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Preface

The TLCS 900 microcontroller family of products is described in
the following documents:

TLCS 900 Series CPU Architecture

The TLCS 900 user manual describes the 16-bit micro-
controller TLCS 900 series system architecture. The scope of
this document includes common topics to all derivitives of this
family of products, such as CPU core operating modes, regis-
ter organization, addressing modes, instruction set, timings
and differences between the TLCS 90 and TLCS 900 series.

In addition, several databooks are available that cover the
device specific topics such as package specifications and
electrical characteristics. Depending on the TLCS 900 LSI
device selected, the appropriate databook should be used in
conjunction with the user manual. At the time of print, the fol-
lowing data books are available:

TLCS 900 MCU Series (1)

describes:

TMP96CO041AF
TMPOBCMA40F
TMP96PM40F
TMPOBCO31N/F
TMP96CO81F

TLCS 900/L MCU Series (2)

describes:

TMP93M40F
TMPO3M40AF
TMPO3M41F
TMPO3M41AF
TMP96CS40F
TMP96PS40F

TLCS 900/H MCU Series (3)

describes:

TMP95CO61F
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TOSHIBA

CMOS 16-bit Microcontroller
TMP96C141AF

1. Outline and Device Characteristics

The TMP96C141AF is high-speed advanced 16-bit microcon-
troller developed for controlling medium to large-scale equip-
ment.

The TMP96C141AF is housed in an 80-pin flat package.
Device characteristics are as follows:

(1) Original 16-bit CPU

¢ 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

) Internal RAM: 1K byte

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

TMP96C141AF

Internal ROM: None

(4) External memory expansion
¢ Can be expanded up to 16M bytes (for both programs and

data).
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: 4 channels
(11) Watchdog timer
(12) Chip select/wait controller: 3 blocks
(13) Interrupt functions
e 3 CPU interrupts -~"SWI instruction, privileged violation,

and lllegal instruction
¢ 14 internal interrupts
¢ 6 external interrupts
(14) 1/O ports
(15) Standby function : 3 halt modes (RUN, IDLE, STOP)

:] 7-level priority can be set.

MCUS900-1
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(TIMER 1) L> P20~P27
(A0~A7/A16~A23)
(TO2) P72<> 8BITPWM
(TIMER 2) e BO(S?‘)
> P31(WR)
(TO3) P73<<>| B8BITPWM <> P32(HWR)
(TIMER 3) 3268 ROM PORT3 |<f* P33(WAIT)
(TMPI6CMA40) i P“‘B-—-B”s“b)
(INTa/T o ‘-,Pss(w%sv?m
INT4/TI4) <}> P36
(mrsms; PB1 <|>| 16BIT TIMER 32KB PROM ~t> r37§i&§)
(TO4) P82 =1>{ (TIMER4) (TMP96PMA40)
(TOS) P83 <>
(INT6/TI6) PB4 <> 16BIT TIMER
(INT7/TI7) PBS <> (TIMERS) CSIWAIT P40(CS0/CASO)
(TO6) P86 <> CONTROLLER P41(CS1/CAST)
(NTO) P87 (3-BLOCK) |=t>Pa2(C52/CAS2)
-t

Figure 1. TMP96C141AF Block Diagram
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TMP96C141AF

2. Pin Assignment and Functions

The assignment of input/output pins for TMP96C141AF, their

name and outline functions are described below.

2.1 Pin Assignment

Figure 2.1 shows pin assignment of TMP96C141AF.

(ANO)PS0 73

(AN1)P51 74
(AN2)PS2 75
(AN3)P53 76

vce 77

VREF 78
AGND 78
VSSs 8 j.l

67 P35(BUSAK
66 P34(WST6§
l 65 P33(WAIT)

(PGOO)PE0  1—{]
(pPGo)per 2] @
(PGO2)P62 3—]
(PG03)P63 4—]
(PG10)P64  S—]
(PG11)P6S 66—
(PG12)P66  7—]
(PG13)P67 8—]
(moyr7o  9—{]
(TO1)P71 10—{]
(To2)p72 11—
(TO3)P73 12—
(INT4/TI4)P80 13—]
(INTS/TIS)P81 14—]
(TO4)P82 15—
(TOS)P83 16—
(INT6/TI6)P84 17—{]
(INT7/T17)P85 18—]
(TO6)P86 19—

(INTO)P87 20
NMI 21

WoTOUT 22—
RESET 23—]
CLK 24

Top View
QFP80

64 P32(HWR)
'}—63 P31(WR)
162 P30(RD)
[}—-61 P27(A7/A23)
[1-60 P26(A6/A22)
159 P25(AS/A21)
(158 P24(A4/A20)
[1—57 P23(A3/A19)
[1-56 P22(A2/A18)
(155 P21(A1/A17)

54 P20(A0/A16)
53 VsS

[1-52 P17(AD15/A15)
[1-51 P16(AD14/A14)
[}—-50 P15(AD13/A13)
[1-49 P14(AD12/A12)
[}-48 P13(AD11/A11)
147 P12(AD10/A10)
[}—46 P11(AD9/A9)
145 P10(AD8/A8)
[1-44 PO7(AD7)
[1—43 PO6(ADG)
142 PO5(ADS)

41 POA4(ADA)

(TXDO)P90 29
(RXDO)P91 30

40 PO3(AD3)
39 P02(AD2)
38 P01(AD1)

37 POO(ADO)
36 VCC

ALE
34 P95(SCLK1)

(CTS0)P92 31

33 P94(RXD1)

(TXD1)P93 32

Note : Because the TMP96C141AF has an external ROM, P00 to P17 pins are fixed to ADO

to AD15; P30 to RD; and P31 to WR.

Figure 2.1 Pin Assignment (80-pin QFP)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TMP96C141AF 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 /0 Functions
POO ~ P07 8 110 Port 0: I/0 port that allows I/0 to be selected on a bit basis
ADO ~ AD7 Tri-state Address / data (lower): 0 - 7 for address / data bus
P10~ P17 110 Port 1: 1/0 port that allows 1/0 to be selected on a bit basis
AD8 ~ AD15 8 Tri-state Address data (upper): 8 - 15 for address / data bus
A8~ A15 QOutput Address: 8 to 15 for address bus »
P20 ~ P27 110 Port 2: I/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
P30 1 Output Port 30: Output port
RD Output Read: Strobe signal for reading external memory
P31 1 Output Port 31: Output port
WR Output Write: Strobe signal for writing data on pins ADO -7
P32_ 1 110 Port 32: 1/0 port (with pull-up resistor)
HWR Output High write: Strobe signal for writing data on pins AD8 - 15
P33 1 110 Port 33: 1/0 port (with pull-up resistor)
WAIT Input Wait: Pin used to request CPU bus wait
P34 10 Port 34: 1/0 port (with pull-up resistor) e
BUSRQ 1 Inout Bus request: Signal used to request high impedance for ADO - 15, AD - 23, RD, WR, HWR, R/W, RAS, CS0,
p CS1, and CS2 pins. (For external DMAC)
P35 ) Port 35: 1/ (with pull-up resistor) e
BUSAK 1 Outout Bus acknowledge: Signal indicating that ADO - 15, A0 - 23, RD, WR, HWR, R/W, RAS, CS0, CS1, and CS2
p pins are at high impedance after receiving BUSRQ. (For external DMAC)
P36 1 110 Port 36: I/0 port (with pull-up resistor)
R/W Output Read/write: 1 represents read or dummy cycle; 0, write cycle.
P37 1 /0 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)
CS0 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.

Note:  With the external DMA controller, this device's built-in memory or built-in 1/O cannot be accessed using the BUSRQ and BUSAK pins.

MCU900-4 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TMP96C141AF

Number

Pin Name of Pins 1/0 Functions
P41 110 Port 41:1/0 port (with pull-up resistor)
CS1 1 Output Chip select 1: Outputs 0 if address is within specified address area.
CAS1 Output Column address strobe 1: OQutputs CAS strobe for DRAM if 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 if address is within specified address area.
P50 ~ P53 4 Input Port 5: Input port
ANO ~ AN3 Input Analog input: Input to A/D converter
VREF 1 Input Pin for reference voltage input to A/D converter
AGND 1 Input Ground pin for A/D converter
P60 ~ P63 4 1/0 Ports 60 - 63: 1/0 ports that allow selection of /0 on a bit basis (with pull-up resistor)
PG00 ~ PG03 Output Pattern generator ports: 00 - 03
P64 ~ P67 4 1/0 Ports 64 - 67: 1/0 ports that allow selection of I/0 on a bit basis (with pull-up resistor)
PG10 ~ PG13 Output Pattern generator ports: 10 - 13
P70 1 1/0 Port 70: 1/0 port (with pull-up resistor)
T10 Input Timer input 0: Timer 0 input
P71 1 110 Port 71: 1/0 port (with pull-up resistor)
T01 Output Timer output 1: Timer 0 or 1 output
P72 1 110 Port 72: 1/0 port (with pull-up resistor)
T02 Output PWM output 2: 8-bit PWM timer 2 output
P73 1 1/0 Port 73: 1/0 port (with pull-up resistor)
T03 Output PWM output 3: 8-bit PWM timer 3 output
P80 110 Port 80: 1/0 port (with pull-up resistor)
Ti4 1 Input Timer input 4: Timer 4 count/capture trigger signal input
INT4 Input Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge
P81 I/0 Port 81: 1/0 port (with pull-up resistor)
TI5 1 Input Timer input 5: Timer 4 count/capture trigger signal input
INTS Input Interrupt request pin 5: Interrupt request pin with rising edge
P82 1 110 Port 82: 1/0 port (with pull-up resistor)
T04 Output Timer output 4: Timer 4 output pin
P83 1 110 Port 83: 1/0 port (with pull-up resistor)
TO5 Output Timer output 5: Timer 4 output pin

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

MCU900-5




TMP96C141AF TLCS-900 16-bit Microcontrolier
" Number
Pin Name of Pins 110 Functions
P84 110 Port 84: I/0 port (with pull-up resistor)
Ti6 1 Input Timer input 6: Timer 5 count/capture trigger signal input
INT6 Input Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge
P85 110 Port 85: /0 port (with pull-up resistor)
Ti7 1 Input Timer input 7: Timer 5 count/capture trigger signal input
INT7 Input Interrupt request pin 7: Interrupt request pin with rising edge
P86 1 1/0 Port 86: 1/0 port (with pull-up resistor)
T06 Output Timer output 6: Timer 5 output pin
P87 1 110 Port 87: 1/0 port (with pull-up resistor)
INTO Input Interrupt request pin 0: Interrupt request pin with programmable level/rising edge
P90 1 110 Port 90: I/0 port (with pull-up resistor)
TXDO Output Serial send data 0
P91 1 110 Port 91: I/0 port (with pull-up resistor)
RXDO Input Serial receive data 0
P92 1 1/0 Port 92: 1/0 port (with pull-up resistor)
CTS0 Input Serial data send enable 0 (Clear to Send)
P93 1 1/0 Port 93: 1/0 port (with pull-up resistor)
™XD1 Output Serial send data 1
P94 1 110 Port 94: 1/0 port (with pull-up resistor)
RXD1 Input Serial receive data 1
P95 1 /0 Port 95: /0 port (with pull-up resistor)
SCLK1 10 Serial clock 1/0 1
WDTOUT 1 Output Watchdog timer output pin
NMI 1 Inout Non-maskable interrupt request pin: Interrupt request pin with falling edge.
p Can also be operated at rising edge by program.
CLK 1 Output Clock output: Outputs ["X1 + 4] clock. Pulled-up during reset.
EA 1 Inout External access: 0 should be inputted with TMP96C141AF
P 1, with TMPIGCMAOF/TMPISPMAOF.
ALE 1 Output Address latch enable
RESET 1 Input Reset: Initializes LS. (With pull-up resistor)
X1/X2 2 110 Oscillator connecting pin
vce 2 Power supply pin (+ 5V)
VSS 3 GND pin (0V)

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

MCU900-6
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TMP96C141AF

3. Operation
This section describes in blocks the functions and basic oper-
ations of the TMP96C141AF device.

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

3.1 CPU
The TMP96C141AF 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
TMP96C141AF that are not described in that manual.

3.1.1 Reset
To reset the TMP96C141AF, the RESET input must be kept at
O for at least 10 system clocks (10 states: 1us with a 20MHz
system clock) within an operating voltage range and with a
stable oscillation.

When reset is accepted, the CPU sets as follows:

¢ Program counter (PC) to 8000H.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

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

* 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.)

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

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

When reset is released, instruction execution starts from
address 8000H. CPU internal registers other than the above
are not changed.

When reset is accepted, processing for built-in I/Os,
ports, and other pins is as follows:

e |nitializes 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).

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

e Pulls up the CLK pin to 1.

e Sets the ALE pinto O.

MCUS00-7
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TLCS-900 16-bit Microcontroller

3.2 Memory Map

Figure 3.2 is a memory map of the TMP96C141AF.

MCUS900-8

000000H
000080H |

I?terna}:llo ;

000100H |

000480H

Direct area (n)

64K-byte area

008000H | Interruptentry area (nn)
(32entries x 16 byte)
008200H
010000H
16M-byte area
External memory R
(16M-byte) (-R)
(R+)
(R + R8/16)
(R +d8/16)
(nnn)
FFFFFFH

| =Internal area)

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

system mode side to 100H.

Figure 3.2 Memory Map
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TMP96C141AF

3.3 Interrupts

The TLCS-900 interrupts are controlled by the CPU interrupt

mask flip-flop (IFF2 to 0) and the built-in interrupt controller.
The TMP96C141AF have altogether the following 23

interrupt sources:

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

When an interrupt is generated, the interrupt controller

¢ |nterrupts from the CPU" -3

 Interrupts from built-in I/Os**14

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

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

The CPU compares the value of the priority sent with the
value in the CPU interrupt mask register (IFF2 to 0). If the value
is greater than that of the CPU interrupt mask register, the
interrupt is accepted. The value in the CPU interrupt mask reg-
ister (IFF2 to 0) can be changed using the El instruction (con-
tents of the El num/IFF<2:0> = num). For example,
programming El 3 enables acceptance of maskable interrupts
with a priority of 3 or greater, and non-maskable interrupts
which are set in the interrupt controller. The DI instruction

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

(IFF<2:0> = 7) operates in the same way as the El 7 instruc-
tion. Since the priority values for maskable interrupts are 0 to 6,
the Dl instruction is used to disable maskable interrupts to be
accepted. The El instruction becomes effective immediately
after execution. (With the TLCS-90, the El instruction becomes
effective after execution of the subsequent instruction.)

In addition to the general-purpose interrupt processing
mode described above, there is also a high-speed 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.

MCUS900-9
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Interrupt Processing

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

‘ector V ani
high-speed x.DMA
tart vector match

YES

NO —
Data transfer by
micro DMA
PUSH PC
General-purpose PUSH SR I
interrupt processing | | SR<|FF2~0>¢ Accepted [ COUNT « COUNT -1 l Micro DMA
interruput processing
level + 1
SR<SYSM>e1
Ll PC «V + 800OH J
4 Notel: In read-only mode,
always branches to NO
without conditional

Interrupt processing
program

RETI Instruction

POP SR
POP PC

branch.

End

Figure 3.3 (1) Interrupt Processing Flowchart
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3.3.1 General-Purpose Interrupt Processing
When accepting an interrupt, the CPU operates as follows:

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

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

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

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

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

In minimum mode, all the above processing is completed
in SSNNEES (1.5us @ 20MH2). In maximum mode, it is com-
pleted in 17 states.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

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

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

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

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

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

MCU900-11




TMP96C141AF TLCS-900 16-bit Microcontroller
Table 3.3 (1) TMP96C141AF Interrupt Table
Default Priority Type Interrupt Source "°°‘3{,X"“° .| Start Address }I'I:igc':'oslgfde:
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 | gy 5 nstruction 0050H | B050H -
7 SWI6 Instruction 0060H 8060H -
8 SWI7 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 0O0EOH 80EOH OEH
- (Reserved) 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
2 Maskeble |\ r7p: 16-bit timer 4 (TREGS) 0150H | 8150H 15H
22 INTTR6: 16-bit timer 5 (TREG6) 0160H 8160H 16H
23 INTTR7: 16-bit timer 5 (TREG7) 0170H 8170H 17H
24 INTRXO: Serial receive (Channel.0) 0180H 8180H 18H
25 INTTXO0: Serial send (Channel.0) 0190H 8190H 19H
26 INTRX1: Serial receive (Channel.1) 01AOQ0H 81AO0H 1AH
27 INTTX1: Serial send (Channel.1) 01BOH 81BOH 1BH
28 INTAD: A/ D conversion completion 01 COH 81COH 1CH
- (Reserved) 01DOH 81DOH 1DH
- (Reserved) 0O1EOH 81E0H 1EH
- (Reserved) 01FOH 81FO0H 1FH

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
interrupt 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.

-MCU900-12

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.
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TMP96C141AF

(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 autormatically 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
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
betweenl/O and memory and between I/Os. For details of
transfer modes, see the description of transfer mode registers.

The transfer counter has 16 bits, so up to 65536 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.

A the data transferred by the uDMA function, the transfer
nter was decreased.

When this counter is “0"H, the processor operates gen-
eral interrupt processing. At this time if the same channel of
interrupt is required next interrupt, the transfer counter starts
from 65536.

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).

' 1state ! (Ngte 1) (Noj’\(e 2) (Noﬁe 3) (Ng}e 3) (NJoEe 3)
L\%% DM3 | DM4 | DM5 | DM6 | DM7 | DM8 | DM9 % DM11 | DM12 % DM14 | DM15 | DM16 |
X1 AVAVAVAVAVAVAVAY AVAY, AVAVAVAV AYAVAVAVAVAV)
ALE[ \ \ \ / \ \ ) J
ADO~15 ===t == =t — — — + — — —~ {A0~15 {00~ 15 }{a0~15)]| D0~15 }~ — = ~/— — — ~LA0~15{ D0~ 15 { A0~ 15 }{ DO~15 H AO~15}{ DO~ 15+
A16~23 Dufmy Duthmy source pddress \falion Duhmy Ngxt Next + 2 Next +4
RD \ / T\ J /]
WR, HWR
High-Speed xDMA cycle (COUNT # 0)
(Note 1) (Note 2) (Note 3) (No£3)
P———-l\—————w—————‘b—"\ - A v N
DM % DM3 DM4 L\Ei;\ll_i/ DM6 bm7 DM L\li/l\ﬂg\-’ DM10 | DM11 | DM12 | DM13 | DM14 | DM15 | DM16
SRAVAV Y '\_/'\J'\J'\_/"\_/'\J AVAVAVAVAVAVAVAVAVAV AVAVAVAN
ALE [\ I\ 1\ \ [\ L \ 1\
ADO~15 ===t === b = = b = = — LLA0~15 {D0~ 15 }{R0~ 15 ]| D0~15 = = = =)= = = JA0~15 { DO~ 15 H AO~ 15 { DO~ 15 H = = = = — — =
A16~23 Duhmy Dumpmy source pddress pal Duhmy néxt next +2 Dummy
"D \ /] L / \ /
WR, FWR U J
(Note 4) (Note 4)
DM17 | DM18 L\D-I\;KSJ DM20 T DM21 DMZZﬁ DM23 | DM24 | DM25 | DM26 | DM27 L
x NN NNANNANNANNANNNN
ALE [\ I\ \ L 1\
ADO~15 p == =} = — = HA0~15 {D0~ 15 }{a0~15)] D0~15 }= — ~ L A0~15H 00~ 15H A0~ 15}{ DO~ 15+
A16~23 Dummy Xgp-2 XgP-4 Dummy Next Next + 2
) \ / \ 1
WR, AWR \ / /

High-Speed xDMA cycle (COUNT =0)

This is added 2 states the case of the bus width of source address
area is 8bit

(Note2) Thisis added 2 states the case of the bus width of destination
address area is 8bit
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(Note3) This may be a dummy cycle with instruction queue buffer.

(Noted) Thisis added 2 states the case of the bus width of stack address
area is 8bit
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The following timing chart is a high-speed pDMA cycle of cept the Read-only mode is same as this)
the Transfer Address Increment mode (the other mode exe- (Condition: MIN mode, 16bit Bus width for 16M Byte, O wait)

(2) Register Configuration (CPU Control Register)

Channel0

DMASO Transfer source address register 0

](Use only lower 24 bits.)
DMADO Transfer destination address register 0

DMACO Transfer counter register 0 (1~65536)
DMAMO | Transfer mode register 0

Channel1

DMAS1 Transfer source address register 1

DMAD1 Transfer destination address register 1

DMAC1 Transfer counter register 1
pMAM1 | Transfer mode register 1

Channel2

DMAS2 Transfer source address register 2

DMAD2 Transfer destination address register 2

DMAC2 Transfer counter register 2
DMAM2 | Transfer mode register 2

Channel3

DMAS3 Transfer source address register 3

DMAD3 Transfer destination address register 3

DMAC3 Transfer counter register 3
DMAM3 | Transfer mode register 3
|«—8bit—

[<——16bit—|

32bit:

These Control Registers cannot be set only “LCD cr, r” instruction.
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(3) Transfer Mode Register Details

(DMAMO~3)

B 0 0 o0 ] Mode Note : When specifying values for this
L1 1 | - register, set the upper 4 bits to 0.

execution time (Min.) @20MHz

§— 2:0=byte transfer, 1=word transfer \

0 0 0 Z (Transferdestination address INC mode ....... for 1/0 to memory 16 states
(DMADN +) « (DMASN)
DMACn«<DMACn -1 (1.65)
if DMACN =0 then INT.

0 0 1 Z |Transferdestination address DEC mode ...... for 1/0 to memory 16 states
(DMADN -) « (DMASNn)
DMACn&DMACNH - 1 (1.6us)
if DMACN =0 then INT.

0 1 0 Z |Transfersource addressINCmode .............. for 1/0 to memory 16 states
(DMADnN) « (DMASN +)
DMACn«DMACH - 1 (1.645)
if DMACn =0 then INT.

0 1 1 Z |Transfersource address DECmode ............ for 1/O to memory 16 states
(DMADN) « (DMASH =)
DMACNn&«DMACNH - 1 (1.645)
if DMACn =0 then INT.

1 0 0 Z |Fixedaddressmode ..................cccooeiiiiiiiiiiii. .. WOtollO 16 states
(DMADN) « (DMASR)
DMACn«DMACNh -1 (1.6us)
if DMACn =0 then INT.

1 0 1 0 |Read-onlymode ... ......... ... for DRAM refresh 14 states
Dummye« (DMASn) ; Reads4 bytes.
DMASNne<DMASNn +4 ; Increments lower word only. (1.4u5)
DMACNn«DMACH - 1

1 0 1 1 |Countermode ................ooooviviiiniiaan, forinterrupt counter 11 states
DMASN«DMASH + 1
DMACNn«DMACH -1 (1.18)
if DMACn =0 then INT.

(1 state = 100ns)

This condition is 16-bit bus width and O wait of source/destination address space.
Note:  n: corresponds to high-speed uDMA channels O - 3.

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

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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<Usage of read only mode (DRAM refresh)>
When the hardware configuration is as follows:

DRAM mapping size: = 1MB

DRAM data bus size: = 8hits

DRAM mapping address range: = 100000H to
1FFFFFH

Set the following registers first; refresh is performed
automatically.

@ Register initial value setting

LD - XiX, 100000H
LDC DMASO,XIX
LD A, 00001010B
LDC DMAMO,

'mapping start address

A'read only mode (fdr
DRAM refresh)

@ Timer Setting

Set the timers so that interrupts are generated at
intervals of 62.5us or less.

® Interrupt controller setting

Set the timer interrupt mask h other interrupt mask.

Write the above timer interrupt vector value in the

High-Speed uDMA start vector register, DMAOV.
(Operation description)

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

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

(Overhead)
Each processing time by the micro DMA 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 = 0.029; thus, the overhead is
2.9%.
3.3.3 Interrupt Controlier
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-

MCU900-16

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 GiEEESEGE 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>. Interrupt
requests where the priority value equals or is higher than the
set value are accepted simultaneously during the previous
interrupt routine. When interrupt processing is completed (after
execution of the RET! 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 micro other DMA start vector. These are I/
O registers; unlike other DMA registers (DMAS, DMAD, DMAM,
and DMAQC), they can be accessed in either normal or system
mode. Writing the start vector of the interrupt source for the
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 fhp flop.

1

s.Q
RESET :dR_J |
Interrupt
vector V read V=80H interrupt enable RESET
INTWD ——>] A V=90H , flag an CPU side
Priority setting register Decoder. ’T;:'.'l'::‘gs“m \FF2~0 Bl 1=7
on > N Priority encoder DI
Y2
b+t —=|D Q SN ) 1 N \\
1ly|2 Highest A
bn+2—>| CLR c Y L), priority 3 INTRQ2~0 \v 3 Interrupt Interrupt request
————A ¥s 3 interrupt 8 " level detect Signal
N Interrupt ignal
Interrupt Y6 N ; level select € ve:;or read i
equest F/IF
o o3 NN 00 #INTRQ2~021FF2~0
J, o1 then 1.
RESET=S )
Interrupt request flip flop read rrenp—— D2
interrupt request clear Dn+ 3 20 o3
Interrupt request V read V=A0H k—» >—s 04
INTa  ——>] A V=80H Interrupt :
— vector
INTs  ——>1 A V= COH generation o7
INT6 > A V=D0H S o8 1oLe
INT7 T A V= EOH - "Duting STOP
INTTO > A V =100H
INTTY ——> A V=110H
INTT2 > A s
INTT3  — T A V=130H 1
INTTRE ——>| A V= 140H
INTTRS —1—>1 A V= 150H
INTTRE —T—>| V= 160H
INTTR7 —T—> V=170H HALT release
INTRXO — T 80H
INTTXO T V=190H RESET
INTRXY ~T> V= 1A0H
INTTXT > V=1B0H INTO
INTAD —T— V=1COH pZ. /J NMIE
(DMA start vector setting register Zinput OR
D4 — 4 High-speed micro
03— | DMA request
i LN g j’@——
D1 = detect
00 — CLR A e o
RESET 1 Ap— 2 2 High-speed micro
DMAOV 2 ap—" DMA channel
| DMA1V 3 specification
DMA2V High-speed micro DMA channel
- DMA3V priority encoder
(Highest priority = ch0)
Figure 3.3.3 (1) Block Diagram of Interrupt Controller
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(1) Interrupt Priority Setting Register

MCU900-18

y-write prohibited.)
Symbol | Address | 7 6 [ 5 4 3 2 i1 [
INTAD INTO
IADC : IADM2 : IADM! : IADMO 10C_ : 10M2 : 1OM1 i 10MO
INTEQAD | 0070H W W W W
0 0o _: 0 0 0 _: o0 : o 0
INTS INT4
1S5C ISM2 : I5M1_: 15M0 14C M2 @ 1aM1 14M0
NTE4! 71H
INTE4S 00 W W W W
[ 0 _: o [} 0 [ 0
INT? INT6
17C 17M2_§ 17TM1 17M0 16C 16M2_: I6M1_: 16MO
72H H H :
INTE67 0072 W W AW ™
(] 0 0 0 0 0 : o i o
INTT1 (Timer1) INTTO (Timer0)
ITIC © ITIM2 : ITIMI i ITIMO | ITOC : ITOM2 : ITOM1 : ITOMO
INTET? 73H = - - -
INTETI0 | 0073H 57w W RW w
0 0 : 0 : 0 0 0 . 0 : 0
INTT3 (Timer3/PWM1) INTT2 (Timer2/PWMO)
IPWIC :IPWIM2:IPWIMI  IPWIMO| IPWOC :IPWOM2 : IPWOM 1 :IPWOMO
TEPW1 74H
N op oo RW w RW W
0 0_: 0 0 0O : o0 : o : o
INTTRS (TREGS) INTTR4 (TREG4)
ITSC _: IT5M2 : ITSM1 _: ITSMO 1T4C IT4M2 : IT4M1 : IT4MO
INTETS4 | 0075H W W W W
o_ i o0 0 0 0 0 i o0 i o
INTTR7 (TREG?7) INTTR6 STREGG)
IT7C_{ IT7M2 i IT7M1_i IT7MO IT6C_ : IT6M2 : IT6M1 : IT6MO
INTET76 | 0076H W W W W
0 i o 0 0 0 i o0 i o 0
INTTXO0 INTRX0
[1f : : f i { IRXOM
INTESO 0077H X0C H ITXOM2 : ITXOM1 : ITXOMO | IRXOC : IRXOM2 : IRXOM1 : 0
RW W RW w
0 : 0 i o 0 0 0o : © 0
INTTX1 INTRX1
ITXAC G ITXIM2 FITXIMI G ITXIMO | IRX1C [ IRXTM2 | IRX 1M1 : IRX1MO
INTES?T 0078H W W RW W
0 0 0 0 [ 0 0 0
] I j |
)\ T T l
1
1xxM2 IxxM1 1xxM0 Function (Write)
0 0 0 Prohibits interrupt request.
0 0 1 Sets interrupt request level to “ 17,
0 1 0 Setsinterrupt request level to “2".
0 1 1 Setsinterrupt request level to “3".
1 [} 0 Sets interrupt request level to “4".
1 0 1 Setsinterrupt request level to "5".
1 1 0 Setsinterrupt request level to "6”.
1 1 1 Prohibits interrupt request.
IxxC Function (Read) Function (Write)
0 Indicates no interrupt request. Clears interrupt request flag.

Indicates interrupt request.

Interrupt source
«bit Symbol
«Read/Write
«After reset
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(2) External Interrupt Control

Interrupt Input Mode Control Register

7 6 5 4 3 2 1 0
IIMC | bit Symbol 101 10LE NMIREE
(007BH) [Readmwrite w w w
After reset 0 ] ]
1:INTO  0: INTO 1: Can be
input edge operated
. enable mode inNMI
Function ..
1:INTO rising
level edge.
mode
Read-modify-write is I ‘
prohibited.
L——> INTOinputenable (Note) NMi rising edge enable
I 0 | 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 rclease as described later. rising/falling edge
Even if the pin is not used for standby release, sctling this register to
“0” maintains the port function during standby mode.
 — INTO level enable
I 0 |Rising edge detect interrupt
[ 1 [High level interrupt

Setting of External Interrupt Pin Functions

Interrupt | Pin name Mode Setting method
"L Fallingedge |IMCKNMIREE> =0
NMI —_ Risin 3 falli
A Dengandialing | IMCKNMIREE> = 1
_f Risingedge [IIMCCIOLE> =0, <IOIE> =1
INTO P87
75T Level IIMCCIOLE> = 1, <IOIE> = 1
_f~  Risingedge |T4AMOC<CAP12M1,0> =0,00r0,10r1,1
INT4 P80
“\_ Fallingedge |T4MODKCAP12M1,0>=1,0
INTS P81 £~ Rising edge
£ Risingedge |T5MOC<CAP34M1,0> = 0,00r0,10r1,1
g edg
INT6 P84
"X Fallingedge |TSMODKCAP34M1,0>=1,0
INT7 P85S £ Rising edge

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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(3) High-Speed Micro DMA Start Vector

When the CPU reads the interrupt vector after accepting an inter-
rupt, it simultaneously compares the interrupt vector with each
channel’s micro DMA start vector (bits 4 to 8 of the interrupt vec-

Micro DMAO Start Vector

tor). When both match, the interrupt is processed in micre
DMA mode for the channel whose value matched.

If the interrupt vector matches more than one chan-
nel, the channel with the lower channel number has a
higher priority.

(read-modify-write is not possible.)

7 6 5 4 3 2 1 0
DMAOV | bit Symbol DMAOVS © DMAOV7 | DMAOVE | DMAOV5S | DMAOV4
(0O7CH) | Read / Write w
After reset o 0o . 0 i 0 0
Micro DMA1 Start Vector (read-modify-write is not possible.)
7 6 5 4 3 2 1 0
DMA1V | bit Symbol DMA1V8 DMA1V7 DMA1V6 DMA1V5 DMA1V4
(007DH) | Read / Write w
After reset 0 0 0 0 0
Micro DMA2 Start Vedtor (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-modify-write is not possible.)
7 6 5 4 3 2 1 0
DMARV | bit Symbol DMA3V8 | DMA3V7 | DMA3V6 | DMA3V5 | DMA3V4
(OO7FH) | Read / Write W
After reset ! 0 0 ; 0 P00 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 0OAOH
and start the interrupt processing from the address
80AOH.

To avoid this, make sure that the instruction used to
clear the interrupt request flag comes after the DI instruction.
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3.4 Standby Function

When the HALT instruction is executed, the TMP96C141AF
enters RUN, IDLE, or STOP mode depending on the contents
of the HALT mode setting register.

other built-in circuits halt. Power consump-
tion is reduced to 1/10 or less than that dur-
ing normal operation.

] (8) STOP : Allinternal circuits including the built-in oscil-
(1) RUN  :Only the CPU halts; power consumption lator halt. This greatly reduces power con-
remains unchanged. sumption. The states of the port pins in
STOP mode can be set as listed in Table 3.4
(2) IDLE : Only the built-in oscillator operates, while all (1) using the I/O register
WDMOD<DRVE>bit.
7 6 5 4 3 2 1 0
WDMOD Bit Symb.OI WDTE WDTP1 WDTPO WARM HALTM1 HALTMO RESCR DRVE
(005CH) | Read/Write RW
Atter reset 1 0o 0 0 0 i 0 0 0
1:WDT 00:2%/1c Warming up { Standby mode 1: Connects | 1: Drive pin
Enable 01:2%/1c time 00: RUN mode :  watchdog evenin
Function 10:2%fc 0:2'%/c  01:ST0P mode | timer sToP
1:22/1c 1:2%/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. To release STOP mode by reset, it is necessary to

allow the oscillator to stabilize.

To release standby mode, a reset or an interrupt is used.
To release IDLE or STOP mode, only an interrupt by the NMl 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.
IDLE Can only be released by NMTor INTO pin. After standby mode 1
is released, interrupt processing starts.
STOP T (Note) T

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Table 3. 4 (1) Pin States in STOP Mode
96C141AF 96CM40/96PM40
Pin Name 1/0
DRVE=0 DRVE=1 DRVE=0 DRVE =1
PO Input mode/ADO ~ 7 - - - -
Output mode X X - Output
P1 Input mode/AD8 ~ 15 - - - -
Output mode/A8 ~ 15 X X - Output
P2 Input mode PD* PD* PD* PD*
Output mode/A0 ~ 7, A16 ~ 23 PD* Output PD* Output
P30 (RD), P31 (WR) Output - “1” Qutput - Output
Input mode PU PU
P32~ P37 Output mode PU Output
Input mode PU* PU
P40, P41 Output mode PU* Output
S T Input mode PD* PD
P42 (CS2/CAS2) Output mode PD* Output
P5 Input - -
P6 Input mode PU* PU
Output mode PU* Output
p7 Input mode PU* PU
Output mode PU* Output
Input mode PU* PU
P80 - P86 Output mode PU* Output
«—
Input mode PU PU
PB7 (INTO) Output mode PU Output
Pg Input mode PU* PU
Output mode PU* Output
NMI Input
WDTOUT Output Output Output
ALE Output 0" “0"
CLK Output - “1"
RESET Input
EA Input Input Input
X1 Input - -
X2 Output “1" “1"

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

Input enable state

Input:  Input gate in operation. Fix input voltage to O or 1 so that input pin stays constant.

Output: Output state

PU: Programmable pull-up pin. Fix the pin to avoid through current since the input gate operates when a puli-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.

X: Cannot set.

Note: Port registers are used for controlling programmable pull-up/pull-down. If a pin is also used for an output function (e.g., TO1) and the output function
is specified, whether pull-up or pull-down is selected depends on the output function data. If a pin is also used for an input function, whether pull-up or
pull-down is selected depends on the port register setting value only.
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15, RD, and WR.
These port pins have I/O functions for the built-in CPU

3.5 Functions of Ports

The TMP96CM40F/TMP96PM40F has 65 bits for I/O ports. .
The TMP96C141AF, TMP9BCO41AF has 47 bits for /O ports ~ and internal I/Os as well as general-purpose /O port func-
because Port0, Port1, P30, and P31 are dedicated pins for tions. Table 3.5 lists the function of each port pin.

ADO to 7, AD8 to R: T = With programmable pull-up resistor
4 = With programmable pull-down

Table 3.5 Functions of Ports

Port Name Pin Name ""':,'i':;r o Direction R Direction Setting Unit Pin Name for Built-in Function
Port0 P00 ~ P07 8 110 - Bit ADO ~ AD7
Port1 P10~ P17 8 110 Bit AD8 ~ AD15/ A8 ~ A15
Port2 P20 ~ P27 8 110 d Bit A0~ A7/ A16 ~ A23
Port 3 P30 1 Output - (Fixed) RD.
P31 1 Output - (Fixed) WR_
P32 1 110 T Bit HWR
P33 1 110 T Bit WAIT
P34 1 10 T Bit BUSRQ
P35 1 110 T Bit BUSAK
P36 1 110 T Bit RW
P37 1 110 i) Bit RAS
Portd P40 1 o Bit CS0/CASO
P41 1 110 Bit CS1/CAST
P42 1 1/0 Bit €S2/ CAS2
Port5 P50 ~ P53 4 Input - (Fixed) ANO ~ AN3
Port6 P60 ~ P67 8 110 T Bit PG00 ~ PGO03, PG10 ~ PG13
Port7 P70 1 110 T Bit T10
P71 1 110 T Bit T01
P72 1 10 T Bit T02
P73 1 10 T Bit T03
Port8 P80 1 110 T Bit T14/INT4
P81 1 110 T Bit T15/INT5
P82 1 110 T Bit T04
P83 1 10 T Bit T05
P84 1 110 T Bit T16/INT6
P85 1 110 T Bit T17/INT7
P86 1 110 T Bit T06
P87 1 110 T Bit INTO
Port9 P90 1 110 T Bit TXDO
] 1 10 7 Bit RXDO
P92 1 110 T Bit CTS0
P93 1 10 T Bit TXD1
P94 1 10 T Bit RXD1
P95 1 110 T Bit SCLK1
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Resetting makes the port pins listed below function as e POO ~ PO7 —ADO ~ AD7
general-purpose I/O ports. * P10~P17  —AD8~AD15
I/0 pins programmable for input or output function as e P30 —RD
input ports. « P31 —WR
To set port pins for built-in functions, a program is

Bus release function

required.
a The TMP96C141AF has the internal pull-up and pull-

Since the TMP96C141AF has an external ROM, some down resistors to fix the bus control signals at bus release.
ports are permanently assigned to the CPU. Table 3.5 (1) shows the pin condition at bus release

(BUSAK) = “L").
Pin state at bus release
Pin Name
Port mode Function mode
P00 - P07
P%D_()F,'1§D7) No status change (these pins are not “Hz") These pins are “Hz".
(AD8 - AD15)
P30 (RD) ? These pins are “Hz".
P31 (WR) (“Hz" status after these pins are driven to high level.)
P32 (HWR) The output buffer is “OFF” after these pins are drinen high.
P37 (RAS) T These pins are added in the internal resistor of pull-up. It's
no relation for the value of output latch.
P
P40 (CS0/CASO) T T
P41 (CS1/CAS1)
P42 (CS2/CAS2) T Wi
P20 - P27 The output buffer is “OFF" after these pins are drinen high.
(A16-A23) T These pins are added in the internal resistor of pull-down.
P42 (CS2/CAS2) It's no relation for the value of output latch.

(*) P42 has the resistor of programmable pull-down, but P10 - P17 (AD8 - AD15)
when the bus are released, P42 pin is added a resistor of pull- P30 (RD)
up. P31 (WR)

That is, when it is used for bus release (BUSAK = “0”), the When the bus is released, both internal memory and
pins of below need pull-up or pull-down resistor for an external internal I/O cannot be accessed. But the internal I/O continues
circuit. to run. Therefore, be careful about releasing time and set the

PQOO - P07 (ADO7) ' setection time WDT.

TMP96C141AF

P00-PO7 -
(ADO-7)

Address/Data bus (AD0-15)

P10-P17
(ADB-15)

(|n:le5nal ) r}%”g) > Higher address bus (A16-23)
pull-down] -

Vee

e ) —%_w
P31 )

P3§ (ﬁWﬁ)} System control bus

(internal pull-up) P37 (RA! >
P

40 (CS
P41(C51
P42

Figure 3.5. Example of external bus interface using bus release function.
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3.5.1 Port 0 (P00 - PO7)
Port O is an 8-bit general-purpose /O port. I/O can be seton a
bit basis using control register POCR to 0 and sets Port O to
input mode.

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

With the TMP96C141AF/TMP96C041AF, which comes
with an external ROM, Port O always functions as an address
data bus (ADO to 7) regardless of the value set in control regis-
ter POCR.

Reset

Direction control
b—
(on bit basis)

POCR write

data bus

Output
_—’l fatch hed = F::t:grw
Output buffer| (ADO~AD?)

PO write

Internal

L= |

PO read

Figure 3.5 (1). Port 0

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

data bus

Internal

3.5.2 Port 1 (P10 - P17)

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

In addition to functioning as a general purpose I/O port,
Port 1 also functions as an address data bus (AD8 to 15) or an
address bus (A8 to 15).

With the TMP96C141AF/TMP96C041AF, which comes
with an external ROM, Port 1 always functions as an address
data bus (AD8 to 15) regardless of the value set in control reg-
ister P1CR.

Reset

Direction control

(on bit basis)

P1CR write

Function control

{on bit basis)

P1FCwrite

Port1
P10~P17
(AD8~AD15/A8~A15)

—0

Output buffer

P1read

Figure 3.5 (2). Port 1
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Port O Register
7 6 5 4 3 2 1 0
PO bit Symbol P07 P06 P05 P04 : PO3 P02 PO1 P00
(0000H) e drwrite RIW
After reset Input mode (Output latch register becomes undefined.)
Port 0 Control Register
7 6 5 4 3 2 1 0
POCR bit Symbol PO7C PO6C POSC P04C PO3C Po2C POIC POOC
(0002H Read/Write w
After reset 0 0 0 0o i o0 0 0 0
Function 0:IN 1:0UT (At external access, Port 0 becomes AD7 - 0 and POCR is cleared t0 0.)
| J
[—-> Port 0 1/0 setting
5 0 input
Port 1 Register ! [Output
7 6 5 4 i 3 2 1 0
P1 bit Symbol P17 P16 P15 P14 P13 P12 P11 P10
(0001H Read/Write R/W
After reset Input mode (Output latch register is cleared to “07.)
Port 1 Control Register
7 6 5 4 i 3 2 1 0
P1CR  |bit Symbol | P17C P16C P1SC P14C P13C P12C P11C P10C
(0004H Read/Write w
After reset 0 ] 0 0 i 0 ] 0 0
Function < <SeePiFCbelow.>>
Port 1 Function Register
7 6 5 a i 3 2 1 0
P1FC bit Symbol P17F P16F P15F P14F P13F P12F PUIF P10F
(0005H Read/Write w
After reset 0 0 ] : 0 0 ] ] 0
Function P1FC/PICR=00:IN,01:OUT, 10: AD15-8, 11: A15-8
L J

Read-modify-write is
prohibited for registers POCR,
PI1CR, and P1FC.

I——- Port 1 function setting

IFC<PIXF>
PICR 0 1
<PIXC>
0 Input port Add(rxg 'ds’f:) bus

1 Output port

Address bus
(A15-8)

Note: <PIXF> isbitXinregister PIFC; <P1XC>,in register P1CR.

Figure 3.5 (3). Registers for Ports 0 and 1
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3.5.3 Port 2 (P20 - P27)

Port 2 is an 8-bit general-purpose I/O port. /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-
ter P2CR and function register P2FC to O. It also sets Port 2 to

~ Reset

Direction control
(on bit basis)

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

In addition to functioning as a general-purpose |/O port,
Port 2 also functions as an address data bus (AO to 7) and an
address bus (A16 to 23).

P2CR write

Function control

bus

(on bit basis)

data

P2FC write

N

Output

latch

Internal

P2 write

> Jl ] Port2
P20~P27

Output buffer (AO~A7/A16~A23)

N-ch

<

Prog bl )
pull-down

L |

™~ P2 read

Figure 3.5 (4). Port 2
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MCU900-28

P2

(0006H)

P2CR

(0008H)

P2FC

(0009H)

Port 2 Register

7 6 H S 4 : 3 2 1 0
bit Symbol P27 P26 P25 P24 i P23 P22 P21 P20
Read/Write R/IW
Afterreset Input mode (Output latch register is cleared to “0”.)
Port 2 Control Register
7 6 5 4 3 2 1 0
bit Symbol P27C P26C P25C P24C P23C P22¢C P21C P20C
Read/Write w
Atter reset 0 o i o i 0o i o0 ! o 0 0
Function < <SeeP2FCbelow.>>
Port 2 Function Register
7 6 S P4 3 2 1 0
bit Symbol P27F P26F P25F P24F P23F P22F P21F P20F
Read/Write w
After reset 0 o i o i o i 0 { 0 i 0 0
Function P2FCU/P2CR=00:IN, 01: OUT, 10: A7-0, 11 : A23-16
L J
Read~modif'y-wriﬁe is L> Port 2 function setting
prohibited for registers
P2CR and P2FC. P2CR 2FC<P2XF> 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 (5). Registers for Port 2
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3.5.4 Port 3 (P30 - P37)

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

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

In addition to functioning as a general-purpose I/0 port,
Port 3 also functions as an I/O for the CPU’s control/status sig-
nal.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

With the TMP96C141AF, when P30 pin is defined as RD
signal output mode (<P30F> = 1), clearing the output latch
register <P30> to O outputs the RD strobe (used for the
pseudo static RAM) from the P30 pin even when the internal
address area is accessed. .

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

With the TMP96C141AF/TMP96C041AF, which comes
with an external ROM, Port 30 outputs the RD signal; P31, the
WR signal, regardiess of the values set in function registers
P30F and P31F.

MCU900-29
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MCU900-30

(N
Reset
q ForThfP966141AF mode
Function
“ control
3 (on bit basis)
]
© 4
- P3FC write
— S A[——l‘
e Outp):n 2 P>
e fate Bl < Output buffer
[ R v
- P3 write
WR

P30(RD)
P31(WR)

P3read

M\
Reset
Direction
control
(on bit basis)
P3CR write
a Function
contro
> (on bit basis)
L
o°
— P3FC write [>o- p.ch(;c;lg_:‘:mmable )
e — s
o A[ :‘] -
2|7 Guiput £ > {7 P32(FAWR)
- latch Bl 3 Output buffer P35(BUSAK)
v P36(R/W)
P3 write r P37(RAS)
HWR, BUSAK, RAW, RAS
e

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

Direction

trol
(on‘ g?t lraoasis)

4
P3CR write

S
Output

- Programmable
P Ch( pull-up )

ﬁ'J/ - {7 P33 (WA

latch

P3 write

Internal data bus

Output buffer

"

Internal

L] |

P3read

WAIT

0!

Reset

—

Direction

control
(on bit basis)

4
P3CR write
[}

Function
ol

t
(orf g?t {)asis)

P3 FCTwrite

1

- Programmable
P Ch( pull-up )

S
Output
latch

Internal data bus

P3 write

YL

{7] p34 BUSRQ)

<}

Internal

Lo ]

P3 read

BUSRQ

Figure 3.5 (7). Port 3 (P33, P34)
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P3
(0007H)

P3CR
(000AH)

P3FC
(0008BH)

Port 3 Register
7 6 : 5 i a4 i 3 2 i1 0
bit Symbol | P37 P36 i P35 P3¢ i P33 P32 | P31 P30
Read/Write RW
input mode (pulled-up) Output mode
After reset 7 ] : ; 7 p ; ] T p
Port 3 Control Register
7 6 5 4 i 3 2 1 0
bit Symbol | P37C P36C P35C P3ac P33C P32C
Read/Write w
[) 0 o i o i o 0o i
After reset 0N 1:00T
]
I /O setting
[ 0 |input
Port 3 Function Register [ [output
7 6 I S 4 HE) 2 : 1 0
bit Symbol [  P37F P36F  P35F P34F P32F | P31F P30F
Read/Write w
After reset 0 0 0 0 [} i 0 [}
0: {0: PORT  :0:PORT
Function :WR 1:RD

Read-modify-write is
prohibited for registers
P3CRand P3FC.

b R/W setting

C P30 (RD) function setting

> RASsetting

PIFC<P37F> [ 1 |
P3CR <P37C> | 1 |

I— <P30>)
BUSRQ setting 0 1
[P3rc<p3ar> T 1 <PI0F> -
0 "0” output | "1” output
[P3cr <P3ac> | 0 —
Always RD RD output only
e AT g 1 output (for for external
BUSAK setting pseudo SRAM) | access
P3FC <P35F> | 1 | — -
P3CR <P35C> | 1 I P31 (WR) function setting
<P31>
0 1
<P31E>
|P3FC <P36F> | 1 I [ "0" output |”1" output
P3CR <P36C> | 1 1 WR output only for

external access

L—> HWR setting
P3FC <P32F>
P3CR <P32C>

Note: When P33/WAIT pin is used as a WAIT pin, set P#CR <P33C> to “0” and Chip Select/Wait control register.

MCU900-32

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

P4FC. Resetting does the following:

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

- Resets all bits of the P42 output latch register, the control
register P4CR, and the function register P4FC to 0.

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

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-33




TMP96C141AF
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r\' Reset
—

Direction
control
(on bit basis)

A
PACR write

data bus

Function
control
(on bit basis)

[}
P4FC write

S
Output
latch

Internal

4
P4 write

Selector {e—

P L CSO/CASO, CS1/CAST

Output buffer|

» Programmable
P-ch ( pull-up )

r—_) P40 (CSG/CASO0),
P41 (CST/CAST)

Pd

Reset

Lo
Ll |

P4 read

Direction
control
(on bit basis)

—3

A
PACR write

Function

control
(on bit basis)

T3

4
P4AFC write

L

S
Output
latch

Internal data bus

A
P4 write

Selector

Output buffer

—] pa2 (C52/CAS2)

MCU900-34

Figure 3.5 (9). Port 4
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Note:

Port 4 Register
7 6 : S5 : 4 | 3 2 i1 10
P4 bit Symbol Pa2C © PaIC  PAOC
(000CH) [eagmwrite { RW
: : i Input mode
After reset H :
0 (Puli-down) : 1 (Pull-up) : 1 (Pull-up)
Port 4 Control Register
y i 6 i 5 i & 3 2 1 0
P4ACR  |bit symbol ; : Pa2c Paic P40C
(000EH) Read/Write H w
i o0 i 0 oo
After reset
: 0:IN 1:0UT
T ]
I—:_J_,.,o setting
o fiput ]
' Joutpur ]
Port 4 Function Register
7 6 : 5 . a4 3 . 2 i 1 i 9@
PAFC  |bit Symbol : PA2F | P4IF | PAOF
(0010H) Read/Write w
After reset o i 0 0
Function 0: PORT 1: CS/ICAS
Read-modify-write is not -__—J
possible for P4CR or P4FC.
0 [Port (Pa0)
1 | cs0/cAso

0 ]Pon(w)
|1 C31/CAST
[0 Jronan ]
— [ees ]

To output chip select signal (CSO/CASO to CS2/CAS2), set the corresponding
bits of the control register P4ACR and the function register to P4FC.

The BOCS, B1CS, and B2CS registers of the chip select/wait controller are used
to select the TS/CAS function.

Figure 3.5 (10). Registers for Port 4
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3.5.6 Port 5 (P50 - P53)
Port 5 is a 4-bit input port, also used as an analog input pin.

‘é ﬁ ’ D Port$S
s Port 5 read (:53:2?133)
©
el
=
<
° c .
- e AD || channel
- rLegsi‘ther converter selector
LJ AD read
Figure 3.5 (11). Port5
Port 5 Register
7 6 4 3 L2 1 L
P5 bit Symbol P53 P52 P51 P50
(000DH) 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.

MCUS900-36

Figure 3.5 (12). Registers for Port 5
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3.5.7 Port 6 (P60 - P67)

Port 6 is an 8-bit general-purpose I/O port. I/O can be set on
bit basis. Resetting sets Port 6 as an input port and connects
a pull-up resistor. It also sets all bits of the output latch to 1. In
addition to functioning as a general-purpose I/O port, Port 6
also functions as a pattern generator PGO/PG1 output. PGO is

Reset

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.

P6read

~as
Direction control
(on bit basis)
PB6CR write
2 Function control
° (on bit basis)
®
. P6FC write
hd ——Do——-—-lglch
- s ( Programmable )
c Output pull-up
- latch A S
Z N
: ’ Selector ‘)———‘—D Port 6
- PGO, 1 Fowrite 8 PE0~P67
l_— (PGO0~PG13)
S
B
<——-———ﬂ'———— Selector
I~

A

Figure 3.5 (13). Port 6
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Port 6 Register
7 : 6 s : 4 3 H 2 1 i 0
P6 bit Symbol| P67 | P66 P65 | P64 P63 i P62 P61 i P60
(0012H) Read/Write RW
Input mode (Pull-up)
After reset 7 1 ) T 1 f ’ 7
Port 6 Control Register
7 6 : 5 4 3 2 1 [
P6CR  |bit symbol | P67C : PE6C P65C P64C P63C P62C P61C P60C
(0014H) Read/Write w
After reset [ 0 o o i o 0 0
Function 0:IN 1:0UT
L Port 6 1/0 setting
[put ]
. _Output
Port 6 Function Register
7 . 6 5 4 3 i 2 1 0
P6FC  |bit Symbol| P67F  P6BF P65F P64F P63F P62F P61F P6OF
(0016H) Read/Write w
Afterreset | 0 | 0 o { o i o0 i o 0 i 0
Function 0: PORT 1:PG1-OUT 0: PORT 1: PGO-OUT

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

> Port 6 function setting

0

General-purpose port

1

Stepping motor control / Pattern
generation port

Figure 3.5 (14). Registers for Port 6
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3.5.8 Port 7 (P70 - P73) 71 as an 8-bit timer output (TO1), Port 72 as a PWMO output
Port 7 is a 4-bit general-purpose I/O port. /O canbe seton bit  (T02), and Port 73 as a PWM1 output (TOB) pin. Writing 1 in
basis. Resetting sets Port 7 as an input port and connects a the corresponding bit of the Port 7 function register (P7FC)
pull-up resistor. In addition to functioning as a general-purpose  enables output of the timer. Resetting resets the function regis-
I/ port, Port 70 also functions as an input clock pin TIO; Port ~ ter P7FC value to 0, and sets all bits to ports.

Reset
- —

Direction control

(on bit basis) > Ig pch

4
P7CR write Programmable
pull-up

s r P70
Output latch v D (T10)

f

P7 write
<1

SB<——~—-——

bus

Selector

A

Y
P7 read

—i?et

Direction control
(on bit basis)

Ti0

data

A
P7CR write

Internal

Function control
(on bit basis)

P7FC write

: —>o— IEL’*'*( O on )

Output latch

f A S
P7 write

‘L

Selector

P71~P73
(TO1~T03)
Timer F/F OUT ———————————»(B

TO1 : Timer 1
(TOZ : Timer 2 ) B
TO3: Timer3 P

Selector

Y
P7 read

N s A

| —

Figure 3.5 (15). Port 7
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Port 7 Regisfer

7 6 . 5 i 4 3 F 2 i1 0
P7 bit Symbol P73 i P72 i PN P70
(0013H) [Readrmrite RW
Input mode (Pull-up)
After reset T T H
1 H 1 H 1 H 1
Port 7 Control Register
7 i 6 5 a4 i 3 2 1 0
P7CR  |bit Symbol P73C p72C P7IC P70C
(0015H) [Readwrite w
After reset : 0 0 0 0
Function i i 0:IN 1:0UT
L
]___> Port 7 /O setting
0 |Input
Port 7 Function Register E Output
7 ¢ 6 5 i 4 i 3 i 2 1 0
P7FC  |bit Symbol i : P73F P72F PTIF
(0017H) Read/Write w
After reset : :
Function H H H :
Read-modify-write is ’:J.Seuing P71a5TO1

prohibited for registers
P7CR and P7FC P7FC <P71F> [ ]
P7CR <P71C> [1]

L, Setting P72asTO2
P7FC <P72F>
P7CR <P72C>

L 5 SettingP73asTO3

P7FC <P73F> [ 1]

P7CR <P73C> [ 1]
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 8bit Timer 0
as atimerinput 0 (T10).

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

Port 8 is an 8-bit general-purpose |/O port. I/O can be seton a
bit basis. Resetting sets Port 8 as an input port and connects
a pull-up resistor. It also sets all bits of the output latch register
P8 to 1. In addition to functioning as a general-purpose I/0

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

(1)

P80 ~ P86

Direction control

(on bit basis)

clocks, an output for 16-bit timer F/F 4, 5 and 6 output, and an
input for INTO. Writing 1 in the corresponding bit of the Port 8
function register (P8FC) enables those functions. Resetting
resets the function register P8FC value to 0, and sets all bits to
ports.

A
PBCR write

H

-—-—[>o—————|ET>P-<h

Programmable
pull-up

Output latch

X
P8 write
1

data bus

TI4, TIS

Y
P8read

Selector

Al

;D.____Dpso (TI4/INT4)
P81 (TIS/INTS)

> Bje— P84 (TI6/INT6)

P85 (TI7/INT7)

Tie, T17

Reset

Internal

Direction control
(on bit basis)

A
P8CR write

Function control
(on bit basis)

P8FC +write

y

e "(" pavive >

™ __| ! P82 (T04)
L P83(TO5)

P86 (TO6)

S
Output latch
A S
P8 write
Selector
Timer £/F OUT —o——»(B
TO4 : Timer 4 ——
TOS : Timer 5 B
TO6 : Timer 6
ﬂ Selector
P8 read
S

Figure 3.5 (17). Port 8 (P80 - P86)
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(2) P87 (INTO)

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

MCU900-42

an INTO pin for external interrupt request input.

F‘ Reset

"

E] Direction
'y control (on

bit basis)

L]

- A

o PBCR write
°

S

g P-ch

Programmable
pull-up

: Output latch
b L)

v .

- P8 write

c
\J P8 read

INTO interrupt

IMC<IOIE>

Selector

A

 Ble—]

1> {7] P87 (INTO)

Level/edge
detect

IMC<IOLE>

Figure 3.5 (18). Port 87
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Port 8 Register

7 6 i 5 i 4 3 i 2 1 0
P8 bit Symbol | P87 P86 i P85 | PB4 P83 | P82 P81 P80
(0018H) Read/Write RW
Input mode
After reset ) ; 1 : 7 7 1 7
Port 8 Control Register
7 i 6 s 4 3 2 1 0
P8CR  |bit Symbol | P87C : P86C P8SC P8ac P83C P82C P8IC P8OC
(001AH) Read/Write w
Afterrest| 0 . o o { o . o . o : o i o
Function 0:IN 1:0UT
I Port 8 /0 setting
0 |input |
1 |Output ]
Port 8 Function Register
7 1 6 5 i 4 3 i 2 1P 0
P8FC  |bit Symbol | PB6F ! H P83F P82F
(001CH) [peadmrite Pow Pow w
After reset 0o 0 0
0: PORT
Function 1:708
Read-modify-write is
prohibited for registers
P8CR and PBFC. T Setting P82 as TO4
P8FC <PB2F> 1
PBCR <PB2C> 1

L > SettingP83as TOS

P8FC <PB3F> 1
P8CR <P83C> 1
Setting P84 as TO6

PBFC <P86F> 1
P8CR <P86C> 1

Note : P80/TI4, P81/T15, P84/TI6, PB5/TI7 pins do not have a register changing PORT/FUNCTION.
Therefore this is the same as P70/TI0 pin.
When P87/INTO pin is used as an INTO pin, set PBCR<P87C> to “0" and IIMC<I0IE> to "1".

Figure 3.5 (19). Registers for Port 8
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3.5.10 Port 9 (P90 - P95)

Resetting resets the function register value to O and sets

Port 9 is a 6-bit general-purpose I/O port. I/Os canbe setona @l bits to ports.

bit basis. Resetting sets Port 9 to an input port and connects a
pull-up resistor. It also sets all bits of the output latch registerto (1)
1.

In addition to functioning as a general-purpose /O port, Port 9

can also function as an |/O for serial channels 0 and 1. Writing

1 in the corresponding bit of the port 9 function register (POFC)
enables this function.

Reset
~1 ;

Direction control

Port 90 and 93 (TXDO/TXD1)

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

(on bit basis)

A
PICR write

Function control
(on bit basis)

“
>
o
©
s POFC write
o wri
r—{>o———{gv-ch
; S Programmable
c Output latch M—sfa s pull-up
© ) P90 (TXD0)
Selector
: P9 write l/ D P93 (TXD1)
Z| TxD0, TXD1 —————————>{3 Open drain
possible
ODE<ODE1, 0>
—
S B
1
Selector
L by
P9 read A

Figure 3.5 (20). Ports 90 and 93
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(2) Ports 91 and 94 (RXDO, 1) input pins for serial channels.

Ports 91 and 94 are I/0O ports, and also used as RXD

™ R§$e‘

Direction

control (on
; bit b:Sls) gk(h Qrogrammable )
2 PICR write ull-up
S
3 y {7 P91 (RXDO)
- Output latch P94 (RXD1)
; P9 write S8
E {‘\,— Selector
- P9 read Al

RxDO, RxD1
Figure 3.5 (21). Ports 91 and 94
(8) Port 92 (CTS/SCKLO) for serial channelO; additionally, the CTSO pin, and also

as a SCKLO I/O pin.
Port 92 is an I/O port. It is also used as a CTS input pin

R?et
F‘ Direction

control (on
bit basis)

PICR write

Direction
control (on
bit basis)

PQFC‘wri(e T—‘1>°—'|ET""¢“
)

rogrammable
S
]
Output latch A S

ull-up
Selector > [] P92 (CTSO/SCLKO)

Internal data bus

P9 write

8
S

S gl

SCLKOOUT:

g Selector

—

P9 Read Al

SCLKO IN
CTs0

Figure 3.5 (22). Port 92
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(4)  Port 95 (SCLK)

an SCLK I/0 pin for serial channel 1.

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

Reset
- ;

Direction

control

(on bit basis)

A
PICR write

Function
control

(on bit basis)

POFC write

S
Output latch _L->

1
P9 write
SCLKOUT —————>

Internal data bus

<1

A S

—{>o—|gp-<h

Programmable
ull-up

Selector

_

S Bl

L AN
P9read

Selector

> {] P95 (scLk1)

A

SCLKIN

Figure 3.5 (23). Port 95
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Port 9 Register

7 i 6 i o5 i a4 i 3 i 2 i 1 0
P9 bit Symbol © pos i pea | P93 i PI2 i P9I P30
(0019H) Read/Write : RW
: Input mode
After reset f ! " ) 1 T
Port 9 Control Register
7 i 6 i S 4 3 2 1 0
P9CR  |bit Symbol ¢ P9sC P94C P93C P92C P9IC P90C
(001BH)[geaanwrite w
After reset 0 0 0 0 0 0
Function 0:IN 1:0UT
I Port 9 I/0 setting
0 |Input
1 | Output
Port 9 Function Register
7 i 6 i 5 i 4 3 i 2 1 0
P9FC  |bit Symbol : i opgsE i P93F PO2F P9OF
(001DH)z o anwrite Pow w w w
After reset [} ] 0 H 0
0 : PORT 0:PORT [0:PORT ! 0: PORT
Function i1:scLKt 1T 1:5CLKO ¢ 1:TxDO
Note: Only the r:———'
TMP96CM40/TMP96PM40/ P90 TxDO output setting (Note)
TMP96C141A/TMP96C041A POFC <POOF> 7
SCLKD sannot b spcifed o P |
the TMP96C141. L—————————— P93 TxD1 output setting (Note)
PIFC <P93F> 1
PICR <PI3C> 1
P95 SCLK output setting
[parc <posF> 1
[Pacr <pgsc> 1

Note: To set the TxD pin to open drain, write 1 in bit 0 (for TxDO pin) or bit 1 (for TxD1 pin) of the
ODE register.
P91/RXD0, P94/RXD1 pins do not have a register changing PORT/FUNCTION.
Therefore this is the same as P70/TI0 pin.

-Figure 3.5 (24). Registers for Port 9
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3.6 Chip Select/Wait Control

TMP96C141AF has a built-in chip select/wait controller used
to control chip select (CSO CS2 pins), wait (WATT pin), and

data bus size (8 or 16 bits) for any of the three block address
areas.

3.6.1 Control Registers
Table 3.6 (1) shows control registers
One block address areas are controlled by 1-byte CS/ 5)
WAIT control registers (BOCS, B1CS, and B2CS). Registers
can be written to only when the CPU is in system mode. (There
are two CPU modes: system and normal.) The reason is that
the settings of these registers have an important effect on the
system.

(1) Enable

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

(2) System only specification 6)

Control register bit 6 (BOSYS, B1SYS, and B2SYS) is
used to specify enable/disable of the setting depend-
ing on the CPU operating mode (system or normal).
Setting this bit to 0 enables setting (Address space for
CS, Wait state, Bus size, etc.) regardiess of the CPU
operating mode; setting it to 1 enables setting in sys-
tem mode but disables setting in normal mode.
Resetting clears bit 6 to O.

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

(38) CS/CAS Waveform select

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

Resetting clears bit 5 to 0.

(4) Data bus size select

Bit 4 (BOBUS, B1BUS, and B2BUS) of the control reg-

MCU900-48

ister is used to specify data bus size. Setting this bit to
0 accesses the memory in 16-bit data bus mode; set-
ting it to 1 accesses the memory in 8-bit data bus
mode.

Changing data bus size depending on the access
address is called dynamic bus sizing. Table 3.6 (2)
shows the details of the bus operation.

Wait control

Control register bits 3 and 2 (BOW1, 0; BIW1, O; B2WA1,
0) are used to specify the number of waits. Semng these
bits to 00 inserts a 2-state wait regardless of the WAIT
pin status. Setting them to 01 inserts a 1-state wait
regardless of the WAIT status. Setting them to 10
inserts a 1-state wait and samples the WAIT pin status.
If the pin is low, inserting the wait maintains the bus
cycle until the pin goes high. Setting them to 11 com-
pletes the bus cycle without a wait regardiess of the
WAIT pin status.

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

Control register bits 1 and 0 (BOC1, 0; B1C1, 0; B2C1,
0) are used to specify the target address area. Setting
these bits to 00 enables settings (CS output, Wait
state, Bus size, etc.) as follows:

* C80 setting enabled when 7FO0H to 7FFFH is
accessed.

* CS1 setting enabled when 480H to 7FFFH is
accessed.

* CS2 setting enabled when 8000H to 3FFFFFFH is
accessed, for the TMP96C141, which does not have a
built-in ROM.

CS2 setting enabled when 10000H to 3FFFFFH is
accessed for the TMP96CM40/TMP96PM40, which
has built-in

ROM/PROM

Setting bits to 01 enables setting for all CS'’s blocks_
and outputs a low strobe signal (CSO/CASO ~ CS2/
CAS2) from chip select pins when 400000H to
7FFFFFH is accessed. Setting bits to 10 enables them
800000H to BFFFFFH is accessed. Setting bits to 11
enables them when COO000H to FFFFFFH is
accessed.
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TMP96C141AF

Table 3.6 (1) Chip Select/Wait Control Register

Code Name Address 7 6 5 4 3 2 1 0
BOE BOSYS BOCAS BOBUS BOW1 BOWO BOC1 BOCO
Block0 w W w w w w w w
Bocs | CSMWAIT 0068H 0 0 Ll 0 0 0 0 0
COUU0| 1:CS/CAS | 1:SYSTEM 0:CS0_ | 0:16-bit 00 : 2WAIT 00 : 7FO0H ~ 7FFFH
register Enable only 1:CASO Bus 01 1WAIT 01 : 400000H ~
1: 8-bit 10 1WAIT +n 10 : 800000H ~
Bus 11 OWAIT 11: CO0000H ~
B1E B1SYS B1CAS B1BUS B1W1 B1WO B1C1 B1CO
Block] w w w W w w w w
Bics | CSMWATT 0069H 0 0 Ll 0 0 0 0 0
CO"@' 1:CS/CAS | 1:SYSTEM 0:CS1_ | 0:16-bit 00 : 2WAIT 00 : 480H ~ 7FFFH
register Enable only 1:CAST Bus 01 : 1WAIT 01 : 400000H ~
1: 8-bit 10: TWAIT +n 10 : 800000H ~
Bus 11 OWAIT 11: CO0000H ~
B2SYS B2CAS B2BUS B2w1 B2W0 B2C1 B2C0
T S T e T e e
pocs | CSWAT 006AH :
COQUOI 1:SYSTEM 0:CS2 | 0:16-bit 00 : 2WAIT 00 : 8000H ~
register only 1:CAS2 Bus 01: 1WAIT 01 : 400000H ~
1. 8-bit 10 : TWAIT +n 10 : 800000H ~
Bus 11: OWAIT 11: COO000H ~
Note:  With only block 2, enable (16-bit data bus, 2-wait mode) after reset.
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Table 3.6 (2) Dynamic Bus Sizing

Operand Operand Memory CPU Address CPU Data

Data Size Start Address Data Size D15 - D8 07-D0
2n+0 8 bits 2n+0 XXX b7 - b0
8 bits (even number) 16 bits 70 o— 5750
2n+1 8 bits 2n+1 XXX b7 - b0

(odd number) 16 bits e 5750 .
2n+0 8bits e oo b% - gg
(even number) 16 bits ne0 b15-08 57 50
16 bits 8 bits n+1 XXXXX b7-b0
2n +1 n+2 XXXXX b15 - b8

(odd number) b el b7 -0 —"
2n+2 XXX b15-b8
n+0 XXXXX b7 - b0
n+1 XXXXX ) b15- b8
on+0 8 bits 042 Y00 b23-b16
(even number) sn "3 b:‘;"ng bs; - l;i“
. 16.is 2 b31 - b24 b23 - b16
32 bits T — 0
n+2 XXXKX b15- b8
Mn+1 8 bits 0n+3 Y00K b23 - b16
(0dd number) n+4 X0 b31 - b24
2n+1 b7 - b0 1xgo<x);) .
160is e o 1124

xxxxx: During a read, data input to the bus is ignored. At write, the bus is at high impedance and the write strobe signal remains non-active.
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TMP96C141AF

3.6.2 Chip Select Image
An image of the actual chip select is shown below. Out of the
whole memory area, address areas that can be specified are
divided into four parts. Addresses from 000000H to 3FFFFFH
are divided differently: 7FOOH to 7FFFH is specified for CSO;
480H to 7FFFH, for CS1; and 8000H to 3FFFFFH, for CS2.
The reason is that a device other than ROM (i.e., RAM or |/O)
might be connected externally.

The addresses 7F00 to 7FFFH (256 bytes) for CSO are
mapped mainly for possible expansions to external I/O.

The addresses 480H to 7FFFH (approximately 31K

bytes) for CS1 are mapped there mainly for possible exten-
sions to external RAM.

The addresses 8000H to 3FFFFFFH (approximately
4Mbytes) for CS2 are mapped mainly for possible extensions
to external ROM. After reset, CS2 is enabled in 16-bit bus and
2-wait. With the TMP96C141AF, which does not have a built-
in ROM, the program is externally read at address 8000H in
this setting (16-bit bus, 2-wait). With the TMP96CM40F/
TMP96PMA40F, which has a built-in ROM, addresses from
8000H to FFFFFH are used as the internal ROM area; CS2 is
disabled in this area. After reset, the CPU reads the program
from the built-in ROM in 16-bit bus, O-wait mode.

TS0 CSi tS2
000000H
7FO0H
a0 -
400000H B2C1,0=“00
800000H 1,0="01" BIC, 0= 01" B2C1,0="01"
C00000H BOC1,0="10" B1C1,0="10" B2C1,0="10"
FFFFFFH BOC1,0="11" B1C1,0="11" B2C1,0="11"
(Mainly for I/0) (Mainly for RAM) (Mainly for ROM)

Supplement 1:
Supplement 2:

Access priority is highest for built-in I/O, then built-in memory, and lowest for the chip select/wait controller.
External areas other than CSO to CS2 are accessed in 16-bit data bus (0 wait) mode.

When using the chip select/wait controller, do not specify the same address area more than once. (However, when addresses 7FO0H - 7FFFH
for CSO and 480H - 7FFFH for CS1 are specified, in other words, specifications overlap, only the CS0 setting/pin is active.)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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3.6.3 Example of Usage nected to the TMP96C141AF. In this example, a ROM is con-
Figure 3.6 (1) is an example in which an external memory is con- ~ hected using 16-bit Bus; a RAM is connected using 8-bit Bus.

74HC573

TMP96C141 Address bus

LE
o — ‘
10 r:{)&) Q

iy

CSB bit Bus
_l/o

i

[«
Upper byte
oE ROM

L

cse bit Bus
__ RAM
E

Lower byte
. ROM

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

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

PACR EQU  OEH

P4FC  EQU  10H

BOCS EQU  68H

B1ICS EQU  69H

B2CS  EQU BAH

LD (BOCS), 90 ; CS0 = 8 bits, 2WAIT, 7FO0H ~ 7FFFH
LD (B1CS), QCH ; CS1= 8 bits, OWAIT, 480H ~ 7TEFFH

LD (B2CS), 84H  ; CS2 =16 bits, TWAIT, 8000H ~ 3FFFFFH

LD (PACR). O7H )Eﬁﬁ,ﬁﬁ@output mode setting
LD (P4FC), O7H
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3.6.4 How to Start with an 8-Bit Data Bus

Resetting sets the CS2 pin low due to an internal pull-down
resistor; memory access starts in 16-bit data bus (2-wait)

B2CS EQU  6AH
ORG  8000H
DX (B2CS),9CH

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

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 8-bit, OWAIT, 8000H ~

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

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

Address latch EPROM

TLCS-900
(TMP96C141) A1S

D Q §

G A8

A7

AD8~1

8~15 b o )

G | A0

D7

ADO~7 l 5
ALE Do
RDps»———  JOE

CS2p dCs

Operation after reset

TLCS-900 EPROM
8000H F7 F7
8001H 7?7 |77 00
8002H 6A 6A
8003H [ 77 J= 72 00 LDX (GAH), 3CH
8004H 9C 9C
8005H 7?7 |27 00

o~

7?7 :don’tcare
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3.7 8-bit Timers

The TMP96C141AF contains two 8-bit timers (timers 0 and 1),
each of which can be operated independently. The cascade
connection allows these timers to be used as 16-bit timer. The
following four operating modes are provided for the 8-bit tim-
ers.

¢ 8-bit interval timer mode (2 timers)

* 16-bit interval timer mode (1 timer)

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

¢ 8-bit pulse width modulation (PWM: variable duty with con-

MCU900-54

stant cycle) output mode (1 timer)

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

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

Among the input clock sources for the interval timers, the
internal clocks of ¢ T1, ¢ T4, ¢T16, and ¢T256 are obtained
from the 9-bit prescaler shown.in Figure 3.7 (2).

The operation modes and timer flip-flops of the 8-bit
timer are controlled by three control registers TMOD, TFFCR,
and TRUN.
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TFFCR<TFF1C1,0>

*1 Set
*2 Clear F/F control [21
*3 Invert

TRUN <TORUN> TRUN<TIRUN>
TMODjTIOiVI'I.0>
l 1— [ selector TFFCR<TFFUE>
‘ o
RUN Clear RUN Clear
TI0 pin — 8-bit 8-bit *
$T18/fC) —| selector S up-counter > up-counter TFFCR<TFF1IS>
#T4(32/fc) —>] (uco) PLI) ¢T1  —>| Selector (ucy)
$716(128/fc) —>| $T16 —
T3 #7256 —>|
TMOD <TOCLK1, 0> A
MM1. 0> TMOD<TICLK1,0>
<
8-bit
comparator  |—
(cpP1)
INTTO
Selector TMOD<T10M1,0>
8-bit timer
PWMTRG select register TREGO 8-bit timer
TREG-WR register INTTY
TREG1
Register buffer
TFFCR<DBEN> TT
Internal bus

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

This 9-bit prescaler generates the clock input to the 8-
bit timers, 16-bit timer/event counters, and baud rate
generators by further dividing the fundamental clock
(fc) after it has been divided by 4 (fc/4).

Among them, 8-bit timer uses four types of clock:

¢T1, 9 T4, $T16, and ¢T256.
This prescaler can be run or stopped by the timer
operation control register TRUN <PRRUN>. Counting
starts when <PRRUN> is set to “1”, while the prescaler
is cleared to zero, and stops operation when
<PRRUNS> is set to “0”. Resetting clears <PRRUN> to
“0", which clears and stops the prescaler.

Cycle
f
input ¢ 16MHz 20MHz
clock
#T1(8/f¢) 0.5u8 0.4y
$T4 (32/fc) 2.0us 1.64s
$T16 (128/fc) 8.0us 6.4,
$T256 (2048/fc) 128us 102us
$T0 $T1 ¢T2 ¢T4 478 ¢T16 ¢732 $7256
t ottt t r 1
Osciliator | [ 0123 456738
circuit L 1/4 ¢ 9-bit prescaler
"2 #1 } runistop & clear

$2
(System clock)

TRUN <PRRUN>

fua

4T

$T4

, :

Figure 3.7 (2). Prescaler

@ 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 from T10 pin and the three internal clocks ¢ T1
(8/fc), ¢ T4 (32/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 to 16-bit timer mode, the
overflow output of timer O is used as the input clock.
When set to any other mode than 16-bit timer mode,
the input clock is selected from the internal clocks ¢ T1
(8/fc), ¢ T16 (128/fc), and ¢T256 (2048/fc) as well as
the comparator output (match detection signal) of
timer O according to the set value of TMOD register.

Example : When TMOD <T10M1, 0> = 01, the over
flow output of timer O becomes the input
clock of timer 1 (16 bit timer mode).

When TMOD <T10M1, 0> =00 and TMOD
<T1CLK1, 0> =01, ¢ T1 (8/fc) becomes
the input of timer 1 (8 bit timer mode).

Operation mode is also set by TMOD register. When
reset, it is initialized to TMOD <TO1M1, 0> =00
whereby the up-counter is placed in the 8-bit timer
mode.

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

® Timer register

This is an 8-bit register for setting an interval time.
When the set value of timer registers TREGO, TREG,
matches the value of up-counter, the comparator
match detect signal becomes active. If the set value is
OO0H, this signal becomes active when the up-counter
overflows.

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

The timer flip-flop control register TFFCR <DBEN> bit
controls whether the double buffer structure in the

Up-counter

!

l Comparator (CP0O) I
AN

l Timer registers 0 (TREGO) |
7S

TREGO should be enabled or disabled. It is disabled
when <DBEN> = 0 and enabled when they are set to
1.

In the condition of double buffer enable state, the data
is transferred from the register buffer to the timer regis-
ter when the 2"-1 overflow occurs in PWM mode, or at
the PPG cycle in PPG mode. Therefore, during timer
mode, the double buffer cannot be used.

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

Matching detection of PPG

Shift trigger

[ Register buffers 0 l
AN

Write

—C—< cycle
2n - 1 overflow of PWM
Selector

TREGO WR

{ 3 TFFCR<DBEN>

Internal bus

Figure 3.7 (3). Configuration of Timer Register 0

Timer register and the register buffer are allocated to the same
memory address. When <DBEN> = 0, the same value is written in

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
interrupt signal (INTTO, INTT1) is generated. If the timer

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

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 0 and timer 1
and is called TFF1. TFF1 is output to TO1 pin.
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7 i 6 i 5 i a 3 i 2 i 1 i 0
TRUN  |bit symbol | PRRUN : { TSRUN | T4RUN ; PIRUN | PORUN i TIRUN | TORUN
(0020H)fpeogmwrite| rRwW ; RW
After reset 0 0 0 i 0 0 0 0
Prescaler & Timer Run/Stop CONTROL
Function 0: Stop & Clear

MCU900-58

1:Run

(Count up)

PRRUN
TSRUN
T4RUN
P1RUN
PORUN
T1RUN
TORUN

Figure 3.7 (4). Timer Operati

L, CountOperation

0 |Stop and clear

1 |Count

Operation of prescaler

Operation of 16-bit timer (timer5)
Operation of 16-bit timer (timer4)
Operation of PWM timer (PWM1/timer3)
Operation of PWM timer (PWMO0/timer2)
Operation of 8-bit timer (timer1)
Operation of 8-bit timer (timer0)

on Control Register (TRUN)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TLCS-900 16-bit Microcontroller

TMPY6C141AF

TMOD
(0024H)

7 6 i 5 i 4 i 3 i 2 i 1 i 0
bit Symbol | TIOM1 : T10MO : PWMM1 | PWMMO i TICLK1 ; TICLKO i TOCLK! i TOCLKO
Read/Write w
After reset 0 0 0 H ) 0 Poo 0 0

Operation mode PWM cycle Source clock of timer1 Source clock of timer0
00: 8bit Timer i 00: - i 00: TOOTRG i 00:TI0
Function 1. 16bit Timer i 01:26-1 01 4T 01 ¢T1
10: 8bit PPG £10:27 {10: 4716 i 10: T4
11: 8bit PWM P11:281 P 11:¢T256 P 11:4T16
Prohibit Read
Modify Write

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Input clock of timer 0

00 |Externalinput (TIO)

01 ¢T1 ............ (Presca'er) .........................
10 ¢T4 ........... (Prescaler) .........................
” ¢T15 ......... (Prescaler) .........................

—— > Input clock of timer 1

TMOD
TMOD<T10M1.0>#01 <TI0M1,0> =01

Overflow
output of timer
0

Comparator output
of timer 0

(16-bit timer
mode)

Set the operation mode of
timer0and 1.

00 |Two 8-bit timers
........... (timerOandtimer1)
01 |16-bittimer
16 ..... 8anPG°umm ..............................
"11 |8-bit PwWM output (timer0)

+8-bit timer (timer 1)

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

MCU900-59



TMP96C141AF

TLCS-900 16-bit Microcontroller

MCU900-60

TFFCR
(0025H)

7 6 5 4 i 3 i 2 1 0
bit Symbol DBEN TFFICY TFF1CO TFF1IE TFF1IS
Read/Write RW w RW
After reset 0 0 0 ] [
i Double % 00: Invert TFF1 TFF1 TFF1
i buffer 01: Set TFF1 Inversion : Inversion
Function : Disable :Set trigger source
V:Enable | |0 ClearTFF1 :0: Disable :0: Timer 0
H 11: don't care Enable :1:Timer 1
: # /}:vf.ays read as
| | J
Selectinverse signal of timer F/F1
(“Don't care” except in 8-bit timer mode)
T>M=00%<T10M1,0 01 10 1
0 |Inversionby 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 eachtimer0and | overflow signal
timer1 match timer 1 of timer 0
signal

L———— Inver:

sion of Timer F/F1 (TFF1)

0

Disable invert

1

Enable invert

‘————> Control of Timer F/F1 (TFF1)

00

Invert the value of TFF1
(software inversion)

Set TFF1to “1”.

Clear TFF1to “0".

Don’t care

\———————> Double Buffer Control of TREGD

0

Disable double Buffer

1

Enable double Buffer

Figure 3.7 (6). Timer Flip-Flop Control Register (TFFCR)
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The operation of 8-bit timers will be described below: ® Generating interrupts in a fixed cycle

(1) 8-bit timer mode To generate timer 1 interrupt at constant intervals using

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

Two interval timers O, 1, can be used independently as
8-bit interval timer. All interval timers operate in the
same manner, and thus only the operation of timer 1
will be explained below.
Example: To generate timer 1 interrupt every 40
microseconds at fc = 16 MHz, set each
register in the following manner.

MSB LSB

TRIN « - x - - - - 0 -
™MD « O O x x 0 1t - -

Stop timer 1, and clear it to “0".
Set the 8-bit timer mode, and select ¢T1 (0.5ps @ fc = 16MHz) as the input clock.

TREG1 «~ 0 1 0 1 0 0 0 0
INTETI0  « 1 1 0 1 - - - -
TRUN « 1

Set the timer register at 40us ¢T1 = 50H.
Enable INTT1, and set it to “Level 5”.

X - - - - 1 - Start timer 1 counting.

Note:  x; don’t care -; no change

Use the following table for selecting the input clock.

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

Input Clock ;::‘;::qsc'x::; Resolution :::72"2‘0‘::35 Resolution
oT1(8/fc) 0.5ps ~ 128ps 0.5ps 0.4s ~ 102.4ps 0.4ps
#T4(32/fc) 2us ~ 512ps 2us 1.6y ~ 409.6ps 1618
716 (128/fc) 8ps ~ 2.048ms 8ps 6.4ys ~ 1.638ms 6.4
#1256 (2048/fc) 128ys ~ 32.708ms 128us 102.4ys ~ 2.621ms 128us
Note: The input clock of timer O and timer 1 are different from as follows:
Timer O: T10 input, ¢T1, ¢T4, ¢T16
Timer 1: Match Output of Timer O, ¢T1, ¢T16, ¢T256
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@ Generating a 50% duty square wave pulse TO1 pin at fc = 16MHz, set each register in

the following procedures. Either timer O or
The timer flip-flop (TFF1) is inverted at constant inter- timer 1 may be used, but this example uses
vals, and its status is output to timer output pin (TO1). timer 1.

Example: To output a 3.0us square wave pulse from

TRUN «~ - X - - - =0 - Stop timer 1, and clear it to “0".
TMOD « 0 0 x x 0 1 - - Set the 8-bit timer mode, and select ¢T1 (0.5ps @ fc = 16MHz) as the input clock.
TREG1 « 0 0 0 0 o0 O 1 1 Set the timer register at 3.0ps +¢T1 +2=3.
TFFCR - - - - -1 0 1 1 Clear TFF1 to “0”, and set to invert by the match detect signal from timer 1.
P7CR - -1
e xo ) Select P71 as TO1 pin.
P7FC « x x x x - =1
TRUN « 1 X - - - - 1 - Start timer 1 counting.
Note: x; don't care —; no change
TRUN
<T1IRUN>
BIT7~2

Up-
counter BIT1

1.5us @fc = 16MHz

BITO o | v 2 ]3¢0 [ | 3 12_] 1 2 |3 |of
i I B g R S B N
AT ) M n!

INTT1 \ 1 M

UC clear ﬁ. I.! ﬂ
TFF1 {g 1 —
701 Y4 :\ Vanm

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
0 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.

1 I

(Timer 0 match)

Timer 0 up-counter
(when TREGO =5)

1 X2 X3X4 XS XA X2 X3 XARSXNTR2R3)

Timer 1 up-counter 1

X 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 (TFF1)

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

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

Note: The value of timer register cannot be read.

(2)  16-bit timer mode

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

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

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

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

Input Clock (':ﬁ:':':'&f"; Resolution (I::e“r:n:pzlol:‘y';lze) Resolution
@11 (8/fc) 0.5ps ~ 32.786ms 0.5pus 0.4ps ~ 26.214ms 0.4ps
T4 (32110 245 - 131.072ms us 1.6 - 104.857ms 1615

116 (128/10) 845 - 524 288ms &s 6.4y - 419.430ms 645

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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The lower 8 bits of the timer (interrupt) cycle are set by
the timer register TREGO, and the upper 8 bits are set
by TREG1. Note that TREGO always must be set first.
(Writing data into TREGO disables the comparator tem-
porarily, and the comparator is restarted by writing
data into TREG1.)

Setting example:  To generate an interrupt INTT1 every
0.5 seconds at fc = 16MHz, set the
following values for timer registers
TREGO and TREG:

When counting with input clock of
¢T16 (8us @ 16MHz)

0.5 sec + 8us = 62500 = F424H

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

Value of up-counter

Timer 0 comparator
match detect signal N

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

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

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

Interrupt INTT1

(62 8es 0000H 0080H 0180H 0280H 0380H 0480H

Timer output TO1

I Inversion

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

(8)  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 as P70).

In this mode, a programmable square wave is gener-
ated by inverting timer output each time the 8-bit up-

MCU900-64

counter (UCQ) 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 (11) shows the block diagram for this mode.
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—tH W

TREGO and UCO match A fl
(Interrupt INTTO) / /
TREG1 and UCO match Al {,ﬂ

(Interrupt INTT1)
TO1

TREGO
TREG1

Figure 3.7 (10). 8-Bit PPG Output Waveforms

TO1
TIO pin  —> TRUN<TORUN> 4

¢#T1 8-bit TFF <— TFFCR<TFFIIE> =1
T4 —| Selector

$T16 —» up-counter (UCO)

f f T Inversion
TMOD <TOCLK1,0>
INTTO

INTT1

[ Comparator }.,l Comparator ][_,

i

TREGO-WR->

Selector | ghift trigger
|

l Register buffer I I TREG 1 I

A
TFFCR<DBEN> ﬁ ﬂ

Internal bus

Figure 3.7 (11). Block Diagram of 8-Bit PPG Output Mode
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When the double buffer of TREGO is enabled in this Use of the double buffer makes easy handling of low duty
mode, the value of register buffer will be shifted in TREGO each waves (when duty is varied).
time TREG1 matches UCO.

Match with TREGO
and up-Counter

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

(  Shift from register buffer
Y

TREG O
(Value to be compared) Q x47\ Q
Registe buffer Q, x Qs
\ TREG 0 (register buffer)
write

Figure 3.7 (12). Operation of Register Buffer

Example: Generating 1/4 duty 50KHz pulse @ fc = 16MHz)

g I I
201
e Calculate the value to be set for timer register. TREG1 = 40 = 28H and then duty to 1/4, tx 1/4 =
To obtain the frequency 50KHz, the pulse cycle t 20us x 1/4 = 5ps
should be: t = 1/50KHz = 20}!8 5“5 = 0'5,""8 =10
Given ¢ T1 = 0.5us @ 16MHz), Therefore, set timer register 0 (TREGO) to TREGO = 10
20us + 0.5ps = 40 =0AH.

Consequently, to set the timer register 1 (TREG1) to

7 6 5 4 3 2 1 0
TRUN « - X - - - =00 Stop timer 0, and clear it to “0".
TMOD « 1 0 x x x x 0 1 Set the 8-bit PPG mode, and select ¢T1 as input clock.
TREGO «~ 0 0 O0 o0 t 0 t O Write “0AH".
TREG1 « 0 0 1 0 1 0 0 O Write “28H".
TFFCR -« - - =1 0 1 t x Sets TFF1 and enables the inversion and double buffer enable.
- Writing “10” provides negative logic pulse.
IR« x xx = =1 - ) setP71as T01 pin.
P7FC « x x x x - =1
TRUN « 1 x - - - -1 1 Start timer 0 and timer 1 counting.
Note : x; don't care —; no change
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8-bit PWM Output mode

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

Timer output is inverted when up-counter (UCO)
matches the set value of timer register TREGO or when
2n-1(n=86, 7, or 8; specified by TO1MOD <PWMO1,

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

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

(Set value of timer register) <(Set value of 2" - 1
counter overflow)
(Set value of timer register # 0)

Al ( Al

\ (

TREGO and
UCO0 match
]
overflow
(interrupt INTTO) \
TO1 I

X
,l—l trwm

N

(PWM cycle) !

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

TO1
TRUN <TORUN>

[ )
i i TFFCR
$T1 —>| 8-bit up-counter
Ta—s| Selector Clear TFE é <TFFIC1,0,
¢$‘5““> wea FFUE, TFF1IS>
2n-1 TMOD Invert
<T10M1,0> = 11
TMOD <TOCLK1, 0> ,
0 CLK1,0 __"‘——__:> overflow T™MOD
control <PWMM1, 0>
Overflow

I Comparator

ﬁ ¢ INTTO
L | TREGO |

>
Selector Shift trigger ﬂ
TREGO-WR—>
| Registerbuffer |
TFFCR <DBEN> ﬁ
{ 3y
Internal bus

Figure 3.7 (14). Block Diagram of 8-Bit PWM Mode

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

Match with TREGO n rl
Up-counter = Q,

Up-counter = Q;
2n - 1 overflow

{ shiftinto TREGO
TREG 0 Qi X Q2

(value to be compared) 7

Register buffer Q2 X

Q3
A TREGO (register buffer) write

Figure 3.7 (15). Operation of Register Buffer

Example: To output the following PWM waves to TO1 pin at fc = 16MHz.

To realize 63.5us of PWM cycle by ¢T1 = 0.5ps (@ fc =

16MHz), :
/] | | 63.5ps + 0.5us = 127 =27 - 1
- l l Consequently, n should be setto 7.
B35, As the period of low level is 36us, for ¢T1 = 0.5us, set the
following value for TREGO:
36ps + 0.5ps = 72 = 48H
MCU900-68
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MSB

TRUN — - X -
TMOD « 1 1 1

TREGO « 0 1 0
TFFCR «— X X X

LSB
4 3 2 1 0
- - - -0 Stop timer 0, and clear it to “0”.
0 - - 0 1 Set 8-bit PWM mode (cycle: 27 - 1) and select ¢T1 as the input clock.
0 1 0 0 Write “48H".
X 1 1 X Clears TFF1, enables the inversion and double buffer.

P7CR - -
oo X ! ) Set P71 a5 the TO1 pin.
P7FC «— X X X X - - 1
TRUN « 1 X - - - - -1 Start timer 0 counting.
Note:  x; don't care -; no change
Table 3.7 (3) PWM Cycle and the Setting of 2" -1 Counter
PWM Cycle (@ fc =16MHz) PWM Cycle (@ fe = 20 MHz)
oT1 ¢T4 ¢T16 141 T4 o116
251 31.5psec (31.7kHz)  126msec (7.9kHz) 0.50usec (1.9kHz) 25.2psec (39.0kHz)  100psec (10.0kHz) 0.40msec (2.4kHz)
271 63.5psec (15.7kHz)  254msec (3.9kHz) 1.01psec (0.98kHz) 50.8usec (19.7kHz)  203psec (4.9kHz) 0.81msec (1.2kHz)
254 127usec  (7.8kHz)  510msec (1.9kHz) 2.04usec (0.49kHz) | 102usec  (9.80kHz)  408psec (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 T10M PWMM T1CLK TOCLK TFF1IS
. " Upper Timer Lower Timer Timer F/F Invert
Function Timer Mode PWMO Cycle Input Clock Input Clock Signal Select
External clock,
16-bit timer mode 01 - - oT1, 974, ¢T16 -
(00, 01,10, 11)
Lower timer match : External clock, 0 Lower timer output
L _ #T1, ¢T16, $T256 oT1, ¢4, 716 : .
8-bit timer x 2 channels 00 (00, 01,10, 11) (00,01, 10, 11) 1 Upper timer output
External clock,
8-bit PPG x 1 channel 10 - - 11, 474, ¢T16 -
(00,01, 10, 11)
. ; 5 External clock,
. 20-1,2/-1,29-1 _ @11, 974, ¢T16 _
8-bit PWM x 1 channel 1 01,10,11) (00,01, 10, 11)
i B @11, @116, ¢7256 _ .
8-bit timer x 1 channel 1 (01,10, 11) Output disabled
Note: - don’t care
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3.8 8-Bit PWM Timer

The TMP96C141AF/TMPO6CM40F/ TMPO6PM40F has two
built-in 8-bit PWM timers (timers 2 and 3).
They have two operating modes.

* 8-bit PWM (pulse width modulation: variable duty at fixed
interval) 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).

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).
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TRUN <PRRUN>

POMOD <PWMOM >

(;'/:FFZZ) PWM2-OUT
o2)

Set Iclear

F/F control

Selector |«

fa2 PWM dedicated
prescaler
$P1 ¢P4 4P16
(fa/a) (fa/16) (fu6d)
TRUN <PORUN>
RUN
#P1 —|
P4 —> Clock Lol g.bitup counter
#P16— control (uc2)
tt —
POMOD <T2CLK1, 0>

Overflow

A4
POMOD <PWMOS1, 0>

8-bit comparator ,_,_Mj&.(h_dﬂm

(cP2)

fr

8-bit timer register
TREG2

Register buffer

DR
PFFCR <FF2C1,0>
PFFCR <FF2TRG1, 0>

Interrupt {__ INTT2

Shift trigger
———————y

S

|« Registerwrite |

3

Internal bus

Ble |

Selector

—AJ—TREG-WR

POMOD <DB2EN>

control

!

POMOD <PWMOINT>

Figure 3.8 (1). Block Diagram of 8-Bit PWM Timer 0 (Timer 2)
Note:  Block diagram for 8-bit PWM timer 1 (timer 3) is the same as the above diagram.
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@ 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 0, which clears and stops the prescaler.

Dedicated Prescaler Cycle

MCU900-72

#P4

16MHz 20MHz
oP1  (4/fc) 250ns 200ns
¢P4 (16/fc) Tus 800ns
¢P16 (64/ic) 4us 3.2psc
#P1 ¢Pa P16
st
0 1 2 3 4
Oscillator
circuit 12 Prescaler

T run/stop & clear

TRUN <PRRUN>

fo2 w
A I R R E—

(—

Figure 3.8 (2). Prescaler

® Up-counter

An 8-bit binary counter which counts up using the
input clock specified by PWM mode register (FOMOD
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.
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Note:

TREG2 and TREGS are controlled double buffer
enable/disable by POMOD <DB2EN> and P1MOD
<DBBEN> : 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

Up-counter

{

l Comparator

i

| Timer register (TREG23) |

]

in double buffer enable state, unlike timer mode for
timers O and 1.

At reset, <DB2EN>/<DB3EN> is initialized to O to dis-
able 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 reg-
ister buffer.

ﬂ Shift trigger T—= 8-bit match detect

PWM2n-1overflow
|

[ Register buffer ] Selector

| TREG2/3 WR
Write [} l
) S— L ) [
Iinternal bus <DB2EN>/<DB3EN>

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

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

buffer values can be read when reading the above
addresses.

@ Comparator

Compares the value in the up-counter with the value in
the timer register (TREG2/TREGS). When they match,

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

the comparator outputs the match detect signal. A
timer interrupt (INTT2/INTT3) is generated at compare
and match if the interrupt select bit <PWMO1INT>/
<PWM1NT> of the mode register (POMOD/P1MQD) is
set to 1. In timer mode, the comparator clears the up-
counter to 0 at compare and match. It also inverts the
value of the timer flip-flop if timer flip-flop invert is
enabled.

® 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/TO3 (also used as P72/P73).
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7 I 4 3 3 1 0
POMOD |bit Symbol | FF2RD | DB2EN :PWMOINT: PWMOM | T2CLK1 i T2CLKO i PWMOS! | PWMOSO
(0028H) Read/Write R w
Afterreset | - o i 0 i 0 0 0
Flip-flop PWQ" i 00: ¢P1 (fc/d) ¢ 00: 26-1
m H H
(FIF2) %€ 1 01: gpa(f16) {01:27-1
Function Timer 4. i 10- 28
output mode | 10: P16 (f/64) 10: 281
data H 11: Don't care i 11: Don't care

Read-modify-write is

prohibited.

MCU900-74

: Select PWMO cycle

11 Don't care

Select PWMO input clock

00 |4 P1(fc/d)

01 |4 P4 (fc/16)
10 ¢P‘|5(fcj64) ...................
11 Donlt(are .....................
select PWMO mode

0 [PWM mode
1 |a-bittimermode
select PWMO interrupt

0 Overflpw interrupt

1 i(;"az_e_'?&;;e and match
control double buffer

0 |[Disable
1 ...... Enable ............................

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

Figure 3.8 (4). 8-Bit PWMO Mode Control Register
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7 6 i S i 4 i 3 i 2 i 1 i 0
PIMOD [bit Symbol | FF3RD | DB3EN PWMIINT: PWMIM | T3CLK1 : T3CLKO | PWMIS1 | PWM1SO
(0029H) fgeagwrite| R | w
After reset - 0 0 : 0 0 0 0 0
Flip-flop :1: Double 0 2""{ 0: PW;"‘ £ 00: gP1(fc/d) { 00:26-1
H : {! : H :
(FF3)  © Buffers] oeeow i oS L 01gRa(fcle) 01:271
Function : : i1: Timer § 4. HETYTR
output § Enable 1: compare | mode 10: ¢P16 (f/64) ; 10: 28-1
data : i and : i 11: Don'tcare i 11:Don'tcare
: i omatch : H
i__nterrupt ;

Read-modify-write is

prohibited.

Select PWM1 cycle
00 |26-1

11 |Don’t care

—> Select PWM 1 input clock

00 |gP1(fc/4)

11 |Don’t care

Select PWM1 mode
0 |PWMmod

1 |8-bittimer mode

Select PWM1 interrupt

0 |Overflow interrupy

" "|compare and ‘match
interrupt

Control double buffer
0 |Disable

1 |enable

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

Figure 3.8 (5). 8-Bit PWM1 Mode Control Register
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7 6 : 5 i 4 i 3 i 2 i 1 i 0
PFFCR |bit Symbol | FF3C1 | FF3CO | FF3TRG1 i FF3TRGO | FF2C1 | FF2C0 | FF2TRGY | FF2TRGO
(002AH) - ; H ?
Read/Write w RW w H RW
After reset 0 0 0 0 i 0 0 0 0
00: Don't care ;ioo : Disable TFF3 inverted. | 00: Don't care éoo : Disable TFF2 inverted.
01: Set TFF3 {01 : Invert by match. 01: Set TFF2 {01 : Invert by match.
Function | 10: Clear TFF3 10: Clear TFF2 10 : Setby match;

MCU900-76

11: Don't care

10 : Set by match;

: clear by overflow, : clear by overfiow,
11 : Clear by match;

i setbyoverflow.

11: Don't care

g'll : Clear by match;
H set by overflow.

:

I—»Selec’c PWM timer F/F2 (TFF2) trigger
00 |Disable TFF2 tri

er.

01 |invert by compare and match.

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

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

10

1

L, Control PWM timerF/F2 (TFF2)

00 {Don'tcare

01 |SetTFF2to “1".

10 |Clear TFF2to “0".

11 |Don'tcare

Select PWM timer
F/F3 (TFF3) trigger

00 |Disable TFF3 trigger.

Clear by compare and match.

" Set by 27~ overflow.

Control PWM timerF/F2 (TFF2)

00 |Don’tcare

01 |SetTFF3to “1
10 |Clear TFF3 to "0".

11 |Don’tcare

Figure 3.8 (6). 8-Bit PWM F/F Control Register
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7 1 6 i s i a4 i 3 i 2 i 1 i Q@
TRUN  |bit Symbol [ PRRUN : | TSRUN | T4RUN ; PIRUN : PORUN | TIRUN | TORUN
(0020H)fe = dwrite | Rw RW
After reset 0 0 0 0 0 0 0
Prescaler & Timer Run/Stop CONTROL
Function 0: Stop & Clear
1: Run (Countup)

— |

L.

bit timer (timer0) operation

0 |Stop & clear

1 |Count

L » 8-bit timer (timer1) operation

0 |Stop &clear

1 |Count

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

0 |Stop &clear

1 |[Count

L > 8-bitPWM 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

Prescaler operation

0 |Stop & clear

1 |Count

Figure 3.8 (7). Timer Operation Control Register (TRUN)
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The following explains PWM timer operations.
(1)  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:
* TFF2 is cleared to O when the value in the up-
counter (UC2) and the value set in the TREG2
match.
e TFF2is setto 1 when a 2" - 1 counter overflow (n
=6, 7, or 8) occurs.

PWM timing

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

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

The PWM timer can output 0% - 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
<FF2TRGT1, 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

Xmat ) 22X 201 X2\ 0o A o1

Timing in Match detect J_l

detail

2n-1overflow

N

counter clear

Match detect 4

Overall
timing 2n-1overflow

Note) J A / A
I S e

(TO2/T03)

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 overflow.
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prescaler

¢P11¢P4L¢P16

Clock control

f2 —

Figure 3.8 (9) is a block diagram of this mode.

8-bit up-counter

Clear

(uc2) POMOD
T T T <PWMOS1, 0>
POMOD<T2CLK1,0>
ﬁ 2n-1overflow
control overflow
overflow
8-bit Match PFFCR<FF2TRG1,0>
>
°°"('g;;‘;’t°' PFFCR<FF2C1,0>
{ | Timer |—» TO2
. FIF
8-bit control
timer register
B (TREG2)
Selcto; Mﬂ L interrupt
TREG2ZWR —>[A S o buffer > INTT2
control
POMOD<DB2EN> ﬂ
POMOD <PWMOINT>

Iinternal bus

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

In this mode, enabling double buffer is very useful. The
register buffer value shifts into TREG2 when a 2" -1 overflow
is detected, when double buffer is enabled.

Match with TREG2

2n-1
overflow

TREG 2
(Compared value)

Register buffer

easy.

I

(Up-counter = Q1)

(Up-counter = Q2)

(Shift from register buffer

Q

) {

Q.

17

Q; )

Q;

Using double buffer makes handling small duty waves

\ Register buffer write

Figure 3.8 (10). Register Buffer Operation
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Example: To output the following PWM waves to TO2 pin using PWMO at fc = 16MHz.

To implement 31.75pus PWM cycle by ¢ P1 = 0.25ps (@ fc
= 16MHz)

L [ [ 31.75pus + 0.25ps = 127 =27 -1.

__)l
15us

Consequently, setnto 7.
Since the low level cycle = 15ps; for ¢ P1 = 0.25ps

31.75us

15ps + 0.25 = 60 = 3CH
set the 3CH in TREG2.

TRUON < - x - - - 0 - - Stops PWMO and clears it to 0.
POMOD « - 0 0 0 0 0 0 1 Sets PWM (27 - 1) mode, input clock ¢P1, overflow interrupt, and disables double buffer.
TREGZ « 0 0 1 1 1 1 0 0 Writes 3CH.
POMOD « - 1 o 0 o0 0 o0 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.
P7CR X X X X -1 -
< ) sets P72 as the T02 pin.
P7FC «— X X X b - 1 -
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

16MHz 20MHz
Formula
oP1 P4 P16 oP1 oP4 ¢P16
264 | 21-¢Pn 15.8psec 63.0psec 252y15e¢ 12.6ysec 50.4ysec 201psec
(63kHz) (16kHz) (3.9kHz) (79KHz) (20kHz) (4.9kHz)
274 271 - ¢Pn 31.8psec 127.0psec 508psec 25.4psec 101.6psec 406psec
(31kHz) (7.9kHz) (1.9kHz) (39kHz) (9.8kHz) (2.5kHz)
281 2.1 ¢Pn 63.8psec 255.0psec 1020psec 51.0psec 204.0psec 816psec
(16kHz) (3.9kHz) (0.98kHz) (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 40ps
at fc = 16MHz, set registers as follows:

7T 6 &5 4 3 2 1
TRUN - - x - - = 0 -
POMOD « x 0 1 1 0 0 «x
TREG2 « 1 0 1 0 0 0 0
INTEPW0) ¢ - - - - 1 1 0
TRUN - 1 x - - - 1 -

Note: x; don'tcare —; no change

Select an input clock using the table below.

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

Stops PWMO and clears it to 0.
Sets 8-bit timer mode and selects ¢P1 (0.25us) and compare interrupt.

Sets 40us/0.25us = AOH in timer register.
Enables INTT2 and sets interrupt level 4.
Starts PWMO counting.

Input Clock :::?;':'?&ﬂ; Resolution (Ila\:e':ngn(;xﬁ:) Resolution

@P1 (4/fc) 0.25ps ~ 64ps 0.25ps 0.2 ~ 51.245 0.2us

$P4 (16/fc) s ~ 256p8 s 0.8ps ~ 204.8ps 0.8ps
#P16 (64/fc) 4ps ~ 1024ps 4us 3.2ps ~ 819.2ps 32us

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

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 3.0us square wave at fc =

flop at a fixed interval and output the timer flip-flop 16MHz from TO2 pin, set register as fol-
lows:

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 (0.25ps) as the input clock.
TREGZ « 0 0 0 0 0 1 1 0 Sets 3.0u5/0.255/2 = 6 in the timer register.

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

PICR  « X X X - 1 o ) Sets P72 as the T2 pin.

P7FC «— X X X X - 1 - X

TRUN  « 1 X - - - 1 - -

Note:  x; don’t care —; no change

o MMy

TRUN ]
Up-counter 01 Y 02 Y03 Y04 Y05 Y06 Y YoiY 02 Y04 Y05 Y06 ) YoiY 02 X
Comparator
timing
Match /n n
detect
UC clear (ka ﬂ
TFF2 | |
TO2

1.5us (@fc = 16MHz)

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.

fu2 > Prescaler

#P1 l¢P4 l¢P1Gl

Clock control

tt

POMOD <T2CLK1, 0>/

8-bit up counter
(uc2/ucQ3)

Clear

P1IMOD<T3CLK1,0>

‘——B

8-bit comparator

(CP2/CP3)

Match

Timer F/F
—> TO2/TO3

l

8-bit
timer register
(TREG2/TREG3)

TREG2/3 WR

A S

T

Selector Y, Shift trigger ﬂ

POMOD<DB2EN>/
PIMOD<DB3EN>

Register buffer

i

Register write S

Internal bus

control

A4
PFFCR<FF2C1,0>/
PFFCR<FF3C1,0>
PFFCR<FF2TRG1,0>/
PFFCR<FF3TRG1,0>

Figure 3.8 (12). Block Diagram of 8-Bit Timer Mode

Interrupt INTT2
> /INTT3
control

POMOD <PWMOINT >/
PIMOD<PWMI1INT>

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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3.9 16-Bit Timer

The TMP96C141AF has two (timer 4 and timer 5) multifunc-
tional 16-bit timer/event counter with the following operation
modes.

* 16-bit interval timer mode

® 16-bit event counter mode

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

* Pulse width measurement mode

¢ Time differential measurement mode

MCU900-84

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

Timer/event counter is controlled by four control regis-
ters: T4AMOD/T5MOD, T4FFCR/TSFFCR, TRUN and T45CR.

Figure 3.9 (1) and (2) show the block diagram of 16-bit
timer/event counter (timer 4 and timer 5).
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& Internal bus S
Upper byte I Lower byte Upper byte Lower byte
T4AMOD<CAP1IN> CAPY T4MOD < CAP2TS, EQSTS>
Trager. . T4FFCR
Software Capture Trigger U,
TFF1—>
Capture >

T Timer = TFFA l TO4
)
s contro - TFFS 105

TRUN<T4RUN>
lear Control
TaMOD :21 > )
<CAP12M1, MO> Selector f—————> 16-bit up-counter
Tia $T16 —> uca PGO T2
l [} shift —r—
Xy Y1 TRUN <T4RUN> TAMOD<CLE> trigger 1%
[ TAMOD<T4CLK1,0> -
zzZz
Matc?\ Match
Comparator detection detection
cP4
l Selector
[+ TREG4-WR
Register buffer4
T45CR<DBA4EN>
Upper byte Lower byte Upper byte Lower byte

Internal bus

Figure 3.9 (1). Block Diagram of 16-Bit Timer (Timer 4)
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{ Internal bus L)
Upper byte Lower byte Upper byte Lower byte
Capture register 4
TSMOD < CAP3IN> CAP4 rseren
Software Capture Trigger T i/l/c
TR —>] ! .
Capture Timer
i control
TIS FIF
[ TRUN <T5RUN>,
TSMOD $T1 —> —ﬂ "‘l

A
TRUN<TSRUN> TSMOD<CLE>

INT 61

Control
Clear
<CAP34M1,M0> $T4 16-bit up-counter
' Selector f——>
TI6 $TI6 — ucs

PGO 0
shift g

trigger =+
ggercL

~ A
[ TS5MOD<T6CLK1, 0>
z
Match Match
Comparator detection Comparator detection
CP6 CP7
' Selector
[ TREG6-WR
Register buffer 6
TASCR<DBGEN>
Upper byte Lower byte Upper byte Lower byte
Internal bus

Figure 3.9 (2). Block Diagram of 16-Bit Timer (Timer 5)
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7 i 6 i 5 1 4 i 3 2 i 0
TAMOD | bit Symbol | CAP2TS | EQSTS | CAPIIN :CAP12M1:CAPI2MO: CLE | TACLK1 : TACLKO
(0038H)[gogmwrite RAW w RAW Porw RW
After reset o ¢ 0o i 1 0 i 0o i 0 i 0 0
TFFSinverttrigger  :0¢ Soft- :Capture timing {1:UC4: imer asource clock
. : Capture 00: Disable i Clear ! 00: Tia
0: Disable trigger ‘1: don't INTAoccurs atriseedge. ©  Enable @ “7°
Function |!: Enabletrigger H .care :01:mar TSt : P 01:gT
: I INT4 occurs atrise edge. £ 10: 474
Invert EInvert : 10:Tiap T4} ; ; 1:T16
when the :whenthe : INT4 occurs at fall edge. AR
UCvalue is iup-counter: M:TrF1IT TR : :
loaded to imatches INT4 occurs at rise edge.
CAP2 TREGS :
|
— > Timer 4 input clock
00 |External clock (Ti4)
o1 |4T1(8/fc)
10 |¢T4(32/fc)
11 | ¢T16 (128/fc)
L, 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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TMP96C141AF TLCS-900 16-bit Microcontroller
7 ¢ 6 i 5 i 4 i\ 3 1 2 i 1 i 0
T4MOD |bit Symbol | CAP2TS | EQSTS i CAPIIN iCAPI12M1:CAPI12MO: CLE | T4CLK1 | T4CLKO
(0038H) [ peaamrite RW W RW RW i RW
After reset 0 0 : 1 0 0 : 0 0 0
TEFSinverttrigger (0 Soft-  iCapture timing i1:UC4 & Timer 4 source clock
. Disable tri Capture :00: Disable i Clear i
F . 0: Disable trigger 21.d°n.t i INTaoccursatriseedge. : Enable : 00:Ti4
unction |4 Enable trigger ©care  [01:mat  mst : $ 01T
\vert finvert i INT4 occurs atrise edge. 1 10: 4T4
when the iwhen the ° [10:Tar Al : 11 4T16
UC value is up-counter: ; '.N""“""“'a"edge H :
loaded to ;matches eTEELr TR :
CAP2 {TREGS INT4 occurs atrise edge.
[ | L 1
Capture timing of timer4
Capture control INT4 control
00 {Capture disable Interrupt occurs
CAP1 at Tl4 rise at the rise edge
01 of Ti4 (INT1)
CAP2 at TiS rise input
e T g
10 CAP1 atTl4rise at the fall edge RS
of TI4 (INT1
CAP2 at Tl4 fall input. (INTT)
CAP1 at TFF1 rise R ANRG S
11
CAP2 at TFF1 fall of et UNTD)
L » Software capture

MCU900-88

0 |The up-counter4 value is loaded to CAP1

(software capture).

1 |Alwaysreadas “1”.

Timer flip-flop 5 (TFF5) invert trigger

0 |Trigger disable (Invert Prohibition)

1 |Trigger enable (Invert permission)

CAP2T5 : Invert when the up-counter value is loaded to CAP2

EQ5TS

. Invert when the up-counter matches TREG5S

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

7 ¢ 6 i 5 ! &4 3 1 2 1 o1 i
bit Symbol | TFF5C1 | TFFSCO | CAP2T4 | CAPIT4 | EQSTA : EQ4T4 | TFFACI | TFFACO
Read/Write w i ORW RIW RIW RW w
After reset 0 0 0 0 0 0 0 0

00: Invert TFF5 §TFFtlinverttrigger {00: Invert TFF4
01:Set TFFS :0: Disable trigger i01:Set  TFF4
Function |10:Clear TFFS : 110: Clear TFF4

i1: Enable trigger
11:don't care :

‘invertwhen iInvertwhen

*11:don't care

énvev( when élnven when
Alwaysreadas “11". ;xhe UC value gxhe UCvalu Always read as
;is loaded to Ens loadedto E R "
caP2 icap STREGS STREGA
1 1
]
I: Timer flip-flop 4 (TFF4) control
00 [Invertsthe TFF4 value (software inversion).
01 [SetsTFF4to “1".
10 |Clear TFF4to “0".
11 |Don’tcare (Alwaysread as “11").
> Timer flip-flop 4 (TFF4) invert trigger
0 [Triggerdisable (Invert prohibition)
1 |Trigger enable (Invert permission)
CAP2T4 : Invert when the up-counter value is loaded to CAP2
CAP1T4 : Invert when the up-counter value is loaded to CAP1
EQ5T4 : Invert when up-counter matches TREGS
EQ4T4 : Invert when up-counter matches TREG4
Timer flip-flop 5 (TFF5) control

00

11 |Don'tcare (Always read as “11".)

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

TOSHIBA AMERICA ELECTRI

ONIC COMPONENTS, INC. MCU900-89




TMP96C141AF TLCS-900 16-bit Microcontroller

7 i 6 {5 i 4 i 3 i 2 i 1 i 0
T5MOD | bit Symbol ! CAP3IN iCAP34M1:CAP34MO: CLE i TSCLKI ; TSCLKO
(0048H) [z eadmwrite Pow RAW PORW RIW
After reset 1 0 0 ) 0 0
i0: Soft-  iCapture timing H:UCS i TimerS source clock
Capture :00: Disable i Clear 00:TI6
X 1 don't ! INTeoccursatriseedge. |  Enable : .
Function i care (01:TeT  m7t : :01:gT1
: INTB occurs at rise edge. : i 90: $T4
110: M6t T6Y : H
! INT6 occurs at fall edge. : 11: ¢T16
H1ITERIY TER i :
i INT4occurs atrise edge.
L

> Timer 5 input clock

00 |External clock (Ti4)

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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TSMOD
(0048H)

foos b4 i3 b2 i 0
bit Symbol i CAP3IN iCAP34M1iCAP34MO; CLE ;i TSCLK1 ; T5CLKO
Read/Write W RIW PoRw RW
After reset : 1 0 0 0 0 0

i0: Soft-  :Capture timing H:UC5  © Timer S source clock

Capture :00: Disable i Clear 00: TI6

1 don't i INT6occursatriseedge. : Enable 0:

: 'care 01:16t  TI7Y : P01 gT1

i INT6 occurs at rise edge. 10: ¢T4
10:T6T  TI6Y H : .

i INT6occurs at fall edge. 11:4T16
S1ITERIY TRRY : :

: INT4 occurs at rise edge. :

N |

l:ner 5 Capture timing

INT4 Control

Capture control
00 [Capturedisable
CAP3atTI6r|se .............
o CAP4 at TI7 rise
10 CAP3 atTl6 rise
CAP4 at Tl6 fall
............ cAp3atTFF1nse
" CAP4 at TFF1 fall

Interrupt occurs
at the rise edge
of Ti6 (INT6) _#

TRterrupt occurs
at the fall edge
of TI6 (INT6) L

at the rise edge
of TI6 (INT6) —f |

input.

L——» Software capture

wqn

1 |Always read as

0 |Theup-counter5valueisloaded to CAP3.

Figure 3.9 (7). 16-Bit Timer Control Register (TSMOD) (2/2)
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7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 0
TSFFCR | bit Symbol { CAPAT6 | CAP3T6 i EQ7T6 ; EQ6T6 | TFF6CI ; TFF6CO
(0049H) [ geagwrite fRW i RW i RW | RW w
After reset S0 i o0 i o0 fo0 P00 i 0

{TFF6invert trigger :;00 :Invert TFF6
Disable trigger i01:5et  TFF6

Enable trigger ;10: Clear TFF6
“11:don't care

Function R H H H
ilnven when invertwhen :invertwhen :invertwhen
ithe UC value Elhe UCvalue E(he uc é(he uc X Always read as
s loaded to gis loaded to matches matches "11”
icapa ‘a3 itReG7  iTReGe
1 |

L Timer flip-flop 6 (TFF6) control

00 |Inverts the TFF4 value (software inversion).

11 |Don’tcare (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  : Invert when up-counter matches TREG7
EQ6T6  : Invert when up-counter matches TREGE

Figure 3.9 (8). 16-Bit Timer 5 F/F Control (TSFFCR)
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TMPY6C141AF

7 s i 4 1 3 2 1 0
T45CR  [bit symbol — : PGIT PGOT | DBGEN : DB4EN
(003AH) Read/Write RW RW
After reset 0 : 0 0 : 0 0
Fixat“0" | PGIshift PO shift
: Trigger iTrigger X
i0:8 bit io:bie - 0: Disable
E'nmer Trigger: Timer Trigger: 1: Enable
{Timer0.1)  (Timer 0.1) pouple  :Double
06bRt 1 A6bit  ipgserof buffer of
s'nmer Trigger:Timer Trigger: TREG6 ‘TREG4
{Timer 5) i(Timera) !
L Double buffer countrol
0 [Disable
1 |Enable
DBBEN  : Double buffer of TREGE
DB4EN  : Double buffer of TREG4
Figure 3.9 (9). 16-Bit Timer (Timer 4, 5) Control Register (T45CR)
7 5 i 4 3 1 2 1 0
TRUN |bit Symbol [ PRRUN ¢ TSRUN T4RUN  PIRUN i PORUN | TIRUN i TORUN
(0020H) Read/Write RW i RW
After reset 0 0 0 0 0 0 1]

Prescaler & Timer Run/Stop CONTROL
0: Stop &Clear
1: Run (Count up)

L Operation of 16-bit timer (timer4)

0 [Stop and clear

1 |Count

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

0 [Stopand clear

Operation of prescaler

0 |STOPandclear

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 Tl4 pin
(also used as P80/INT4 pin) or TI6 (also used as P84/
INTB pin) can be selected. When reset, it will be initialized
to <T4CLK1, 0>/<T5CLK1, 0> = 00 to select TI4/TI6
input mode. Counting or stop and clear of the counter is
controlled by timer operation control register TRUN
<T4RUN, T5SRUN>.

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

timer register TREGS5, TREG?7. The “clear enable/disable”
is set by T4MOD <CLE> and T5SMOD <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 TREG7) is executed using 2 byte date trans-
fer 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
| Upper8bits | Lower8bits | [ Upper8bits |  Lower 8 bits
000041H 000040H 000043H 000042H

TREG4 and TREGS timer register is of double buffer
structure, which is paired with register buffer. The timer
control register T45CR <DB4EN, DB6EN> controls
whether the double buffer structure should be enabled or
disabled. : disabled when <DB4EN, DBG6EN> = 0, while
enabled when <DB4EN, DB6EN> = 1.

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

When reset, it will be initialized to <DB4EN, DB6EN>
= 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, TREGS and register buffer are allocated to
the same memory addresses 000030H/000031H/
0000400H/000041H. When <DB4EN, DBBEN> = 0,
same value will be written in both the timer register and
register buffer. When <DB4EN, DBBEN> = 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 instruc-
tion, from the lower 8 bits followed by the upper 8 bits.

CAP1 CAP 2
l Upper 8 bits Lower 8 bits ] | Upper 8 bits Lower 8 bits
000035H 000034H 000037H 000036H
CAP3 CAP 4
Upper 8bits | Lower 8bits | [ UpperBbits | Lower8bits |
000045H 000044H 000047H 000046H

@ Capture Input Control

This circuit controls the timing to latch the value of
up-counter UC4/UCS into (CAP1, CAP2)/(CAPS3, CAP4).

The latch timing of capture register is controlled by regis-
ter T4AMOD <CAP12M1, 0>/T5MOD <CAP34M1, O>.
¢ When T4AMOD <CAP12M1, 0>/T5MOD
<CAP34M1, 0> =00
Capture function is disabled. Disable is the
default on reset.
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* When T4MOD <CAP12M1, 0>/T5SMOD
<CAP34M1, 0> =01

Data is loaded to CAP1, CAPS at the rise edge
of Tl4 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>/T5MOD
<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)

e When T4MOD <CAP12M1, 0>/T5SMOD
<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 T4AMOD <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/UC5 value with the set value of (TREG4,
TREGS5)/(TREGS, TREG7) to detect the match. When a
match is detected, the comparators generate an interrupt
(INTT4, INTTS)/(INTT6, INTT7) respectively. The up-
counter UC4/UCS is cleared only when UC4/UC5

TN « - x - 0 - - -
INTETS4 « 1 1 0 0 1 0 0

TAFFCR <« 1t 1 0 0 0 0 1

TMOD < O O 1 o0 o0 1 *
(**=01,10, 11)

TREGS « * * % x = s =

* * * * * * *

TRUON « 1t x - 1 - - -

Note:  x; don't care - no change

(2) 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/
TI6 pin input) as the input clock. To read the value of the
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matches TREGS/TREG?. (The clearing of up-counter
UC4/UC5 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 cap-
ture registers. Disable/enable of inversion can be set for
each element by T4FFCR <CAP2T4, CAP1T4, EQ5T4,
EQA4T4>/T6FFCR <CAP4T6, CAP3T6, EQ7T6, EQ6T6>.
TFF4/TFF6 will be inverted when “00” is written in
T4FFCR <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 TO6
(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
register CAP2. TFF5 will be inverted when “00” is written
in T4FFCR <TFF5C1, 0>/T6FFCR <TFF6C1, 0>. Also itis
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 TOS (also used as P82).

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

(1) 16-bit Timer Mode

Timer 4 and 5 operate independently.

Since both timers operate in exactly the same way, timer

4 is used for the purposes of explanation.

Generating interrupts at fixed intervals:
In this example, the interval time is set in the timer register

TREGS to generate the interrupt INTTRS.

Stop timer 4.

Enable INTTR5 and sets interrupt level 4. Disables

INTTR4.

Disable trigger.

Select internal clock for input and disable the capture function.

Set the interval timer (16 bits).

Start timer 4.

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.
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7 6 5 4 3 2 1 0
TRIN « - x - 0 - - - - Stop timer 4.
PBCR ¢ - - - - - - - 0 Set P80 to input mode.
INTETS4 « 1 1 0 0 1 0 0 0 Enable INTTRS and sets interrupt level 4, while
disables INTTR4.
T4FFCR « 1 1 0 0 0 0 1 1 Disable trigger.
TAMOD « 0 0 1 0 0 1 0 0 Select T4 as the input clock.
TREGS « * * * * * * * * Set the number of counts (16 bits).
TRUN  « 1 X - 1 - - - = Start timer 4.

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

(38)  16-bit Programmable Pulse Generation (PPG) Output

Mode

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

The PPG mode is obtained by inversion of the timer

RN  «
TREG
TREGS <
T45CR
TAFFCR  «
TAMOD
PECR  «
PEFC  «
TRUN

Note:  x; don't care

MCU900-96

6 ) 4 3 2
x - 0 - -
X X X - -
1 0 0 1 1
0 1 0 0 1
(**=01,10,11)
- - - -1
- X X - 1
x - 1 - -
—; no change
Match with TREG4

(interrupt INTTR4)

Match with TREG5
(interrupt INTTR5)

TO4 pin

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

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

Stop timer 4.

Set the duty (16 bits).

Set the cycle (16 bits).

Double buffer of TREG4 enable.

(Changes the duty and cycle at the interrupt INTTRS)

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.

) Assign P82 as T04.

Start timer 4.

[ | | I

] —
LU ou

e

Figure 3.9 (11). Programmable Pulse Generation (PPG) Output Waveforms
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When the double buffer of TREG4 is enabled in this at match with TREGS. This feature makes easy the handling of
mode, the value of register buffer 4 will be shifted in TREG4 low duty waves.
Match with TREG4 Up-counter =Q; Up-counter=Q;
Match with TREGS [ shiftinto the TREGS
TREG4
(value to be Qi \X Q2
compared) 77‘
Register buffer Q2 X Q3

Write into the TREG4
Figure 3.9 (12). Operation of Register Buffer
Shows the block diagram of this mode.

TRUN<TARUN> 104 (pPG output) TOS

e - 16-8i f
$T1—> -Bit up-counter FIF FIF
¢m—-> uca ceor (TFFa) (TFFS)

$T16 l I
L NZ

match

16-Bit Comparator 16-Bit Comparator : match
AN VAN
TREG4
PAN
Selector
TREG4-WR —>|
Register buffer 4 TREGS
TASCR<DB4EN> ﬁ ﬂ
Internal bus

Figure 3.9 (13). Block Diagram of 16-Bit PPG Mode

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-97




TMP96C141AF TLCS-900 16-bit Microcontrolier

(4)  Application Examples of Capture Function @ One-Shot Pulse Output from External Trigger Pulse

The loading of up-counter (UC4) values into the cap- Set the up-counter UC4 in free-running mode with the

ture registers CAP1 and CAP2, the timer flip-flop TFF4 internal input clock, input the external trigger pulse

inversion due to the match detection by comparators from TI4 pin, and load the value of up-counter into

CP4 and CP5, and the output of TFF4 status to TO4 capture register CAP1 at the rise edge of the Tl4 pin.

pin can be enabled or disabled. Combined with inter- Then set to TAMOD <CAP12M1, 0> = 01.

rupt function, they can be applied in many ways, for When the interrupt INT4 is generated at the rise edge

example: of Tl4 input, set the CAP1 value (c) plus a delay time (d)
to TREG4 (= ¢ + d), and set the above set value (c + d)

® One-shot pulse output from external trigger pulse plus a one-shot pulse width (p) to TREGS (= ¢ +d +p).

® Frequency measurement When the interrupt INT4 occurs the T4FFCR <EQ5T4,

® Pulse width measurement EQ4T4> register should be set that the TFF4 inversion
) ’ is enabled only when the up-counter value matches

@ Time difference measurement TREG4 or TREGS5. When interrupt INTTR5 occurs, this

inversion will be disabled.

' Set the counter in free-running mode.

Count clock _ﬂﬂﬂﬂﬂﬂ_____jllmml___.[lflml__ﬂmm_--

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

enable

(internal clock) c+d c+d+p

Tl4 pin input . |

(external trigger pulse) '\t Load the up-counter value into Capture

™ Register 1 (CAP1) INT4 occurred 1

| i

Match with TREG4 ; Al :
i 1 INTTRS occyrred

' Inversion ! ¢ \

H enable H AL E

Match with TREGS ﬁ: + T

:

Disables |nvers|on\ i Inversion

L

Timer output pin TO4

]

"

Delay time Pulse width |
@ (P '

r---

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 Ti4 pin.

Keep counting (Free-running).
Main sefting o — Count with ¢T1.
[TAMOD -1 0 1 l 0 1

I 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
I | L ' Clear TFF4 to zero.

I Disable TFF4 inversion.
PBCR - - - - - 1 - )
PC < x - x x - 1 x «x ) Select P82 as the TO4 pin.
INTE4S & - - - - 1 1 0 0 Enable INT4, and disables INTTR4 and INTTRS.
INTET54 « 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 - -

l I Enable TFF4 inversion when the up-counter value matches TREG4 or 5.
INTET54 - 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;dontcare —; 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
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Count clock
(internal clock)

AL - - ML - - - . - -..

c+p

T4 pin input
(external trigger pulise)

Match with TREGS

Load the up-counter value into Capture
* Reg?sterl CAP1). INT4 occurred P

/" INTTRS
/ﬂ occurred

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

Inversion
enagle

i

Timer output pin TO4
Pulse width
(p)

Enables inversion caused i
by loading of the up-

counter value into CAP1.

A

/

Disables inversion caused by loading of
the up-counter value into CAP2.

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

@ Frequency Measurement

The frequency of the external clock can be measured
in this mode. The clock is input through the Ti4 pin, and
its frequency is measured by the 8-bit timers (Timer O and
Timer 1) and the 16-bit timer/event counter (Timer 4).

The T4 pin input should be selected for the input
clock of Timer 4. The value of the up-counter is loaded

Count clock
(internal clock)

TFF1

into the capture register CAP1 at the rise edge of the
timer flip-flop TFF1 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
interrupt (INTTO or INTT1) is generated by either 8-bit
timer.

Loading UC16 into CAP1

\

Loading UC16 into CAP2 \

=

—= il B S
2

!I C2
|

TNTTO/INTT1

Figure 3.9 (16). Frequency Measurement

For example, if the value for the level “1” width of
TFF1 of the 8-bit timer is set to 0.5 sec. and the differ-

ence between CAP1 and CAP2 is 100, the frequency will
be 100/0.5 [sec.] = 200 [Hz].
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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 T14 pin. Then
the capture function is used to load the UC4 values into
CAP1 and CAP2 at the rising edge and falling edge of the

Count clock
(internal clock)

T4 pin
(external pulse)

.
G

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

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

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

—fimm— ___

Loading UC16 into CAP1

(

c2
H
i C1
)
]
\ﬂ ()

Loading UC16into CAP2

N

—_— " T
[e]
N

INT4

Figure 3.9 (17). Pulse Width Measurement
Only in this pulse width measuring mode (T4AMOD <CAP12M1, 0> = 10), external interrupt INT4 occurs at the falling edge of TI4 pin input. In other

modes, it occurs at the rising edge.

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

@ 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.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

Keep the 16-bit timer/event counter (Timer 4) count-
ing (free-running) with the internal clock, and load the
UC4 value into CAP1 at the rising edge of the input pulse
to Tl4. Then the interrupt INT4 is generated.

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

MCU900-101
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Count clock """"" —— __Jlm"m_ _____

(internal clock) c1 c2

i1

Ti4 pininput

]

Loading UC16 into CAP1

Loading UC16 into CAP2

TIS pininput /( L
/
\
\

0 S ai—— Rl Aaiar—

INT \
INT2
Time difference
Figure 3.9 (18). Time Difference Measurement
(5) Different Phased Pulses Output Mode 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).

In this output mode, signals with any different phase can be This mode can only be used by 16-bit timer 4.

outputted by free-running up-counter UC4.

Match with TREG4 ” ” I-I
Match with TREGS ﬂ n ﬂ

TO4
TOS
Figure 3.9 (19). Phase Output
Cycles (counter overflow time) of the above output waves
are listed below. 16MHz 20MHz
o1 1.024msec 0.819msec
o014 4.096msec 3.277Tmsec
#7116 16.38 msec 13.11 msec
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3.10 Stepping Motor Control/Pattern Generation Port
The TMP96C141AF has two channels (PGO and PG1) of 4-bit
hardware stepping motor control/pattern generation (herein
after called PG) which actuate in synchronization with the (8-
bit/16-bit) timers. The PG (PGO and PG1) are shared in 8-bit I/
O ports P6.

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

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

the PG port.

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

below.

Differences between PGO and PG1

PGO

PG1

Trigger Signal

from Timer 4

from Timer 5

F‘ o P63/PG03
PGO3 O
1-2 excitation — . (P67/PG13)
1/2 excitation
i
= l I P62/PG02
LLG-,OZ—J U (P66/PG12)
H s B
BB ' P61/PGO1
E [ _PGOY — U (P65/PG11)
S
PG00 PE0/PGOO
U (P64/PG10)
b0
et
N

Figure 3.10 (1). Port 6/PG Circuit

v c
» O
a4
o d
> o]
@ o
o« |
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7 i 6 i 5 i 4 i 3 2 i 0
PGO1CR [bit Symbol | PATI | ccWi | PGIM | PGITE : PATO | CCWO i PGOM @ PGOTE
(004EH) [Readmwrite RIW RIW

After reset 0 0 0 P00 0 0 0 0
PG1write :PG1 PG1 mode PG1 PGOwrite :PGO :PGO mode §PGO
mode otaing  i(excitation)itrigger  :mode otaing  i(excitation):trigger
0: 8bit rection (0: texcitationiinput '0 8bit rection :0: excitationinput

Function | write Normal : ;' ;enable i write Normal i o ienable
1: abit rotation:, . _""“"""50: disable ., . rotation, 2*<*e%o%g. gisable
.write Reverse | ot 1:enable " rite i1: Reverse !~ i1: enable

rotation§ excita long wri H rotationi enmallon§
| | | | J
L> PGO Trigger input enable
0 | Triggerinputdisable to PGO
1 | Triggerinputenable 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
Selecting PGO write mode
0 | 8-bitwrite
1 4-bit write / PG mode
(Only shifter alternate register can be
written.)
Figure 3.10 (2a). Pattern Generation Control Register (PGO1CR)
MCUS900-104
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7 i 6 i s i a4 i 3 2 i 1 i o0
PGO1CR |bit Symbol | PAT1 i CCW1 | PGIM | PGITE | PATO CCW0 | PGOM | PGOTE
(004EH) Read/Write R/W : R/IW
After reset 0 0 0 0 : 0 0 0 0
PG1lwrite :PG1 PG1 mode PG1 iPGO iPGO mode :PGO
mode {Rotaing  i(excitation):trigger Rotaing  (excitation). trigger
0: 8bit gdirection 0 lelcitanon%inpaubfi 8bit %direction 0 1excitatiors i::\p(:)tl
Function | write :0: Normal : ‘2" - ienable write  :0: Normal i ‘2" i ﬂe avle
o rotation:,  *®X"*"°My. gisable ) ¢ rotation!, 2%*“®'%p: gisable
1: 4bit : RERE : 4bit : HERB H
write i1: Reverse : citation i1: enable write :1: Reverse : excitati i1: enable
i rotationi StavOn: : rotation: Sx€teron:
L | | | J

PG1 trigger input enable

0 | Triggerinputdisable to PG1

1 | Triggerinputenable to PG1

L Set the operation mode of PG1
0 (full step)

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

PG1 (stepping motor control)
Rotaing direction control

0 | Normal rotation /PG mode

1 Reverse rotation

Selecting PG1 write mode
0 | 8-bitwrite

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

Figure 3.10 (2b). Pattern Generation Control Register (PGO1CR)
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7 6 5 4 3 2 1 0
PGOREG | bit Symbol PGO3 PG02 PGO1 PG00 SA03 SA02 SA01 SA00
(004CH) ™ Readmwrite w RW
Ater reset 0o 0o 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
PGTREG | bit Symbol PG13 | PG12 PG11 PG10 SA13 SA12 SA11 SA10
(004DH) ™ Read/write w RW
After reset 0 ; 0 0 0 Undefined
Function Pattern Generation 1 (PG1) output latch register Shift alternate register 1
(Reading the P6 that is set to the PG port allows to read-out.) For the PG mode (4-bit write) register
Prohibit Read
modify write Figure 3.10 (4). Pattern Generation 1 Register (PG1REG)

MCU900-106
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T45CR
(003AH)

7 5 4 3 2 1 0
bit Symbol - PG1T PGOT DB6EN DB4EN
Read/Write R/W R/W
After reset 0 i 0 0 H 0 0

Fixat “0" i PGIShift  PGO Shift

:triggel Elngger

X Alwaysf 0:8-bittimer :0:8-bit tim

read as ; : H.
Function “g" : trigger : trigger

(timer0, 1) : (timer0, i Double
11:16-bit timer :1:16bit tim, ! buffer of
trigger i trigger : TREG4
¢ (timer5) : (timerd) :
| | |

|

|—> Double buffer control

Disable

Enable

DB6EN : Double buffer of TREG6
DBA4EN : Double buffer of TREG4

L———————— Selecting PGO shift trigger

8-bit timer trigger (timer 0, 1)

1 16-bit timer trigger (timer 4)

Selecting PG1 shift trigger

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

Figure 3.10 (5). 16-bit Timer Trigger Control Register (T45CR)
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Write “0” to this bit, when this register is modified.
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Select —»| Port60~63

B S

‘ (B-Bit timer >
timer 0, 1)
A PGO
>
——

16-Bit timer 4

PGOT

Select —

|
A r—b

PG1 |, Port6a~67
16-Bittimer 5 18 S —

I

PG1T

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 <CCWO0> and <CCW1> to 0.
. . . . The output of this pattern generator is output to 6;
PG functions as a pattern generation accordu_'lg to the setting since port anz function spc an begswit ched on a Eit b asizol;tsin g
of PGO1CR <PAT1>/PATO>. In this mode, writing from CPU is port function control register PEFC, any port pin can be

executed only on the shifter alternate register. Writing a new assigned to pattern generator output.

data should be done during the interrupt operation of the timer ) .
for shift trigger, and a pattern can be output synchronous with Figure 8.10 (7) shows the block diagram of this mode.
the timer.

Trigger Signal trom Timer l I l I n I l

/Timer Interrupt ‘ WrmngdatawSAOJ-OOOnl l ‘

L Timer Interrupt n 1 1

shift alternate register 1) X n_ .| X nel | X n+2 | X n+3

ooazan NN \ A\

Pattern Generator register X n-1 X n X n+1 X n+2

output
(PG03-00)

Example of pattern generation mode
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(’\.

bus

Internal

In this pattern generation mode, only writing the output
latch is disabled by hardware, but other functions do the same

DPGO3
(P63)

PG02
D(PGZ)

port

t
Shift alternate register PGO3
]
Py Al
W
]
PG02
T
w2
BUS2
]
PGO1
]
el s |
1
PG00

PGO1
D(PFH)

> SA
s o]

T

PG00
D(PGO)

Shift due to the shift trigger from timer

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

operation as 1-2 excitation in stepping motor control port

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

mode. Accordingly, the data shifted by trigger signal from a
timer must be written before the next trigger signal is output.
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(2) Stepping Motor Control Mode Figure 3.10 (8) and Figure 3.10 (9) show the output
) ) . ot waveforms of 4-phase 1 excitation and 4-phase 2 excita-
@ 4-phase 1-Step/2-Step Excitation tion, respectively when channel O (PGO) is selected.
Trigger signal

from timer n n ﬂ n J-I I—l‘ ﬂ
PG00 (P60) o4 o7 b6 o5 b4 [ 1
PGO1 (P61) 6 o b7 [b6 |bs I
PGO2(P62) b6 Jbs ba b7 [b6 l
PGO3 (P63) b7 b6 bS b4 b7 | I

T
Initial value of PGOREG « 0100 x X X X

Note:  bn indicates the initial value of PGOREG « b7 b6 b5 b4 x x x x
@ Normal Rotation

Trigger signal

from timer n n n n Jl n ﬂ
5 b7 4
PGOO (P60) 3 2 b 2 I -
bs b6 b7 b5
PGO1 (P61) —-J——-I ba l |
PG02 (P62) b6 Ib7 b4 b5 I b6 I
PGO3(P63) 107 ba bs [o6 ]b7 |

1;
Initial value of 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

R Nonononoononoq

5234_1___]37 b6 s ba | L
PGO1 (P61) bS b4 b7 b6 [bS r——-——
PG02 (P62) ;—I bS b4 Jo7 b6 ]
PG03 (P63) b7 b6 bs b4 [o7 |

7
Initial value of PGOREG « 0100 x x x X

PG00 (P60)

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

The operation when channel O is selected is 1-step excitation will be selected when only one bit is set
explained below. to “1” during the initialization of PG, while 4-phase 2-step
The output latch of PGO (also used as P6) is shifted excitation will be selected when two consecutive bits are
at the rising edge of the trigger signal from the timer to be set to “1”.
output to the port. The value in the shift alternate registers are ignored
The direction of shift is specified by PGO1CR when the 4-phase 1-step/2-step excitation mode is
<CCWO>: Normal rotation (PG00 — PGO1 — PG02 — selected.
PGO03) when <CCWO> is set to “0”; reverse rotation Figure 3.10 (10) shows the block diagram.

(PG00 « PGO1 « PG02 « PGO3) when “1”. Four-phase

PGO Output latch
Shift alternate Register }_LU put atc

= PGO3 —>[1PG03 (P63)
vl b3
s o] n
_ 2 PG02 ’——’L__IPGOZ (P62)
O sAR2 n
o< PGO1 }————»EIPGm (P61)
- L
A I R

b4 PGOO +—=[1PG00 (P60)

— —

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

Figure 3.10 (10). Block Diagram of 4-Phase 1-Step Excitation/2-Step Excitation
(Normal Rotation)
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@ 4-Phase 1-2 Step Excitation phase 1 -2 step excitation when channel 0 is selected.

Figure 3.10 (11) shows the output waveforms of 4-

Trigger signal _ 1 N M M M n n

‘b4 bo b7 b b b2 b5 b1
PG00 (P60) 3 6 [

b5 b 7 b |
PGOT (P6T) b4 b0 [b 3 b6 b2
PGO2(P62) b6 Ibz b5 b1 ba b0 b7 b3
PGO3 (P63) |7 b3 b6 | b2 bS b1 ba b0

1

Initial value of PGOREG « 11001000

Note: bn denotes the initial value of PGOREG « b7 b6 b5 b4 b3 b2 b1 b0
® Normal Rotation

Trigger signal

from timer ; n n n n n n n

PGOO (P60) b b1 bs b2 [b6 b3 b7 [Lbo
PGO1 (P61) b2 b6 b3 b7 | bo ba b1
PG02 (P62) BEE b b7 | 0 b4 b1 bs b2
PGO3 (P63) b7 b0 b4 b1 bs b2 b6 b3

1
Initial value of PGOREG « 10001100

@ Reverse Rotation

Figure 3.10 (11). Output Waveforms of 4-Phase 1-2 Step Excitation
(Normal Rotation and Reverse Rotation)
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The initialization for 4-phase 1-2 step excitation is as
follows:

By rearranging the initial value “b7 b6 b5 b4 b3 b2
b1 b0” to “b7 b3 b6 b2 b5 b1 b4 b0”", the consecutive 3
bits are set to “1” and other bits are set to “0” (positive
logic).

For example, if b7, b3, and b6 are set to “1*, the ini-
tial value becomes “11001000”, obtaining the output
waveforms as shown in Figure 3.10 (11).

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

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

The operation will be explained below for channel 0.
The output latch of PGO (shared by P6) and the
shifter alternate register (SAQ) for Pattern Generation are
shifted at the rising edge of trigger signal from the timer
to be output to the port. The direction of shift is set by

PGO1CR <CCWO>.
Figure 3.10 (12) shows the block diagram.

PGO Output
Shifter alternate
register i
b7 PGO3 —— PGO3 (P63)
[}
L
CE
JL
"1 b6
: > PGO02 — PG02 (P62)
=1b2 L
[ o]
N L Iy
@[ b5
- PGO1 — PGO01(P61)
(=
o
|_seor |
1 i1
b4
PGOO +—— PGOO (P60)
L
o]
1

4 L isshowing to shift the signal at the rising

edge of trigger signal from the timer.

Figure 3.10 (12). Block Diagram of 4-Phase 1-2 Step Excitation (Normal Rotation)
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Setting example: To drive channel 0 (PGO) by 4-phase 1-2 timer O is selected, set each register as follows:
step excitation (normal rotation) when

7 6 5 4 3 2 1 0
TRUON & - x - - - = =0 Stop timer 0, and clears it to zero.
TMOD « 0 0 «x X - - 0 1 Set 8-bit timer mode and selects ¢T1 as the input clock of timer 0.
TFFCR  « X X x 0 1 0 1 0 Clear TFF1 to zero and enables the inversion trigger by timer 0.
TREGD & ~ * * * * * * * Set the cycle in timer register.
PBCR « - - - - 1 1 A 1 Set P60 ~ P63 bits to the output mode.
P6FC « - - - - 1 1 1 1 Set P60 ~ P63 bits to the PG output.
PGOICR « - - - - 0 0 1 1 Select PGO 4-phase 1 - 2 step excitation mode and normal rotation.
PGOREG «~ 1 1 0 0 1 0 0 O Set an initial value.
TRIN 1t - - - - - - 1 Start timer 0.
Note: x; don’t care -; no change
() Trigger Signal From Timer equal to the trigger signal of timer flip-flop (TFF1, TFF4, TFF5,

and TFF6) and differs as shown in Table 3.10 (1) depending on

The trigger signal from the timer which is used by PG is not 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*2® + TREGO)
PPG output mode When the up-counter value matches with both TREGO and TREG1. | When the up-counter value matches TREG1 value (PPG cycle).
PWM output mode When the up-counter value matches TREGO value and PWM cycle. | Trigger signal for PG is not generated.

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

Channel 1 of PG can be synchronized with the 16-bit TAFFCR <EQ5T4> or TAMOD <EQ5T5> to “1” and a trigger is
timer Timer 4/Timer 5. In this case, the PG shift trigger signal generated when the value in UC4 and the value in TREG5
from the 16-bit timer is output only when the up-counter UC4/  match. When using a trigger signal from Timer 5, set TSFFCR
UCS value matches TREGS5/TREG?. <EQ7T6> to 1. Generates a trigger when the value in UC5 and

When using a trigger signal from Timer 4, set either the value in TREG7 match.
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(4) Application of PG and Timer Output

As explained in “Trigger signal from timer”, the timing to shift
PG and invert TFF differs depending on the mode of timer. An
application to operate PG while operating an 8-bit timer in

PPG mode will be explained below.

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 synchro-
nizing signal to the TO1 pin (shared by P71).

|
|
TREG1

T01(P71) I I 1 I
PG00 (P60) o 1 L
PGO1 (P61) | L
PGO2 (P62) | -
PGO3 (P63) | |

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

Setting example:

TRUN
TMOD
TFFCR
TREGO
TREG1
P7CR
P7FC
P6CR
P6FC
PGO1CR
PGOREG
TRUN

-
* X o

>

>

>

>
P N = S
* X - O O

*
*
*
*
*
*
*
*

* D - —
* o - — — —
* e a a X

rTTTTTTETTETYT
|
|
I
I

|

|
—_
—

1 X - -

Note: x;don'tcare  —; nochange

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

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 TO1.

) Assign P60 - 63 25 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/0 extension.
The TMP96C141AF contains two serial I/O channels for full The serial channel has the following operation modes:
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 I/O.

Note: TMP96C141AF/TMPO6C041AF/

TMP96CM40F/TMPO6PM40F with
Channel 0 and 1.

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 0 (/0 interface mode)

-— Transfer direction

Mode 1 (7-bit UART mode)

o000 00s
P00 0000 =

® Mode 2 (8-bit UART mode)

Mo 000000
OO 000000T

® Mode 3 (9-bit UART mode)

00000000
o000 0000r

When bit 8 =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/0 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 (¢T0, ¢T2, ¢T8, and ¢T32) from the internal pres-
caler (shared by 8-bit/16-bit timer) by the value 2 to 16.

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

3.11.1 Control Registers

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

Note:

MCU900-118

7 i s 5 1 a4 i3 I 0
bit Symbol 788 CTSE RXE | WU SM1 SMO | SCi SCO
Read/Write R'W
Afterreset | 0 i 0 0o i o i o i o0 i o i o0

Transfer gHand gReceiving EWake up %Serial transmission §Serialtransmission
data ishake  iFunction EFunction Emode iclock (UART)
Bit8 | :0: Receive! {00: Can not be used 00: TOO Trigger
Function . :::;L:O: disable ;011 7'b?t UART 501: baud rate
{0:CTS | enable :1: Enable i10: 8-bit UART i generator
i disable: : {11: 9-bit UART i10: Internal clock &1
:Crs ‘ i11: don't care
i enable ;
| 1 | 1 | ]

There is SC1MOD (56H) in Channel 1

]

‘—» Serial transmission clock (UART)

Timer 0 match detect signal

don’t care

Serial transmission mode

90 |Cannotbeused e

01
o fuart g
" : 9.bitlength

t————> Wake-up Function
9-bit UART Other méde
0 |Interrupt when
data are received don't care

1 |interruptonly
when RB8 = 1

Receiving Function

1 |Receive Enable

Hand shake function (CTS Pin) enable

1 |Enable

Transmission data bit 8

Figure 3.11 (2). Serial Mode Control Register (Channel 0, SCOMOD)
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7 i 6 i s 4 3 i 2 1 0

SCOCR bitSymbol | RB8 | EVEN . PE OERR i PERR : FERR — —
(0051H) Read/Write R RW i R(cleared to Zero when read) : RW

After reset o0 o 0o i o i o 0 i o0

Received Parity Parity
data :0:0dd addition :
Bit8 1 Even 0 Disable;

Function 1 Enable |

: Overrun

Fixat “0" Fix at "0"

i Framing

‘—————>Parity error flag

L——»>Framing error flag

——————>Qverrun error flag

Cleared to Zero
when read.

‘———————————> Enable parity addition

0 |Prohibition (disable)

1 |Permission (enable)

Addition / check of even parity

0 |Odd parity

1 |Even parity

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

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

Receving data bit 8

Figure 3.11 (3). Serial Control Register (Channel, SCOCR)
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7 i 6 i s i a4 i 3 2 i 0
BROCR | bitsymbol |  — { BROCK1 : BROCKO i BROS3 i BROS2 : BROST ; BROSO
(0053H) Readmwrite RIW
Afterreset | 0 | i 0o i o i o i o i o i o

Fix at “0"
: i 00: ¢TO0(fc/4)

1: ¢72(fc/16) Setting of the Divided frequency

i 10: $T8 (f/64)
I Setting of the divided frequency
of baud rateé generator

1: $T32 (f/256)
0000 |16divisions

Function

L ]

0010 |2to 15divisions

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

00 lnter'rg.al clock ¢T0 (fc/4)

01 |Internal clock ¢T2 (fc/16)

10 |internal clock ¢ T8 (fc/64)

11 |Internal clock ¢732 (f/256)

Note: As all 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
787 | 186 | 185 | 184 | 183 | 182 | T8I | TBO |(Transmission)
SCOBUF
GoH) 7 6 5 4 3 2 1 0

[Re7 | Re6 | RBs | Re4 | RB3 | RB2 | RB1 | R8O |(Receiving)

Figure 3.11 (5). Serial Transmission/Receiving Buffer Registers (Channel 0, SCOBUF)
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7 i 6 5 O N T I
SCIMOD bitSymbol [ TB8 : — RXE WU ;i SM1 SMO : SCI : SCO
Read/Write RW
(0056H) ; T " '
After reset 0 : 0 0 0 H 0 0 : 0 H 0
Transfered ;Fix at"0” ERe(eivin ake up §erial Transmission §Serial Transmission
data Function :Function imode iclock (UART)
Bits8 0: Receive: 0: disable :00: /O interface 00: TOO Trigger
: disabl :enable: mode :01: Baud rate
Function H i 01: 7-Bit UART generator
10: 8-Bit UART i10: Internal clock @1
: i11: 9-Bit UART : don't care
| L | | | l

Serial transmission clock (For UART)

Timer 0 match detect signal

don’t care

Note: The clock selection for the 1/0 interface
mode is controlled by the serial control
register (SC1CR).

Serial trar

1 mode

00

1/0 interface mode

{7.8itlength
UART mode

{9.itlength

——> Wake up Function

9.Bit UART Other mode
0 |Interrupt when
data are received don't care
1 |Interrupt only
when RB8 = 1
‘————————> Receiving control

Receive enable

Tran:

smission data bit 8

Figure 3.11 (6). Serial Mode Control Register (Channel 1, SC1MOD)
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7 6 5 a i 3 i o2 i 1 i o
Sc1cR bitSymbol |  RB8 EVEN PE OERR : PERR : FERR i SCLKS : 10C
(OE;SH) Read/Write R RIW R (clear to Zero when read) RW
After reset H [ 0 0 0 0 0 0
Parity i 0: SCLK1 (0
{ addition 1: error P N isaudrate
§0: Disable;...ccccirnnngeiiieciieepeeee e ; ( 4 ggeneutov
Function 1 Enable Overrun Parity | Framing : 1: SCLK1 1 SCLK1
: : H H H iPin input

il

[: Select /0 interface input clock (Note1)

0 }Baud rate generate

1 |SCLK1 Pininput

Edge selection in SCLK pin input mode

Note1: For channel 0, fix this bit to “0”

0

Transmits and receives ( ; )
data at raise edge of SCLK

data at fall edge of SCLK

Transmits and receives ( ~ {__)

L——» Framingerror flag
Ll Parity error flag
‘————————> Overrun error flag

Enable parity addition

Cleared to Zero
when read

0 |Disable
1 [Enable

Addition/ check of even parity

0 |Odd Parity

1 |Even Parity

Receiving data bit 8

Note:  As all error flags are cleared after reading, do not test only a single bit with a bit-testing instruction.
Figure 3.11 (7). Serial Control Register (Channel 1, SC1CR)
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7 ¢ 6 i s i a4 i 3 i 2 i 1 i o
BR1CR |_bit Symbol — i BRICK1 i BRICKO : BRIS3 : BR1S2 i BR1S1 : BRISO
(0057H){ Read/write : - RAW
After reset 0 0 0 0 0 0 0
Fixat “0" : : :
: £ 00: 470 (f/4) _
Function : 01: $72 (fc/16) Setting of the Divided frequency
: i 10: 478 (fc/64)
: £ 11: 4732 (fg256)
1 ]

‘ Setting of the divided frequency of baud rate
generator

0000 |16divided

§ 2to 5divisions

L, Selecting the input clock of baud rate generator

00 |Internal clock ¢TO (fc/4)

nternal clock ¢ T8 (fc/64)

11 |internal clock ¢T32 (f/256)

Note:  To use baud rate generator, set TRUN <PRRUN> to “1", putting the prescaler in RUN mode.
Figure 3.11 (8). Baud Rate Generator Control Register (Channel 0, BROCR)

7 6 5 4 3 2 1 0
[ 87 [ t86 | 5 | TB4 | B3 | TB2 | TB1 | TRO | (fransmission)
SC1BUF
(00s54H) 6 5 4 3 2 1 0

[re7 [ mes | AB5 | me4 | RB3 [ Re2 | et | AB0 |(Receiving)
Figure 3.11 (9). Serial Transmission/Receiving Buffer Registers (Channel 1, SC1BUF)
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7 6 5 4 i3 2 1 0
p9FC | _bitSymbol P9SF i i P93F P92F i P9OF
(001DH)| Read/write W fow w Pow
0 S0 o 0
: PORT | : 0:PORT : 0: PORT i 0: PORT
P 1:SCLK1: : 1:TxD1 @ 1:SCLKO 2 1: TxDO
Prohibit Read
modify write
Setting P90 as TxD0 output
Note: The TMP96CM40 and TMP96PM40 0 {Port output
have register POZF, The TMPO6CI41 | | |=ofmeeeee
does nof. (In other wordes, SCLK 0 1 ]TxD0 (channel 0) output

MCU900-124

cannot be specified.) > Setting P93 as TxD1 output

0 |Port 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 i 6 i 5 | 4 i 3 i 2 1 i o
bitSymbol |~ | ~_ ODE1 : ODEO
Read/Write RIW

H H H H : 0 0
P93 P30

0: CMOS 50: CcMOs
1: OPEN i1: OPEN
Drain : Drain

Setting P90 as Open-drain output
0 [CMOS output

1 |Open-drain output

> Setting P93 as Open-drain
0 |CMOS output

1 |Open-drain output

Port 3.11 (11). Port 9 Open Drain Enable Register (ODE)
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3.11.2 Configuration

Figure 3.11 (12) shows the block diagram of the serial channel O.

---------- Serial clock generation circuit ------—---mcomeoo-

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

3
1
1
1
R R . '
] PL :
)
1gT0(Ica) e 5 : 2 | siocik
1#12(f16) 4= T : o H
1878 (f/6d) | < ' K" 1
18732 (f/256) 4| : :
1 ' . i ]
; : Baud rate : * f ;
' b cm—— H
H generator SCOMOD H
181 (fv2) <SC1,0> '
1 1
H H
1 1]
1 )
e 2
INTRXO0 INTTXO
Receive SCOMOD Serial channel Transmission
counter <WU> —>|interrupt counter
(+16) control (=16)
RXDCLK § 4 TXDCLK § A
SCOMOD . .
<RXE>-> Receive Trar n
control control
SCOCR
<PE> <EVEN>
Parity control (
RxDO D———’l Receive buffer1(Shift register) J
(Shared by P91) { }
l RB8 lﬁeceive buffer2 (SCOBUF) H Error flag l { T88 [Transmission buffer (SCOBUF)
1T
SCOCR
<OERR> <PERR> <FERR>

Thereisn'tin
channel 1

O71xD0

(Shared by P90)

P

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.

1$70 (fud)
1$72 (fc/16)
1478 (f64)
54732 (f256)

Selector

. Baud rate
generator

UART

SIOCLK

ctor

Sele

SCIMOD

41 (f/2)

<sC1,0>

/0 interface mode

Selector

SCIMOD
<sM1,0>

] ;
SCIMOD
_ <10C>
] INTRX1 INTTX1
Receive SCIMOD; Serial channel Transmission
counter WU>>{ interrupt counter
(UARTonly = 16) control (UART only +16)
RXDCLK [ T L TXDCLK § )
SCIMOD Receive Iy Trar
<RXE> control ) control
1CR
<|’E;c <EVEN>
Parity control
RxDO  O—————¢- Receive buffer1(Shift register)
(Shared by P94)
[ RB8 [Rezewe buffer2 (SC18UF) ] [ Error flag , ! 188 IYunsmmiun butfer (SC1BUF) TxDO
T T (Shared by P93)
SC1CR
<OERR><PERR> <FERR>
S Internal bus S

Figure 3.11 (13). Block Diagram of the Serial Channel 1
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® Baud Rate Generator

Baud rate generator comprises a circuit that gener-
ates transmission and receiving clocks to determine the
transfer rate of the serial channel.

The input clock to the baud rate generator, ¢TO (fc/
4), ¢12 (fc/16), ¢T8 (fc/64), or $T32 (fc/256) is generated
by the 9-bit prescaler which is shared by the timers. One

o UART mode
Transfer rate =

Input clock of baud rate generator

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

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

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

+ 16

Frequency divisor of baud rate generator

@ |/O interface mode
Transfer rate =

Input clock of baud rate generator +2

Frequency divisor of baud rate generator ~

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

#T0= fo/a
#T2= fc/16
¢T8 = fo/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 108/16/5/16 = 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
e [Mhz] Frequenty ¢10 12 18 132
(fc/4) (fc/16) (fc/64) (fc/256)
Divisor
9.830400 2 76.800 19.200 4800 1.200
T 4 38.400 9.600 2.400 0.600
T 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 4800 1.200
T 6 38.400 9.600 2.400 0.600
T C 19.200 4800 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
H 9% 768 625 18
A 48 384 3125 2
H B 3125 16
4H 24 19.2 12
5H 192 96
& 12 96 6
A 96 48
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
fT1= ™8
T4 = /32

¢T16= ©/128

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

® Serial Clock Generation Circuit

This circuit generates the basic clock for transmitting

and receiving data.

MCU900-128

1) I/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 <IOC> = “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
receiving buffer 1 (shift register type). When 7 bits or 8
bits of data are stored in the receiving buffer 1, the stored
data is transferred to another receiving buffer 2 (SCOBUF/
SC1BUF), generating an interrupt INTRXO/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 over-
run error occurs. If an overrun error occurs, the contents
of the receiving buffer 1 will be lost, although the contents
of the receiving buffer 2 and SCOCR <RB8> SC1CR
<RB8> are still preserved.

The parity bit added in 8-bit UART mode and the
most significant bit (MSB) in 9-bit UART mode are stored
in SCOCR <RB8>/SC1CR <RB8>.

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

® 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.

1516 1T 2 3 4 5 6

9 10 11 12 13 14 15 16 1 2

1
"

TXDCLK 3l
]

i

Figure 3.11 (14). Generation of Transmission Clock

@ Transmission Controller

1) /O interface mode (channel 1 only)

In SCLK output mode with the setting of
SC1CR <IOC> = “0", the data in the trans-
mission 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 <IOC> = “1", the data in the trans-
mission buffer are output bit by bit to TxD1

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

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, trans-
mission starts at the rising edge of the next
TxDCLK, generating a transmission shift
clock TxDSFT.
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Handshake function again. The INTTXO Interrupts are generated,
requests the next send data to the CPU.

Serial channel 0 has a CTSO0 pin. Using Though there is no RTS pin, a hand-

this pin, data can be sent in units of one shake function can be easily configured by

frame; thus, overrun errors can be avoided. setting any port assigned to the RTS func-

The handshake function is enabled/disabled tion. The RTS should be output “High” to

by SCOMOD <CTSE>. request data send halt after data receive is
When the CTSO pin goes high, after completed by a software in the RXD interrupt

completion of the current data send, data routine.

send is halted until the CTSO pin goes low

96C141 96C141
TxD RxD
cTs RTS (any port)
Sender Receiver

Figure 3.11 (15). Handshake Function

. . l I e
Timing to write 4 1Y

transmission buffer
___ JASendissuspended e
CTS | from (1)to(2).

) 13 14 15 16 1 2 3 14 15 16 1 2 3
SI0CLK Sl nnnnennnnnn
TxDCLK ) [l % ]

(¢
™o 7 \ startbit 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
sends the transmission data written from the CPU from
the least significant bit (LSB) in order, using transmission
shift clock TXDSFT which is generated by the transmis-
sion control. When all bits are shifted out, the transmis-
sion buffer becomes empty and generates INTTX0/
INTTX1 interrupt.

® 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.

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

® Ermor Flag

Three error flags are provided to increase the reliabil-
ity of receiving data.

1.

Overrun error <OERR>

If all bits of the next data are received in
receiving buffer 1 while valid data is stored in
receiving buffer 2 (SCBUF), an overrun error
will oceur.

For transmission, parity is automatically generated 2. Parity emor <PERR>
according to the data written in the transmission buffer . .
SCBUF, and data are transmitted after being stored in ~ The parity generated for the data shifted
SCOBUF <TB7>/SC1BUF <TB7> when in 7-bit UART in receiving buffer 2 (SCBUF) is compared
mode while in SCMOD <TB8>/SCMOD <TB8> when in with the parity bit received from RxD pin. If
8-bit UART mode. <PE> and <EVEN> must be set they are not equal, a parity error occurs.
before transmission data are written in the transmission
buffer. 3. Framing error <FERR>
For receiving, data is shifted in the receiving buffer 1,
and parity is added after the data is transferred in the The stop bit of received data is sampled
receiving buffer 2 (SCOBUF/SC1BUF), and then com- three times around the center. If the majority
pared with SCOBUF <RB7>/SC1BUF <RB7> when in 7- is “0", a framing error occurs.
@ Generating Timing
1) UART mode
Receiving
Mode 9-Bit 8-Bit + Parity 8-Bit, 7-Bit + Parity, 7-Bit
Interrupt timing f last bit (pari Center of stop bit
Framing error timing Center of stop bit
Parity error timing Center of last bit (Bit 8) Center of last bit (parity bit) Center of stop bit
Overrun error timing Center of last bit (Bit 8) Center of last bit (parity bit) Center of stop bit

Note:  Framing error occurs after an interrupt has occurred. Therefore, to check for framing error during interrupt operation, it is necessary to wait for 1 bit
period of transfer rate.
Transmitting
Mode 9-Bit 8-Bit + Parity 8-Bit, 7-Bit + Parity, 7-Bit
Interrupt timing Just before last bit is transmitted. «— «—
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2) /O Interface mode

Immediately after rise of last SCLK signal (See Figure 3.11 (19)).

Immediately after rise of last SCLK signal (rising mode), or immediately after fall in falling mode
(See Figure 3.11 (20)).

Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after
last SCLK (See Figure 3.1 (21)).

Timing used to transfer received data to data receive buffer 2 (SC1BUF); that is, immediately after
SCLK (See Figure 3.1 (22)).

SCLK output mode

Transmission interrupt timing .
SCLK input mode

SCLK output mode

Receiving interrupt timing
SCLK input mode

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

mitting 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

3.11.3 Operational Description

(1) Mode 0 (/O interface mode)

MCU900-132

synchronous clock SCLK.
Output Input
extension extension
TMP96C141 Shiftregister A| —» | TMP96C141 Shiftregister A «
B| — B| -
TxD M C|— RxD QH C| -—
D| — D| -
SCLK SCK E|— SCLK CLOCK E| -—
F| — F| -
Port RCK G| — Port St 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
TMP96C141 shiftregister A | —» TMP96C141 Shiftregister A| <
B| — B| -
TxD ] C|— RxD QH C| -
D|f— D| -
SCLK SCK E| — SCLK CcLock E| =
F|— Fl| =
Port RCK G| — Port S/IT G| -
H| — H| <
TC74HC595 or TC74HC165 or
External clock— thelike External clock the like

Figure 3.11 (18). Example of SCLK Input Mode Connection
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time the CPU writes data in the transmission buffer. When
all data is output, INTES1 <ITX1C> will be set to generate
INTTX1 interrupt.

® Transmission

In SCLK output mode, 8-bit data and synchronous clock
are output from TxD pin and SCLK pin, respectively, each

Tlmmg to wnte

22!1 output L—‘ u——Lﬁ—A—l—A—L‘—A

TxD X_bito X_bit1 X)X bit6 X bit7 X

TXDSFT n ﬂ 4 J-I ﬂ ﬂ

ITX1C (INTTX1 Af I
interrupt request)

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.

s T F 1k L& L& L&

(SCLKC = 0: Rising edge mode)
v ryryrvry
SCLK in,

nput
(SCLKC = 1: Falling edge mode)

TxD X bito X__ bit1 )Q bit5 bite X _bit7 X
TxDSFT M I, M N
ITX1C (INTTX1 4 [

interrupt request)

Figure 3.11 (20). Transmitting Operation in I/O Interface Mode (SCLK Input Mode)
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® 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 —F\\ " f
SCLK S—bL 4 L4 Leh LA
RxD bit 0 X bit1 m5 X hite >hit7 Y~

Timing to shift data in Generate
the receiving buffer 2 INTRX1

Figure 3.11 (21). Receiving Operation in I/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

?SCCL{(K? Zt:)‘ Rising ed! gm L.#J_‘_A
_rryrvyMy oy ry

SCLK input
(SCLKC = 1: Falling edge mode)
ok
RxD bito X bit1T Ybit2, X bite X bit7 Y
Timing to shift dat. i Generate
ir:Tt:egreceiv;ng o INTRX1 \n

buffer 2

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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@

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 <SM1, 0> /SC1MOD <SM1,

0> 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.

even
TDOO0000 5

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

7 6 5 4 3 2 1 0
PICR cx x - - - - -1 ) Select P90 as the TxD pin.
PO9FC «— X X - X - X X 1
SCOMDD « 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 0 - - - - Enable INTTXO interrupt and sets interrupt level 4.
SCOBUF  « * * * * * * * * Set data for transmission.
Note: x; don'tcare —; no change
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 <SM1, 0>/ SC1IMOD <SMt, 0> to “10”. 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.

FO0000000 5

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

6 5 4 3 2 1
P9CR — X - - - =0
SCOMOD  « 0 1 x 1 0 0
SCOCR  « 0 1 x x x 0
BROCR  « x 0 1 0 1 0
TRUN — X - - - - =
INTESO & - - - 1 1 0
Interrupt processing
Acc « SCOCR and 00011100 ) Check for error.
If Acc # 0 then ERROR
Acc « SCOBUF Read the received data.

Note: x; don’tcare -—; nochange

(4)  Mode 3 (9-bit UART Mode)

The 9-bit UART mode can be specified by setting
SCOMOD <SMH1, 0> /SCTMOD <SMH, 0> to “11”. In

this mode, parity bit cannot be added

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

written first, then SCOBUF/SC1BUF.

- o =

Select P91 (RxD) as the input pin.

Enable receiving in 8-bit UART mode.

Add an odd parity.

Set transfer rate at 9600 bps.

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

Wake-up function

In 9-bit UART mode, the wake-up function of slave
controllers is enabled by setting SCOMOD <WU> /
SC1MOD <WUs to “1”. The interrupt INTRX1/INTRXO0
occurs only when <RB8> = 1

TxD

Master

RxD

TxD

Slave 1

RxD

TxD

RxD TxD RxD

Slave 2 Slave 3

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

MCU900-136

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

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

0 6.6 6 00 6 O3 ED R L
L N /

Select code of slave controller "

@ 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 slave controller whose SCOMOD <WU>/SC1MOD
its own select code. <WU> bit is cleared to “0.” The MSB (bit 8) <TB8> is

cleared to “0”.

OO0 000000
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
MSB:s (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 the internal clock ¢1 (fc/2) as the
with the master controller, and use transfer clock.

wl

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

e Setting the master controller

Main setting
P9CR “ x x - - - =01 . .
e e % x - x - 1 ) Select P90 as T+D pin and P91 as RiD pin.
INTESO « 1 1 0 0 1 1 0 1 Enable INTTXO0 and sets the interrupt level 4.
Enable INTRX0 and sets the interrupt level 5.
SCOMOD  « 1 0 1 0 1 1 1 0 Set ¢1 (fc/2) as the transmission clock in 9-bit UART mode.
SCOBUF « 0 0 0 0 0 0 0 1 Set the select code for slave controller 1.
INTTXO interrupt
SCOMD « - 0 - - - - - = Set TB8 to “0".
SCOBUF &  * * * * * * * * Set data for transmission.

o Setting the slave controller 2

Main setting
P9CR «
POFC - ) Select P91 as RxD pin and P90 as TxD pin (open drain output).
ODE «

« Enable INTRXO0 and INTTXO.

-

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

INTESO
SCOMOD

o = x x x
O - X X X
>

— . X X
>
—_ -, X X
-
o o 4 a4

INTRXO interrupt

Acc « SCOBUF

If Acc = Select Code

Then SCOMOD4 « - - - 0 - - = = ClarWusto0"
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3.12 Analog/Digital Converter Figure 3.12 (1) shows the block diagram of the A/D con-

The TMP96C141AF contains a high-speed analog/digital con-  Verter. The 4-channel analog input pins (AN3 to ANO) are
verter (AVD converter) with 4-channel analog input that features shared by input-only P5 and so can be used as input port.

10-bit successive approximation.
Internal bus

AJ/D converter mode register (ADMOD) ————————————]
ADCH 10 EOCF ADBF REPET SCAN ADCS ADS

o |repeat yscan yspeed ystart

-> end |busy “—>
AJD converter INTAD
Channel select control circuit interrupt
Analog input

AN3 (P53) [O— R |_.

AN2 (P52) O Multiplexer
AN1(PS1) O—
ANO (P50) (>

AJD conversion result register
(ADREGO to ADREG3)

Vrer [}—o
D/A converter
oo O C—

Figure 3.12 (1). Block Diagram of A/D Converter

Note:  This A/D converter does not have a built-in sample and hold circuit. Therefore, when A/D converting high-frequency signals, connect a sample and
hold circuit externally.
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TMP96C141AF TLCS-900 16-bit Microcontroller
7 i 6 i s i a4 i 3 i 2 i 1 i o
bitSymbol | EOCF i ADBF : REPET : SCAN : ADCS : ADS : ADCH1 : ADCHO
ADMOD Read/Write R : R/W
(005EH) ; ; T T T T T
After reset 0 : 0 : 0 : 0 H 0 : 0 : 0 : 0
A iam :Repeat  igcan Y] A Analog Input
conversion fconverslon ;ﬂ‘IOde ?mode ;(OﬂvefSIOH Econversion Channel select
EndFlag  (BUSYFlag ' ispeed  istart :
H 10: Single e

MCU900-140

Function

1:END 1: BUSY mode 0 Fixed O High é(onvefslon
: i1:Repeat: channel i speed :Start :
: : mode : mode :

mode : H
:1: Channel :1: Low gAlways
i San i speed :readas

mode : mode "0

T 1 I 1 T

5 Analog input channel select
Normal Scan mode
00 ANO ANO
o e P v
S T P v
T AN [ANosANISANZoANS
L A/D conversion start

0 |=—

1 | Start A/D conversion.

Note) Always “0” when data is read.

L A/D conversion speed selection

0 | A/D High speed conversion mode: 160 states = 20.s (@16MHz)

0

1 | AVD conversion channel scan mode

——> Selecting A/D repeat mode

0 | A/D conversion single mode

1 | A/D conversion repeat mode

L . A/Dconversion busy flag

0 | A/D conversion not busy

1 | A/D conversion busy

A/D conversion end flag

0 | A/D conversion not ended nor started

1 | A/D conversion ended

Figure 3.12 (2). A/D Control Register
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7 6 5 4 3 2 1 0
ADREGOL [F
RO1 ADRI
(0060H) bit Symb'ol ADRO 00
Read/Write R
After reset Undefined 1 1 1 ] 1 1 1
Function Lower 2 bits of A/D result for ANO are stored.
7 6 5 4 3 2 1 0
ADREGOH " gymbol ADRO9 ADR08 ADRO7 ADROG ADRO5 ADRO4 ADRO3 ADRO2
(0061H) -
Read/Write R
After reset Undefined
Function Upper 8 bits of A/D result for ANO are stored.
7 6 5 4 3 2 1 0
ADREGIL [yt Sympol ADRT1 ADR10
(0062H) g
Read/Write R
Aiter reset Undefined 1 1 1 ! 1 : 1 1
Function Lower 2 bits of A/D result for AN1 are stored.
7 6 5 4 3 2 1 0
ADREGH [Misymil ADR19 ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
(0063H) :
Read/Write R
After reset Undefined
Function Upper 8 bits of A/D result for AN1 are stored.
Figure 3.12 (3-1). A/D Conversion Result Register (ADREGO, 1)
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TMP96C141AF TLCS-900 16-bit Microcontroller
7 6 5 4 3 2 1 0
/tgggf:; bit Symbol ADR21 ADR20
Read/Write R
Atter reset Undefined 1 i 1 : 1 ; 1 1 1
Function Lower 2 bits of A/D result for AN2 are stored.
7 6 5 4 3 2 1 0
ADREG2H i Sympol ADR29 ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
(0065H) -
Read/Write R
After reset Undefined
Function Upper 8 bits of A/D result for AN2 are stored.
7 6 5 4 3 2 1 0
A(gggg:; { bit Symbol ADR31 ADR30
Read/Write R
After reset Undefined 1 1 ! 1 : 1 1 1
Function Lower 2 bits of A/D result for AN3 are stored.
7 6 5 4 3 2 1 0
Aggg?g“ bit Symbol ADR39 ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
¢ ) Read/Write R
After reset Undefined
Function Upper 8 bits of A/D result for AN3 are stored.
Figure 3.12 (3-2). A/D Conversion Result Register (ADREG2, 3)
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TLCS-900 16-bit Microcontroller

TMP96C141AF

3.12.1 Operation

)

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 <ADCHT1,
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 ANS.
In analog input channel scan mode, the number of
channels to be scanned from ANO is specified by
ADMOD <ADCH1, 0>, such as ANO — AN1, ANO —
AN1 — AN2, and ANO — AN1 — AN2 — AN3.

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

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

Starting A/D Conversion

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

A/D Conversion Mode

Both fixed A/D conversion channel mode and A/D
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, - — ANS3 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.
e 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
ADREGS3 registers for each channel. In repeat mode,
the registers are updated whenever conversion ends.

ADREGO to ADREG3 are read-only registers.
Reading the A/D Conversion Result

The results of A/D conversion are stored in ADREGO to
ADREGS3 registers. When the contents of one of
ADREGO to ADREG3 registers are read, ADMOD
<EOCF> will be cleared to “0".

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.

Setting example:

MCU900-143
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“TLCS-900 16-bit Microcontroller

Main setting
INTEOAD « 1 it 0 0 - - - -
ADMOD «~ x x 0 0 0 1 1 1

INTAD routine

WA « ADREG3
WA > > 6
(00FF10H) « 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.

INTEOAD « 1 6o 0o - - - - -
ADMOD « x x 1 1 0 1 1 0

Note: x; don'tcare —; no change

3.13 Watchdog Timer (Runaway Detecting Timer)
The TMP96C141AF 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

MCU900-144

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.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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3.13.1 Configuration
Figure 3.13 (1) shows the block diagram of the watchdog timer (WDT).

w T I
AL T {>o—0 wotouT
RESET WDMOD <RESET>

INTWD Watchdog timer
I out control
WDMOD —>
enable
<WDTP1, 0> —> Selector T [
faa  Reset

fc/216
fc/218
fcf220
fcf222

¢ (f/2)—> Watchdog timer Q
22-stage binary counter
R S
reset Reset
WDMOD
<WDTE >
Reset
HALT
(Stop or Idle mode)
4EH B1H
Write Write
Watchdog timer
control register
C Internal bus )

Figure 3.13 (1). Block Diagram of Watchdog Timer
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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: 216/c, 218/fc, 22%c, and 222/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 n

I

WDT Interrupt

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 2us @
20MHz) and resets itself.

[{¢
)
I
W7

I

"
Clear code of write

WDT Clear i«
(Soft ware) ),
WDTOUT ] .,.,
Figure 3.13 (2). Normal Mode
Over flow
WDT Counter n )@ «
WDT Interrupt I I 4

WDTOUT

(internal Reset) I
|

I

Figure 3.13 (3). Reset Mode

MCU900-146
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TMP96C141AF

3.13.2 Control Registers

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

(1)  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
approximately 32,768).
@

® Watchdog timer enable/disable control register

<WDTE>

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

¢ Disable control

WDMOD « 0 - - - - - X X
WDCR « 1

* Enable control
Set WDMOD <WDTE> to “1".

e Watchdog timer clear control
The binary counter can be cleared and resume

WDCR < 0 1 0 0 1 1t 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.

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).

counting by writing clear code (4EH) into the WDCR reg-
ister.

Write the clear code (4EH).
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7 i s 5 4 3 i 2 o1 i o
bit Symbol | WDTE ;| WDTP1 | WDTPO : WARM : HALTMO : HALTMO | RESCR : DRVE
WDMOD Read/Write RW
(OOSCH) T B B T H
After reset 1 H 0 H [ 0 [ 0 [ 0
WDT %Select detecting ﬁ"‘egwarming Standby mode 1: 1
H {Up time
control i00: 216/fc et 00: RUN mode Internally  : Drive the
. 101: 218/fc 01: STOP mode connects  :pinevenin
Function H : :
1: Enable §’°1 220/f¢ £0: 214/fc 10: IDLE mode :WDToutto :STOP mode
;11: 222/f¢ 1 Peie TE Don't care the reset pin
| 1
I; DRVE (explanation by stop mode)
Watchdog timer out control
0 |—
1 | Connects WDT out to a reset
> ———> Select the standby mode HALT instruction

00 | RUN mode (Only the CPU stops)

11 | Don't care

L——————> Select the detecting period of watchdog
timer )

0 |214/fc (approx. 1.0ms @16MHz)

‘> Select the detecting time of watchdog timer
00 | 26/fc (approx. 4.1ms @16MHz)

01 | 218/fc (approx. 16ms @16MHz)
10 | 220/fc (approx. 66ms @16MHz)
222/fc (approx. 262ms @16MHz)

Watchdog timer Enable / Disable control
0 | Disable

1 | Enable

Figure 3.13 (4). Watchdog Timer Mode Register
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TMPS6C141AF

7 : 6 : H : 4 ; 3 2 1 0
WDCR bit Symbol -
Read/Write w
(005DH) :
After reset -
B1H : WDT disable code
4EH : WDT clear code
Function

L——» Disable/clear WDT

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. In the RUN mode, the watchdog timer is

counter, the binary counter overflows and an INTWD interrupt ~ €nabled. . . ‘
is generated. The CPU detects malfunction (runaway) due to However, the function can be disabled when entering the
the INTWD Interrupt and it is possible to return to normal oper- ~ RUN mode.

Example: @ Clear the binary counter
WCR « 0 1 0 0 1 1 1 0 Write clear code (4EH).

@ Set the watchdog timer detecting time to 2'€/fc
WDMOD & 1t 0 1 - - - x X

® Disable the watchdog timer

WMOD « 0 - - - - - x X Clear WDTE to “0".
WOCR &« 1 0 1 1 0 0 0 1 Write disable code (B1H).

® Set IDLE mode

WMOD « 0 - - - 1 0 x x Disables WDT and sets IDLE mode.
WDCR « 1 0 1t 1t 0 0 0 1
Executes HALT command Set the standby mode

® Set the STOP mode (warming up time: 216/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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TMP96C141AF

4. Electrical Characteristics

4.1 Absolute Maximum (TMP96C141AF)

Symbol Parameter Rating Unit
Vee Power Supply Voltage -05-65 v
VIN Input Voltage -0.5~Vg+05 \
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
131G Storage Temperature 65~ 150 °C
TOPR Operating Temperature -20~70 °c
4.2 DC Characteristics (TMP96C141AF) . i
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
ViLt P2, P3, P4, P5, P, P7, P8, P9 -0.3 0.3V, v
ViL2 RESET, NMI, INTO (P87) 03 0.25V, Vv
VI3 2] 03 03 v
ViL4 X1 -0.3 0.2V, v
VIH Input High Voltage (AD0-15) 22 Ve, +03 v
VIH1 P2, P3, P4, P5, P6, P7, P8, P9 0.7V, Ve +03 v
VIH2 RESET, NMI, INTO (P87) 0.75V¢, Ve +03 v
VIH3 [} Ve, -03 Ve +03 v
V IH4 X1 0.8V, Ve +0.3 v
VoL Output Low Voltage 045 V | I0L=16mA
VOH Output High Voltage 24 V | 10H=-400pA
V OH1 0.75V,, V| |OH=-100pA
VOH2 0.9V, V' |10H=-20pA
|G s | m i
I Input Leakage Current 0.02 (Typ) k] PA [ 0.0SVip sV
1L0 Output Leakage Current 0.05 (Typ) +0 A [ 02<Vj< V02
%[ieéating Current (RUN) 26 (TyD) ?g m t osc = 16MHz
e STOP (Ta=-20 ~ 70°C) o g}‘;gg 50 WA [ 025V < V02
STOP (Ta=0 ~ 50°C) 10 PA ]02<Vip <V -02
O [ A N
RRST RESET Pull Up Register 50 150 KQ
clo Pin Capacitance 10 pF | tosc = 1MHz
VH REaET AW NTO (Pe7) 04 10(vp) v
RK Pull Down/Up Register 50 150 KQ
Note: I-DAR is guaranteed for a total of up to 8 ports.
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TLCS-900 16-bit Microcontroller

4.3 AC Electrical Characteristics (TMP96C141AF) 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 (=) 50 250 625 50 ns

2| tgx | CLKwidth 2x-40 85 60 ns

3 ta A0 - 23 Valid—CLK Hold 0.5x-20 11 5 ns

4 kA CLK Valid—A0 - 23 Hold 15%-70 24 5 ns

5 ta A0-15 Valid—ALE fall 0.5x-15 16 10 ns

6 ta ALE fall>A0 - 15 Hold 0.5x- 15 16 10 ns

7 t ALE High width x-40 3 10 ns

8 e ALE fall—RD/WR fall 0.5x- 30 1 -5 ns

9 to RD/WR rise—ALE rise 0.5x- 20 1 5 ns
10 gL [ A0-15Valid—RD/WR fall x-25 38 % ns
1 tacH | AO-23Valid—RD/WR fall 1.5% - 50 4 25 ns
12 toa RD/WR rise—A0 - 23 Hold 0.5x-20 1 5 ns
13| tor | A0-15Valid—DO- 15 input 3.0x-45 143 105 ns
14|ty | AO-23Valid—DO- 15input 3.5 - 65 154 110 ns
15 tho RD fall—DO - 15 input 2.0x-50 75 50 ns
16 thr RD Low width 2.0x - 40 85 60 ns
17 g RD rise—DO - 15 Hold 0 0 0 ns
18|  tgg | RDrise—AD - 15 output x-15 48 35 ns
19 tww | WRLow 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| teq | AO-23Valid—WAI input (IWAIT + n mode) 3.5x-90 129 85 ns
2| ta | A0-15Valid—WAIT input (1WAIT + n mode) 3.0x-80 108 70 ns
24 tow | RD/WR fall>WAIT Hold (1WAIT + n mode) 20x+0 125 100 ns
25|ty | AO-23Valid—PORT input 25x-120 80 36 ns
26| tpwp | AO-23Valid—PORT Hold 25x+50 206 175 ns
27 tep WR rise—PORT Valid 200 200 200 ns
28|  tagmy | AO-23Valid—RAS fall 1.0x-40 3 10 ns
29|  tagn | AO-15 Valid—RAS fall 0.5x-15 16 10 ns
30| e | RASfall-DO - 15 input 25x-70 130 86 ns
31 | RAS fall—A0 - 15 Hold 0.5x- 15 16 10 ns
32| thag | RASLow width 20x-40 85 60 ns
33 trp RAS High width 20x- 40 85 60 ns
34 ths | CAS fall >RAS rise 1.0x-35 28 15 ns
35| tagc | RAStise—CASrise 0.5x- 25 6 0 ns
36| tap | RASfall>CASfal 1.0x-40 3 10 ns
37|  teac | CAStall»DO- 15 input 1.5x-65 29 10 ns
38| teas | CASLow width 15x-30 64 40 ns

AC Measuring Conditions

e Qutput Level:

High2.2Vv  /Low 0.8V, CL50pF

(However CL = 100pF for ADO ~ AD15, ADO ~ AD23, ALE, RD, WR, HWR, R/W, CLK, RAS, CASO ~ CAS2)
* Input Level:

MCU900-152

High2.4v  /Low 0.45V (ADO ~ AD15)

High 0.8Vcc /Low 0.2Vce (Except for ADO ~ AD15)
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TMP96C141AF

(1) Read Cycle

X1

A0~23

N
(%l
o
!
]

Port Input

RA

w

ADO~15

ALE

tok

LKA

tcw—|

“—tASRH ’)L

|!

tASRL

4

tRP
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(2) Write Cycle

X1

A0~23

|
b
7

ADO~15

ALE
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P

X

X

)

tcp

tww

tDwW

wp

DO~15
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4.4 A/D Conversion Characteristics (TMP96C141AF)
Vee =5V+10% TA = -20 ~ 70°C

Symbol Parameter Min Typ Max Unit
VRer Analog reference voltage Vee-1.5 Vee Vee
Asnp Analog reference voltage Vg Vs Vg v
Van Analog input voltage range Vss Ve
Irer Analog current for analog reference voltage 0.5 15 mA
Low speed conversion mode +1.5(TBD) +#0
Error 4<fc n -
High speed con! 43.0 (TBD, ]
(Quantize error of < 16MHz s version mode +30(TeD) 50 LSB
40.5 LSB not included) Low speed conversion mode +1.5 (TBD) 0
16<fc - -
<20MHz High speed conversion mode +4.0 (TBD) 8.0

4.5 Serial Channel Timing - I/0 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
tscy SCLK cycle 16x 1 0.8 s
toss Output Data—rising edge of SCLK tscy/2 - 5% - 50 137 100 ns
tous SCLK rising edge—output data hold 5x-100 212 150 ns
thsr SCLK rising edge—input data hold 0 0 0 ns
tsro SCLK rising edge—seffective data input tscy - 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 2x-80 45 20 ns
tusr SCLK rising edge—input data hold 0 0 0 ns
tsro SCLK rising edge—effective data input tsoy - 2x- 150 725 550 ns

4.6 Timer/Counter Input Clock (TI0, TI4, TI5, TI6, TI7)
Vee = 5V£10% TA = -20 ~ 70°C

Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tvek Clock cycle 8x +100 600 500 ns
tvokL Low level clock pulse width 4x + 40 290 240 ns
tyokH High level clock pulse width 4x+40 290 240 ns
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4.7 Interrupt Operation

Voo =5V+10% Ta = -20 ~ 70°C

Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
. | NMI, INTO Low level pulse width 4x 250 200 ns
tiNTAH NMI, INTO High level pulse width 4x 250 200 ns
tinTBL INT4 ~ INT7 Low level pulse width 8x+100 600 500 ns
tinTeH INT4 ~ INT7 High level pulse width 8x+100 600 500 ns
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4.8 Timing Chart for I/0 Interface Mode

w I o rere ro e r o

- I I S B D S

toss :o_uzl
OUTP}JXTD DATA
o X 1 X : X D X

tsrRD | I tHsR

INPUT DATA

RxD X vauo X X vaup X X vaup X X vaup )C
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TLCS-900 16-bit Microcontroller

4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK)

(note)

cLK 1 568 X

X3 X

- <« tBRC t8RC
BUSRQ
tBAL | 3___./ tcsaH
BUSAK ——
4§ /
ADO~AD15, AO~A23 = tas hiss
ADO~AD15, AO~A23, —X tasa -
S0~CS2, RW, RAS, el ~
CASO~CAS2 e [
RD, WR, AWR A S —————
ALE g L\
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tare BUSRQ setup time for CLK 120 120 120 ns
tosaL CLK—BUSAK falling edge 1.5x+120 214 195 ns
tceaH CLK—BUSAK rising edge 0.5x+40 n 65 ns
taga Output buffer is off to BUSAK 1 0 80 0 80 0 80 ns
taan BUSAK _ §  output buffer is on. 0 80 0 80 0 80 ns

Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to “0” during “Wait” cycle.

Note 2: This line only shows the output buffer is off-states. They don’t indicate the signal levels are fixed. After the bus is released, the signal level is kept
dynamically before the bus is released by the external capacitance. Therefore, to fix the signal level by an external resistance under the bus is releasing,
the design must be carefully because of the level-fix will be delayed. The internal programmable pull-up/pull-down resistance is switched active by the
internal signal.
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4.10 Interrupt Operation

V¢e = 5V, Ta = -25°C, unless otherwise noted

Vee V) lec (mA)
6 30 -
5
20 //
4 ot /
/ 10
v
3
.ses / . ‘0/
2
5 10 15 20 25 S 1 15 20 25
. fosc (MHz) fosc (MHz)
Figure 5.1 Vcc - fosc TYPICAL CURVE Figure5.2  fosc - lcc TYPICAL CURVE '0s¢
lcc (mA)
40
fosc = 20MHz
20 Pt
10 !
0 |
3 4 5 6
Figure 5.3 Icc - Vcc TYPICAL CURVE Vee)
loL (mA) 0 1 2 3 4 s Vour (V)
40
-1
30 0 /
20 yd -2 e /
4 L
/ -30
10
o - 40
' 2 3 4 5 Vour(V)  lon(mA)
Figure 5.4 Vour -loL TYPICAL CURVE Figure 5.5 Voyr - lon TYPICAL CURVE
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5. Table of Special Function Registers
(SFRs)
(SFR; Special Function Register)

The special function registers (SFRs) include the 1/O ports

and peripheral control registers allocated to the 128-byte
addresses from 000000H to 00007FH.

(1) /O port

(2) 1/O port control

(3) Timer control

(4) Pattern Generator control
(5) Watch Dog Timer control
(6) Serial Channel control

(7) A/D converter control

(8) Interrupt control

(9) Chip Select/Wait Control

Configuration of the table
Symbol Name Address [ 110
“ ->bit Symbol
N\ | |>Read/write
\ \ ~Initial value afrer reset
/ / -+Remarks
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TMP96C141AF

Table 5 1/0 Register Address Map

Address Name Address Name Address Name Address Name

000000H | PO 20H | TRUN 40H | TREG6L 60H | ADREGOL
1H|P1 21H 41H | TREG6H 61H | ADREGOH
2H | POCR 22H | TREGO 42H | TREG7L 62H | ADREG1L
3H 23H | TREG1 43H | TREGTH 63H | ADREGTH
4H | P1ICR 24H | TMOD 44H | CAP3L 64H | ADREG2L
5H | P1FC 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 | BOCS
9H | P2FC 29H | PIMOD 49H | TSFFCR 69H | B1CS
AH | P3CR 2AH | PFFCR 4AH 6AH | B2CS
BH | P3FC 2BH 4BH 68H
CH| P4 2CH 4CH | PGOREG 6CH
DH | P5 2DH 4DH | PG1REG 6DH
EH | P4CR 2EH 4EH | PGO1CR 6EH
FH 2FH 4FH 6FH
10H | P4FC 30H | TREG4L 50H | SCOBUF 70H | INTEOAD
11H 31H | TREG4H 51H | SCOCR 71H | INTE4S
12H| P6 32H | TREGSL 52H { SCOMOD 72H | INTE67
13H | P7 33H | TREGSH 53H | BROCR 73H | INTET10
14H | P6CR 34H | CAPIL 54H | SC1BUF T4H | INTEPW10
15H | P7CR 35H | CAPTH 55H | SC1CR 75H | INTET54
16H | P6FC 36H | CAP2L 56H | SCIMOD 76H | INTET76
17H | PTFC 37H | CAP2H 57H | BR1CR 7TH | INTESO
18H | P8 38H | T4MOD 58H | ODE 78H | INTES1
19H | P9 39H | TFFACR 59H 79H
1AH | PSCR 3AH | T45CR 5AH TAH
1BH | PICR 3BH 5BH 7BH | IMC
1CH | P8FC 3CH 5CH | WDMOD 7CH | DMAOV
1DH | P9FC 3DH SDH | WDCR 7DH | DMA1V
1EH 3EH 5EH | ADMOD 7EH | DMA2V
1FH 3FH 5FH TFH | DMA3V
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(1) VO Port
Symbol Name Address 7 6 5 4 3 2 1 0
P07 P06 P05 P04 P03 P02 PO1 P00
PO PORTO 00H R
Input mode
Undefined
Pi7 | P16 ps | P4 | P13 [ P2 P11 P10
P1 PORT1 01H AW
Input mode
0 0 0 0 0 0 0 0
P27 P26 P25 P24 P23 P22 P21 P20
P2 PORT2 06H il
Input mode
0 0 0 0 0 0 0 0
P37 P36 P35 P34 P33 P32 P31 P30
P3 PORT3 07H R
Input mode Output mode
1 1 1 1 1 1 1 1
P42 P41 P40
RW
P4 PORT4 0CH Input mode
0 1 1
P53 P52 P51 P50
P5 PORT5 0DH R
Input mode
P67 P66 P65 P64 P63 | P62 T P61 P60
P6 PORT6 12H AW
Input mode
1 1 1 1 1 1 1 1
P73 P72 P71 P70
P7 PORT7 13H i
Input mode
1 1 1 1
P87 P86 P85 P84 P83 P82 P81 P80
P8 PORT8 18H i
Input mode
1 1 1 1 1 1 1 1
P95 P94 P93 P92 P91 P90
P9 PORT9 19H AW
Input mode
1 1 1| 1 1 1

Note:  When P30 pin is defined as RD signal output mode (P30F = 1), clearing the output latch register P30 to “0" outputs the RD strobe from P30 pin for
PSRAM, even when the internal address is accessed. If the output latch register P30 remains “1”, the RD strobe is output only when the external
address is accessed.

Read/Write RW . Either read or write is possible
R ; Only read is possible
W i Only write is possible

Prohibit RWM ;  Prohibit Read Modify Write. (Prohibit RES/SET/TSET/CHG/STCF/ANDCF/ORCF/XORCF Instruction)
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(2) 1/O Port Control (1/2)

Symbol Name Address 7 6 5 4 3 2 1 0
PO7C POBC PO5C PO4C PO3C P02C POIC POOC
PORTO b w
POCR Prohibit
Control (RMW) o [ o [ o [ o [ o [ o J o T o
0:IN 1:0UT (When external access, set as AD7 - 0 and cleared to “0".)
piic | pwec | pisc | pac | piac | pc | pic [ pioc
04H
]
PORT1 i
1CR Prohibit
Fie Control (RMW) o [ o [ o | o ] o [ o [ o [ o
<<Refer to the “P1FC">>
ParF | P6F | PesF | PaF | P8F | P2F | PaF [ PXF
05H
W
PORT1 ibi
P1F Prohibit
1 Functon (RMW) o | o [ o ] o [ o [ o | o J o
P1FC/PICR=00: N, 01: OUT, 10: AD15-8, 11 :A23 - 16
prc | psCc | Psc | Pac [ P3c | p2c | pPaac | pa0C
08H m
PORT2 ibi
P2CR Prohibit
Control (RMW) o [ o | o [ o [ o ] o J o | o0
<<Refer to the “P2FC">>
ParF | P6F | PesF | Par | PsF | P2F | PAF [ PXF
09H
w
PORT2 ibi
P2F Prohibit
1 Functon (RMW) o [ o | o [ o [ o | o | o | o
P2FC/ P2CR=00: IN, 01: OUT, 10: A7-0,11: A23 - 16
Parc | p6C | Pasc | paac | psc | psc
0AH m
PORT3 ibi
P3CR Prohibit
Control (RMW) o ] o | o | o | o [ o0
0:IN1:0UT .
ParF | PsF | PesF | paaF | | PF | P3IF P30F
PORT3 ol Y
Prohibit
PaFe Function ( RMW) 0 0 0 0 0 0 0
0:PORT | 0:PORT | O:PORT_ | O:PORT 0:PORT | O0:PORT | 0:PORT
1:RAS | 1:RW | 1:BUSAK | 1:BUSRQ 1:HWR | 1:WR 1:RD
P42C P41C P40C
OEH W
PACR PORT4 (Prohibit
Control AMW) 0 I 0 I 0
0:IN1:0UT
PiF | P4IF | POF
10H W
parc |  PORT4 (Prohibit
Function RMW) o [ o [ o
0: PORT 1 : CS/CAS

Note: Withﬁe TMP96C141 A@P%m 41A/TMPOBC041A, 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.
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I/0 Port Control (2/2)

Symbol Name Address 7 6 5 4 3 2 1 0
P67C PB6C PB5C P64C P63C P62C P61C P6OC
144 W
pecR |  PORT6 (Prohibit
Control RMW) 0 0 0 0 o [ o [ o | o
0:IN 1:0UT
prsc | prc | pric [ Pmc
PORT? e w
7CR Prohibit
Prc Control (RMW) o | o [ o ] o
0:IN 1:0UT
P6TF P6F PBSF P64 PeF | Pe2r | PeIF | PO
164
W
PORT6 ibi
P6FC Prohibit
o Function (BMW) 0 0 0 0 o | o [ o ] o
0:PORT 1:PG1 - OUT 0:PORT 1: PGO - OUT
PI3F | ProF | PTIF
PORT7 o W
7F Prohibit
| (RMW) o-gom o-:om o-gom
1:703 | 1:102 | 1:701
P87C P86C P85C P8AC P83C P82C P8iC P80C
PORTS o w
PBCR Prohibit
R cowa | Gy [0 O I I I O I
0:IN 1:0UT
PosC | paac [ pesc | Pec | PIIC | PIOC
PORTY o w
R Prohibit
P Control (RMW) o [ o | o |- 0 [ o ] o
0:IN 1:0UT
PB6F PB3F P82F
- 1CH ] W ]
Prohibit
PeFc Function (RMW) 0 0 0
0: PORT 0:PORT | 0:PORT
1:706 1:705 1:704
PY5F P93F P92F PIOF
PORTS 1DH W W w W
POFC Prohibit
& Function ( RMW) 0 0 0 0
0: PORT 0:PORT | 0:PORT 0: PORT
1:SCLK1 1:TX01 | 1:SCLKO 1:T00
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(3) Timer Control (1/4)

Symbol Name Address 7 6 5 4 3 2 1 0
PRRUN T5RUN T4RUN P1RUN PORUN T1RUN TORUN
RW RW
TRUN J(')?]}fgl 20H 0 0 o [ o [ o 0 0
Prescaler and Timer Run/Stop CONTROL
0 : Stop and Clear
1: Run (Count up)
22H -
™ 8bit Timer (Prohibit W
£60 Register 0 RMW) .
Undefined
23H -
8bit Timer (Prohibit
TREGT Register 1 RMW) W_
Undefined
TIOM1 | T10MO PWMMT | PWMMO TICLK1 | T1CLKD TOCLKT | TOCLKO
w
8bit Timer 24H 0 0 0
TMOD | Source CLK (Prohibit 0 [ 0 0 l 0 0 | |
and MODE RMW) 00: 8-bit Timer 00: — 00 : TOOTRG 00 : TIO Input
01 : 16-bit Timer 01:28-1  PWM 01: oM 01: ¢T1
10: 8-bit PPG 10:27-1 10: ¢T16 10: ¢T4
11 8-bit PWM 11:28-1 11 ¢T256 11:4T16
DBEN TFFICT | TFFICO TFFIE | TFFIIS
RW w RW
8bit Timer 0 o | o 0 0
TFFCR FC"D'I"’{’ 25H 1: Double 00 Invert TFF1 T:7FF1 |0 Inverted
ontrol Buffer 01: Set TFF1 Invert by
Enable 10 : Clear TFF1 Enable Timer 0
11: Don't care
TREG2 P&’ZMisg“;‘ 26H (RYW (Can read double buffer values.)
g Undefined
TREG3 PF‘('Z’V:SI::‘? 27H (R)YW (Can read double buffer values.)
9 Undefined
FF2RD DB2EN | PWMOINT [ PWMOM | T2cLkt | TocLko | PwMost | PwMoso
R w
P281:1m - 0 0 0 o [ o o | o
POMOD. | PAMOMODE | - (R8N 3¢ auput [ 7-Dauble | 0- Overow | 0: P 00 P1(icd) 00:2-1
value Buffer Interrupt Mode 01: @P4(fc/16) 01:27-1
Enable | 1: Compare/ | 1: Timer 10 : pP16(1c/64) 10:28-1
Match Mode 11 Dont care 11: Don't care
Interrupt
FF3RD DB3EN PWMIINT | PWMIM T3CLK1 | TICLKO | PWMIST | PWMISO
R w
(Pf(?g!b,t - 0 0 0 0o | o o [ o
PIMOD | PWMTMODE | (" [ TFF3 cuput | -Double |0 Overow | 0-PWH 00 ¢ P(c/) 00: 251
value Buffer Interrupt Mode 01: ¢ P4(ic/16) 01:27-1
Enable 1: Compare/ | 1: Timer 10 : ¢P16(fc/64) 10:28-1
Match Mode 11: Don't care 11:Don't care
Interrupt
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Timer Control (2/4)

Symbol Name Address 7 6 5 4 3 2 1 0
FF3C1 FF3C0 FF3TRG1 FF3TRGO FF2C1 FF2C0 FF2TRG1 FF2TRGO
W RW w RW
o 0 0 o | o 0 0 0o | o0
PFFCR Flip-f,:f)p 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 —
16-bit Timer (Prohibit
TREGAL
G Register 4L RMW) W.
Undefined
31H _
16-bit Timer (Prohibit
TREG4H
G Register 4H RMW) W‘
Undefined
32H -
16-bit Timer (Prohibit
TREGSL w
65 Register 5L RMW) -
Undefined
33H _
16-bit Timer (Prohibit
TREGSH w
e Register 5H RMW) -
Undefined
Capture
AP1L
5 Register 1L 3 R‘
Undefined
Capture
CAP1H Regiter H 35H R'
Undefined
Capture
CAP2L Register 2L 36H R.
Undefined
Capture
CAP2H Register 21 37H R.
Undefined
CAP2T5 | EQ5TS | CAPIN | CAP12Mi | CAP12MO [ CLE | TACLKI | T4CLKO
RW W RW
16-bit Timer 4 o | o 0 o [ o 0 0 0
T4MOD CSLOK”’Cned 38 TFF5 INV TRG 0: Soft- Capture Timing 1:UC4 Source Clock
MO[a)E 0: TRG Disable Capture 00 : Disable Clear 00:TI4
1: TRG Enable 1:Dontcare| 01:T14 TT15 T Enable 01: ¢T1
10:T14 TT14 1 10: ¢T4
1:TFF T TFF Y 11:¢T16
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Timer Control (3/4)

Symbol Name Address 7 6 5 4 3 2 1 0
TFF5C1 TFF5CO CAP2T4 CAP1T4 EQ5T4 EQ4T4 TFF4C1 TFF4CO
w RW W
16bit Timer 4
TAFFCR | Flip-flop 30H o [ o0 0 o | o 0 0 0
Control 00 : Invert TFF5 TFF4 Invert Trigger Source Clock
01: Set TFF5 0: Trigger Disable 00 : Invert TFF4
10 : Clear TFF5 1: Trigger Enable 01:Set TFF4
11: Don't care 10 : Clear TFF4
11:Don't care
- PGIT |  PGOT DBGEN | DB4EN
RW RW
0 0 0 0 [ o
T45CR | T4, T5 Control 3AH PG1 shit PGO shitt ‘
) ) 1: Double
Fixat “0" trigger trigger Buffer
0:Timer0,1 | O:Timer0,1 Enable
1:Timer 5 1: Timer 4
- 40H -
TRegeL | J6OLTImer i o bt W
Register 6L AMW
) Undefined
- 41H -
TReGeH | 1ODLTIMEr o it w
Register 6H RMW
) Undefined
- 42H _
TRegzL | 1GDILTImer o i W
Register 7L RMW
) Undefined
- 43H -
TReg7H | 1BOILTIMEr 1 o i m
Register 7H M
W) Undefined
Capture —
CAPSL | poristral 44H R
Undefined
CAPa | Capure 45H R
Register 3H
Undefined
Capture —
CAPAL Register 4L 46H R
Undefined
Capture -
CAP4H Register 4H 47H R
Undefined
CAP3IN [ CAP34M1 | CAP34MO CLE T5CLKT | T5CLKO
RW w
160t Timer 5 0 0 0 o | o 0 o ] o
T5MOD CSLO&":; f 48H Capture Timing Source Clock
MODE 0: Soft- 00 : Disable 1:UC5 00 : Invert TFF6
Capture 01:16 TTI7 T Clear 01: Set TFF6
1:Dontcare | 10:T16 T Ti6 | Enable 10 : Clear TFF6
1:TFF T TFF L 11: Don't care
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Timer Control (4/4)

Symbol Name Address 7 6 5 4 3 2 1 0
CAP4T6 CAP3T6 EQ7T6 EQ6T6 TFF6C1 TFF6C0
RW w
16bit Timer 5 0 0 0 0 0 0
T5FFCR Flip-flop 49H B
Control TFF6 Invert Trigger g? : g‘evte][tFlng
0 : Trigger Disable 10:CI car TFF6
1 : Trigger Enable 11 :Don’t care
(4) Pattern Generator
Symbol Name Address 7 6 5 4 3 2 1 0
4CH PGO3 PG02 PGO1 PG00 SA03 SA02 SA01 SA00
PGOREG | PGO Register (Prohibit W RW
RMW) 0 0 0 0 Undefined
4DH PG13 PG12 PG11 PG10 sat3 | sai2 [ sat [ sato0
PG1REG | PG1 Register (Prohibit W RIW
RMW) 0 0 0 0 Undefined
PAT1 CoWt PGIM PGITE PaTO | cowo | Peom | PeotE
RW
4EH 0 0 0 0 0 0 0 0
PGOTCR | PGO, 1 Control (‘;ﬂ‘}:};t 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
{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 | o 1 0o | o 0 0 0 0 0
- atch Dog -
MOD | TimerMode | °C 00 2'%/c Warmingup | Sendoy Mode 1 Connect 4. e
. 18 . 00 : RUN Mode internally :
1:WDT 01:2"%fc Time : the pin
T020 014 01: STOP Mode WDT out :
Enable 10:2%%fc 0:2%fc : . in STOP
1:2%fic 1:2%c 10: IDLE Mode pinto Mode
’ ' 11: Don't care Reset Pin
Watch Dog V_V
Timer
WDCR Control 5DH —
Register B1H: WDT Disable Code 4EH : WDT Clear Code
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(6) Serial Channel (1/2)

Symbol Name Address 7 6 5 4 3 2 1 0
) RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
Serial 187 TB6 TBS TB4 83 B2 TB1 TBO
SCOBUF Ch;&?g 0 S0H R (Receiving)/W (Transmission)
Undefined
RB8 EVEN PE OFRR | PERR | FERR - | -
R RW R (Cleared to 0 by reading) RW
Serial 0 0 0 0 I 0 l 0 0 0
SCOCR Channel 0 51H 1: Error
Gontro Receiing | CU0 . |1:pay seaxy | L
data bit 8 : Enable Overrun Parity Framing )
1:Even 1,5CLK Note
gy | Mo
B8 CTSE RXE wu SM1 SM0 Sc1 SCO
RW
) Serial 0 0 0 0 o | o o | o
SCO- 1 Ghannel 0 52H
MOD Mode 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 BRO53 | BR052 BROS51 I BR050
RW RW
BROCR Baud Rate 534 0 0 | 0 0 l 0 | 0 I 0
Control 00 90 (fc/4) Set frequency divisor
ot 01: ¢t2 (fc/16)
Fixat 0 10: g8 (1c/64) o Or;hfbited)
11 :0t32 (1c/256) p
RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
Serial TB7 TB6 TB5 T84 TB3 182 TB1 TBO
SC1BUF Ch;&?;' ! S4H R (Receiving)/W (Transmission)
Undefined
RBB EVEN PE OERR | PERR | FERR Scks [ oc
R RW R (Cleared to 0 by reading) RW
S 0 0 o | o [ o 0 0
erial ;
SCICR |  Channel1 55H 1 - Error
" 0: SCLK1
Control Receiving 0"?’3{1 d 1: Parity ) 1:Input
data bit 8 1-Even Enable Overrun Parity Framing ‘(S-C*LS SCLK1 pin
B8 - RXE wu SM1 SMO SC1 SCo
RW
So1- Serial 0 0 0 0 0 0 0 | o0
MOD C“&g’éﬁ' 1 56 00 /0 Interface 00 - T00 Trigger
Transmission Fixat 0" 1:Receive |1:Wakeup 01 : UART 7bit 01 : Baud rate generator
data bit8 Enable Enable 10 : UART 8-bit 10 : Internal clock @1
11 : UART 9bit 11 : Dont care
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Serial Channel (2/2)
Symbol Name Address 7 6 5 4 3 2 1 0
- BR1CK1 BR1CKO BR153 BR152 BR151 BR150
RW RW
0 0 0 0 0 0 0
BRICR | ool SH oo]~ o0 (ic/d) ] | |
o : 2 (ic/16) Set frequency divisor
Fix at “0” : 0~F
10: ¢i8 (fc/64) 1" orohibitd
11 1132 (1c/256) (1" prohibited)
Z ODEY |  ODEO
Special RW
0DE Open Drain 58H 0 0
Enable 1:P93 | 1:P90
Open-drain|  Open-drain
(7) A/D Converter Control
Symbol Name Address 7 6 5 4 3 2 1 0
EOCF ADBF REPET SCAN ADCS ADS ADCH1 ADCHO
R RW
AD- A/D Converter
MOD Mode reg SEH 0 0 0 0 0 0 o | o
1Ed | V:Repeal | 1:Scan | 1:Slow g oppr | Analog Input Channel Series
Busy mode mode mode
") 0 e ADRO1 ADROO |
esult
AD Reg 0 low 60H R
REGOL Undefined 1 1 1 1 1 1
ADR09 | ADR08 ADRO7 ADR06 ADRO05 ADR0O4 ADR03 ADR02
AD Result
AD | Reg0high 61H R
REGOH Undefined
1) 0 o ADR11 | ADRI0
esult
AD Reg 1 low 624 R
REGTL Undefined 1 1 1 1 1 1
ADR19 ] ADR18 ADR17 ADR16 ADR15 ADR14 ADR13 ADR12
AD Result
AD Reg 1 high 63 R
REG1H Undefined
) ADR21 | ADR20 1 |
AD Result 64H R
AD Reg 2 low
REG2L Undefined 1 1 1 1 1 1
ADR29 l ADR28 ADR27 ADR26 ADR25 ADR24 ADR23 ADR22
AD Result
AD Reg 2 high &5H R
REG2H Undefined
1) ADR31 | ADR30 | i
AD Result 66H - R
AD Reg 3 low
REG3L Undefined 1 1 1 1 1 1
DR ADR39 | ADR38 ADR37 ADR36 ADR35 ADR34 ADR33 ADR32
AD esult
REG3H | Reg3high 67H R
Undefined

Data to be stored in A/D Conversion Result Reg Low are the lower 2 bits of the conversion result. The contents of the lower 6 bits of this register are

always read as “1”.
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(8) Interrupt Control (1/2)

Symbol | Name | Address 7 1 6 ] S | 4 3 | 2 | 1 0
INTAD INTO
INTE- 'E::’:':p' 70H IADC__ IADM2 . IADM1_:_IADMO 10C 10M2 10M1 10M0
0AD 08 AD (Prohibit RW i w i RIW i w
RMW) 0 0 H 0 0 0 0 H 0 0
INTerrupt INTS INT4
INTE4S | Enable 71lj| ) I15C 15M2 15M1 ISMO0 14C 14M2 14M1 14M0
s (Prohibit | RW w RIW w
RMW) 0 0 : 0 : 0 0 0 H 0 0
INT7 INT6
INTEG7 ::;:':"‘ 72H 17C M2 7M1 17M0 16C 16M2 16M1 16M0
67 (Prohibit R/W w R/W '
RMW) 0 0 : 0 : 0 0 0 : 0 0
INTerrupt INTT1 (Timer 1) INTTO (Timer 0)
INTET10| Enable 73H IT1C IT1IM2 ITIM1 ITIMO ITOC ITOM2 ITOM1 1ITOMO
Timer 1/0 (Prohibit R/W i w i R/W i wW
RMW) 0 0 H 0 : 0 0 0 H 0 H 0
INTerrupt i INTT3 (Time'r 3/PWML i INTT2 (Time.r 2/PWMO0) .
INTE- Enable 74H IPWIC  : IPWIM2 : IPWIM1 : IPWIMO IPWOC : IPWOM2 : IPWOM1 i IPWOMO
PW10 PWmM 1/0 (Prohibit R/W _ wW _ R/W ] W
RMW) 0 0 : 0 : 0 0 0 H 0 0
INTerrupt INTTRS (TREGS) INTTR4 (TREG4)
INTETS4| Enable 75l:l ) IT5C ITSM2 IT5M1 ITSMO 1T4C 1T4M2 IT4M1 1T4MO
Treg S/ (Prohibit RIW i W _ R/W _ W
RMW) 0 0 : 0 : 0 0 0 H 0 0
INTerrupt INTTR7 gTREG 7) INTTR6 (TREGQ
INTET76| Enable 76}.4 ) IT7C 1T7M2 IT7M1 1T7M0 1T6C IT6M2 IT6M1 IT6MO
Treg 7/6 (Prohibit RW : wW i RW i W
RMW) 0 0 : 0 : 0 0 0 : 0
INTerrupt INT'_I'XO INTRXO
INTESO | Enable 77'-.1 ) ITX0C ITXOM2 ITXOM1 ITXOMO IRX0C IRXOM2 IRXOM 1 IRXOMO
Serial 0 (Prohibit R/W W RW . W
RMW) 0 0 i 0 : 0 0 0 : 0 0
INTerrupt INTTX1 INTRX1
INTES1 | Enable 78lj1 ] ITX1C ITX1M2 ITX1M1 ITX1MO IRX1C IRX1M2 IRX1M1 IRX1MO
Serial 1 (Prohibit RW W R/'W w
RMW) 0 0 H 0 H 0 0 0 H 0 0
JL J 1 Il J
d T T I
|
|—> 1xxM2 IxxM1 IxxM0 Function (Write)
0 0 0 Prohibit interrupt request.
0 0 1 Setinterrupt request level to “1”.
0 1 0 Set interrupt request level to “2".
0 1 1 Setinterrupt request level to “3".
1 0 0 Setinterrupt request level to “4".
1 0 1 Setinterrupt request level to “5”.
1 1 0 Setinterrupt request level to “6".
1 1 1 Prohibit interrupt request.
L IxxC Function (Read) Function (Write)
0 Indicate no interrupt request. Clear interrupt request flag.
1 Indicate interruptrequest. | ----- Don'tcare-----
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Interrupt Control (2/2)

Symbol | Name | Address 7 6 5 4 ’ 3 [ 2 [ 1 I 0
! pDMAO start vector
OMAO 7CH DMAOVE | DMAOVZ | DMAOVE | DAMOVS | DMAOv4
DMAQV request (Prohibit
Vector RMW) w
o | o | o ] o [ o
HDMAT start vector
DMA1 /DR DMAOIVS | DMATV7 | DMAIVG | DAMIVS | DMAIV4
DMATV request (Prohibit
Veclor RMW) w
o | o | o [ o ] o
1DMA2 start vector
OMA2 Ll DMAv8 [ DMA2v7 [ DMA2V6 | DAM2v5 | DMA2v4
DMA2V request (Prohibit
Vector RMW) w
o | o | o [ o ] o
uDMAS start vector
DMA3 7FH DMA3VE | DMA3v7 | DMA3V6 | DAM3VS | DMA3v4
| DMA3V request (Prohibit
Vector RMW) v w
0 0 0 0 0
01E 10LE NMIREE
w W w
0 0 0
7BH
Interrupt Input o 0:INTO
IMC 1 Mode Control (':{&“‘['8“ LT edge | 1:Operate
'in ot mode even at
en‘;bie 1:INTO NMi rise
level edge
mode
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(9) Chip Select/Wait Controller

Symbol Name Address 7 6 5 4 3 2 1 0
BOE BOSYS BOCAS BOBUS BOW1 BOWO BOC1 BOCO
W W W W w w w w
Block 0
CSMWAIT 68H 0 0 0 0 0 0 0 0
BOCS (Prohibit - -
control RMW) . 00 : 2WAIT 00 : 7FO0H ~ 7FFFH
register 1:CS 1:SYSTEM | 0:CSO 0: 16bit Bus 01: TWAIT 01 : 400000H ~
Enable only 1: CASO 1: 8bit Bus 10 1WAIT +n 10 : 800000H ~
11 OWAIT 11: CO0000H ~
BIE B1SYS B1CAS B1BUS BIW1 BIWO B1Ct B1CO
Block W W w w W w w w
oc
69H 0 0 0 0 0 0 0 0
gics | CSMWAT 1 pronini
control AMW) _ 00 : 2WAIT 00 : 480H ~ 7FFFH
register 1:CS 1:SYSTEM [ 0:CS1 0 : 16bit Bus 01: 1WAIT 01 : 400000H ~
Enable only 1:CAS1 1: 8bit Bus 10:1WAIT +n 10 : 800000H ~
11 OWAIT 11: CO0000H ~
B2E B2SYS B2CAS B2BUS B2W1 B2WO B2C1 B2CO
Block 2 W W w W w W w w
o 6AH 0 0 0 0 0 0 0 0
gecs | CSWAT 1 (proibi
control RMW) - 00 : 2WAIT 00 : 8000H ~
register 1:CS 1:SYSTEM | 0:CS2 0 : 16bit Bus 01: 1WAIT 01 : 400000H ~
Enable only 1:CAS2 1: 8bit Bus 10: TWAIT +n 10 : 800000H ~
11 OWAIT 11 : CO0000H ~

Note 1: After reset, only “Block 2" is set to enable.
- After reset, the program starts in 16-bit data bus, 2-wait state.

Note 2: These registers can be accessed 3 :
Note 3: TMP96C141A for internal RAM less is 80H ~ 7FFFH.
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6. Port Section Equivalent Circuit Diagram STOP: This signal becomes active; gwhen the hold mode
Reading The Circuit Diagram setting register is set to the STOP mode and the CPU
* e Blzgical; t'r:ce:ugl;at:gngles written are the same as executes the HALT instruction. When the drive enable
those used for the standard CMOS logic IC [74HCXX] it [DRIVE]is set to *1", however, STP remains at "0".
. * The input protection resistor ranges from several tens of

series.
. . . . hms.
The dedicated signal is described below. ohms to several hundreds of ohms

« PO (ADO ~ AD7), P1 (AD8 ~ 15, A8 ~ 15), P2 (A2 - 23, AO ~7)

vccC

Output Data —»——— p-ch

Output Enable :Dj -ch
sTOP o N

Input Data W fmmmmmedmmmmae :j o
.__.__H>°.|j:N_ch Programmable

1 Pull Down
| Resistance
Input Enable bommmmmmmo e # (only PORT2)
* P30 (RD), P31 WR)
vcc
Output Data
ouTt
sTOP

e P32 ~ 37, P40 ~ 41, P8, P7, P80 ~ 86, P91 ~ 92, P94 ~ 95
vcc

Output Data —————— %
Programmable
VEC T pull Up
Output Enable 1 "‘Do‘l - Resistance
STOP T
Input Data —m(]—ﬁ W {Jwo

Input Enable
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e P42 (CS2, CAS?)

vcc

Output Data

Output Enable
SToP =4

Input Data Wy ey B L
Programmable
o 1= Pull Down
Resistance
Input Enable
* P5 (ANO ~ 3)
Analog input '——(>°—_]
channgl select T
. Analog input D Input
l—d,——'
L T
input Data
Input Enable
* P87 (INTO)
vcc
Output Data
Output Enable [«
[ ~ Programmable
sTOP : VCG pullup
: > 3 Resistance
Input Data ﬁ—oﬂ W e {Jwo
Schmitt
e P90 (TXDO), P93 (TXD1)
vcc
Output Data
Open Drain
Enable S . Programmable
sTOP

Input Data ‘—~‘—°<)‘°<:L_| AN——————= =10

Input Enable

H VCC pullUp
: >l E Resistance
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o NMI
M o W {] Input
Schmitt
e WDTOUT
WDTOUT So—1> {7 out
e CLK
VCC VvCC
internal CLK '———D‘)P_ch'% ‘ILI;
{7 our
STOP -
N-ch
internal reset o
Test circuit
* EA, AM8/16
:ﬁ“/‘/\'———‘—m Input
e ALE
vcC
P-ch
internal ALE out
< N-ch
e RESET
100k vCC
tYp-\~
reset Input
Schmitt

WDTOUT
reset enable
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TMP96C141AF

o X1, X2

¢ VREF, AGND

clock
peeeoooo.lscillator %
: e x2
P-ch N-ch i
STOP [—| - C—P i
W {x
VREF
7 Ladder
1 Resistance
A/D Converter . AGND
GND U

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

7. Care Points and Restriction

)

MCU900-178

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.

Care Points

® EA, pin

Fix these pins VCC or GND unless changing voltage.
@ 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 pDMA 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

When the bus is released, both internal memory and
internal /O cannot be accessed. But internal I/0
cantinues to operate. So, the watch dog timer contin-
ues to run. Therefore, be carefull about the bus releas-
ing time and set the detection timer of watch dog
timer.

® 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.

CPU (High SpeeduDMA)

Only the “LDC cr, 1", “LDC 1, cr” instruction can be
used to access the control register like transfer source
address register (DMASN) in the CPU.
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TOSHIBA

CMOS 16-bit Microcontrollers
TMP96CO041AF

1. Outline and Device Characteristics
The TMP96C041AF are high-speed advanced 16-bit micro-
controllers developed for controlling medium to large-scale
equipment. The TMP96C04 1AF has the improved bus release
function, serial interface and RAMless for TMP96C141AF. Oth-
erwise, the devices function in the same way.

The TMP96C041AF is housed in an 80-pin flat package
and is pin compatible with TMP96C141F except the P92
(CTS0/SCLKO). 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

(@) Internal RAM: None
Internal ROM: None

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

TMP96C041AF

(4) External memory expansion

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

e Can mix 8- and 16-bit external data buses.

(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: 4 channels

(11) Watchdog timer

(12) Chip select/wait controller: 3 blocks

(13) Interrupt functions

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

® 14 internal interrupts

* 6 external interrupts

(14) 1/0O ports
- 47pins

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

:I 7-level priority can be set.

MCU900-179




TMP96C041AF
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MCU900-180

CPU
(ANO) P50 —>
(AN1) P51 —1>| 10-BIT 4CH XW. WIA
(AN2) P52 —> AD XBC 8
(AN3) PS3 —1>| CONVERTER | | XDE D1E
VREF —>| XHL HIL
AGND —>| XIX x|
Xy Y
Xiz 12
(TXDO) P90 <1>| SERIAL IO XSP sp
(RXDO) P91 <T™|  (CH.0) -« 32bit —»
-t
(SCLKO/CTSO0) P92 sRCLF)
(TXD1) P93 <1>| SERIAL /O
(RXD1) P94 <1>f "~ ey )
(SCLK1) P95 <t
pesnre ol ey
(PG 02) P62 <> GETE%;OR
(PG 03) P63 <> .
(PG 10) P64 <> PATTERN
(PG 11) P65 <1>| GENERATOR
(PG 12) P66 <>|  (CH.1)
(PG 13) P67
(T10) P70-<t>| 8BIT TIMER
(TIMER 0)
(TO1) P71-f>| 8BIT TIMER
(TIMER 1)
(TO2) P72<{>| 8BITPWM
(TIMER 2)
(TO3) P73<{>| 8BITPWM
(TIMER 3)
(INT4/TI4) PBO <1
(INTS/TIS) P81 <t>| 16BIT TIMER
(TO4) P82 <t>| (TIMER4)
(TOS5) P83 <>
(INT6/TI6) P84 <t>| 16BIT TIMER
(INT7/T17) P85 =4>| (TIMERS)
(TO6) P86 <>

(INTO) P87 <>

~— VvCC (2]
~t—Vss (3]
< X1
> X2

t> CLK

[ EA
— RESET
> ALE

| 44

INTERRUPT
CONTROLLER

|

WATCH-DOG
TIMER

—> WDTOUT

t>P00~P07
(ADO~AD7)

> P10~P17
(AD8~AD15/A8~A15)

t>P20~P27
(A0~A7/A16~A23)

PORT 3

I—t> P30(RD)
1> P31(WR)
<> P32(HWR)
1> P33(WATT)
j-» P34(BUSRQ)
1> P35(BUSAK)
<> p;s(@)
1> P37(RAS)

CSIWAIT

CONTROLLER

P40(CS0/CASO)

(3-BLOCK)

Pa(CSTIEASY)
<> P42(CS2/CAS2)

Figure 1. TMP96C041AF Block Diagram
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TLCS-900 16-bit Microcontroller

TMP96C041AF

2. Pin Assignment and Functions

The assignment of input/output pins for TMP96C041AF, their

name and outline functions are described below.

2.1 Pin Assignment
Figure 2.1 shows pin assignment of TMP96C041AF.

(ANO)P50 73 72
(AN1)P51 74 71
(AN2)P52 75 70
(AN3)P53 76 69
vce 77 68

VREF 78 67

AGND 79 66

Vss 80 I 65
(PGO0)P60 1 —{] 64
(Pcoper 2—] @ (63
(PG02)P62 3—] 162
(PGO3)P63  4—{] 61
(PG10)P64  5—] 160
(PG11)P65  6—{] 59
(PG12)P66  7—{] 158
(PG13)P67 8—{] 57
(TI0)p70  9—_] '+56
(TO1)P71 10—{] %:55
(Tto2)p72 11— : 54
(TO3)P73 12—] Top View 53
(INT4/T14)P80 13—[] QFP8O0 52
(INTS/TI5)P81 14— (51
(TO4)P82 15— 150
(TO5)P83 16— a9
(INT6/TI6)P84 17—] 148
(INT7/T7)P85 18—{] 147
(TO6)P86 19— [}—46
(INTO)P87 20— a5
v 21—} 44
WDTOUT 22— 43
RESET 23— 42

CLK 24 a1

VSS 25 ] 40

X1 26 39

X2 27 38

EA 28 37
(TXDO)P90 29 36
(RXDO)P91 30 35
(SCLKO/CTS0)P92 31 34
(TXD1)P93 32 33

P42(CS2/CAS?)
P41(C51/CAST)
P40(CS0/CASD)
P37(RAS)

P36(|
P35(BUSAK
P34(BUSRQ)
P33(WAIT)

P32(HWR)
P31(WR)
P30(RD)
P27(A7/A23)
P26(A6/A22)
P25(A5/A21)
P24(A4/A20)
P23(A3/A19)
P22(A2/A18)
P21(A1/A17)
P20(A0/A16)
vss
P17(AD15/A15)
P16(AD14/A14)
P15(AD13/A13)
P14(AD12/A12)
P13(AD11/A11)
P12(AD10/A10)
P11(AD9/A9)
P10(AD8/A8)
PO7(AD7)
PO6(AD6)
PO5(ADS)
PO4(AD4)

PO3(AD3)
P02(AD2)
PO1(AD1)
POO(ADO)
vce

ALE
P95(SCLK1)
P94(RXD1)

Note : Because the TMP96C041AF has an external ROM, P00 to P17 pins are fixed to

ADO to AD15; P30 to RD; and P31 to WR.

Figure 2.1. Pin Assignment (80-pin QFP)
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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
P00 ~ PO7 8 1/0 Port 0: /0 port that allows 1/0 to be selected on a bit basis
ADO ~ AD7 Tri-state Address / data (lower): 0 - 7 for address / data bus
P10~ P17 1/0 Port 1: 1/0 port that allows 1/0 to be selected on a bit basis
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
P30 1 Output Port 30: Output port
RD Output Read: Strobe signal for reading external memory
P31 1 Output Port 31: Output port
WR Output Write: Strobe signal for writing data on pins ADO -7
P32 1 110 Port 32: 1/0 port (with pull-up resistor)
HWR Output High write: Strobe signal for writing data on pins AD8 - 15
P33 1 1/0 Port 33: 1/0 port (with pull-up resistor)
WAIT Input Wait: Pin used to request CPU bus wait
P34 10 Port 34: 1/0 port (with pull-up resistor) -
BUSRQ 1 Inout Bus request: Signal used to request high impedance for ADO - 15, AQ - 23, RD, WR, HWR, R/W, RAS, CS0,
p CST, and CS2 pins. (For external DMAC)
P35 10 Port 35: /0 (with pull-up resistor) e
BUSAK 1 Outout Bus acknowledge: Signal indicating that ADO - 15, AO - 23, RD, WR, HWR, R/W, RAS, CS0, CS1, and CS2
p pins are at high impedance after receiving BUSRQ. (For external DMAC)
P36 1 110 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 1/0 Port 37: 1/0 port (with pull-up resistor)
RAS Output Row address strobe: Outputs RAS strobe for DRAM.
P40 I/0 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.

Note:  With the external DMA controller, this device’s built-in memory or built-in I/O
cannot be accessed using the BUSRQ and BUSAK pins.

MCU900-182
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TLCS-900 16-bit Microcontroller TMP96CO041AF

Number "

Pin Name of Pins 1/0 Functions
P41 110 Port 41: i/0 port (with pull-up resistor)
CS1 1 Output Chip select 1: Outputs 0 if address is within specified address area.
CAS1 Output Column address strobe 1: Outputs CAS strobe for DRAM if 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 if address is within specified address area.
P50 ~ P53 4 Input Port 5: Input port
ANO ~ AN3 Input Analog input: Input to A/D converter
VREF 1 Input Pin for reference voltage input to A/D converter
AGND 1 Input Ground pin for A/D converter
P60 ~ P63 4 1/0 Ports 60 - 63: 1/0 ports that allow selection of I/0 on a bit basis (with pull-up resistor)
PG00 ~ PGO3 Output Pattern generator ports: 00 - 03
P64 ~ P67 4 110 Ports 64 - 67: 1/0 ports that allow selection of I/0 on a bit basis (with pull-up resistor)
PG10~PG13 Output Pattern generator ports: 10 - 13
P70 1 110 Port 70: 1/0 port (with pull-up resistor)
T10 Input Timer input 0: Timer 0 input
P71 1 1/0 Port 71:1/0 port (with pull-up resistor)
T01 Output Timer output 1: Timer 0 or 1 output
P72 1 110 Port 72: 1/0 port (with pull-up resistor)
102 Output PWM output 2: 8-bit PWM timer 2 output
P73 1 110 Port 73: 1/0 port (with pull-up resistor)
T03 Output PWM output 3: 8-bit PWM timer 3 output
P80 110 Port 80: I/0 port (with pull-up resistor)
Ti4 1 Input Timer input 4: Timer 4 count/capture trigger signal input
INT4 Input Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge
P81 110 Port 81: 1/0 port (with pull-up resistor)
TI5 1 Input Timer input 5: Timer 4 count/capture trigger signal input
INTS Input Interrupt request pin 5: Interrupt request pin with rising edge
P82 1 110 Port 82: 1/0 port (with pull-up resistor)
T04 Output Timer output 4: Timer 4 output pin
P83 1 I/0 Port 83: 1/0 port (with pull-up resistor)
T05 Output Timer output 5: Timer 4 output pin

Note 1: Case of the settable TS2 and CAS2; when TMP96C041AF is bus release, this pin is not added the internal pull-down resistor but is added the internal
pull-up resistor.
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" Number
Pin Name of Pins 1/0 Functions
P84 110 Port 84: 1/0 port (with pull-up resistor)
TI6 1 Input Timer input 6: Timer 5 count/capture trigger signal input
INT6 Input Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge
P85 1/0 Port 85: I/0 port (with pull-up resistor)
7 1 Input Timer input 7: Timer 5 count/capture trigger signal input
INT7 Input Interrupt request pin 7: Interrupt request pin with rising edge
P86 1 110 Port 86: 1/0 port (with pull-up resistor)
T06 Output Timer output 6: Timer 5 output pin
P87 1 110 Port 87: 1/0 port (with pull-up resistor)
INTO Input Interrupt request pin 0: Interrupt request pin with programmable level/rising edge
P90 1 110 Port 90: 1/0 port (with pull-up resistor)
TXDO Output Serial send data 0
P91 1 110 Port 91: /0 port (with pull-up resistor)
RXDO Input Serial receive data 0
P2 110 Port 92: 1/0 port (with pull-up resistor)
CTS0 1 Input Serial data send enable 0 (Clear to Send)
SCLKO Serial clock 1/0 0
P93 1 1/0 Port 93: 1/0 port (with pull-up resistor)
TXD1 Output Serial send data 1
P94 1 110 Port 94: 1/0 port (with pull-up resistor)
RXD1 Input Serial receive data 1
P95 1 110 Port 95: 1/0 port (with pull-up resistor)
SCLK1 110 Serial clock 1/0 1
WDTOUT 1 Output Watchdog timer output pin
NMI 1 Inout Non-maskable interrupt request pin: Interrupt request pin with falling edge.
P Can also be operated at rising edge by program.
CLK 1 Output Clock output: Outputs [X1+ 4 jclock. Pulled-up during reset.
EA 1 Input External access: 0 should be inputted with TMP96C041AF.
ALE 1 Output Address latch enable
RESET 1 Input Reset: Initializes LSI. (With pull-up resistor)
X1/X2 2 I/0 Oscillator connecting pin
VCC 2 Power supply pin (+ 5V)
VSS 3 GND pin (0V)

Note:  Pull-up/puli-down resistor can be released from the pin by software (except the RESET pin).

MCUS900-184
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TMP96C041AF

3. Operation
This section describes in blocks the functions and basic oper-
ations of the TMP96C04 1AF device.

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

3.1 CPU

The TMP96C041AF device has a built-in high-performance
16-bit CPU. (For CPU operation, see TLCS-900 CPU in the
book Core Architecture User Manual.)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

3.2 Memory Map
The TMP96C041AF has two register modes. One is minimum
mode; in this mode, the area of program memory is 64K bytes
maximum. The other is maximum mode; in this mode, the area
of the program memory is 16M bytes maximum.

Both minimum and maximum modes are the data mem-
ory area 16M bytes maximum.

That is, the program memory can locate OH ~ FFFFFFH
in maximum mode.

(1)  Internal /O Devices

The TMP96C041AF uses the address space of 128
bytes for the internal I/O devices area. This area is
located to OH ~ 7FH.

The CPU can access the internal /O devices area with
using short instruction code of direct addressing
mode.

Check the access area of each addressing mode and
the memory map in Fig. 3.2 (1).
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TLCS-900 16-bit Microcontroller

3.2 Memory Map

Figure 3.2 is a memory map of the TMP96C041AF.

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

MCU900-186

000000H

000080H |-

000100H

008000H

008200H

010000H

FFFFFFH

i Interna

Direct area (n)

Interrupt entry area

(32entries x 16 byte)

64K-byte area
n

(nn)

External memory
(16M-byte)

16M-byte area
(R)

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

Internal area)

Figure 3.2. Memory Map
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TMP96C041AF

(2) ST Area (Chip Select/Wait Controller)

The TMP96C041AF is expanded the part of the

TMPI6C141AF
cs1

000000H __

000480H

B1C1,0= 00"
007FFFH
400000H

B1C1,0="01"
800000H

B1C1,0="10"
C00000H

B1C1,0="11"
FFFFFFH

address area for CST (only B1C1.0 = “00”). Show the

address area of CS1 in Fig. 3.2 (2).

TMP96C041AF-16
T

000000H
000080H
B1C1,0 = “00"
007FFFH |_
400000H |-
B1C1,0="01"
800000H
B1C1,0="10"
CO0000H
81C1,0="11"
FFFFFFH

Fig. 3.2 (2). CS1 Address Area

3.3 Bus Release Function

The TMP96C041AF has the internal pull-up and pull down
resistors to fix the bus control signals at bus release.

____Show the table 3.3 of pin condition at bus release
(BUSAK = 0).

Table 3.3 Pin Condition at Bus Release (BUSAK = “L”)
Pin state at bus release
Pin Name
Port Mode Function Mode

P00 - PO7
P(QD-OP-SW) The status is no-change (these pins are not “Hz") These pins are “Hz".

(AD8 - 15/AD8 - 15)
P30 (RD) 1 These pins are “Hz".
P31 (WR) ("Hz" stays after these pins driven high level)
P32 (HWR) The output buffer is “OFF" after these pins driven high.
P37 (RAS) T These pins are added the internal resistor of pull-up. It's no

relation for the value of output latch.

P36 (RW)__
P40 (CS0/C _S__ ) T T
P41 (CS1/CAST)
P20 - P27

(A16-A23) T O
P42 (CS2/CAS2)
P20 - P27 The output buffer is “OFF” after these pins driven low.

(A16 - A23) T These pins are added the internal resistor of pull-up. It's no

relation for the value of output latch.

That is, when it is used for bus release (BUSAK = 0), the
pins of below need pull-up or pull-down resistor for an external
circuit.

P00 - PO7 (ADO AD7)
P10 - P17 (AD8 AD15)

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

P30 (RD)
P31 (WR)
(*) P42 has the resistor of programmable pull-down, but
when the bus are released, P42 pin is added a resistor of pull-
up.
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For the bus release function; show a sample of external to run. So, the watchdog timer also continues to run. There-
bus interface in the Figure 3.3 (1). fore, be careful about bus releasing time and set the detection
When the bus is released, both internal memory and time of WDT.

internal I/O cannot be accessed. But the internal I/O continues

Vec
TMP96C041AF

P00-PO7
(ADO-7)

<

cc

Address/Data bus (AD0-15)

P10-P17
(AD8-15)

(Internal P20-P27

(A36.29) Higher address bus (A16-23)
pull-down) -

M

Vcc

R )

P32 (HWR)
P36 (RW)
(internal pull-up) P37 (RAS)

P40 (CSO;
P41 58';1
P42 (CS2)

System control bus

)i

Figure 3.3 (1). Example of the Interface Circuit (Bus Releasing Function)

3.4 Serial Function pin) function of the channel 0 and can use I/O interface mode.

The TMP9BCO41AF has two Serial /O devices. But channel 0 Show the part of TMPOBC41AF in detail.
and channel 1 are same function except the handshake (CTSO

MCU900-188 - TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TMP96C041AF

4. Electrical Characteristics

4.1 Absolute Maximum (TMP96C041AF)

Symbol Parameter Rating Unit
Ve Power Supply Voltage -05~6.5 \
VIN Input Voltage 0.5~V +05 \'
TI0L 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
TSTG Storage Temperature -85~ 150 °C
TOPR Operating Temperature -20~70 C
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. MCU900-189
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4.2 DC Characteristics (T MP966041A°F)
Vec=5V+10%, TA=-40 ~ 85 C (4 ~ 16MHz) TA = -20 ~ 70°C (4 ~ 20MHz)
(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 0.8 v

VIL1 P2, P3, P4, P5, P6, P7, P8, P9 -0.3 0.3V v

ViL2 RESET, NMi, INTO (P87) 03 025V, v

VIL3 EA 03 03 v

ViL4 X1 -0.3 0.2V, v

VIH Input High Voltage (AD0-15) 22 Ve +0.3 v

VIH1 P2, P3, P4, P5, P6, P7, P8, P9 0.7V Ve +0.3 v

VIH2 RESET, NMI, INTO (P87) 0.75V, Ve +03 v

VIH3 EA Vg -03 Ve +03 v

V IH4 X1 0.8V Ve +03 v

VoL Output Low Voltage 0.45 V |I0L=16mA

VOH Output High Voltage 24 V| 10H=-400pA

V OH1 0.75V¢ V| 10H=-100pA

V OH2 0.9V, V | I0H= - 20pA

|G s | m s

] Input Leakage Current TBD (Typ) 15 pA 0.0V <V

1L0 Output Leakage Current TBD (Typ) H0 pA | 025V < V- 02
IC|JJth=.Eraling Current (RUN) TBD (Typ) T1B(;) m t o = 20MHz

ee STOP (Ta = -20 - 70°C) Lk gzgg 50 WA | 025V, <Vg-02
STOP (Ta =0~ 50°C) 10 PA 02V <Vy-02

e I I =

RRST RESET Pull Up Register 50 150 KQ

clo Pin Capacitance 10 pF | tosc =1MHz

VTH gg—“s’g}-f‘%i"l‘mo - 04 TBD (Typ) v

RK Putl Down/Up Register 50 150 KQ

Note:  I-DAR is guaranteed for a total of up to 8 ports.
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4.3 AC Electrical Characteristics (TMP96C041AF) 3 .
V¢e = 5V+10%TA = -40 ~ 85C (4 ~ 16MHz) TA=-20 ~ 70 C (4MHz ~ 20MHz)

Variable 16MHz 20MHz
No Symbol Parameter Unit
Min Max Min Max Min Max

1 tosc 0sc. Period (= x) 50 250 62.5 50 ns

2 towk CLK width %-40 85 60 ns

3 ta A0 - 23 Valid—CLK Hold 0.5x- 20 11 5 ns

4 ta CLK Valid—A0 - 23 Hold 1.5x-70 24 5 ns

5 ta A0-15 Valid—ALE fall 0.5x- 15 16 10 ns

6 ta ALE fall—A0 - 15 Hold 0.5x-15 16 10 ns

7 t ALE High width x-40 2 10 ns

8 tic ALE fall—RD/WR fall 0.5x - 30 1 5 ns

9 to RD/WR rise—ALE rise 0.5%- 20 1 5 ns
10| ty | AO-15Valid—RD/WR fall x-25 38 25 ns
11 tacH AQ - 23 Valid—RD/WR fall 1.5x- 50 44 25 ns
12 toa RD/WR rise—A0 - 23 Hold 0.5x-20 1 5 ns
1B to AO - 15 Valid—D0 - 15 input 3.0x- 45 143 105 ns
14|ty | A0-23Valid—D0- 15 input 3.5¢- 65 154 110 ns
15 tho RD fall—D0 - 15 input 2.0x-50 75 50 ns
16 tan RD Low width ‘ 2.0x-40 85 60 ns
17 tR RD rise—DO0 - 15 Hold 0 0 0 ns
18]  thee | RDrise—AO - 15 output x-15 48 3 ns
19 tww WR Low width 2.0x- 40 85 60 ns
20 tow DO - 15 Valid—WR rise 2.0x-50 7% 50 ns
21 twop WR rise—DO0 - 15 Hold 0.5x- 10 21 15 ns
20t A0 - 23 Valid—WAIT input (1WAIT + n mode) 35x-90 129 85 ns
23 tawe AD - 15 Valid—WAIT input (TWAIT + n mode) 3.0x-80 108 70 ns
24 tow RD/WR fall»WAIT Hold (1WAIT + n mode) 20x+0 125 100 ns
25|ty A0 - 23 Valid—PORT input 25x-120 80 36 ns
26| tpy | AO-23Valid—>PORT Hold 2.5x+50 206 175 ns
27 tep WR rise—PORT Valid 200 200 200 ns
28|  tag | A0-23Valid—RAS fall 1.0x- 40 23 10 ns
29| tare | A0-15Valid—RAS fall 0.5x- 15 16 10 ns
30 thac RAS fall—»D0 - 15 input 25x-70 130 86 ns
31 ty | RAS fall>A0 - 15 Hold 1 05x-15 16 10 ns
32 tRas RAS Low width 2.0x- 40 85 60 ns
33 tap RAS High width 2.0x-40 85 60 ns
3M4{  tjen CAS fall—RAS rise 1.0x- 35 28 15 ns
35| tgee | RASrise—CASrise 0.5x-25 6 0 ns
36| tp | RASTall-CASfall 1.0x- 40 23 10 ns
37|  teac | CASfall-D0- 15 input 1.5x- 65 2 10 ns
38 teas CAS Low width 1.5x- 30 64 40 ns
39 tos DO - 15 valid —CAS fall 0.5x- 15 16 10 ns

AC Measuring Conditions
e Qutput Level: High2.2v  /Low 0.8V, CL50pF
(However CL = 100pF for ADO ~ AD15, ADO ~ AD23, ALE, RD, WR, AWR, R/W, CLK, RAS, CASO ~ CAS2)
e Input Level: High 2.4V /Low 0.45V (ADO ~ AD15)

High 0.8Vee /Low 0.2Vcc (Except for ADO ~ AD15)
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(1) Read Cycle

X1
tcik |
CLK ‘ -
3:
; tKA g
A0~23 :
7/ ¥
To~2 N\
2 4
RW  F T X
_i/ TTAWH .
; HIN tcw—
: tAWL :
WAIT SS \_
: A;APH i/
~—LAPH2 H : :
Portinput —5—-—--“-"':'-""—""-";{ 5}‘--“-“-"'—-
~—tASRH—] : tRp
I N tRSH— | |
RAS = tRAS
tASRL: TRAC tRsC
i [*tRAH] ) N
CASO~2 2 'CAS -
~tRCD ST _tCAC 4 ;
tADH <tCA—
—_ J—————
RD tACH tRR fjle——rt —
[~—tic~> ‘KgL HR
9 H
ADO~15 -...._...{ AD~15 >._...._____.._§ D0~15 >;..._
~tcL—>
ALE

MCU900-192
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TMP96C041AF

(2) Write Cycle

A0~23

2|
w

ALE

O

\i‘ tWww

WD

tDW

DO~15
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4.4 A/D Conversion Characteristics (TMP96C041AF)
Vo = 5V£10%, TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4 ~ 20MHz)

Symbol Parameter Min Typ Max Unit
VRer Analog reference voltage Vee-15 Vee
Asnp Analog reference voltage Vss Vss v
Van Analog input voltage range Vss Vee
Iper Analog current for analog reference voltage TBD 1.5 mA
High speed conversion mode TBD #0
Error 4<fc<16MH: Low speed conversion mode 8D 46.0
(Quantize error of - - LSB
405 LSB not included) High speed conversion mode TBD #0
16.<fc < 20MH: Low speed conversion mode TBD 8.0
4.5 Serial Channel Timing - I/O Interface Mode
Vee =5V+10%, TA=-40 ~85C (4 ~ 16MHz) TA = -20 ~ 70°C (4 ~ 20MHz)
(1) SCLK Input Mode
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tscy SCLK cycle 16x 1 08 us
toss Output Data—Rising edge of SCLK tscy/2 - 5% - 80 137 100 ns
tous SCLK rising edge—Output Data hold 5x - 100 212 150 ns
tusr SCLK rising edge—Input Data hold 0 0 0 ns
tsro SCLK rising edge—effective data input tscy - 5x - 100 587 450 ns
Voo = 5V+10%, TA = -40 ~ 85°C (4 ~ 16MHz) TA=-20 ~ 70°C (4 ~ 20MHz)
(2) SCLK Output Mode
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tscy SCLK cycle (programmable) 16x 8192x 1 512 0.8 409.6 B
toss Output Data—Rising edge of SCLK tsoy - 2x- 150 725 550 ns
tons SCLK rising edge—Qutput Data hold 2%-80 45 20 ns
tusr SCLK rising edge—Input Data hold 0 0 0 ns
tsro SCLK rising edge—effective data input tscy - 2x-150 725 550 ns
4.6 Timer/Counter Input Clock (TIO, Ti4, TI5, TI6, '[I7)
Ve =5V+10%, TA=-40 ~85C (4 ~ 16MHz) TA=-20 ~ 70°C (4 ~ 20MHz)
Variable 16MHz 20MHz
Symbol Parameter ; Unit
Min Max Min Max Min Max
tvek Clock cycle 8x+100 600 500 ns
tyckL Low level clock pulse width 4x+40 290 240 ns
[0 High level clock pulse width 4x+40 290 240 ns

MCU900-194
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4.7 Interrupt Operation .
Vee =5V+10%, TA=-40 ~85C (4 ~ 16MHz) TA=-20 ~ 70°C (4 ~ 20MHz)

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 4 250 200 ns
tinTeL INT4 ~ INT7 Low level pulse width 8x + 100 600 500 ns
tinTeH INT4 ~ INT7 High level pulse width 8x + 100 600 500 ns
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4.8 Timing Chart for I/0 Interface Mode

LK 77751 I LIy

, toss toHs|
OUTP1l_JxTDDATA ~
¢ ) SR X 2 ) G X

tsrD l | tHSR

INPUT DATA

RxD X vaup X XVALID X X vaup X X vauo X
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TMP96C041AF

4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK)

(Note 1)
w XX X3 X KX
< tBRC -»}—— < tBRC
teaL
BUSRQ
, i tesan
BUSAK k I J‘
LR taM
ADO~ADIS SS :5.“;"’.‘._-_...49. _________________ <
N
A16~A23 SS‘\ (Note 2) -2/_
______ A e ————
RD, WR S S ; N B S M J‘_.
(Note 3)
cs0~c82, ————————F+-—----- A e
RIW, RAS, N
e — N/ —
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tare BUSRQ setup time for CLK 120 120 120 ns
tosaL CLK—BUSAK failing edge 1.5x+120 245 220 ns
tceaH CLK—BUSAK rising edge 0.5x + 40 n 65 ns
tasa Output buffer is off to BUSAK 1 0 80 0 80 0 80 ns
t3an BUSAK  §  output buffer is on. 0 80 0 80 0 80 ns

Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to “O” during “Wait” cycle.

Note 2: The internal programmable pull-up/pull-down resistance is added.
The internal programmable pull-up/pull-up resistance is added.
But the CS2/CAS2 pin does not have the internal programmable pull-up resistor. And in the condition of release, this pin is added the internal pull-up
resistor.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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5. Differences Between TMP96C141AF and The devices TMP96C141AF and TMP96C041AF have much
TMP96C041AF

the same function, but they are different from following points.

Parameter TMP96C141AF TMP96C041AF
Internal RAM 1K byte Does not exist
Pin condition at bus release T:::gg ?J::;%F L’:lepgg ?J?:;'ZF
Mapping area of CS1 default setting
(B1C1/0: 00) 480H ~ 7FFFH 80H ~ 7FFFH
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CMOS 16-bit Microcontrollers
TMP96CM40F

1. Outline and Device Characteristics

The TMP96CMA40F are high-speed advanced 16-bit micro-
controllers developed for controlling medium to large-scale
equipment. The TMP96C141AF does not have a ROM, the
TMP96CMA40F has a built-in ROM of 32K-byte, and the
TMP9BCPMA40F has a built-in OTP of 32K-byte.
TMPOB6CM40F is housed in an 80-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
e High-speed micro DMA
- 4 channels (1.6us/2 bytes @ 20MHz)
(2) Minimum instruction execution time
- 200ns @ 20MHz
(@) Internal RAM: 1Kbyte

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

TMP96CM40F

Internal ROM: 32Kbyte
(4) External memory expansion

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

data).
e Can mix 8- and 16-bit external data buses.
(5) 8-bittimers: 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: 4 channels
(11) Watchdog timer
(12) Chip select/wait controller: 3 blocks
(13) Interrupt functions
e 3 CPU interrupts - *SWI instruction, privileged violation,
and lllegal instruction
® 14 internal interrupts
® 6 external interrupts
(14) 1/O ports
- 65 pins
(15) Standby function : 3 halt modes (RUN, IDLE, STOP)

:] 7-level priority can be set.
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<+ vece|2
(ANO) P50 — = s
(AN1)PS1 —1>| 10-BIT4CH XWA WIA j-t— X1
(AN2)PS2—>| A XBC BIC osc L X2
(AN3) P53 —>| cONVERTER | | XDE olE
VREF —>| XHL N
AGND —1>| XIX IX b CLK
X1y 1Y
X1z 1Z
(TXDO) P90 <1>| SERIAL VO XSP s -
(RXDO) P91 =1 (CH.0) < 32bit —» ~— RESET
(SCLKO/CTS0) P92 <> s TF] —> ALE
:&g:;gi =>| seriaLVO ]
-t
(CH.1)
(SCLK1) P95 <> INTERRUPT  |<}— Wi
CONTROLLER
PG 00) P60 <™
(G0N 76! <t Entraron o
(PG 02) P62 <p=I ™ oy \WATCH-DOG [T~ WOTOUT
(PG 03) P63 <> TIMER
(PG 10)P64 <> PATTERN
(PG 11) P65 <> GENERATOR
(PG 12) P66 <{>

(CH.1)
PORTO |<f> P0OO~PO7

(TI0) P70<t>( 8BIT TIMER

L P10~
(TIMER 0) (ADBZAD1S/AB~ATS)
(TO1) P71<t>| 8BIT TIMER
(TIMER 1) t> P20~P27
(A0O~A7/A16~A23)
(T02) P72=1>| 8BITPWM .
(TIMER 2) 1> P30(RD)
> P31(WR)
(TO3) P73=<p>| 8BITPWM <> P32(HWR)
(TIMER 3) PORT3 |<* P33(WAIT)
<> P34(BUSRQ)
32KB ROM <> P35(BUSAK)
(INT4/TI4) P8O <> <1 P36(R/W)
(INTS/TIS) P81 ~p>| 16BIT TIMER <> P37(RAS)
(TO4) P82 <> (TIMER4)
(TOS) P83 <>
(INT6/TI6) P84 <t>| 16BIT TIMER
(INT7/T17) P85 <t>| (TIMERS) CS/WAIT P40(CS0/CASOD)
(TO6) P86 <> CONTROLLER] P41(CS1/CAST)
(3-BLOCK) |<>-P42(CS2/CAS2)
(INTO) P87

Figure 1. TMP96CM40F Block Diagram
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2.1 Pin Assignment
Figure 2.1 shows pin assignment of TMPO6CM40F.

2. Pin Assignment and Functions
The assignment of input/output pins for TMPO6CM40F, their

name and outline functions are described below.

(ANO)P50 73 72 P42(CS2/CAS2)
(AN1)P51 74 71 P41(CS1/CAST)
(AN2)PS52 75 70 P40(CSO/CASO)
(AN3)P53 76 69 P37(RAS)
vce 77 68 P36(RW,
VREF 78 67 P35(BUSAK)
AGND 79 66 P34(BUSRQ)

A3 so—rL| I 65 P33(WAIT)
(PGO0)PED 1 —{] 64 P32(HWR)
(PGonpe1 2| @ 163 P31(WR)
(PGO2)P62 3—{] [1—62 P30(RD)
(PGO3)P63  4—] 61 P27(A7/A23)
(PG10)P64  5—[] 60 P26(A6/A22)
(PG11)P65  6—] 159 P25(A5/A21)
(PG12)P66  7—{] 158 P24(A4/A20)
(PG13)P67 8—] (157 P23(A3/A19)

(moyp70  9—{] 156 P22(A2/A18)
(To1)P71 10—] [}-55 P21(A1/A17)
(To2)p72 11— [1—54 P20(A0/A16)
(TO3)P73 12—{] Top View 53 Vss
(INT4/TI4)P80 13—{] QFP80 52 P17(AD15/A15)
(INT5/TI5)P81 14—] [}—51 P16(AD14/A14)
(TO4)P82 15— [1-50 P15(AD13/A13)
(TOS5)P83 16— 49 P14(AD12/A12)
(INT6/TI6)P84 17—] 48 P13(AD11/A11)
(INT7/TI7)P85 18—{] [1—47 P12(AD10/A10)
(TO6)P86 19 146 P11(ADY/A9)
(INTO)P87 20 [}—45 P10(AD8/A8)
Nvi 21—(] (144 PO7(AD7)
WDTOUT 22— [}—43 PO6(AD6)
RESET 23 142 POS5(ADS)
CLK 24 41 PO4(ADA)
LIJCICT

VSS 25 I [ Lrl—ao PO3(AD3)

X1 26 39 P02(AD2)

X2 27 38 PO1(AD1)

EA 28 37 POO(ADO)
(TXDO)P90 29 36 VCC
(RXDO)P91 30 35 ALE

(SCLKO/CTSO0)P92 31 34 P95(SCLK1)
(TXD1)P93 32 33 P94(RXD1)

Note: Because the TMP96CM40 has an external ROM, P00 Lo P17 pins are fixed to ADO to AD15; P30 to RD; and P31 to WK.

Figure 2.1. Pin Assignment (80-pin QFP)
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2.2 Pin Names and Functions
The names of input/output pins and their functions are

described below.

Table 2.2. Pin Names and Functions

. Number
Pin Name of Pins 1/0 Functions
P00 ~ PO7 8 /0 Port 0: I/0 port that allows 1/0 to be selected on a bit basis
ADO ~ AD7 Tri-state Address / data (lower): 0 - 7 for address/data bus
P10~ P17 110 Port 1: 1/0 port that allows 1/0 to be selected on a bit basis
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
P30 1 Output Port 30: Output port
RD Output Read: Strobe signal for reading external memory
P31 1 Output Port 31: Output port
WR Output Write: Strobe signal for writing data on pins ADO -7
P32_ 1 1/0 Port 32: 1/0 port (with pull-up resistor)
HWR Output High write: Strobe signal for writing data on pins AD8 - 15
P33_ 1 110 Port 33: 1/0 port (with pull-up resistor)
WAIT Input Wait: Pin used to request CPU bus wait
P34 10 Port 34: 1/0 port (with pull-up resistor) e
BUSRQ 1 nout Bus request: Signal used to request high impedance for ADO - 15, AQ - 23, RD, WR, HWR, R/W, RAS, CS0,
p CS1, and CS2 pins. (For external DMAC)
P35 10 Port 35: 1/0 (with pull-up resistor) e
BUSAK 1 Outnut Bus acknowledge: Signal indicating that ADO - 15, AQ - 23, RD, WR, HWR, R/W, RAS, CS0, CS1, and CS2
p pins are at high impedance after receiving BUSRQ. (For external DMAC)
P36 1 110 Port 36: 1/0 port (with pull-up resistor)
RIW Output Readywrite: 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: Qutputs RAS strobe for DRAM.
P40 1/0 Port 40: 1/0 port (with pull-up resistor)
CS0 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.

Note:  With the external DMA controller, this device’s built-in memory or built-in I/O
cannot be accessed using the BUSRQ and BUSAK pins.

MCUS00-202
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TLCS-900 16-bit Microcontroller TMP96CM40F

. Number

Pin Name of Pins 110 Functions
P41 110 Port 41: 1/0 port (with pull-up resistor)
CS1 1 Output Chip select 1: Outputs 0 if address js within specified address area.
CAS1 Output Column address strobe 1: Qutputs CAS strobe for DRAM if 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 if address is within specified address area.
P50 ~ P53 4 Input Port 5: Input port
ANO ~ AN3 Input Analog input: Input to A/D converter
VREF 1 Input Pin for reference voltage input to A/D converter
AGND 1 Input Ground pin for A/D converter
P60 ~ P63 4 110 Ports 60 - 63: I/0 ports that allow selection of I/0 on a bit basis (with pull-up resistor)
PG00 ~ PGO3 Output Pattern generator ports: 00 - 03
P64 ~ P67 4 1/0 Ports 64 - 67: 1/0 ports that allow selection of /0 on a bit basis (with pull-up resistor)
PG10 ~ PG13 Output Pattern generator ports: 10 - 13
P70 1 110 Port 70: I/0 port (with pull-up resistor)
T10 Input Timer input 0: Timer 0 input
P71 1 I/0 Port 71: 1/0 port (with pull-up resistor)
TO1 Output Timer output 1: Timer 0 or 1 output
P72 1 110 Port 72: 1/0 port (with pull-up resistor)
T02 Output PWM output 2: 8-bit PWM timer 2 output
P73 1 110 Port 73: 1/0 port (with pull-up resistor)
T03 Output PWM output 3: 8-bit PWM timer 3 output
P80 110 Port 80: 1/0 port (with pull-up resistor)
Ti4 1 Input Timer input 4: Timer 4 count/capture trigger signal input
INT4 Input Interrupt request pin 4: Interrupt request pin with programmable rising/falling edge
P81 110 Port 81: 1/0 port (with pull-up resistor)
Ti5 1 Input Timer input 5: Timer 4 count/capture trigger signal input
INTS Input Interrupt request pin 5: Interrupt request pin with rising edge
P82 1 1/0 Port 82: 1/0 port (with pull-up resistor)
TO4 Output Timer output 4: Timer 4 output pin
P83 1 110 Port 83: I/0 port (with pull-up resistor)
T05 Output Timer output 5: Timer 4 output pin

Note 1: Case of the settable CS2 and CAS2; when TMP98CMA40F is bus release, this pin is not added the internal pull-down resistor but is added the internal
pull-up resistor.
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TMP96CM40F TLCS-900 16-bit Microcontroller
" Number
Pin Name of Pins 1/0 Functions
P84 110 Port 84: 1/0 port (with pull-up resistor)
Ti6 1 Input Timer input 6: Timer 5 count/capture trigger signal input
INT6 Input Interrupt request pin 6: Interrupt request pin with programmable rising/falling edge
P85 110 Port 85: I/0 port (with pull-up resistor)
Ti7 1 Input Timer input 7: Timer 5 count/capture trigger signal input
INT7 Input Interrupt request pin 7: Interrupt request pin with rising edge
P86 1 110 Port 86: I/0 port (with pull-up resistor)
T06 Output Timer output 6: Timer 5 output pin
P87 1 110 Port 87: 1/0 port (with pull-up resistor)
INTO Input Interrupt request pin 0: Interrupt request pin with programmable level/rising edge
P90 1 1/0 Port 90: 1/0 port (with pull-up resistor)
TXDO Output Serial send data 0
P91 1 110 Port 91: 1/0 port (with pull-up resistor)
RXDO Input Serial receive data 0
P2 110 Port 92: 1/0 port (with pull-up resistor)
CTSO 1 Input Serial data send enable 0 (Clear to Send)
SCLKO 110 Serial clock 1/0 0
P93 1 110 Port 93: 1/0 port (with pull-up resistor)
TXD1 Output Serial send data 1
P94 1 110 Port 94: 1/0 port (with pull-up resistor)
RXD1 Input Serial receive data 1
P95 1 110 Port 95: 1/0 port (with pull-up resistor)
SCLK1 110 Serial clock /01
WDTOUT 1 Output Watchdog timer output pin
NMI 1 Inout Non-maskable interrupt request pin: Interrupt request pin with falling edge.
p Can also be operated at rising edge by program.
CLK 1 Output Clock output: Outputs [ X1+ 4] clock. Pulled-up during reset.
EA 1 Inout External access: 0 should be inputted with TMP96C041AF.
P 1, with TMPI6CM40F/TMPI6PMA4OF.
ALE 1 Output Address latch enable
RESET 1 Input Reset: Initializes LSI. (With pull-up resistor)
X1/X2 2 110 Oscillator connecting pin
VCC 2 Power supply pin (+ 5V)
VSS 3 GND pin (0V)

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

MCUS900-204
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TLCS-900 16-bit Microcontroller

TMP96CM40F

3. Operation
This section describes in blocks the functions and basic oper-
ations of the TMP96CM40F device.

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

3.1 CPU

The TMP96CMA40F device has a built-in high-performance 16-
bit CPU. (For CPU operation, see TLCS-900 CPU in the book
Core Architecture User Manual.)

3.2 Memory Map
The TMP96CMA40F has two register modes. One is minimum
mode; in this mode, the area of program memory is 64K bytes
maximum. The other is maximum mode; in this mode, the area
of the program memory is 16M bytes maximum.

Both minimum and maximum modes are the data mem-
ory area 16M bytes maximum.

That is, the program memory can locate OH ~ FFFFFFH
in maximum mode.

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Internal ROM

The TMP96CMA40 has the ROM of 32K bytes. This
RAM is located to 80H ~ FFFFH. After the RESET
operation, instruction execution starts from address
8000H. A part of the internal ROM area (8000H ~
81FFH) is interrupt entry area.

Internal RAM

The TMP96CM40 has the RAM of 1K bytes. This RAM
is located to 80H ~ 47FH. The CPU can access the
part of RAM (80H ~ FFH, 128 bytes) with using the
short instruction code of direct addressing mode.

Internal /O Devices

The TMP96CM40 uses the address space of 128
bytes for the internal I/O devices area. This area is
located to OH ~ 7FH.

The CPU can access the internal I/0 devices area with
using short instruction code of direct addressing
mode.

Check the access area of each addressing mode and
the memory map in Fig. 3.1.
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TMP96CM40F TLCS-900 16-bit Microcontroller

3.2 Memory Map
Figure 3.2 is a memory map of the TMP96CM40F.

000000H “Internal /O,

Directarea (n)

000080H
000100H
000480H
64K-t(>yte) area
H | Interruptentry area . nn
008000 32entriesx 16 b

008200H

010000H
16M-byte area
Extergal rl;\emory %R)R)
(16M-byte) "
(R +R8/16)
(R +d8/16)
(nnn)
FFFFFFH

=Internal area)

(0

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

Figuré 3.2. Memory Map
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TLCS-900 16-bit Microcontroller TMP96CMA40F
4. Electrical Characteristics
4.1 Absolute Maximum
Symbol Parameter Rating Unit
Vee Power Supply Voltage -05~65 v
VIN Input Voltage 05~V +05 v
zI0L Output Current (total) 100 mA
T I0H Output Current (total) -100 mA
PD Power Dissipation (Ta = 85°C) 500 mw
T SOLDER Soldering Temperature (10s) 260 °C
TSTG Storage Temperature -65 ~ 150 °C
TOPR Operating Temperature -40 ~ 85 °C

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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TMP96CM40F TLCS-800 16-bit Microcontroller

4.2 DC Characteristics
Vee =5V 10%, TA = -40 ~85°C (4 ~ 16MHz) TA = -20 ~ 79°c (4 ~ 20MHz)
(Typical values are for Ta = 25 C and V¢ = 5V)

Symbol Parameter Min Max Unit Test Condition
VIL Input Low Voltage (ADO-15) -0.3 0.8 v
Vit P2, P3, P4, P5, P6, P7, P8, P9 -0.3 0.3V, Vv
viL2 RESET, NMI, INTO (P87) 03 0.25Vg, v
VIL3 A -0.3 0.3 v
ViL4 X1 -03 0.2Vge v
VIH Input High Voltage (AD0-15) 22 Ve +0.3 v
VIH1 P2, P3, P4, P5, P6, P7, P8, P9 0.7V, Ve +0.3 v
VIH2 RESET, NMI, INTO (P87) 0.75V¢ Ve, +03 v
VIH3 7} V- 03 Ve, +0.3 v
V IH4 X1 0.8V, Ve +0.3 v
VoL Output Low Voltage 0.45 V | 10L=1.6mA
VOH Output High Voltage 24 V| |0H=-400pA
V OH1 0.75V¢e V| I0H=-100pA
V OH2 0.9V, V. [I10H=-20pA
DR | Gopapnsman) 19 35| ™ |hei Ko
I Input Leakage Current 0.02 (Typ) 15 pA [ 0.0V <V
L0 Output Leakage Current 0.05 (Typ) +0 pA [ 025V <V -02
Operating Current (RUN) 30 (Typ) 50 mA | fc = 20MHz
| IDLE 2.0 (Typ) 10 mA
e STOP (Ta =-20 ~ 70°C) 0.2 (Typ) 50 PA |02V <V -02
STOP (Ta=0 ~ 50°C) 10 pA | 02<Vip<V-02
E [ o | v |
RRST RESET Pull Up Register 50 150 Kk
) Pin Capacitance 10 pF | tosc=1MHz
VTH %%?anﬁﬂ:mo (P87) 04 1.0 (Typ) \
RK Pull Down/Up Register 50 - 150 KQ

Note: |-DAR is guaranteed for a total of up to 8 ports.
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TLCS-900 16-bit Microcontroller TMP96CM40F

4.3 AC Electrical Characteristics i
Ve = 5VE10%TA = -40 ~ 85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4MHz ~ 20MH2)

Variable 16MHz 20MHz
No Symbol Parameter Unit
Min Max Min Max Min Max

1 tosc 0Osc. Period (= x) 50 2501 625 50 ns

2 toLk CLK width 2x- 40 85 60 ns

3 ta A0 - 23 Valid—CLK Hold 0.5x- 20 11 5 ns

4 tka CLK Valid—A0 - 23 Hold 15%-70 24 5 ns

5 ta A0-15 Valid—ALE fall 05x-15 16 10 ns

6 tia ALE fall—A0 - 15 Hold 0.5x- 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 fo RD/WR rise—ALE rise 0.5x-20 11 5 ns
10 tact A0 - 15 Valid—RD/WR fall x-25 38 2 ns
11 tacH A - 23 Valid—>RD/WR fall 1.5x- 50 44 25 ns
12 toa RD/WR rise—AQ0 - 23 Hold 0.5x-20 11 5 ns
13 taoL AO - 15 Valid—DO0 - 15 input 3.0x- 45 143 105 ns
14 ton | AO-23Valid—DO0 - 15 input 3.5x- 65 154 110 ns
15 tho RD fall-D0 - 15 input 2.0x-50 75 50 ns
16 tar RD Low width 20x- 40 85 60 ns
17 tr RD rise—D0 - 15 Hold 0 0 0 ns
18 thae | RDrise—AQ - 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 05x-10 21 15 ns
22 tagH AQ - 23 Valid—WAIT input (IWAIT + n mode) 3.5x-90 129 85 ns
23 tawL AD - 15 Valid—WAIT input (IWAIT + n mode) 3.0x-80 108 70 ns
24 tow RD/WR fall—WAIT Hold (1WAIT + n mode) 20x+0 125 100 ns
25 taPH A0 - 23 Valid—PORT input 25x-120 80 36 ns
26| tpwp | AO-23Valid—PORT Hold 25x+50 206 175 ns
27 tep WR rise—PORT Valid 200 200 200 ns
28|  ta | A0-23Valid—RAS fall 1.0x-40 23 10 ns
29| tagm | AO-15Valid—RAS fall 0.5x-15 16 10 ns
30 tRac RAS fall—D0 - 15 input 25x-70 130 86 ns
31 tran RAS fall—AQ0 - 15 Hold 05x-15 16 10 ns
32 thas RAS Low width 2.0x- 40 85 60 ns
33 [ RAS High width 2.0x - 40 85 60 ns
34| tagy | CASfall>RASrise 1.0x-35 28 15 ns
35|  the | RASrise—CASrise 0.5¢- 25 6 0 ns
36 thco | RAS fall—CAS fall 1.0x- 40 23 10 ns
37|  teac | CASfall—DO- 15 input 15x-65 2 10 ns
38 toas CAS Low width 1.5x-30 64 40 ns

AC Measuring Conditions
e Qutput Level: High2.2v  /Low 0.8V, CL50pF o o
(However CL = 100pF for ADO ~ AD15, ADO ~ AD23, ALE, RD, WR, HWR, RW, CLK, RAS, CASC ~ CAS?2)
e Input Level: High 2.4V /Low 0.45V (ADO ~ AD15)

High 0.8Vcc /Low 0.2Vce (Except for ADO ~ AD15)
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TLCS-900 16-bit Microcontroller

(1) Read Cycle

X1

|

g
>
3

Port Input

wv

ADO~15

ALE

MCUS900-210

KA

’.cw—»

“tAS

—RP

tRSH dl

tRAS ™)

tRAC—>|

tCAS

T3¢ CAC
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TMP96CM40F

(2) Write Cycle

X1

Port Output

RAS

ADO~15

N

tywp |

DW

DO~15
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TLCS-900 16-bit Microcontroller

4.4 A/D Conversion Characteristics
Vo =5V£10%, TA=-40 ~85°C (4 ~ 16MHz) TA = -20 ~ 70°C (4 ~ 20MHz)

Symbol Parameter Min Typ Max Unit
Vree Analog reference voltage Vie-15 Vee
Agnp Analog reference voltage Vg Vg v
Vaw Analog input voltage range Ves Vee
Irer Analog current for analog reference voltage 05 15 mA
Low change mode +.5 +#40
Error 4<ic<16MH: High change mode 430 6.0
(Quantize error of LSB
40.5 LSB not included) Low change mode 15 #0
16.<fc.< 20MHz High change mode 0 8.0
4.5 Serial Channel Timing - I/0 Interface Mode i
Vee =5V+10%, TA=-40 ~85C (4 ~ 16MHz) TA=-20 ~ 70°C (4 ~ 20MHz)
(1) SCLK Input Mode
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tsoy SCLK cycle 16x 1 0.8 us
toss Output Data—rising edge of SCLK tscy/2 - 5x - 50 137 100 ns
tons SCLK rising edge—output data hold 5x - 100 212 150 ns
thsr SCLK rising edge—sInput data hold 0 0 0 ns
tsrp SCLK rising edge—seffective data input tscy - 5x - 100 587 450 ns
Ve =5V£10%, TA=-40 ~ 85°C (4 ~ 16MHz) TA=-20 ~ 70°C (4 ~ 20MHz2)
(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 tscy - 2x - 150 725 550 ns
tous SCLK rising edge—output data hold 2x-80 45 20 ns
tHsr SCLK rising edge—input data hold 0 0 0 ns
tsrp SCLK rising edge—effective data input tgcy - 2x- 150 725 550 ns
4.6 Timer/Counter Input Clock (TI0, Ti4, TI5, TI6, '!'l7)
Ve =5V+10%, TA=-40 ~85C (4 ~ 16MHz) TA=-20 ~ 70°C (4 ~ 20MHz)
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tvek Clock cycle 8x +100 600 500 ns
tyckL Low level clock pulse width 4x+40 290 240 ns
tyckH High level clock pulse width 4x+40 290 240 ns
MCU900-212 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.




TLCS-900 16-bit Microcontroller TMP96CM40F
4.7 Interrupt Operation .
Ve =5V+10%, TA=-40 ~85C (4 ~ 16MHz) TA=-20 ~ 70°C (4 ~ 20MHz)
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tNTAL NMI, INTO Low level pulse width 4x 250 200 ns
twian | NMI, INTO High level pulse width 4 250 200 ns
tinTBL INT4 ~ INT7 Low level pulse width 8x+100 600 500 ns
twign | INT4 ~ INT7 High level pulse width 8x+100 600 500 ns
4.8 Timing Chart for I/0 Interface Mode
LK LT 1 LI 1 L | - I L
| tscy |
SCLK . :

OUTPUT DATA
TxD
e X I X X
tsro l ltHSR
INPUT DATA :
RxD

X vaup X

X VALID X

Xvao X X VA@C
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TLCS-900 16-bit Microcontroller

4.9 Timing Chart for Bus Request (BUSRQ)/BUS Acknowledge (BUSAK)

(Note 1)
ae XXX OXAE X K X X
-] <« tBRC -> < tBRC
BUSRQ
tCBAL | e y__/r tcBAH
BUSAK \
N A
¥ ( toan
ADO~AD15, AO~A23, _— Note 2) —
C50~C52, RAW, RAS, LTSI it PRSI ~
CASO~CAS2 —_— —
RD, WR, AWR 7R oo Noted) o v
ALE ‘0 L\
Variable 16MHz 20MHz
Symbol Parameter Unit
Min Max Min Max Min Max
tarc BUSRQ setup time for CLK 120 120 120 ns
toga. | CLK—BUSAK falling edge 15x+120 214 195 ns
topAH CLK—BUSAK rising edge 0.5x + 40 n 65 ns
taga Output buffer is off to BUSAK 1 0 80 0 80 80 ns
taan BUSAK  § output buffer is on. 0 80 0 80 80 ns

Note 1: The Bus will be released after the WAIT request is inactive, when the BUSRQ is set to “0” during “Wait” cycle.
Note 2: This line only shows the output buffer is off-state.
They don't indicate the signal level is fixed.

After the bus is released, the signal level is kept dynamically before the bus is released by the external capacitance.

Therefore, to fix the signal level by an external resistance under the bus is <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>