22H -
8bit Timer w
TREGO Register 0 (Prohibit -
RMW) Undefined
23H —
8bit Timer M
TREGT Register 1 (Prohibit -
RMW) Undefined
TioMt | TioM0 | PwMM1 [ PWMMO [ TICLKI | TICLKO [ TOCLKI [ TOCLKD
8bit Ti 24H w
it Timer
TMOD | Source CLK 0 I 0 0 I 0 0 l 0 0 | 0
and MODE 00-: 8bit Timer 00: - 00: TOOTRG 00: TIO Input
(Prohibit 01 : 16bit Timer 01:25-1 PWM 01: ol 01: ¢T
RMW) 10: 8bit PPG 10:27 -1 10: ¢T16 10: ¢T4
11: 8bit PWM 11:28-1 11: ¢T256 11: ¢T16
DBEN | TFFICI | TFFICO | TRFIE | TFFIIS
RW W RW
8bit Timer 0 o | o 0 0
TFFCR Fé"’r;{'gf 25H 1: Double 00 Invert TFF1 1.TFF | 0: Inverted
ontr Buffer 01 Set TFF1 Invert by
Enable 10 : Clear TFF1 Enable Timer 0
11: Don't care
TREG2 | PWM Timer 26H (RYW (Can read double buffer values.)
Register 2 -
Undefined
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TMP96C081F TLCS-900 16-bit Microcontroller
(3) Timer Control (2/4)
Symbol |  Name Address 7 | 6 | 5 | 4 | 3 | 2 1 | 0
TREG3 P%mg?;' 2TH (RYW (Can read double buffer values.)
Undefined
FF2RD | DB2EN | PWMOINT | PWMOM | T2CLKI [ T2CLko | PWMOST | PWMOSO
R W
POMOD | PWMO MODE i ~ 0 0 0 0| o 0 | o
TFF2 output | 1:Double | 0: Overflow |0:PWM 00: @P1(fc/4) 00:26-1
N value Buffer Interrupt Mode 01: @P4(fc/16) 01:27-1
(Prohibit Enable | 1: Compare/ | 1:Timer 10 : ¢P16(1c/64) 10:28-1
RMW) Match Mode 11: Don't care 11: Don't care
Interrupt
FF3RD DB3EN PWM1INT PWM1IM T3CLK1 | T3CLKO PWM1S1 ] PWM1S0
R w
oo | pwnrivo 29H - 0 0 0 o [ o o [ o
. M DE TFF3 output | 1:Double | 0: Overflow | 0:PWM 00: ¢ P1(fc/4) 00:25-1
o value Buffer Interrupt Mode 01: ¢ P4(fc/16) 01:27-1
(Prohibit Enable | 1:Compare/ | 1: Timer 10 : ¢P16(fc/64) 10:28-1
RMW) Match Mode 11 : Don't care 11: Don't care
Interrupt
- FF3C1 FF3C0 FF3TRG1 FF3TRGO FF2C1 T FF2C0 FF2TRG1 I FF2TRGO
] RW W RW
0 0 o | o o [ o o [ o
PFFCR FIFi,[\)A-mp 2AH 00 : Don't care 00 : Prohibit TFF3 00 : Don't care 00 : Prohibit TFF2
Control 01:Set TFF3 Inverted 01: Set TFF2 Inverted
10 : Clear TFF3 01 : Invert if matched 10 : Clear TFF2 01 : Invert if matched
11: Don't care 10 : Set if matched; 11: Don't care 10 : Set if matched;
Clear if overflowed Clear if overflowed
11 : Clear if matched; 11 : Clear if matched;
set if overflowed set if overflowed
30H _
16bit Timer (Prohibit
TREGAL Register 4L RMW) W_
Undefined
31H _
16bit Timer (Prohibit
TREG4H W
Register 4H RMW) -
Undefined
32H _
16bit Timer (Prohibit W
TREGSL Register 5L RMW) -
Undefined
33H _
16bit Timer (Prohibit
T
REGEH Register 5SH RMW) W.
Undefined
CApiL | Capture 34H R
Register 1L -
Undefined
CAPIH | _Capure H R
Register 1H % -
Undefined
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TLCS-900 16-bit Microcontroller

TMP96CO081F

(3) Timer Control (3/4)

Symbol | Name | Address 7 | 6 | 5 ] 4 L 3 | 2 | 1 [ 0
Capture
CAP2L Register 2L 36H R
Undefined
Capture
CAP2H Register 2H 37H R
Undefined
CAP2T5 | EQsT5 | CAPIN [ CAPI2MI | CAPI2MO | CLE | T4CLK1 | TACLKO
RW W RW
16bit Timer 4 o | o 0 o [ o 0 0 0
T4MOD Cslf)Kurced 38H TFF5 INV TRG 0: Soft- Capture Timing 1:UC4 Source Clock
MOS’E 0: TRG Disable Capture | 00: Disable Clear 00:T14
1: TRG Enable 1:Dontcare [ 01:T14 TT15 T Enable 01: ¢T1
10:T14 T T4 10: ¢T4
M:TFR T TFR 11:¢716
TFFSCT | TFRSCO | CAP2T4 | CAPIT4 | EQsT4 EQ4T4 | TFR4CT | TFF4CO
w RW w
16bit Timer 4
TAFFCR | Flip-flop 30H o [ o0 0o | o | o ]| o o [ o
Control 00 : Invert TFF5 TFF4 Invert Trigger 00 : Invert TFF4
01: Set TFF5 0: Trigger Disable 01: Set TFF4
10 : Clear TFF5 1 : Trigger Enable 10 : Clear TFF4
11: Don't care 11: Don't care
- PGIT PGOT | DB4EN
RW RW
0 0 0 | o
T45CR | T4, T5 Control 3AH PGTshil PGO shi © Doutle
Fix at “0" trigger trigger 'Buffer
0:Timer0,1 | O: Timer 0,1 Enable
1:Timer5 | 1:Timer 4
40H —
16bit Timer (Prohibit
TREGGL Register 6L RMW) W
Undefined
41H -
16bit Timer (Prohibit
TREGGH Register 6H RMW) W
Undefined
42H -
16bit Timer (Prohibit
TREGTL Register 6L RMW) W
Undefined
43H -
16bit Timer (Prohibit
TREGTH Register 6H RMW) i
Undefined
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TMP96CO081F

TLCS-900 16-bit Microcontroller

(3) Timer Control (4/4)
Symbol |  Name Address 7 6 | 5 L 4 ] 3 2 ( 1 ( 0
Capture
CAPSL Register 3L 4 R
Undefined
Capture
AP3H
CAP Register 3H 4o R
Undefined
Capture
P
CAPAL Register 4L 46H R
Undefined
Capture
CAP4H Register 4H 47H R
Undefined
CAP3IN CAP34M1 | CAP34MO CLE T5CLK1 T5CLKO
W RW
16bit Timer 5 0 o [ o 0 0 0
ToMOD CSLO;;C: f 48t 0: Soft- Capture Timing 1:UC5 Source Clock
MODE Capture 00 : Disable Clear 00:Ti6
1:Dontcae | 01:T16 T T17 T Enable 01: ¢
10:T16 T 116 { 10: ¢T4
1:TFF T TFF 119716
CAP4TE CAP3T6 |  EQ7T6 EQ6T6 TFF6C1 | TFF6CO
RW W
16bit Timer 5 0 0 0 0 0 0
T5FFCR Flip-flop 49H |
Control TFF6 Invert Trigger 00 Invert TFF6
0: Trigger Disable 01: Set TFF6
1 : Trigger Enable 10 : Clear TFF6
11: Don't care
(4) Pattern Generator
Symbol Name Address 7 6 5 4 3 2 1 0
4ACH PG03 PGO2 PGO1 PG00 SA03 SA02 SAO1 SA00
PGOREG | PGO Register (Prohibit W RIW
RMW) 0 0 0 0 Undefined
4DH PG13 PG12 PG11 PG10 SA13 Sm2 [ sait [ sAl0
PGIREG | PG1Register | (Prohibit w RW
RMW) 0 0 0 0 Undefined
PAT1 ccwt PGIM PGITE PATO CCWo | PGOM | PGOTE
RW
4EH 0 0 0 0 0 0 0 0
PGO1CR | PGO, 1 Control 0 : Normal PG1 trigger 0 : Normal PGO trigger
0 : 8bit write Rotation | 0: 4bit Step | input 0 : 8bit write Rotation | 0: 4bit Step | input
1:4bitwrite | 1:Reverse | 1:8bitStep | enable 1:4bitwrite | 1:Reverse | 1:8bitStep | enable
Rotation 1:Enable Rotation 1:Enable
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TLCS-900 16-bit Microcontroller

TMP96CO081F

(5) Watch Dog Timer

Symbol Name Address 7 6 5 4 3 2 1 0
WDTE WDTP1 WDTPO WARM HALTM1 HALTMO RESCR DRVE
RW
Wo Watch D 1 0 0 0 0 0 0 0
- atch Dog -
MOD | Timer Mode 5CH 00: 2'%/1c Warming up Stapdby Mode 1: Connect |, .0
. 18 ) 00 : RUN Mode internally -
1:WDT 01:2"%¢c Time : the pin
1020 old 01: STOP Mode WDT out .
Enable 10:2%/fc 0:2"%c 10+ IDLE Mod . in STOP
11:22fc 1:2'8/ic +IDLE Mode pinto 1 Moge
) 11: Don't care Reset Pin
Watch Dog v_v
Timer
WDCR 5DH
Coqtrol Undefined
Register BIH : WDT Disable Code  4EH : WDT Clear Code
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TMP96CO081F

TLCS-900 16-bit Microcontroller

(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 TBS TB4 B3 TB2 TB1 TBO
SCOBUF C?&?;I 0 50 R (Receiving)/W (Transmission)
Undefined
RB8 BVEN [ PE OFRR | PERR | FERR R
Seril R RW R (Cleared to 0 by reading) RW
SCOCR | Chamel0 |  5tH 0 0 0 o [ o [ o0 0 0
el Recsivng | %ok |1:Paiy L Fixat 0" |Fixat'0"
data bit 8 1+ Even Enable Overrun Parity Framing
B8 CTSE RXE WU SM1 SMo SC1 SCo
RW
Serial 0 0 0 0 o | o o [ o
SCo-
MOD Ch&‘m 0 52H 00 : Unused 00 : TOO Trigger
Transmission | 1: CTS 1:Receive | 1:Wakeup 01 : UART 7bit 01 : Baud rate generator
data bit 8 Enable Enable Enable 10 : UART 8bit 10 : Internal clock ¢1
11 : UART 9bit 11: Don't care
- BROCK1 BROCKO BR053 | BR052 BR051 | BR050
RW RW
0 0 0 0 0 0 0
BROCR | P ace 53H l | | |
ontrol 00: @0 (fc/4) .
. Set frequency divisor
. 01: ¢t2 (fc/16)
Fixat"0 10: @8 (c/6d) or %hfmed)
11 :9432 (1¢/256) p
RB7 RB6 RBS RB4 RB3 RB2 RB1 RBO
Serial TB7 TB6 TBS TB4 TB3 B2 TB1 TBO
SC1BUF Ch;&?g‘ M R (Receiving)/W (Transmission)
Undefined
RBS EVEN PE OERR | PERR | FERR sclks | 10c
R RW R (Cleared to 0 by reading) RW
i 0 0 o [ o ] o 0 0
erial ;
SCICR | Channel 1 55H 1 Error
i 0: SCLKO
Contro Receiving ga‘rg)é d 1: Parity i 1:Input
data bit 8 1 Even Enable Overrun Parity Framing '(55*'-5’) SCLK1 pin
B8 - RXE wu SM1 SMO SC1 SCO
RW
SC1- Serial 0 0 0 0 0 0 o [ o
MOD C“ﬁ';’;‘;' ! S6H 00 /0 Interface 00 T00 Trigger
Transmission Fixat ‘0" 1:Receive | 1:Wakeup 01 : UART 7bit 01 : Baud rate generator
data bit 8 X Enable Enable 10 : UART 8-bit 10 Internal clock ¢1
11 : UART 9bit 11: Don't care
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TLCS-900 16-bit Microcontroller

TMP96CO081F

(6) Serial Channel (2/2)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

Symbol Name Address 7 5 4 3 2 1 0
- BR1CK1 BR1CKO BR153 BR152 BR151 BR150
RW RW
0 0 0 0 0 0 0
BRICR | ool STH 0 a(] (tc/4) | |
: Set frequency divisor
- 01: ¢t2 (fc/16)
Fixat 0 10 918 (ic/64) o OF
11 432 (16/256) (“1” prohibited)
Z ODEt | ODEO
Special RW
0DE Open Drain 58H 0 0
Enable 1:P93 1:P90
Open-drain|  Open-drain
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TMP96CO081F

TLCS-900 16-bit Microcontroller

(7) A/D Converter Control (1/2)

MCU900-648

Symbol | Name | Address 7 6 : 5 P4 i3 : 2 : 1 )
EOCF ADBF REPET SCAN ADCS ADS ADCH1 i ADCHO
AID R i RW RW RIW : RIW.
Converter 0 : 0 H 0 0 : 0 0 : 0 ]
ADMOD Mode SEH 1: END i1:BUSY [1:Repeat: 1:Scan {1:Slow 1:START Analog input
Register : Mode Mode Mode Channel Select
Set Set : :
AD — — H — H —_ H — H — — ADCH2
ADCH |Control Rw
SFH H 0
Select T
Register : ;0:ANO-3
H i1:AN4~5
AID ADR041 _: ADR040 : i
AD Result 60H R
REGO4L|Register Undefined
CHO, 4 (L) Lower 2 bits of AD conversion result for ANO or AN4 are stored.
AD AD ADRO49 : ADR048 : ADR047 : ADRO46 : ADR045 : ADRO44 : ADR043 : ADR042
Result R
REGO4H Register 61H Undefined
CHO, 4(H) Upper 8 bits of AD conversion result for ANO or AN4 are stored.
AD ADR151 i ADR1S0 : : : :
AD Resxflt 62H R.
REG15L|Register Undefined
CH1,5(L) Lower 2 bits of AD conversion result for AN1 or ANS are stored.
AD ADR159 : ADR158 : ADRI57 : ADR1S6 : ADR155 : ADR154 : ADR153 i ADR152
[AD Result 63H R
REG15H| Register Undefined
CH1,5(H) Upper 8 bits of AD conversion result for AN1 or ANS are stored.
AD ADR21 _: ADR20 : : : : i
AD Result 64K R
REG2L| Register Undefined
CH2 (L) Lower 2 bits of AD conversion result for AN2 are stored.
AD ADR29 _ ADR28 ADR27  ADR26 : ADR25 : ADR24 : ADR23 : ADR22
AD Result 65H R
REG2H|Register Undefined
CH2 (H) Upper 8 bits of AD conversion result for AN2 are stored.
AD ADRO31 : ADRO30 : : ; H :
AD ReSl:lll 66H R.
REG3L|Register Undefined
CH3 (1) Lower 2 bits of AD conversion result for AN3 are stored.
A0 AD ADR039 : ADR038 : ADR037 : ADRO36 : ADR035 : ADR034 : ADR033 i ADR032
Result R
REG3H Register 67H Undefined
CH3 (H) Upper 8 bits of AD conversion result for AN3 are stored.
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TLCS-900 16-bit Microcontroller

TMP96CO081F

(8) Interrupt Control (1/2)

Symbol | Name | Address 7 1 6 T s T 4 3 2 | 1+ T o
INTAD INTO
INTE- 'E'\g;’l'e“p' 70H IADC IADM2__IADM1__:_IADMO 10C oM2__©__Iom1 10M0
oap | PN | (pronibit [ Rw ™ RW W
RMW) 0 o o 0 0 0 o0 0
INTS INT4
NTEdS 'E'::l)'l':p‘ 71H 5C_ T ismz 5w 15M0 1aC M2 iam1 14M0
&s (Prohibit RW w RW w
RMW) o 0 o 0 0 0 o0 0
INT7 INT6
NTES? 'E'\:;;'I':m 72H i7C M2 TV 17M0 16C 6M2__: I6M1 16MO
67 (Prohibit RW W RW W
RMW) 0 0 0 0 0 0o o 0
INTerrupt INTT1 (Timer 1) INTTO (Timer 0)
INTET10| Enatle 7n [Tmc TIMZ_;_ITIM1 TIMO IToC ToM2_: IToM1 1ToM0
Timer 1/0 (Prohibit RW ] W RIW W
RMW) 0 o T o T o 0 0 [ 0
INTerrupt INTT3 (Timer 3/PWM1) . INTT2 ﬁmgr 2/PWMO) .
INTE. | T 7aH PWIC_L IPWIM2 | IPWIMI . IPWIMO | IPWOC_ IPWOM2 . IPWOM1 | IPWOMO
pwio | 282 | (prohibit [ Rw w RAW w
RMW) 0 0o o 0 0 0o o 0
INTerrupt INTTRS (TREGS) INTTRA (TREGA)
INTETS4 | Enotie 7sn [ imsc TSM2_: (T5M1 1T5MO ITac TaM2 ;. IT4M1 ITamo
Treg 5/4 (Prohibit RW w RW W
RMW) ) 0 0 0 0o 0 _ o
INTerrupt INTTR7 (TREG7) INTTRE (TREGE) __
INTET76 | Emare 7en [ 1m7c TIM2__E IT7MT IT7M0 IT6C 1T6M2__:IT6M1 IT6MO
Treg 7/6 (Prohibit RIW w RW W
RMW) 0 0. o0 0 0 0o o
INTerrupt INTTXO INTRXO
INTESO |Enable 770 [IXOC_ TTXOM2 I ITXOMT { ITXOMO | IRXOC [ IRXOM2 { IRXOM1 [ IRXOMO
oo | Pronibit [ RW w W w
RMW) 0 0 o 0 0 o1 o 0
INTerrupt INTTX] INTRX1 _
INTEs1 | Enabte 78i [IXIC_T mXiMz I (IXIMI L MXIMO | IRXIC | IRXIM2 i IRXIMI  IRXIMO
Serial 1 (Prohibit RW Y RW W
RMW) 0 0o o 0 0 o1 o 0
DMAT DMAO
INT- 'E":‘:'I'e“p‘ 79H iD1C iDIM2__|_IDIM]1 IDTMO 1DOC IDOM2__:_IDOM1 1DOMO
omao | S o | (rohibit [ RW w RIW w
RMW) 0o o0 o 0 0 0 o 0
INTerrupt DVA3 DVA2
T (T 7AH 1D3C iD3M2_._1D3M1___ID3MO 1D2C ID2M2_©_ID2M1__{_ID2MO
omat | e | ronibit [ RW W RW w
RMW) 0o o 0 0 0 0 0 0
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TMP96CO081F

TLCS-900 16-bit Microcontrolier

(8) Interrupt Control (2/2)

MCUS00-650

Symbol | _Name | Address 7 6 5 4 3 | 2 T 1 T 0
DMAO £#DMAQ start vector
DMAOV | request 7CH DMAOV8 | DMAOV7 i DMAOV6 : DMAOVS i DMAOV4
Vector (Prohibit ' W . ‘
RMW) 0 0 i 0o i o i o
DMA 1 i uDMM start vector ]
DMA1V | request 7DH DMA1V8 i DMA1V7 : DMA1IV6 : DMAIVS | DMA1V4
Vector (Prohibit W
RMW) (] 0 H 0 : 0 : 0
DMA 2 _ #DMA?2 start vector .
DMAV | request 7EH DMA2V8 | DMA2V7 : DMA2V6 | DMA2V5 | DMA2v4
Vector (Prohibit W
RMW) 0 0 : 0 : 0 : 0
DMA3 . uDMAJ start vector _
DMA3V | request 7FH DMA3V8 i DMA3V7 | DMA3V6 : DMA3VS i DMA3V4
Vector (Prohibit W
RMW) 0 ] 0 [) 0
10IE 10LE NMIREE
W W w
0 0 0
::teurlrupt 1: INTO 0: INTO 1: Operate
imc [P 78H input edge evenat
e enable mode NMi rise
Contorol 1 INT0 edge
(Prohibit level
RMW) mode
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TLCS-900 16-bit Microcontroller TMP96C081F

(9) Chip Select/Wait Controller (1/2)

Symbol Name Address B7 86 BS B4 B3 B2 81 BO
BOCSL | BlockO 68H BOE BOSYS BOCAS B80BUS - BOW2 BOW1 BOW1
CSAWAIT w w w w w w w
Control 0 0 0 0 0 0 0
Register 1: CS/CAS |1: System |0: 0: 16 bit Wait Control
L } | 000: 2Wait
ow Enable Only /CS0 ' Bus 001: 1wait
1 1:8bit 010: 1Wait+n
ICASO Bus 011: OWait
100: 0~2 Wait
101: 0~1Wait

110: Reserved
111: Reserved

BOCSH |Block0 69H BOM3 BOM2 B8OM1 BOMO BOA3 B0A2 BOA1 BOAO
CS/WAIT W w w w w w w w
Control 0 0 0 0 0 0 0 0
Register Address (A23~A20) Mask Set Address (A23~A20) Comparision
High 0: Non-Mask 0000 : 7FOOH~7FFFH
1:Mask Other : Compare A23~A20
B1CSL  {Block1 6AH BI1E B1SYS B1CAS B1BUS — B1W2 BIW1 B1WO
CS/WAIT w w w W w w w
Control 0 0 0 0 0 0 0
Register 1: CS/CAS | 1: System |0: 0: 16 bit Wait Control
000: 2Wait
Low Enable Only ) (1] o Bus 001: 1wait
1 1:8bit 010: 1Wait+n
ICAS1 Bus 011: OWait
100: 0~2Wait
101: 0~1Wait

110 : Reserved
111: Reserved
Reserved

B1CSH |Block1 68H B1M3 B81M2 B1M1 B1MO B1A3 B1A2 B1A1 B1A0
CS/WAIT w W w w w w w w
Control 0 0 0 0 0 0 0 0
Register Address (A23~A20) Mask Set Address (A23~A20) Comparision
High 0: Non-Mask 0000 : 0080H~7FFFH
1: Mask Other : Compare A23~A20
B2CSL  |Block2 6CH B2E B2SYS B2CAS B2BUS _ B2w2 B2w1 B2W0
CS/WAIT w w w w w w w
Control 1 0 0 0 0 0 0
Register 1: CS/CAS | 1: System |0: 0: 16 bit Wait Control
000: 2Wait
Low Enable Only /€S2 ) Bus 001 1wait
1 1: 8 bit 010: 1Wait+n
ICAS2 Bus 011: OWait
100: 0~2Wait
101: 0~1Wait

110: Reserved
111: Reserved

B2CSH  |Block2 6DH B2mM3 B2M2 B2M1 B2M0 B2A3 B2A2 82A1 B2A0
CS/WAIT w w w W w w w w
Control 0 0 0 0 0 0 0 0
Register Address (A23~A20) Mask Set Address (A23~A20) Comparision
High 0: Non-Mask 0000 : 8000H~3FFFFFH
1: Mask Other : Compare A23~A20
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TMP96C081F TLCS-900 16-bit Microcontroller

(9) Chip Select/Wait Controller (2/2)

Symbol | Name | Address B7 86 BS B4 B3 82 81 :[1]
B3CSL  [Block3 6EH B3E B3sYS B3CAS B3BUS e B3w2 83wi B3w1
CS/WAIT w W w w w w w
Control 0 ] 0 0 0 [ 0
Register 1: CS/CAS [ 1: System |0: 0: 16 bit Wait Control
Lo 000: 2Wait
ow Enable Only } /CS3 o Bus 001: 1wait
I 1: 8 bit 010: 1Wait+n
1CAS3 Bus 011: 0Wait
100: 0~2Wait
101: 0~1Wait
110: Reserved
111: Reserved
B3CSH |Block3 6FH B3M3 B3Mm2 B3M1 B3MO B3A3 B3A2 B3A1 B3A0
CSIWAIT w w w w w w w w
Control 0 0 0 0 0 0 0 0
Register Address (A23~A20) Mask Set Address (A23~A20) Comparison
High 0 : Non-Mask 0000 : Address areas are not specified
1: Mask Other : Compare A23~A20
B4CSL  |Blockd 4AH B4E B4SYS B4CAS B4BUS - B4A2 B4A1 B4AO
CSIWAIT w w w w w w w
Control 0 0 0 0 0 0 []
Register 1: CS/CAS | 1: System |0: 0: 16 bit W%iao Conztwl
: ait
Low Enable Only ) /Cs4 ) Bus 001 1Wait
1 1:8bit 010: 1Wait+n
ICAS4 Bus 011: 0Wait
100: 0~2Wait
101: 0~1Wait
110: Reserved
111: Reserved
B4CSH  |Block4 4BH Bam3 B4M2 B8amM1 B84m0 B4A3 B4A2 B4A1 B4AO
CS/IWAIT w wW w w w w W w
Control 0 0 0 0 0 0 0 ]
Register Address (A23~A20) Mask Set Address (A23~A20) Comparison
High 0 : Non-Mask 0000 : Address areas are not specified
1: Mask Other : Compare A23~A20
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TLCS-900 16-bit Microcontroller

TMP96CO081F

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]

The dedicated signal is described below.

 ADO ~ AD7, AD8 ~ 15, A8 ~ 15, P2 (A16 - 23, AD ~7)

vCC

Output Data ——— P-ch

Output Enable :‘D_l/ [« N-ch
STOP

Input Data ' W— 1 - _:(:j o
>0l N-ch ! Programmable
e 5 Pull Down

i Resistance
------------- + (only PORT2)

Input Enable

vcc

Output Data

STOP o

o P32 ~ 37, P40 ~ 41, P43 ~ 44

vCC

Output Data

frmmmmmommomnn , Programmable
1 VCC i Pull Up
Output Enable 1 -'—(>o-|' -
sTOP T [— ! i

Input Data ’_ﬂﬁ W EI Vo]

Input Enable

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

! Resistance

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”.

series ¢ The input protection resistor ranges from several tens of

’ ohms to several hundreds of ohms.

MCU900-653




TMP96C081F TLCS-900 16-bit Microcontroller

e P42 (CS2, CAS?)

vcc

[

Output Enable
sTor

Input Data W J AR - {Jvo
1 Programmable
¢ Pull Down
! Resistance

Output Data

Input Enable t-.--._ZZZ__.

* P5(ANO ~ 5)

Analog input _._.____Do__.l

channg! select

Analog input D Input

N
Input Data
Input Enable

e P87 (INTO)

vee

Output Data [‘i
Output Enable [«
STOP

Input Data ‘—OQ_I_(’@' Wy Jlj o
Schmitt
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TLCS-900 16-bit Microcontroller TMP96C081F

e P90 (TXDO), P93 (TXD1)

vce
Output Data
Open Drain

Enable -
STOP

Input Data <———o<]—oC(:‘_W"’— —Jwo
Input Enable
o PO6 (XT1), P97 (XT2)
clock
Input Enable

Joscillator
Input Data 3
-] P97(xT2)
Output Data :gj__‘ -
Output Enable

P X <
Input Enable

Input Data |

Output Data :3:)__‘ 1
Output Enable i ..................

sTOP FD.‘
low frequency

oscillation enable

{1 P96 (XT1)

NMI o< ——W——————{ ] Input

Schmitt
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TMP96CO081F TLCS-900 16-bit Microcontroller

e WDTOUT

WDTOUT >o—1> —] out

e CLK

Output Enable ———m —— vcC vCC

internal CLK { P‘Ch% _‘;
{7 out
sToP [«
N-ch
internal reset —{>o

Test circuit

e CSEL, AM8/16

ﬁw"———'—ﬂ Input

e ALE

vCcC

internal ALE P-ch

out

Output Enable = N-ch
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TLCS-900 16-bit Microcontroller TMP96CO081F

e RESET
100kQ vccC
typ‘\
internal reset Input
Schmitt
WDTOUT
reset enable
* X1, X2
clock
peeooooooOscillator % .
i : M- D X2
: P-ch JN-ch i
High frequency | I_| T E
oscillation enable.: .?
s i AW D X1
e VREF, AGND

mP-ch
D VREF
L

N-ch
VREFON L———:
.$ Ladder
! Resistance
A /D Converter AGND
GND E] G
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TMP96CO081F

TLCS-900 16-bit Microcontroller

7. Guidelines and Restrictions

()

@

MCU900-658

Special Expression

@ Explanation of a built-in I/O register: Register
Symbol <Bit Symbol>

ex) TRUN <TRUN> - - - Bit TORUN of Register TRUN
® Read, Modify and Write Instruction

An instruction which CPU executes following by one
instruction.

1. CPU reads data of the memory.
2. CPU modifies the data.
3. CPU writes the data to the same memory.

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

@ 1 state

One cycle clock divided by 2 oscillation frequency is
called 1 state

ex) The case of oscillation frequency is 20MHz
2/20MHz = 100ns = 1 state

Guidelines

® CESL, AM8/16 pin

Fix these pins Vg or GND unless changing voltage.

@ Standby Mode (IDLE1)

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

® 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.

@ High Speed uDMA (DRAM refresh mode)

When the Bus is released (BUSAK = “0”) for waiting to
accept the interrupt, DRAM refresh is not performed
because of the high-speed uDMA is generated by an
interrupt.

® 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.

® 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.

@ 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.

Watch Dog Timer

When the Bus is released, the watch dog timer cannot
be operated.

® A/D Converter

The ladder resistor between VREF and AGND pin can
be cut by program to reduce the power consumption.
When the standby mode is used, cut by program
before “HALT” instruction is executed.

® CPU (High Speed uDMA)

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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