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TLCS-90 Series

TMP90C848F

CMOS 8-Bit Microcontrollers
TMP90C848F

1. Outline and Characteristics

The TMP90C848F is a high-end 8-bit microcontroller developed
in order to control power supply switching. With built-in high-speed
16-channel flush A/D converter (conversion time: 1.6 microseconds
@10MHZz"), high-speed 8-channel PWM (8-bit resolution,
oscillation frequencies of 80KHz, 160KHz, and 320KHz
@10MHZz*) and a clock switching function, the TMPO0OC848F
is ideal for controlling compact personal computer power
supplies. (* indicates a CPU clock with a 20MHz external
clock (X1), which is divided by 2 during high-speed opera-
tion.)

The TMP90C848F is a CMOS 8-bit microcontroller which
integrates an 8-bit CPU, ROM, RAM, an A/D converter, a
multi-function timer, serial interface, high-speed PWM, and a
clock switching function in a single chip.

The characteristics of the TMP90C848F are as follows:
(Assuming high-speed external clock X1 = 20MHz, CPU clock
fc = 10MHz)

(1) Highly efficient instructions (TLCS-90 instruction sets)
163 types of basic instructions, including
Multiplication/division arithmetic, 16-bit arithmetic
operation, bit manipulation instruction.

Minimum instruction executing time: 400ns

Built-in ROM: 8K bytes
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Built-in RAM: 512 bytes

High-speed flash A/D converter (standard conversion
time: 1.6 microseconds, 16 channels)

General-purpose serial interface (1 channel)

High-speed PWM output (8 channels, effective only at
high-speed clock operation)

Oscillation frequency: 80KHz, 160KHz, 320KHz
Resolution: 8 bits (50ns, 25ns, 12.5ns)
Multi-function 16-bit timer/event counter: 1
8-bit timer: 4 channel

Input/Output port: 62 pins

Micro DMA function (11 channels)

Watchdog timer function (internally connectable to
hardware reset)

Interrupt function: 10 internal; 3 external
Clock switching function (high-speed/low-speed
switching)

Standby function (3 HALT modes, possible to disable
setting STOP mode.)

Standby function (3 HALT modes, standby mode disable.)
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Figure 1. TMP90C848F Block Diagram
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2. Pin Assignment and Functions 2.1 Pin Assignment
The assignment of input/output pins for TMP90C848F, their Figure 2.1 (1) shows pin assignment of the TMPO0C848F.
names and functions are described below.
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Figure 2.1. Pin Assignment (80-pin Flat Package)
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2.2 Pin Names and Functions
The names of input/output pins and their functions are summarized in Table 2.2.

Table 2.2 Pin Names and Functions (1/2)

Pin Name No. of pins 1/0 or tristate Function
P00 ~ PO7 8 /0 Port 0: 8-bit /0 port. Each bit can be set for input or output.
P10 ~ P17 8 1/0 Port 1: 8-bit /0 port. Each bit can be set for input or output. Pull-up resistance included.
P20 ~ P27/ 8 Output Port 2: 8-bit output port.
HPWMO ~ 7 QOutput High-speed PWM output: High-speed 8
P30 1 Output Port 30: 1-bit output port.
P31 1 Output Port 31: 1-bit output port.
P32/ 1 Output Port 32: 1-bit output port.
TxD Output Used to transmit serial data.
P33/ 1 Input Port 33: 1-bit output port.
RxD Input Used to receive serial data.
P40 ~ P47 8 /0 Port 4: 8-bit /0 port.
Each bit can be set for input or output (P40 - P43 0.D. 4mA sink, P44 - 47 10mA source).
P50 ~ P57 8 Input Port 5: 8- bit input port.
/ANO ~ AN7 Input Analog input: 8-bit analog input to the A/D converter.
P60 ~ 67 8 Input Port 6: 8-bit input port.
/ANS ~ ANTS Input Analog input: 8-bit analog input the A/D converter.
P70~ P73 4 1/0 Port 7: 4-bit 1/0 port. Each bit can be set for input or output. Programmable pull-up resistance
included.
P80 1 1/0 Port 80: 1-bit 1/0 port.
/101 Output Timer output 1: Used for timer 0 or timer 1 output.
P81 1 1/0 Port 81: 1-bit /0 port.
/103 Output Timer output 3: Used for timer 2 or timer 3 output.
P82 1 1/0 Port 82: 1-bit /0 port.
/INTO Input Interrupt request pin 0: Level/rising edge programmable interrupt request pin.
P83 1 1/0 Port 83: 1-bit 1/0 port.
/}"\FIIT Input Interrupt request pin 1: Rising/falling edge programmable interrupt request pin.
Input Timer input 4: Count input/capture trigger signal for timer 4.
P84 1 1/0 Port 84: 1-bit /0 port.
/I/l}llTSZ Input Interrupt request pin 2: Rising/falling edge programmable interrupt request pin.
Input Timer input 5: Count input/capture trigger signal for timer 5.
P85 1 1/0 Port 85: 1-bit /0 port.
/104 Output Timer output 4: Used as the timer 4 output.
ALE 1 Output Address latch enable signal: No use.
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Table 2.2 (2/2)
Pin name No. of pins 1/0 or tristate Function
CLK 1 Output Clock output: Generates clock pulse at 1/4 frequency of clock oscillation. Pulled up internally during
resetting.
EA 1 Input External access: Connected to the Ve pin when using the TMP90C848F with built-in ROM.
RESET 1 Input Reset: Initializes the TMPI0C848F.
X1/X2 2 /0 High-speed crystal oscillator connection pin.
X1'/X2' 2 I/0 Low-speed crystal oscillator connection pin.
TEST1/TEST2 2 1/0 Testing pins: Connects directly TEST1 and TEST2 at a normal state operation.
AVCC 1 - Comparator power supply for the A/D converter.
VREF 1 - A/D converter reference voltage input.
AVSS 1 - Analog GND pin (0V)
Vee 2 - Power supply pin (+ 5V £10%)
Vsg 3 - GND pin (0V)
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3. Operation

This section explains the various functions and basic operations
of the TMP90OC848F.

3.1 CPU

The TMP90C848F has an internal built-in, high-performance
8-bit CPU. For a description of the CPU operation, see the
book TLCS 90 Series CPU Core Architecture .

This section explains CPU functions dedicated to the
TMP9OO0CB848F, which are not described in that book.

Block diagram for clock unit

3.1.1 Clock

During high-speed operation of the TMPO0C848F, the external
clock (X1) divided by 2 is used as the CPU clock fc. During
low-speed operation, the external clock (X1’) is used as the
CPU clock fc. In this manual, a clock indicates the CPU clock,
unless stated otherwise.

PWM

X1 1/2 divide
(High-speed clock)

X1’
(Low-speed clock)

B

CPU Clock System clock
fc CLK P

Q GEN
Selector

Internal
CPU
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3.1.2 Reset

Figure 3.1 shows the basic timing of reset.

To reset the TMPO0CB848F, it is required that, 1) the power
supply voltage is within the specifed operating range, 2) the
internal oscillator is stabe, and 3) the RESET input is kept at
“0” at least 10 system clocks (10 states: 2usec at 10MHz sys-
tem clock).

When reset is accepted, the following I/O ports are set to
input status (with high impedance): port O (address data bus ADO

. meww N AAAAAAAAAN

~ AD7), port 1 (address bus A8 ~ A15), port 4, port 7 and port 8.
The output ports P30 (RD), P31 (WR) and P32, and CLK are
set to “1”, and ALE is cleared to “0”. The input ports remain
the same.

CPU registers and external memory are not changed.
However, the program counter PC and the interrupt enable/
disable flag IFF are cleared to “0”. Register A becomes undefined.

When the reset is released, instruction start executing

from address O000H.

[ | =t cik pinis
pulled up
internally.

ak | f \

RESET \

POO~PO7 -+

P10~P17 [ Ep—

L e il i s el el el nd el e

P20~P27

P30

P31

P32

P33 -t -

P40~P47 - -

PS0~P57 -+ =

PE0~P67 -+ -

P70~P73 -t

P80~P85 [ -

Figure 3.1. TMP90C848F Reset Timing
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3.1.3 EXF (Exchange Flag)

The exchange flag EXF is inverted when the EXX instruction is memory address FFD2H.
executed to exchange data between the TMP90C848 main
76 5 4 32 1 0
bit Symbol WDTE : V\{QTPL”L WDT_PO_ WARM | HALTMI1 | HALTMO EXF DRIVE
\'?{:[F)EIYIZ?"L)) Read/Write RAW F’J’V\-‘ - RIW R/W R RAW
After reset 1 0 0 0 0 0 un-defined 0
WDT detection time ' Warming | Standby mode
‘ 00: 216/fc ‘uptime 00: RUN ,
0: WDT 01: 218/fc (To release) 01: STOP \ena\:ir:isme 1: Dn.ves
Enable | stop mode the pin
: 10: 220/f¢ {0 2te 10: IDEL1 the EXX .
Function X AN L instructio [Evenin
11 222/ : 11
¢ fTaswitch nis the STOP
| clock executed. |mode
|| 0027
12 )

registers and auxiliary registers. This flag is assigned to bit 1 at

3.2 Memory Map

The TMP90C848F can provide a maximum 64K byte pro-

gram and data memory.

The program and data memories may be allocated to the
addresses 0000H ~ FFFFH.

(1)

Built-in ROM

The TMP90C848F has an internal 8-byte ROM. This
ROM is located at addresses 0000H ~ 1FFFH. Pro-
gram execution starts from address 0000H after a
reset operation.

The addresses 0008H ~ 0068H in the internal ROM
area are used as the interrupt processing entry area.
Built-in RAM

TMP9O0C848F contains a 512-byte RAM which is allo-

)

cated to the addresses FFCOH ~ FFBFH. The CPU
can also access some portions of the RAM (192 byte
area FFOOH ~ FFBFH) using short instruction codes in
the direct addressing mode.

Addresses of FF18H ~ FFEDH this RAM area are used
as the parameter area for micro DMA processing. (This
area can freely be used when the micro DMA function
is not used.)

Built-in I/O

TMP9OO0C848F uses 56 bytes of the address space as
a built-in I/0 area. The area is allocated to the
addresses FFCOH ~ FFF7H. The CPU can access the
built-in 1/0 using short instruction codes in the direct
addressing mode.

Figure 3.2 shows the memory map and the access
ranges of the CPU for each addressing mode.

8/120

TOSHIBA CORPORATION



TMP90C848F

0000H

2000H

FDCOH

FFOOH

FFCOH [ul

FEF7H Ll

7

77 Builtin ROM
_ (8 Kbyte)

7

7

7 Built-inRAM 7
// (512 bytes) 7

Built-in /0 33

(56 bytes) &

Program and data area

Direct area

(n)
l

Data

area

(1X)
()
(IX +d)
(IY +d)

Figure 3.2. TMP90C848F Memory Map
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3.3 Interrupt Functions

The TMP90C848F provides the two processing modes for
internal and external interrupt requests; a general-purpose
interrupt processing mode and a micro DMA processing mode
in which the CPU can automatically transfer data.
Immediately after a reset is released, all the responses to

Interrupt Processing

l Reading of Interrupt Vector 'V’ I

Micro-DMA YES

interrupt requests are set in the general-purpose interrupt pro-
cessing mode. Using DMA enable/disable register which will
be described later, each interrupt request can be set to the
micro DMA processing mode.

Figure 3.3 (1) shows a flowchart of the interrupt response
sequence.

Proceccing Mode
NO

General-Purpose Interrupt
Processing

Micro-DMA
Processing

Figure 3.3 (1). Interrupt Response Flowchart

When an interrupt is generated, it is reported to the CPU
via the built-in interrupt controller. The CPU starts the inter-
rupt processing if it is a non-maskable or maskable interrupt
requested in the El state (interrupt enable/disable flag (IFF bit
of the F register) = “17).

However, a maskable interrupt requested in the DI state
(IFF =“0") is ignored and not accepted. (The CPU samples interrupt
requests at the fall edge of CLK signal of the last bus cycle of
each instruction.)

When an interrupt is accepted, the CPU first reads the
interrupt vector from the built-in internal interrupt controller to
find out the source of the interrupt request.

Then, the CPU checks if the request should be processed
in the general-purpose interrupt processing mode or micro
DMA processing mode, and proceeds to the appropriate process.

The interrupt vector is read in an internal operation cycle,
so the bus cycle results in dummy cycles.

10/120
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3.3.1 General Purpose Interrupt Processing
Figure 3.3 (2)shows the flow of general-purpose interrupt
processing.

The CPU first saves the contents of the program counter
PC and register AF (including the interrupt enable/disable flag
just before the interrupt is issued) into the stack, and resets the

interrupt enable/disable flag IFF to “0” (interrupt disable).
Finally, it transfers the contents “V” of interrupt vector to the
program counter and jumps to the interrupt processing program.

The overhead for the entire process from accepting an
interrupt to jJumping to an interrupt processing program is 20
states.

Genera!vpurpose interrupt pru:esw@

(SP - 1) « PCH
($P-2) «PCL
(SP-3) A

SPeSP-4

(SP —4) « F (including IFF)

20 states
4.5 (@10MHz)

IFF <0

I PC « V

7

program

Interrupt processing

I

RETIinstruction

F « (SP)

A «— (SP+1)

PCL « (SP+2)

PCH « (SP+3)

SP « SP+4
End

Figure 3.3 (2). General Purpose Interrupt Processing Flowchart

The interrupt processing program ends with RETI instruction
for both non-maskable and maskable interrupts.

When this instruction is executed, the contents of the program
counter PC and register AF will be restored from the stack
(returns to the interrupt enable/disable flag just before the
interrupt was issued).

When the CPU reads an interrupt vector, the interrupt
request source acknowledges that the CPU accepts the
request, and clears the request.

Non-maskable interrupts cannot be disabled by program.

Maskable interrupts, however, can be enabled or disabled by
programming. An interrupt enable/disable flip-flop (IFF) is provided
on the bit 5 of Register F in the CPU.

Interrupts are enabled by setting IFF to “1” with the El
instruction and disabled by resetting IFF to "0” with the DI
instruction. IFF is reset to “0” by the reset operation or the
acceptance of any interrupt (including non-maskable interrupts).

Interrupt enabled with the El instruction become effective
when the instruction after the El is executed.

Table 3.3 (1) shows the interrupt sources.

TOSHIBA CORPORATION
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Table 3.3 (1) Interrupt Sources

Start Start
Priority T Int t Vector address of general- ;It.'dresnsw?;
order yre nterrupt source value purpose interrupt ioro .
. processing
processing
parameter
1 Non- SWl instruction 08H 0008H -
2 maskable INTWD (watchdog) 10H 0010H -
3 INTO (External input 0) 18H 0018H FF18H
4 INTTO (Timer 0) 20H 0020H FF20H
5 INTT1 (Timer 1) 28H 0028H FF28H
6 INTT2 (Timer 2) 30H 0030H FF30H
7 INTT3 (Timer 3) 38H 0038H FF38H
8 Maskable INTT4 (Timer 4) 40H 0040H FF40H
9 INT1 (External input 1) 48H 0048H FF48H
10 INTT5 (Timer 5) 50H 0050H FF50H
1 INT2 (External input 2) 58H 0058H FF58H
12 INTRX (Serial receiving end) 60H 0060H FF60H
13 INTTX (Serial transmission end) 68H 0068H FF68H

The “priority order” in the Table 3.3 (1) shows the order of
the interrupt source to be acknowledge by the CPU when
more than one interrupt are requested at one time.

If interrupt request of 4th and 5th orders are generated at
the same time, for example, an interrupt of the “5th” priority is
acknowledged after the “4th” priority interrupt processing has
been completed by a RETI instruction. However, the “5th”
priority interrupt can be acknowledged immediately by executing
an El instruction in a program that processes the “4th” priority
interrupt.

The built-in interrupt controller only determines the priority
of the interrupt sources which are to be accepted by the CPU
when two or more interrupts are requested at a time.

It is, therefore, unable to compare the priority of interrupt
being executed with the one being requested.

To enable other interrupt while an interrupt is being processed,
set an interrupt enable/disable flag for the interrupt source to
be enabled and execute El instruction.

3.3.2 Micro DMA Processing

Figure 3.3 (3) shows the flowchart of the micro DMA processing.
The CPU first loads parameters (addresses of source and
destination, and transfer mode) necessary for the data transfer
between memories from an address modified by an interrupt
vector value. After the data transfer between memories
according to these parameters, the parameters are updated
and saved into the original locations. The CPU then decrements
the number of transfers, and completes the micro DMA
processing unless the result is “0”. If the number of transfers
become “0”, the CPU proceeds to the general-purpose interrupt
handling described in the previous section.

12/120
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( Micro DMA processing )

Loading of parameters
DST « (FFOOH +V+ 1) W
SRC « (FFOOH+V+3)W
CMD « (FFOOH + V + 5)

1

Data transfer between memories
(DST) « (SRQ)
DST & DST + 0/1/2
SRC  « SRC * 0/1/2

|

Saving of updated parameters
(FFOOH +V + 3) W « SRC
(FFOOH +V + 1) W « DST

| DST :  Destination
SRC : Source
Decrement of No. of transfers CMD : Command (Transfer mode)

COUNT « (FFOOH + V)
COUNT « COUNT -1
(FFOOH + V) «~ COUNT

COUNT : Count (Number of transfers)

. General-purpose
interrupt processing

Figure 3.3 (3). Micro DMA Processing Flowchart

Since most interrupt processing involves only simple trans- using software. Naturally, the CPU registers are not affected by

fers, the micro DMA processing executes such processing only by the micro DMA processing.

hardware. Accordingly, the micro DMA processing can handle Figure 3.3 (4) shows the functions of parameters used in

the interrupt in a higher speed than the conventional process the micro DMA processing.
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FFOOH +V + 0 : f Number of transfer J
FFOOH +V + 1 [ Destination address (Lower)
FFOOH +V + 2 : [ Destination address (Upper) E
FFOOH +V + 3. i Source address (Lower) I
FFOOH +V +4 : I Source address (Upper) I
7 6 5 4 3 2 1 0
FFOUH+V+5:| X X X | ox g ox | | l(Transfermode)
0 0 = Fixcurrentdestination
/source addresses
0 1 = Increment destination
address
1 0 = Incrementsource address
1 1 = Decrementsource address
0 = 1-bytetransfer
1 = 2-bytetransfer
(Note)  x:don’t Care ytetr

Figure 3.3 (4). Parameters for Micro DMA Processing

Parameters for micro DMA processing are located in the
internal RAM area (See Table 3.3 (1) Interrupt Sources). The
start address of each parameter becomes “FFOOH + interrupt
vector value”, 6 bytes space are used for the parameter. When
micro DMA processing is not used, the area can be freely used
as user memory.

The parameters consist of the number of transfer, destination
of addresses and source, and transfer mode. The number of
transfer specifies the number of data transfers accepted by
the micro DMA processing. A single time micro DMA process-
ing transfers 1-byte or 2-byte data. The number of transfers is

256 when the number of transfers value is “00H”. Both the
destination and source addresses are specified by 2-byte
data. The address space available for the micro DMA process-
ing ranges from 0000H ~ FFFFH.

Bits 0 and 1 of the transfer mode indicates the mode
updating the source and/or destination, and the bit 2 indicates
the data length (one byte or two bytes).

Table 3.3 (2) shows the relation between the transfer
modes and the decremented/incremented values of the desti-
nation/source addresses.

14/120
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Table 3.3 (2) Addresses Updated by Micro DMA Processing

Transfer Function Destination Source

Mode address address
000 1-byte transfer: Fix the current destination /source addresses 0 0
001 1-byte transfer: Increment the destination address +1 0
010 1-byte transfer: Increment the source address 0 +1
01 1-byte transfer: Decrement the source address 0 -1
100 2-byte transfer: Fix the current destination /sourc addresses 0 0
101 2-byte transfer: Increment the destination address +2 0
110 2-byte transfer: Increment the source address 0 +2
111 2-byte transfer: Decrement the source address 0 -2

In the 2-byte transfer mode, data are transferred as follows:

(Destination address) « (Source address)
(Destination address + 1) — (Source address + 1)

Similar data transfers are made in the modes that “decrement
the source address”, but the updated address are different as
shown in the Table 3.3 (2).

Address increment/decrement modes are applied to
memory address space and fixed addressing modes are
applied to the I/0O address space. Because of that, the micro

DMA was designed for both 1/0 to memory transferes and
memory to I/O transfers.

Figure 3.3 (5) shows an example of the micro DMA
processing that handles data receiving of internal serial 1/0.

This is an example of executing “an interrupt processing
program after serial data receiving” after receiving 7-frame
data (Assume 1 frame = 1 byte for this example) and saving
them into the memory addresses from FFOOH to FFO6H.

Initial setting for serial receiving.
Enable an interrupt for serial data receiving.
Set the micro DMA processing mode for serial receiving

Set the number of transfers = 7.

Set FFOOH for the destination start address.
; Set FFDFH for the source (serial receiving buffer) address.

Set the transfer mode (1-byte transfer; increment

destination address).

CALL SIOINIT
SET 3,(0FFFBH)
SET 3, (0FFF8H)
interrupt.
LD (OFFBOH),7
LOW (OFF61H),0FFOOH
LDW (OFFB63H),0FFDFH
LD (OFFB5H) , 1
EI
ORG 0060H

Interrupt processing program after serial data receiving

RETI

Figure 3.3 (5). Example of Micro DMA Processing

TOSHIBA CORPORATION
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For the bus operation in the general-purpose interrupt mented number of transfers is not zero) is 46 states (5.75us at
processing and the micro DMA processing, see “Table 1.4 (2) 16MHz oscillation), regardless of whether 1-byte/2-byte trans-
Bus Operation for Executing Instructions” in the previous section fer mode is used.

“TLCS-90 CPU". Figure 3.3 (6) shows the flowchart of overall interrupt

Execution time for micro DMA processing (when decre- processing.

Interrupt processing

Reading of
Interrupt Vector 'V’

Interrupt Request F/F clear

Micro-DMA
Processing Mode

YES

NO —
Data Transfer for
Micro-DMA
G I-p PUSH PC
e terrupt PUSH AF ’ COUNT « COUNT - 1 } Micro-DMA
Processing IFF « 0 Processing
PCeV YES COUNT=0

% NO _

Interrupt Processing

Program

Instruction of RETI

( POP AF)
POP PC

END

Figure 3.3 (6). Interrupt Processing Flowchart
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3.3.3 Interrupt Controller

Figure 3.3 (8) shows the block diagram of interrupt circuit. The
left half of this diagram shows the interrupt controller, and the
right half includes the CPU’s interrupt request signal circuit and
HALT release signal circuit.

The interrupt controller has an interrupt request flip-flops,
interrupt enable/disable flag, and micro DMA enable/disable flag for
each o interrupt channel (total; 13 channels). The interrupt
request flip-flop latches an interrupt request when it is issued
from the peripheral devices. This flip-flop is reset to “0” when
reset operation or interrupt is accepted by the CPU and the
vector of that interrupt channel is read by the CPU, or when
the CPU executes an instruction that clears the interrupt request
for the specified channel (write “vector divided by 8” into the

memory address FFEAH). For example, when executing
LD (OFFEAH), 38H/8,

the interrupt request flip-flop of the interrupt channel
“INTT3” whose vector is 38H will be reset to “0”. (Write to
FFEAH even when clearing the interrupt request flag that is
assigned to FFEBH.)

The status of an interrupt request flip-flop is can be known
by reading the memory address FFEAH or FFEBH. “0”
denotes there is no interrupt request, and “1” denotes that an
interrupt is requested. Figure 3.3 (7) shows the bit configura-
tion of the interrupt request flip-flops.

TOSHIBA CORPORATION
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7 6 . s 4 3 i 2 .1 0
bitSymbol | IRFT4 © IRF1 . IRFTS | IRF2 | IRFRX : IRFTX : 0 0
IRFL ; — -
Read/Writ R (Write is possible only for IRF clear code.)
(FFEAH) [t : £ ; : : :
After reset 0 : 0 : 0 : 0 : 0 g 0 H 0 : 0
Function 1: Interrupt is currently requested. (IRF is cleared by writing IRF clear code.)
INTTX request flag
L = INTRXrequestflag
— INT2 request flag
INTTS request flag
— INT1 request flag
INTT4 request flag
0 : Nointerruptrequest
1 : Interruptrequest
7 ¢ & . 5 P
bit Symbol : : IRFO : IRFTO : IRFT1 : IRFT2 : |IRFT3
IRFH *
Read/Wrnit : R
(FFEBH) i : , :
After reset : : 0 0 : 0 : 0 : 0
Interrupt Request Flag
Function : 1: Interruptis currently requested

|
L inTT3 request flag

INTT2/INTAD
request flag

\——> INTT1 request flag

INTTO request flag
INTO request flag

Note: When “vector value/8” is written in memory address FFEAH, the specified interrupt request
flag will be cleared.

Figure 3.3 (7). Interrupt Request Flip-flops
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Interrupt controller

CcPU

:D—» Interrupt

request signal

“‘_,—:Ds Halt release
signal
Reset 9

swiinstruction =—— V= 08H ———
INTWD — V=10H F—
Micro DMA enable/disable flag 2-input OR
Dn - D Q T
CLR L Non-maskable
Interrupt enable/disable flag interrupt request CPU interrupt
Dn D Q enable/disable flag
CLR
et interrupt request flipflo IFF
INTO S Q I 11-input OR ]
R - - R
[ Dn L Maskable
7*_1 T interrupt request
Interrupt  Interrupt  interrupt
vecéorv nl:.'quesl\! ;‘equst
rea clear ipflop
INTTO = read
INTT1 ==
V=18H
INTT2 ol V= 20H —| 0o
D1
V=28H [—
— D2
V= 30H Priority
~ D3
INTT3 V= 38H — encoder
Da
INTT4 V= 40H
- 13to 4 DS
INT1 V= a8H
INTTS V= 50H — pé
— D7
INT2 V =58H
INTRX —»t—— V=60H —
INTTX V= 68H —| Interrupt vector
Vread
INTFL V=70H
INTEP V=78H —

Figure 3.3 (8). Block Diagram of Interrupt Controller
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The interrupt enable/disable flags provided for all interrupt
request channels are assigned to the memory address FFF6H
or FFF7H. Interrupts for a channel are enabled by setting the
flag to “1”. The flags are cleared to “0” by resetting.

Clear the interrupt enable flag in the DI status.

The micro DMA enable/disable flag also provided for each
interrupt request channel is assigned to the memory address

FFE8H or FFEQH. The interrupt processing for each channel is
placed in the micro DMA processing mode by setting this flag
to “17. This flag is cleared to “0” (general-purpose interrupt
processing mode) by resetting.
Figure 3.3 (9) shows the bit configurations for interrupt
enable/disable flag and micro DMA enable/disable flag.
External interrupt features are as follows.

Interrupt Common pin Mode How to set
7\ INTEH <EDGE> =0
Level
INTO P82
i INTEH <EDGE> = 0
Rise edge
A T4MOD <CAPM1,0>=0,00r0,10r 1,1
Rise edge
INT1 P83
_\—— TAMOD <CAPM1,0>=1,0
Fall edge
INT2 P84 S -
Rise edge

For the pulse width for the external interrupts, refer to “4.7
Interrupt Operations”.

Be careful that the following two are exceptional circuits.

INTO Level mode

sequence to clear the interrupt request
DI
SET 6, (OFFE7H)

As the INTO is not an edge based interrupt, the interrupt request flip-flop function is cancelled and thus an interrupt request from
peripheral devices passes through S input of the flip-flop to become Q output. When the mode is changed over (from edge type to level
type), the previous interrupt request flag will be cleared automatically.

When the mode is changed from level to edge, the interrupt request flag set in the level mode is not cleared. Thus, use the following

flag.

- Switch the mode from level to edge
LD (OFFEAH), 03H : Clear interrupt request flag

El
INTRX The interrupt request flip-flop is cleared only by reset or
reading the serial channel receiving buffer, and cannot by an instruction.
20/120
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INTEL
(FFEGH)

INTEH
(FFE7H)

7 6 i s a4 3 L2 10
bit Symbol IET4 IE1 . IETS IE2 i IERX : IETX :Fixedto”0" . Fixedto 0"
Read/Write RAW
After reset 0 0 : 0 0 : 0 : 0 0 0
Function 1: Enable 0: Disable
—
INTTX interrupt enable/disable flag
= INTRX interrupt enable/disable flag
—————— INT2interrupt enable/disable flag
INTTS interrupt enable/disable flag
INT1 interrupt enable/disable flag
INTT4 interrupt enable/disable flag
7 6 5 4 3 ¢ o2 1 o
bit Symbol EDGE IEO ©IETO ¢ IETU ¢ IET2  IET3
Read/Write RAW RAW
After reset 0 0 0 0 0 0
INTO
Function :0: Level 1: Enable 0: Disable
1: EDGE

L> INTT3 interrupt enable/disable flag
INTT2/INTAD enable/disable flag
INTT1interrupt enable/disable flag

— INTTO interrupt enable/disable flag

—— INTO interrupt enable/disable flag

——————— = INT0 control

l() "H" level detection interrupt

i

Rise edge detection interrupt

-

Figure 3.3 (9). Interrupt Enable/Disable Flags
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7 6 s . a4 3 i 2 ¢ 1 i 0
bitsymbol | DET4 = DE1 | DETS . DE2 . DERX | DETX Fixedto"0": Fixedto 0"
DMAEL .
Read/Write RIW
(FFE8H) - - - : -
After reset 0 : Q : 0 : 0 : 0 : 0 : 0 : 0
Function 1: Enable 0: Disable
INTTX DMA enable/disable flag
INTRX DVIA enable/disable flag
L > INT2 DMA enable/disable flag
INTTS DMA enable/disable flag
INT1 DMA enable/disable flag
INTT4 DMA enable/disable flag
7 . 6 5 i a4 1 3 L
DMA bit Symbol : : © DE0O : DETO : DET1 @ DET2 : DET3
EH ' '
Read/Write : RAW
(FFE9H) - - -
After reset : : 0 ] 0 : 0 0 : 0
Function : : 1: Enable 0: Disable

LL: INTT3 DMA enable/disable flag
INTT2 DMA enable/disable flag
INTT1 DMA enable/disable flag
INTTO DMA enable/disable flag
L » INTODMA enable/disable flag

Figure 3.3 (10). Micro DMA Enable/Disable Flag
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3.4 Clock Switching Function
The TMP90C848F has the following clock modes.

O Low speed clock mode

The high-speed clock stops and the CPU operates in
low-speed clock mode.

0 High-speed clock mode

Both the high-speed clock and the low-speed clock
generate, and the CPU operates in high-speed clock
mode.

3.4.1 Operation

The clock mode setting register (CLKMOD) is assigned at bit O
of the memory address “FFC7H” in the internal I/O register
area.

Switching between low-speed clock mode and high-
speed clock mode is controlled by commands.

When resetting DCLK (bit O of the clock mode setting regis-
ter CLKMOQD) is initialized to “0”, and the CPU operates in low-
speed clock mode.

In low-speed clock mode, SLS (bit 3 of the clock mode
register CLKMOD) is set to “0”; and in high-speed clock
mode, “1”.

Because the watchdog timer counter is also used as the
warm-up timer, the watchdog timer counter is cleared when
the clock mode is switched from low-speed to high-speed.

7 i e 1 s L g 3 2 i 0
bit Symbol : | STBYD | WDRESE| 5LS DCLK
CLKMOD : : :
Read/Writ : i RW RAW R : w
(FFC7H) e : i :
After reset : H 1 1 0 : 0
i : 0: low- : 0: low-
:Standby :Interrupt speed : speed
Function Eenable D RESET |1: high- : 1: high-
0 : speed : speed
:Standby ! :
:disable

Switching from low-speed clock mode to high-speed clock

Switching from high-speed clock mode to low-speed clock

mode

In order to switch to WARM (bit 4 of watchdog mode register
address FFD2), set the warm-up period to 0: 211/fc or 1: 213/
fc, and DCLK to “1”. After completing the specified warm-up

period, the clock mode is switched to high-speed clock mode.
In this case, the low-speed clock does not stop.

mode
This clock mode is switched to low-speed by setting DCLK to
“0”. The high-speed clock stops.

TOSHIBA CORPORATION
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High frequency : osaliation
Low frequency : osallation

External interrupt

Command

High-speed
Command

clack mode

Reset

operation

Command (Note}

Rese
High frequency : stop release

SLOW

Standoy Low frequency : ascilation
w fr Hati
state quency Low-speed High frequency : stop
CPustops)  J Command (Note) clock mode Low freguency : oscillation

External interrupt

(Note) Specifying “0” to the STBYD register
does not switch to HALT mode.

Figure 2.17. Transition of Operation Mode

High frequency clock

Low frequency clock

Basic clack

Operation mode

SLS

S
ANANNAN NN
/\ﬂ/}*mﬂﬂju
High-speed clock operation

= Low-speed clock operatmn
~— Warm-up peried — ]

Switched to high- speed
operation by program.

—
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3.5 Standby Function

When a HALT instruction is executed, the TMPO0C848F
enters the RUN, IDLE1, or STOP mode according to the con-
tents of the halt mode setting register. The features are as fol-
lows:

(1) RUN: Only the CPU halts, and the power consump-
tion remains unchanged.

(2) IDLET: Only the internal oscillator operates, while all
other internal circuits halt. Power consumption
is 1/10 or less than that during normal opera-

tion.

(8) STOP: All internal circuits halt, including the internal
oscillator. The power consumption is

extremely reduced.

The HALT mode setting register WDMOD <HALTM 1, 0>
is assigned to the bits 2 and 3 of memory address FFD2H in
the built-in I/0 register area (all other bits are used to control
other block functions). The RUN mode (“00”) is entered by
resetting.

These HALT states can be released by resetting an interrupt
or resetting. Table 3.4 (2) shows how to release the HALT
state. If the CPU is in the El state for non-maskable or maskable
interrupt, the interrupt will be acknowledged by the CPU and
the CPU starts interrupt processing. If the CPU is in the DI
state for maskable interrupt, the CPU restarts execution from
the instruction following HALT instruction, but the interrupt
request flag remains at “1”.

Even when HALT state is released by reset operation, the
state (including the built-in RAM) just before entering the HALT
state can be retained. However, if HALT instruction has already
been executed in the built-in RAM, the RAM contents may not
be retained.

7 . 6 | s 4 3 2 1 0
bit Symbol WDTE WDTP1 - WDTPOQ WARM HALTM1 - HALTMO EXF DRIVE
WDMOD Read/Write RAW RIW RIW RAW R RW
(FFD2H) - . -
After reset 1 0 : 0 0 0 0 Undefined 0
W 00: 2"/ f¢ WDT War.ming Standby mode Undefined gh Drives
01:2"%/1¢ up time 00:RUN mode [invertseach epin
Enable " Dete- 02/ 1 STOP d i EXX evenin
. : . ime
Function 10:2%/fc cting ) o ot:s mode . 7 |STOP mode
11: 27/ 1¢ d 1:2°/fc | 10:IDLET mode Jinstructionis
me
‘ 11: — executed.

Figure 3.5 (1). HALT Mode Setting Register
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3.5.1 Standby Disable Function

The standby disable function prevents the watchdog timer
from being stopped and enabled it to escape from a mal-
function (runaway), when the TMP90C848F enters standby
mode because of a CPU runaway.

STBYD (bit 5 of clock mode register FFC7H) is reset to
“0”, standby mode is disabled and the TMPO0C848F does
not enter standby mode even if the HALT instruction is exe-
cuted. The watchdog timer continues its operation, without

stopping.

When standby mode is not used, STBYD is reset to “0”.
In this case, although standby mode is set by the halt mode
register (HALTM), executing the halt instuction does not
access standby mode (it accesses RUN mode).

Once STBYD is reset to “0”, it cannot be set to “1”
(standby mode enable). Standby mode becomes effective
only by resetting. Table 3.5 (1) shows a standby state when
the standby disable function is executed.

7 6 1 s i a4 3 2 i 0
bit Symbol © STBYD : WDRESE| SLS { DCLK
CLKMOD : :
Read/Writ R/W RAW R : w
(FFCTH) e : :
After reset 1 : 1 0 : 0
i h 0: low- : 0: low-
:Standby :Interrupt speed speed
Function Eenable D RESET |1: high- 1: high-
10 speed speed

‘standby |
‘disable

Figure 3.5 (2). Clock Mode Setting Register
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Table 3.5 (1) Standby State at Standby Disable Function

Standby mode
STBYD RUN IDLE1 STOP
1 o) 0 o]
0] 0 X X
O: Executes specified standby mode.
X: Switched to RUN mode.
3.5.2 RUN Mode to operate after the HALT instruction is executed. Only the
Figure 3.5 (3) shows the Ummg for re|easing the halt state by CPU S’EOpS exeCUting the instruction. Until the halt state is
interrupts in the RUN/IDLE2 mode. released, the CPU repeats dummy cycles. In the halt state,

In the RUN mode, the system clock in the MCU continues interrupt request is sampled with the rising edge of CLK signal.

AW AW AW AW AW AVAWAWAWAW AW AW A WA
(i
ax _|J \ / U / \
— {
internal A8~15 x Next r Next + 1
] )]
ALE _{ \ \ " \
internal ADO~7 = = ={A0~7) =[={D0~ 7Y £ {A0~Th o = = L= = = = == = =4 =(A0~7} =|= {DO~T )~ + —
internal RD \ / 4 \ l--——
internal WR )
INTO « /
(Level) T
INTO, 1
(Rising edge) « 4\
Internal INT « /
)]
HALT instruction Interrupt Acknowledge
- Execution Sequence Sequence

Figure 3.5 (3). HALT Release Timing Using Interrupts in RUN Mode

TOSHIBA CORPORATION 27/120



TMP90C848F

3.5.3 IDLE 1 Mode system clock inside MCU stops, and CLK signal is fixed to “1”.
Figure 3.5 (4) shows the timing for releasing the HALT state by In the HALT state, interrupt request are sampled
interrupts in the IDLE1 mode. asynchronously with the system clock, whereas the HALT

In the IDLE1 mode, only the internal oscillator operates, the ~ release (restart of operation) is performed synchronously with it.

S AVAVAY AW AW AW AVAWAWAWAW AWAW AW
cw | \ I — / \
internal A8~15 _X NExt 22 Next +1
ALE __\ \ " \
internal AD0~7 —L (m N L G5y - @) - -~ - - -4 - ED) - {1 -
internal RD \ / {§ \ —
internal WR {
(&Zﬁ 4 /
(R adgl A\
HALT instruction execution sequence e response

Figure 3.5 (4). HALT Release Timing Using Interrupts in IDLE1 Mode
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3.5.4 STOP Mode

Figure 3.5 (5) shows the timing of HALT release caused by
interrupts in STOP mode.

In the STOP mode, all internal circuits stop including the
internal oscillator. When the STOP mode is activated, all pins
except special ones are put in the high-impedance state, iso-
lated from the internal operation of MCU. Table 3.4 (1) shows
the state of each pin in the STOP mode. However, if WDMOD
<DRVE> (drive enable: bit O of memory address FFD2H) of the
built-in 1/O register is set to “1”, the pre-halt state of the pins

can be retained. The register is cleared to “0” by reset operation.

When the CPU accepts an interrupt request, the internal
oscillator first restarts. However, to get the stabilized oscillation,
the system clock starts its output after the time set by the
warming up counter has passed. WDMOD <WARM> (warming
up: bit 4 at memory address FFD2H) is used to set the warming
up time. Warming up is executed for 214 clock oscillation time
when this bit is set to “0”, while 26 clock oscillation time when
set to “1”. This bit is initialized to “0” by reset operation.

Warming up time

« OO OO
ak | J \ [ T | \
internal AB~15 :X Next - = - :’? Next +1
ALE \ I{l {( \
internalADOn—?——-(A__gE)—--—@E)-——@9———-5‘,——- L = = | = = =(n0~7 ——-@Z}—--—
internal RD \ f | ST 4 \ Imm
internal WR | (. )
INTO ( *
(Level) ) «
INTO ( " \
(Rise )i
edge)

HALT instruction execution sequence

Interrupt response
sequence

Figure 3.5 (5). HALT Release Timing Using Interrupt in STOP Mode
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The internal oscillator can be also restarted by inputting
RESET signal at “0” to the CPU.

However, the warming-up counter remains inactive in
order to make the CPU rapidly operate when the power is
turned on. Accordingly, wrong operation may occur due to

unstable clocks immediately after the internal oscillator has
restated. To release the HALT state by resetting the STOP
mode, RESET signal must be kept at “0” for a sufficient period of
time.

Table 3.5 (2) State of Pins in STOP Mode

1/0 DRVE=0 DRVE =1
PO Input mode - -
Output mode - Output
P1 Input mode Pull-up Pull-up
Output mode Pull-up Output
P Input mode - Input
Output mode - Output
P5 Input mode ~ Input
P6 Input pin ~ Input
P3 Input pin - Input
Output pin - Output
P4 Input mode - Input
Output mode - Output
p7 Input mode - Input
Output mode - Output
Input mode
P82 (INTO) Output mode - Output
P80, P81 Input mode - Input *
P83 ~ P85 Output mode - Output
) input pin e
ALE QOutput pin “0" 0"
CLK Output pin Input Input
X1 Input pin - -
X2 Output pin ‘1 ‘1
X1 Input pin - -
X2 QOutput pin " “”

*.

When in zero cross detect mode, intermediate bias is still applied to this pin.

- Indicates that input mode/input pin cannot be used for input and that the output mode/output pin have

been set to high impedance.
[ABEE Input is enabled.
Input:  The input gate is operating. Fix the input voltage at either “0” or “1” to prevent input pin floating.
Output: Output status.

30/120
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3.6 Function of Ports

The TMPO0CB848F has a total of 62 1/O port pins. These ports

the 1/0O ports for the internal CPU and built-in I/O. Table 3.6

function not only as the general-purpose I/O ports but also as

Table 3.6 Functions of Ports

shows the functions of these port pins.

Port . No. of - Direction Pin Name for
Name Pin Name Pins Direction Setting Unit Internal Function
Port 0 P00 ~ P07 8 1/0 Bit -
Port 1 P10 ~ P17 8 1/0 Bit -
Port 2 P20 ~ P27 8 Output Bit HPWMO ~ HPWM7
P30 1 Output - TxD
P31 1 Output - RxD
Port3 | pgp 1 Output -
P34 1 Output -
Port 4 P40 ~ P47 8 1/0 Bit -
Port5 P50 ~ P57 8 Input - ANO ~ AN7
Port 6 P60 ~ P67 8 Input - AN8 ~ AN15
Port 7 P70 ~ P73 4 1/0 Bit -
P80 1 1/0 - TO1
P81 1 1/0 - T03
P82 1 1/0 - INTO
Port8 | pg 1 o - INTA/TI4
P84 1 1/0 - INT2/TI5
P85 1 1/0 - TO4

These port pins function as the general-purpose input/
output ports by resetting. The port pins, for which input
or output is programmably selectable, function as input

ports by resetting. A separate program is required to
use them for an internal function.

TOSHIBA CORPORATION
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3.6.1 Port 0 (P00 ~ P07)

Port O is the 8-bit general-purpose I/0 port PO, each bit of
which can be set independently for input or output. The control

“w

Direction

u

register POCR is used to set input or output. Reset operations
clear all output latch and control register bits to “0” and set
port 0 to the input mode.

Reset

Control
(bitwise)

4

Write POCR

B

Output

l\

External access

Dat a

Latch

1

Write PO

l/
Output buffer

Figure 3.6 (1). Port 0 (P00 ~ P07)

' nternal

D POO~PO7
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3.6.2 Port 1 (P10 ~ P17) used to set input or output.

Port 1 is an 8-bit general-purpose I/0 port (P1: memory
address FFC2H) which can be set to input or output bits. The

port 1 control register (P1CR: memory address FFC3H) is mode.

Reset
Direction
control
> (bit)
m \
Write P1CR
m T
: &
Output I~
ol | -~
latch L P10~-17
I Output buffer
— Write P1
L]
c
- A
: I @i=a—
- <1
- —H
S—"

Read P1

Figure 3.6 (2). Port1 (P10 ~ P17)

Executing the reset operations clears all output latch and
control register bits to “0” and sets all bits of port 1 to input

TOSHIBA CORPORATION
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Port 0 register

7 6 5 4 i3 P2 1 0
PO bit Symbol | P07 P06 PO5 PO4 | P03 | PO2 PO1 POO
(FFCOH)| geagnwrite R/IW
Re:ae‘i'};ng Input mode (output latch register is undefined)
Port 0 control register
7 6 5 4 3 ; 2 1 0
POCR | bit Symbol PO7C PO6C PQ5C PO4C PO3C . Po2C PO1C PoOC
(FFCTH)| Read/wirite W
Malve 0
Function 0:IN 1 : QUT (/O specification in bit)
:f::gzifsm:m L_,, Port 0 /O settings.
0 input
1 output
Port 1register
7 6 5 4 3 i 2 1 0
P1 bit Symbol P17 P16 P15 P14 P13 P12 P11 P10
(FFC2H)| pead/write R/ W
Re“s‘:‘l&ieng 0 (Input mode)
Part 1 control register
7 6 5 a4 3 i 2 1 0
P1CR bit Symbol P17C P16C P15C P14C P13C i P12C P11C P10C
(FFC3H)| Readrwrite W
e 0
Function 0:IN 1: OUT (IO specification in bit)

Read modify write
are not possible.

34/120

TOSHIBA CORPORATION



TMP90C848F

3.6.3 Port 2 (P20 ~ P27)

Port 2 is an 8-bit port (P2: memory address FFC4H). Execut-
ing the reset operation sets all output latch bits to “1” and

sends “1” from the port.

In addition to the output port functin, port 2 also functions

P2
(FFC4H)

P2FR
(FFCSH)

as the high-speed PWM output (HPWMO ~ HPWM?). This is

specified by the function register (P2FR: memory address
FFC5H). The output port and high-speed PWM output can be

selected by bits. Executing the reset operation resets all func-

tion register bits to “0” and sets the port to output port mode.

Reset
—
v Function
5 ;
s register
W t‘*VVﬂtePZFR
@
o) HPWMHH —
o — s
= -8 _H Port 2
c Output Selector (P20~P27)
@ latch A
-
= 1
- Write P2
S f
Read P2
Figure 3.6 (3). Port 2
Port 2 register
7 0 6 5 a4 i3 2 o0
bitSymbol | P27 : P26 P2s . P2a | P23 P22 P21 . P20
Read/Write w
After reset 1 : 1 : 1 : 1 1 1 1
Port 2 function register
76 o5 o4 -3 2 10
bit Symbol P27F | P26F | P25F | P24F | P23F P22F P21F © P20F
Read/Write w
After reset 0
Control P2
Function 0: Qutput port

1: Output HPWM

Registers for Port 2
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3.6.4 Port 3 (P30 ~ P33)

Port 3 is a 4-bit general-purpose I/0 port (P3: memory

as the I/O port for the internal serial interface, and P30 ~ P31
function as the extrernal memory control. This is specified by

address FFC6H) which can be set to input or output by bits. the function register (P3FR: memory address FFC8H). Execut-
Executing the reset Opera‘tion sets a” Output |atch b|ts to Iﬂg the reset OperatiOﬂ resets a” funC’[iOﬂ register bItS to “O"

“1” and sends “1” to the output port.
In addition to the I/O port function, P32 ~ P33 also function

P3
(FFCBH)

P3FR
(FFC8H)

and sets the port to general-purpose 1/0O port mode.

~ Reset
w " Oi::f;t Qutput port3
L | P30~P32
2 ¥ Output buffer (P30~P32)
© Write P3
-
T
[a)
| - <1
: f
c
- Read P3
QL
-
c
- 1
<1 Input port 3
} (P33)
J Read P3
Figure 3.6 (4). Port 3
Port 3 register
7 6 5 Coa 3 2 1 S0
bit Symbol P33 P32 © P31 . P30
Read/Write R w
After reset AHE-FK 1 ; 1 : 1
Port 3 function register
7 6 5 a4 3 2 0
bit Symbol | EXT : ‘ TXOC | ODE
Read/Write w RIW
Afterreset 0 0 : 0
Cantrol P1 Control P32 (P32
0: INJOUT 0: PORT ‘O: CMOS
Function .y, 1: Qutput i1: OPEN
address TxD i DRAIN

Figure 3.6 (5). Registers for Port 3
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3.6.5 Port 4 (P40 ~ 47) input or output.

Port 4 is an 4-bit general-purpose /O (P4: memory address Executing the reset operation sets all output latch bits to
FFCOH) which can be set to input or output by bits. The port 4 17, resets all control register bits to “0”, and sets the port to
control register (P4CR: memory addres FFCAH) is used to set  input port mode.

Reset
M~
Direction
control
" {bit)
3
@ Write PACR
T
L]
e Output P4 (PAO~P47
_ latch L D (P40 !
© T Output buffer
=y
. Write P4
()
c
) T
1
Read P4
Figure 3.6 (6) A. Port 4
Port 4 is an open drain pin (as shown in Figure 3.6 (6) B): function as an open drain source.

P40 ~ P43 function as an open drain sink, and P44 ~ P47

P40~43 VCC

f \"[DmA source
-
4mA sink

P44~47

Figure 3.6 (6) B. Port 4 Open Drain
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P4
(FFCIH)

PACR
(FFCAH)

Port 4 register

7 6 ¢ 5 i 4 i3 i 2 o 1 0
bit Symbol | P47 | P46 Pas : paa  Pa3 | P42 Pal | PO
Read/Write R/W
After reset Input mode

Port 4 control register

7 . 6 5 i 4 i 3 i 2 i 1 i 0
bit Symbol | P47C i Pd6C PaSC i P4sC . P43C | P42C | P4IC | PAOC
Read/Write w
After reset 0 ! 0 : 0 H 0 : 0 : 0 0 0

Function 0:IN 1:0UT (Select I/O on bit basis)
[ | ] | | | I J
l-—> Select Port 4 1/0
o | Input
1 Output

Figure 3.6 (7). Registers for Port 4

38/120

TOSHIBA CORPORATION



TMP90C848F

3.6.6 Port 5 (P50 ~ P57), Port 6 (P60 ~ P67)

Port 5 and port 6 are 8-bit input ports (P5: memory address ~ AN15).
[~
v
> d Ports 5, 6
@ (P50~P57/ANO~AN7)
@ (P60~P67/ANB~AN15)
- Read P5, P6
@©
e}
®
S ADREG AD 16-channel
@ % register || convertor |1 analog [
- multiplexer
<
- Read
ADREG
—
Figure 3.6 (8). Ports 5 and 6
Port 5 register
7 ¢ 6 5 a4 i 3 2 0 0
(FF:;H) bit Symbol | P57 PSe . PSS ; PS4 i Ps3 P52 P51 P50
Read/Write R
After reset Input mode
Port 6 register
7 6 5 a i3 o2 : 1 0
P6 : : :
(FFcery) | it Symbol P67 P66 . P65 . P64 : PB3 . P62 :  PB1 P60
Read/Write R
After reset Input mode

Figure 3.6 (9). Registers for Ports 5 and 6

FFCBH, P6: FFCCH) and also used as analog input pins (ANO

TOSHIBA CORPORATION
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3.6.7 Port (P70 ~ P73) reset, this control register will be cleared to “0”, placing the
Port 7 is a 4-bit general-purpose I/0 port, each bit of which port 7 in the input mode. Each port is with programmable pull-
can be set for input or output. The control register P67CR up (FET).

<P73C ~ P70C> is used to set for input or output. When

™~ Reset
Direction
control
" (bit)
> 4
® Write P7CR vee
© {>°—'i
»
[a) 1
Qutput J\I
— ' Jlatch 1 Port7
it Output buffer (P70~73)
- 4
b Write P7
c
| a—
g

Read P7

Figure 3.6 (10). Port 7

Port 7 register

b7 7 : 6 : 5 4 3 : 2 : 1 : 0
(FFCDH) | bit Symbaol : Fixedto 0" | P73 : P72 : P71 : P70
Read/Write R/W
After reset 0 input mode
Port 7 control register
PICR ] 7 6 5 a4 312 1 o0
(FFCEH) [bit Symbol P73C P72C P71C 1 P70C
Read/Write w
After reset E : 0 H 0 0 : 0
Function Q:IN 1: 0UT (Select I/O on bit basis)
l L L J
Select Port 7 110
0 Input
a1 VOut;;lut

Figure 3.6 (11). Registers for Port 7
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3.6.8 Port 8 (P80 ~ P85) (1)
Port 8 is a 6-bit general-purpose I/0 port (P8: memory
address FFCFH). The port 8 control register (P8CR: bits O
~ 5 memory address FFDQ) is used to set input or output.

In addition to the general-purpose port function, port 8
also functions as an interrupt request input, clock input for a
timer/event counter, and timer output.

Reset

P80, P81, P85

P80, P81 and P85 are general-purpose I/O ports and are
also used as timer output pins (TO1, 3, 4). The timer output
function is set by the function register (P8FR: bits 0, 1 and of
memory address FFD1H).

Direction control

Write PBCR

Bus

[

Selector
t

Write P8

Data

Output timer

Function

register
t

Write P8FR

Internal

ﬂ P80, P81, P85
(701, 3,4)

Read P8

—

Figure 3.6 (12). Port 8 (P80, P81, P85)

TOSHIBA CORPORATION
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(@)

P82/INTO

P82 is a general-purpose I/0 port and is also used as
an external interrupt request input pin INTO. INTO

selects either an “H” level interrupt or a rising edge
interrupt from the control register (INTEH: bit 6 of
memory address FFE7H).

™~ Reset
Direction
- control
3
m Write P8CR
(]
« t
[a] Output
- ateh {_Jps2anmo)
©
c 4
o Write P8
s Level / edge
=
- <l detection
1
L@ INTO
' interrupt
—~ Read P8

Figure 3.6 (13). Port 8 (P82)

P83/INT1/Tl4

P83 is a general-purpose input port and is also used
as an external interrupt request input pin INT1 an a
clock input pin Tl4 for a timer/event counter.

P83 has a built-in zero-cross detection circuit which
enables it to detect a zero cross, when it is connected
to an external capacitor. The zero-cross detection function

can be set to disable/enable by the function register
(P8FR: bit 3 of memory address FFD1H). Executing
the reset operation resets the control register to “0”
and sets the zero-cross detection function to disable.
The rising/falling edge interrupt control is assigned to bit 3/
4 of the 16-bit timer T4AMOD register, which is also
used for a capture control.
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(4)  P84/INT2/TI5

P84 is a general-purpose I/0 port, similar to P83, and
is also used as an external interrupt request input pin
INT2 and a clock input pin TI5 for a timer/event

Data Bus

Internal

Reset

Direction control

f

Write PBCR

[P

counter. P84 also has a built-in zero-cross detection
circuit which is set to disable/enable by the function
register (P8FR: bit 4 of memory address FFD1H).
When reset, the port is set to disable.

Output latch

f

Write P8

o

Function

\/

D P83/TI4/INT1

(P84/TIS/INT2)

register

!

Write PBFR

<1

T

<1

|

Read P8

TI47INTY
(TIS/INT2)

Figure 3.6 (14). Port (P83, P84)
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og E 6 5 4 3 2 T 0
(FFCFH) | bit Symbol P8 . Ps4a | P83 : P82 . P8l . P80
Read/Write R/W
After reset Input mode
PECR 7 6 5 4 : 3 2 : 1 0
(FEDOH) | bit Symbol : P85S . P4 . P83C . PB2C . PBIC | PBOC
Read/Write w
After reset 0 0 0 0 0 0
Function Q:IN 1: OUT (Select /O on bit basis)
-———>Select Port 8 I/0
0 Input
1 Output
P8ER 5 4 3 2 1 0
{FFD1H) | bit Symbol TOA4S ZCE2 ZCE1 TO3S TO1S
Read/Write w w
After reset 0 0 0 0 0
Function P85/TO4 PBA/INT2/TIS PB3/INTITIA P81/P0O3 ;vaon:ow
cantrol Zerocross  Zerocross control ;mn:m\
0: Port enable enable 0: Port 0: Port
Output ‘0, Disable 0: Disable Output i Output
1:704 1 Enable 1: Enabie 1:703 11701
Qutput | Qutput Output

Setting P80 as the output of timer 1

| l

P84/ INT2/TI5 Zero cross enable 0 Port Output
0 Disable 1 TO1 Output
L 1 Enable ‘——Setting P81 as the output of timer 3
Setting P85 as the output of timer 4 P83/INT1/T14 Zero cross enable 0 Port Output
0| PortOutput | 0 Disable } ! TO3 Output
1 TO4 Qutput 1 Enable 3

Figure 3.6 (15). Registers for Port 8
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3.7 8-bit Timers
The TMPO0C848F contains four 8-bit timers (timers 0, 1, 2
and 3), each of which can be operated independently. The
cascade connection allows these timers to be used as 16-bit
timers.

The following four operating modes are provided for the 8-bit
timers:

e 8-bit interval timer mode (4 timers)

e 16-bit interval timer mode (2 timers)

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

¢ 3-bit pulse width modulation (PWM: variable duty constant
with cycle) output mode (2 timers)

The upper two can be combined (two 8-bit timers and
one 16-bit timer).

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

Timer 2 and timer 3 have the same circuit configuration as
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 or TFF3) is provided for each pair of
Timer O and timer 1 as well as timer 2 and timer 3.

Among the input clock sources for the interval timers, the
internal clocks of @T1, @T4, @T16, and 1256 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 five control registers TO1TMOD, T23MOD,
TFFCR, TRUN, and TRDC.
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TFFCR<FF1C1,0>

*1 Set
*2 Clear F/F control
*3 Invert
1172)*3)
Software trigger —| __
Timer F/F |—-T101
TRUN<TORUN> TRUN<TIRUN >
TOIMOD<TOIM1, 0>
TFFCR<FFUE>
m 15| Selector
e
RUN Clear RUN [ Clear
TIO pin — 8-bit up-counter B-bit up- t !
sTIEH)  —| setactor ] oo || BDitup-counter TFFCR<FF115>
14032 — (Uco) ’ 471 —=| Selector (uc)
sT16(128/fc) —> $716 —=
f 1 [Overflow $T256 —=
TOIMOD<TOCLK1,0> 4
TOIMOD<TICLK1, 0>
I o L
8-bit 8-bit
comparator comparator |~
(CPO) (CP1)
INTTO
|«
Selector TOIMOD<TOIMT, 0>
PPGTRG | 8-bit timer ~
PWMTRG | oyiece register (TREGO) 8-bit timer i
TREG-WR ‘.‘ register INTT1
TREG!
1 Register buffer
TROC<TRODE>

T

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

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

Among them, 8-bit timer uses 4 types of clock: oT1,

i fc
Oscillator ) /4

T4, o716 and oT256.

This prescaler can be run or stopped by the timer opera-
tion control register TRUN <PRRUN>. Counting starts
when <PRRUN> is set to “0”. Resetting clears
<PRRUN> to “0”, which clears and stops the pres-
caler.

Cycle
fc

Input 1MHz 8MHz 10MHz
clock
$T1(8/fc) 8us 1.0ps 0.8us
$T4(32/fc) 328 4.0 3.2us
$T16(128/fc) 128us 1645 12.84s
$T256 (2048/fc) 20485 25645 204.8us

$T2  ¢T8 4T32

$T0  4T1 T $T4 T¢T16T $T256
01 2 3 45 6 7 8

circuit

1/2

9-bit prescaler

Trun fstop &clear

TRUN<PRRUN>

Figure 3.7 (2). Prescaler
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O Up-counter

This is an 8-bit binary counter which counts up by the
input clock pulse specified by the timer O/timer 1 mode
register TOTMOD and timer 2/timer 3 mode register
T23MOD.

The input clock of timer O and timer 2 is selected from
the external clock from TIO pin (commonly used as
P44) and TI2 pin (commonly used as P45 or INTO) and
the three internal clocks @T1 (8/fc), @T4 (32/fc), and
@116 (128/fc), according to the set value of TOTMOD
and T23MOD.

The input clock of timer 1 and timer 3 differs depend-
ing on the operation mode. When set to 16-bit timer mode,
the overflow output of timer O and timer 2 is used as the
input cock.

When set to any other mode than 16-bit timer mode,
the input clock is selected from the internal clocks @T1
(8/fc), @T4 (32/fc), @T16 (128/fc),and T256 (2048/fc)
as well as the comparator output (match detection sig-
nal) of timer 0 and timer 2, according to the set value
of TO1MOD and T23MOD.

Example:  When TO1MOD <T01M1,0> = 01
the overflow output of timer O
becomes the input clock of Timer 1.
(16-bit timer.) When TO1MOD
<T01M1, 0> = 00 and TOTMOD
<T1CLK1,0> =0, 1, aT1 (8/fc)
becomes the input clock to timer 1.
Operation mode is also set by the
TO1MOD and T23MOD. When
reset, it is initialized to

TO1TMOD <T01M1, 0> = 00, T23MOD <T23M1, 0> =
00, whereby the up-counter is placed in the 8-bit timer
mode.

The counting, halt, 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.

O Timer register

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

Timer registers TREGO and TREG2 are of double
buffer structure, each of which makes a pair with regis-
ter buffer.

The TREGO and TREG2 control whether the double
buffer should be enabled or disabled through the timer
register double buffer control register TRDC <TRODE,
TR2DE>. It is disabled when <TRODE>/TR2DE> =0 ,
and enabled when they are set to 1.

The timing to transfer data from the register buffer to
the timer register in the double buffer enable state is
the moment 2" - 1 overflow occurs in PWM mode or
the moment compare cycles will be equal in the PPG
mode.

When reset, it will be initialized to <TRODE>/TR2DE>
= 0 to disable the double buffer. To use the double
buffer, write data in the timer register, set <TRODE>
and TR2DE> to 1, and write the following data in the
register buffer.
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Up-counter
Comparator
Timer registers 0 and 2 J ) .
Matching detection of PPG
AN s g
? 4 2n -1 overflow of PWM
t
e
Shifttrigger || 7 TREG 0/2 WR
Register buffers 0 and 2 J
Write <TRODE>/<TR2DE>

Internal bus

Figure 3.7 (3). Configuration of Timer Registers 0 and 2

Note: Timer register and the register buffer are allocated o the same memory address. When <TRODE>/TR2DE> = 0, the same value is written in the register

buffer as well as the timer register, while when <TRODE>/TR2DE> = 1 only the register buffer is written.

The memory address of each timer register is as follows. TREG2: FFD6H

TREGS: FFD7H
TREGO: FFD4H

TREG1: FFD5H All the registers are write-only and cannot be read.
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TOTMOD
(FFD8H)

70 6 s e i3 P2 i 4 g
bitSymbol | TOIM1 { TOIMO | PWMO1 | PWMOO | TICLK1T | T1CLKO © TOCLK1 | TOCLKO
Read/Write RAW RAW B RIW i RAW
After reset 0 : 0 0 : 0 : 0 0 0 : 0

00: 8bit Timer 00: - 00: TOOTRG 00: TIO

01: 16bit Timer 01: 26 - 1 PWM 01: ¢T1 01: ¢T1
Function

10: 8bit PPG 10: 27 - 1 cycles 10: ¢T16 10: 474

11: 8bit PWM 11:28-1 11: 41256 11: 4T16

L

| |

1

Input clock of timer 0

00 |External clock T10

01 |Internal clock ¢T1

10 |Internal clock ¢T4

11 |Internal clock 4T16

l—— Input clock of timer 1

TOTMOD7,6# 01

TO1MOD7,6=01

of timer 0

00 |Comparator output

01 |Internal clock ¢T1

10 |Internal clock ¢T16

1

Internal clock ¢T256

Overflow
output of timer

0

(16-bit
mode)

timer

> Select PWMO cycle
("Don’t care” except in PWM mode)

00 e
01 261
10 27-1
11 28-1

timerCand 1.

Set the operation mode of

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

01 | 16-bit timer

10 | 8-bit PPG output

11 | 8-bit PWM output (timer 0)
| +8-bit timer (timer 1)

Figure 3.7 (4). Timer 0/Timer 1 Mode Register (TO1MOD)
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T23MOD
(FFD9H)

7 . 6 i s s 3 o2 i o1 i
bitsymbol | T23M1 © T23M0 | PWM21 | PWM20 | T3CLK1 | T3CLKO | T2CLK1 | T2CLKD
Read/Write RAV : RAW : RAW : RIW
After reset 0 0o 0o 0 0 : 0 : 0 0

00: 8bit Timer 00: - 00: TO2TRG 00: TI2
. 01: 16bit Timer 01:26-1 Co01gT 01: ¢T
Function X ;
10: 8bit PPG 10:27 -1 10: 4716 10: T4
11: 8bit PWM 11:28-1 11: 47256 11: 4T16

1 1 J

1]

Timer 2 input clock
00 |External clock TI2
01 |Internal clock 4T1

10 |Internal clock 4T4

11 |internal clock ¢T16

L Timer 3 inputclock

T23MOD7, 6+ 01

T23MOD7,6=01

00 |Comparator output

of timer 2 of timer 2

01 |Internal clock ¢T1 (16-bit timer
10 |Internal clock ¢T16 |mode)

11 |Internal clock $#T256

Overflow output

L——— Select PWM2 cycle
("Don'tcare” except in PWM mode)

o] —
01 261
0] 27-1
11 28 -1 \

Set the operation mode of

timer 2 and timer 3

00 [Two 8-bit timers

| (timer 2 and timer 3)

01 | 16-bittimer

10 | 8-bit PPG output

11 | 8-bit PWM output (timer 2)

] + 8-bit timer (timer 3}

Figure 3.6 (5). Timer 2/Timer 3 Mode Register (T23MOD)
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TFFCR
(FFDAH)

TFF3

TFF1

7 ! 6 5

4

3

2 1 : 0

bit Symbol

FF3IS

FF1C1 . FF1CO :©  FFUE . FF1IS

Read/Write

FF3C1 FF3C0 ©  FF3IE
W T

R/AW

w : RAW

After reset

- 0

- : [ 0

Function

00: Invert TFF3 : 1:
01:Set TFF3  © TFF3
10: Clear TFF3  : Invert
11: Den't care Enable

10:
:Inverts by
:8-bit
timer 2
1

- Inverts by
timer 3

00:
01:
10:
11

Invert TFF1 1: -0:
Set  TFF1 | TFF1  iInvertsby
: :8-bit
Clear TFF1 : Invert .
timer 0
Don't care : Enable :q.

:Inverts by
‘timer 1

] ]

B

‘ L» Select inverse signal of timer flip-flop TFF1

("Don’t care” except in 8-bit timer mode)

0

inversion by timer O

1

inversion by timer 1

Inve

rt of imer flip-flop TFF1

0

Disabled

1

Enabled

Control timer flip-flop TFF1

| 00

Invert the value of TFF1
(software inversion)

a1

SetTFF1to “1".

10

Clear TFF1t0 "0".

11

Don't care (Always set at " 11"when read)

Selectinverse signal of timer flip-flop TFF3
(Don't care except in 8-bit timer mode)

0

Inversion by timer 2

1

Inversion by timer 3

Invert of timer flip-flop TFF3

0 i Disabled

1 | Enabled
i

Control of timer flip-flop TFF3

00

Inverts the value of TFF3
(software inversion).

o1

Sets TFF3to "1".

10

Clears TFF3to "0".

"

Don't care (Always set at " 11" when read)

Figure 3.7 (6). 8-Bit Timer Flip-flop Control Register (TFFCR)
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TRUN
(FFDCH)

16-bit timer 8-bit timer
[ T 1
s o4 o3 o2 0
bit Symbol PRRUN | T4RUN @ T3RUN | T2RUN | TIRUN | TORUN
Read/Write RW
After reset 0 : 0 0 : 0 : 0 0

Function

Prescaler & Timer Run/Stop Control

0: Stop & Clear
1: Run (Countup)

Figure 3.7 (7). Timer Operation Control Register (TRUN)

— |

L» Operation of timer 0

1 [count

0 |Stop and clear

Operation of timer 1

| 0 |Stop and clear
I 1 |Count

— Operation of timer 2

0 |Stop and clear
1 {Count

L Operation of timer 3

0 |Stop and clear
1 | Count

L Operation of 16-bit timer (timer 4)

1 Cbunt

FO Stop and clear

L Operation of prescaler

0 |Stop andclear
1 |Count

TOSHIBA CORPORATION
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TRDC
(FFDBH)

7 . 6 s . a4 o3 12 0
bit Symbol MIT TR4DE @ TR2DE TRODE
Read/Write RIW RW
After reset 0 0 0 : 0

0: Timer 2! i 0: Double Buffer Disable
Function or3 : : : 1: Double Buffer Enable

1: Timer 4 : : : :

I

L Control the double buffer of timer register 0

0 |Disabled

1 |Enabled

— Control the double buffer of timer register 2

Control the double buffer of timer register 4

0 |Disabled

1 lEnabJed

0 |Disabled

1 |Enabled
Select the shift trigger of port 7
(M10~M13) 99 P

0 |[Timer2or3

1 |Timer4

t

Shift trigger generating timer for
stepping motor control/pattern

generation port

Figure 3.7 (8). Timer Register Double Buffer Control Register (TRDC)
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Comparator

A comparator compares the value in the up-counter
with the values to which the timer register is set. When
they match, the up-counter is cleared to zero and an
interrupt signal (INTTO ~ INTT3) is generated. If the
timer flip-flop inversion is enabled, the timer flip-flop is
inverted at the same time.

Timer flip-flop (timer F/F)

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 P80) and TO3 (also used as P81).

A timer F/F is provided for each pair of timer O and
timer 1 as well as that of timer 2 and timer 3 and is
called TFF1 and TFF3. TFF1 is output to TO1 pin,
while TFF3 is output to TOS pin.

The operation of 8-bit timers will be as follows:

(1)

8-bit Timer Mode

Four interval timers O, 1, 2 and 3 can be used independently
as an 8-bit interval timer. All interval timers operate in
the same manner, and thus, only the operation of timer
1 will be explained below.

O Generating interrupts in a fixed cycle

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

Example: To generate timer 1 interrupt every 40
microseconds at fc = 10MHz, set each reg-
ister in the following manner.

Stop timer 1, and clear it to “0".
Set the 8-bit timer mode, and select ¢71(0.8 s @

fc =10 MHz) as the input clock.

MSB LsB
76543210
TRUN « - ----- 0-
TOIMOD« 00X X0 1 - -
TREGL ¢ 01010000
INTEH ¢« X ----1- -
TRUN ¢ XX1---1

(Note) X: Don’t Care -: No change

Use the following table for selecting the input clock:

Set the timer register at 40 us ¢T1 = 50.
Enable INTT1.
Start timer 1 counting.

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

Interrupt cycle .

@fe = 10MHz Resolution Input clock
0.815 ~ 204.85 0.815 o1 (8/fc)
12.815 ~ 3.27681s 12.818 2116 (128/fc)
204.8ps ~ 52.4288ms 204.815 #1256 (2048/fc)

TOSHIBA CORPORATION
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O Generating a 50% duty square wave pulse

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

TRUN «
TOIMOD« 00 X XO01--

Example: To output a 4.8us square wave pulse from TO1
pin at fc = 10MHz, set each register in the fol-
lowing procedures. Either timer O or timer 1
may be used, but this example uses timer 1.

Stop timer 1, and clear it to “0".
Set the 8-bit timer mode, and select 4T1(0.5 s @

fc = 16 MHz) as the input clock.

TREG1 « 00000011

Set the timer register at 3.0 ys + ¢T1+2=3.

Clear TFF1to "0, and set to invert by the match

TFFCR

T

I

I

|

|
—_
=]
-
—

PACR € - - —-—--- 1 }
PAFR ¢ - - X X - - -1

TJTRUN « X X 1---1

(Note)  X; Don'tcare - Nochange

detect signal from timer 1.

Select P40 as TO1 pin.

Start timer 1 counting.

(AN I I S I S I O

TRUN<TIRUN> I

BIT7~2 .
Up-
Counter BIm
BITO 0|1|2|301|2|3[_o_]123
Comparator
Timing l_l ‘_1 l—l

Comparator Output
(match signal)

INTT1

Up counter Clear "
i ‘
TFE1 : i
| I
1 |
1
i :
TO1 !
: N
I I

2.4’”5@& = 10MHz

Figure 3.7 (9). Square Wave (50% Duty) Output Timing Chart
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O Making timer 1 count up by match signal from timer Set the 8-bit timer mode, and set the comparator output
0 comparator of timer O as the input clock to timer 1.
Comparator timer 0 ﬂ H

match output

el €3 €3 5 € € £3 6 £ £ 60 € £
(when TREGO =5)

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

Figure 3.7 (10)

O Output inversion with software O Initial setting of timer flip-flops (timer F/F)

The value of timer flip-flop (timer F/F) can be inverted, The value of timer F/F can be initialized to “0” or “17,
independent of timer operation. independent of timer operation.

Writing “00” into TFFCR <FF1C1, 0> inverts the value For example, write “10” in TFFCR <FF1C1, 0> to
of TFF1, and writing “00” into TFFCR <FF3C1, 0> clear TFF1 to “0”, while write “01” in

inverts TFF3. TFFCR <FF3C1, 0> to set TFF1 to “1”.

Note: The value of timer F/F and timer register cannot
be read.
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(2)  16-bit timer mode timer O and timer 1, set timer O/timer 1 mode register
TO1IMOD <T01M1, 0> to “0, 1”.
A 16-bit interval timer is configurated by using the pair When set in 16-bit timer mode, the overflow output of
of timer 0 and timer 1 or that of time 2 and timer 3. timer O will become the input clock of timer 1, regardless of
As the above two pairs operate in the same manner, the set value of TOIMOD <T1CLK1, 0>. Table 3.6 (2)
only the case of combining timer O and timer 1 is discussed. shows the relation between the cycle of timer (interrupt)
o . . and the selection of input clock.
To make a 16-bit interval timer by cascade connection
Table 3.7 (2) 16-bit Timer (Interrupt) Cycle and Input Clock
Interrupt cycle .
(@fc = 10MHz) Resolution Input clock
0.8 ~ 52.43ms 0.8y 811 (8/fc)
12.85 ~ 838.86ms 12,85 2116 (128/fc)
The lower 8 bits of the timer (interrupt) cycle are set by The comparator match signal is output from timer O
the timer register TREGO, and the upper 8 bits are set each time the up-counter matches UCO, where the
by TREG1. Note that TREGO always must be set first up-counter UCO is not be cleared.
(Writing data into TREGO disables the comparator With the timer 1 comparator, the match detect signal is
temporarily, which is restarted by writing data into output at each comparator timing when up-counter
TREG1). UC1 and TREG1 values match. When the match
detect signal is output simultaneously from both com-
Setting example: To generate interrupts INTT1 every 1 parators of timer O and timer 1, the up-counters UCO
seconds at fc = 8 MHz, and UC1 are cleared to “0”, and the interrupt INTT1 is
set the following values for timer generated. If inversion is enabled, the value of the
register TREGO and TREGH. timer flip-flop TFF1 is inverted
When counting with input clock of gT16
(16us @ 8MHz)
1sec +16us = 62500 = F424H
Therefore, set
TREG1 = F4H and TREGO = 24H,
respectively.
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Timer0 Timer 1
INTTO TO1 match INTT? TO1 match
. ; 7t
16 bit Timer Mode Interruptis Can't output TREGO Interrupt is Can output TREG1+2 )
generated generated Can't Output the || + TREGO(16bit)
Count-up Timer 1 by Can't Output Continue matching with Cleared by
overflow of Timer 0 the matching ||| counting both TREGO and matching with
with TREGO when match TREG1 both registers
Interrupt is Can output TREG1#

8 bit Timer M‘ode Interrupt: Can cutput TREGO generated. Timer 0 TREGO
Count-up Timer 1 | |generated. Timer 0 Clear when or Mu[tiplied)
by matching of or match Timer 1 Value
Timer 0 Timer 1 ( Cleared by)

matching
Example: When TREG1 = 04H and TREGO = 80H,
Value of up-counter 0400H
(UC1, UCo) 0000H 0080H 0180H 0280H 0380H 0480H
Timer 0 comparator ” “ "
1

match detect signal

I

Interrupt INTT?

—

Timer output TO1

x Inversion

Figure 3.7 (11)

8-bit PPG (Programmable Pulse Generation) Mode

Square wave pulse can be generated at any

frequency and duty by timer 1 and timer 3. The output
pulse may be either low-active or high-active.

In this mode, timer 0 and timer 2 cannot be used.

Timer 1 outputs pulse to TO1 pin (also used as P80),
and timer 3 outputs pulse to TO3 pin (also used as

P81).

TOSHIBA CORPORATION
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As an example, the case of timer 1 will be explained below. (Timer 3 also functions in the same way.)

TREGO and UC1 match ﬂ
(interrupt INTTO)

TREG1 and UC1 match ﬂ ( ﬂ\

(interrupt INTT1)

TON

TREG

-

' TREGO J i

TRUN<TORUN> T01

4T1 (8/f¢) — a-bit <,] i

#T16(128/)  ——> Selector - up-counter UCO
$#7256(2048/f¢c) —> TFF
Inversion
INTTO
v
Comparator Comparator INTT
= 4\
\_. TREGO
= >
Selector b »
TREGO-WP — Shift trigger
| Register buffer TREG1
TRDC<TRODE > | TT
Internal bus

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

Match with TREGO n "
(Up-counter = Q) (Up-counter = Q3)
Match with TREG1 /"
(Shift from register buffer
)
TREGO Qs X Q2
(Value to be compared) ﬁ
Q Q3
Register buffer 2 X
Write into register buffer
Example: Generate 1/4 duty 50KHz pulse To obtain the frequency of 50kHz, the pulse cycle t
(@fc = 8MHz should be: 1/560KHz = 20us.
) Given oT1 = 1.0ps (@ 8MHz),
20ps + 1.0ps =20
_ﬂ I—I I—I |—| Consequently, to set the timer register 1 (TREG1) to
TREG1= 40 = 28H and then duty to 1/4, t x 1/4 = 20ps x
20,5 1/4 = 5ps
Sus + 1.0pus =5
Therefore, set timer register O (TREGO) to TREGO =5 =
5AH.
Calculate the value to be set for timer registers.
MSB LSB
« 76543210
TRUN « X X----00 Stop timer 0, and clearitto “0".
TOIMOD« 1 0 X X X X 01 Set the 8-bit PPG mode, and select ¢T1 as input clock.
TFFCR « - - --011x Sets TFF1 and enable the inversion.
LIJ—' Writing 10" provides negative logic pulse.
TREGO « 00000101 Write “O5H".
TREG1 « 00010100 Write “14H".
PBCR ¢ X X - - - - - 1
PBFR ¢ X X - - - X - 1 } Set P80 as the TO1 pin.
TRUN ¢« X X1---11 Start timer 0 and timer 1 counting.
(Note) X ;Don’t care -; No change
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(4)  8-bit PWM (Pulse Width Modulation) Mode Timer output is inverted when up-counter (UCO)
matches the set value of timer register TREGO or when

This mode is valid only for timer 1 and timer 3. In this 2n -1 (n =6, 7 or 8; specified by TOIMOD <PWMOT,

mode, maximum two PWMs of 8-bit resolution (PWM1 0>) counter overflow occurs. Up-counter UCT is cleared

and PWMS) can be output. when 2n - 1 counter overflow occurs.

PWM pulse is output to TO1 pin (also used to P80) To use this PWM mode, the following conditions must
be satisfied.

when using timer 1, and to TO3 pin (also used as P81)
when using timer 3.

Timer 0 and timer 2 can also be used as 8-bit timer. (Set value of timer register) < (set overflow value of 2" -
As an example, the case of timer 1 will be explained 1 counter) . .
below. (Timer 3 also operates in the same way.) (Set value of timer register) # O

TREGO and UC1 match !ﬂ

(interrupt INTT1)

2n -1 overflow /*_1 / /ﬂ

o Y
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TRUN<TORUN>
#T1(8/fc) — 8-bit 4_1
#T4(32/fc)  —»|  selector > Clear
ST16 (128/f¢) —» up-counter UCO

TOIMOD<TOCLK1, 0>

TO1

TFF

-1

—

control

overflow

Invert

Comparator

INTTO

L

TREGO-WR —>

Selector

}

TRDC<TRODE>

e
Shift trigger

Register buffer

I

Internal bus

Figure 3.7 (13). Block Diagram of 8-bit PWM Mode

In this mode, the value of register buffer will be shifted in
TREGO if 2" - 1 overflow is detected when the double buffer of

TREGO is enabled.

[

Use the double buffer makes easy the handling of small
duty waves.

I

Match with TREGO

(Up-counter = Q)

{Up-counter = Q;)

20— 1
overflow

(Shlfted from register buffer

TREGO

Q1

Q2

A

(value to be compared)

7

Q3

A

Register buffer

Write into the register buffer

TOSHIBA CORPORATION

63/120



TMP90C848F

Example: To output the following PWM waves to TO1

pin using timer O at fc = 10

I* 36us "*"‘

LT

MHz

—

|<— 50.4us —h—|

TRUN « X X - = -
TOIMOD+ 1101 -

TFFCR ¢ - ---101%X
TREGO « 0010 1
PBCR ¢ X X - - -
PEFR « X X - - -
TRUN « X X 1- -

(Note) X ;Don't care

(@fc = 10MHz),

To realize 50.4ps of PWM cycle by ¢T1 = 0.8us

50.4ps + 0.8ps = 63 = 26 - 1
Consequently, n should be set to 6.

As the period of low level is 36ps, for T1 = 0.8us, set
the following value for TREGO.

36ps + 0.8ps = 45 = 2dH

Stop timer 0, and clearitto "0".

Set 8-bit PWM mode (cycle: 26 — 1) and select ¢T1 as the

input clock.

Clears TFF1 to enable the inversion.
Writes "2dH".

\;» Set P80 as the TO1 pin.
J

Start timer 0 counting.

-;No change

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

PWM cycle (@fc = 10MHz)

T gT16 gT256
261 50.418 806.415 12,915
271 101,65 1625.6p5 26.0ms
281 204.05 3264.015 52.2ms
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©)

Table 3.7 (4) shows the list of 8-bit timer modes.

Table 3.7 (4) Timer Mode Setting Register

Timer mode Upper input Lower input Invert select
(8-bit timer x 2 (-':(2);:\\::) (Ewmg) T1CLK TOCLK FF1IS
channels) (T3CLK) (T2CLK) (FF318)
16-bit timer mode 01 B B (External clock 3
(16-bit) x 1 chanells gT1, 4,16)
8-bit timer
(8-bit x 8-bit mode) x 1
channels (The 00 _ 0 (External clock 0: Lower timer
comparator of the lower gT1,4,16) 1: Upper timer
timer outputs operation
clock to the upper timer.)
" _ (External clock 0: Lower timer
8-bit x 2 channels 10 (eT1, 16, 256) gT1,4,16) 1: Upper time
" _ _ (External clock _
8-bit x 1 channels 11 4T, 4,16)
8-bit PWM x 1 channel _
(Lower) (External clock
8-bit timer x 1 channel 1 PWM cycle (61,16, 256) 4T, 4, 16) Output
PWM
(Upper)

TOSHIBA CORPORATION
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3.8 Multi-Function 16-bit Timer/Event Counter (Timer 4) ® Frequency measurement

The TMPO0C845 contains one multifunctional 16-bit timer/ e Pulse width measurement
event counter with the following operating modes: ¢ Time differential measurement

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

¢ 16-bit programmable pulse generation (PPG)
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Internal bus

Upper bits

TAMOD < CAPIN>

Lower bits

(CAP1)

Capture register 1

Upper bitsTT TTLower bits

T4AMOD < CAP2T5, EQ5TS5>
T4FFCR
Capture register 2
(CAP2)
Trigger: .
_Airic T TnggerT T t—>! TFF4 > TO4
Timer FF
TFF1 —> Control
Capture
Ti4 pin :
input TFFS 105
TI5 pin controt TRUN<T4RUN>
T T #T1 > Clear
T4AMOD < CAPM1, 0> $T4 —= 16-bit up-counter
4716 > Selector [ (uc1e)
TAMOD<CLE>
INT1 interrupt TAMOD <T4CLK1,0> TRUN<TARUN>|
;| .
INT2 interrupt i} INTT4 interrupt
Match Match
Comparator detection Comparator detection .
cpa CP5 INTTS interrupt
16-bit timer register 4 16-bit timer register 5
(TREGA4) (TREGS)
Selector
<— TREG4 WR
Timer register T
buffer 4
TRDC<TR4DE >
Upper Lower bits
bits
internal bus

TOSHIBA CORPORATION

Figure 3.8 (1). Block Diagram of 16-Bit Timer/Event Counter (Timer 4)
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Timer/event counter consists of 16-bit up-counter, two
16-bit timer registers, two 16-bit capture registers, two comparators,
register buffer, capture input controller, timer flip-flop, and the

control circuit.

Timer/event counter is controlled by 4 control registers
T4MOD, T4FFCR, TRUN, and TRDC. TRUN register includes
8-bit timer controller. For TRUN and TRDC registers, see Figure
3.7 (7) and Figure 3.7 (8).

5

a i3

2

0

bit Symbol

¢ CAPIIN

CAPMI

CAPMO : CLE

| TACLKY

T4CLKOQ

TaMOD Read/Write

W

RAW

RW RIW

(FFE4H)
After reset

1

o 0

o 0

0

Function

;0:
© Soft-
: Capture‘:
i1 :
i don't
care

:Capture timing
:00: Disable

INT1 occurs at rise edge

01:T1a7 TIST
INT1 occurs at rise edge
10: 7147 T4

1: ucie Timer 4 source clock

Clear 200: T4
Enable :01: ¢ T1(8/fc)

£10: ¢Ta (32/f¢)
i11: ¢T16 (128/f0)

+ INT1 occurs at fall edge.
ALTFELT TFFL

©INT1 occurs at rise edge

:;——JE

L Timer 4 input clock

:

01 [Internal clock ¢T1

10 |internal dock T4
11 | Internal clock ¢T16

00 | External clock (T14)

— Clearing the up-counter UC16

0 |Clear disable
1 | Clear by match with TREGS.

— Capture control/INT1 interrupt control

Capture control

INT1 control

00 |Capture

disab

le .

| Interrupt occurs at the

S

01

CAP1atTldrise
CAP2atTiSrise

CAP1 atTl4 rise

CAP2 atTi4 fall

CAP1 at TFF1 rise
CAP2 at TFF1 fall

rise edge of TI4 (INT1) input.

|interrupt occurs at the falt =\
edge of TI4 (INT1) input.

Interrupt occurs atthe £
rise edge of TI4 (INT1) input.

Figure 3.8 (2). 16-bit Timer/Event Counter (Timer 4) Controller/Mode Registers (1/2)

Software capture trigger

0 |The up-counter value isloaded to CAP1

"1 |Alwaysreadas “1".
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& 3 2 1o

5
bit Symbol : CAP2T4 : CAPIT4 - EQS5T4 : EQA4T4 . TFF4C1 | TFFACO
TAFFCR Read/Write i RAW ; w
(FFESH) - - - -
After reset 0 0 H 0 H 0 : —_ : —

;TFFQ invert trigger
0: Disable trigger
:1: Enable trigger

00: Invert TFF4
01: Set TFF4
10: Clear TFF4

Figure 3.8 (3). 16-Bit Timer/Event Counter Timer Flip-flop Control Register

Function :Whenthe Whenthe Whenthe @Whenup- 11: Don't care
{up-counter up-counter :up-counter counter >< Always read as
fvalue is fvalue is : matches : matches 2 e ¥

loadedto loadedto | TREGS TREGA : n
iCap2 iCap ; i :
L |
]
L> Timer flip-flop 4 (TFF4) control
00 | inverts the TFF4 value
(software inversion).
01 |Sets TFF4to "1".
10 {Clear TFF4to “0”.
11 |Don't care (Always read as
"9y
—— Timer flip-flop 4 (TFF4) invert
trigger
0 |Triggerdisable
1 |Trigger enable
CAP2T4 ; When the up-counter value is loaded to CAP2
CAP1T4 ; When the up-countervalue is loaded to CAP1
EQ5T4 ; When up-counter matches TREGS
EQ4T4 ; When up-counter matches TREG4

TOSHIBA CORPORATION
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0 Up-counter (UC16)

UC16 is a 16-bit binary counter which counts up
according to the input clock specified by TAMOD
<T4CLK1, 0> register.

As the input clock, one of the internal clocks gT1 (8fc),
@T4 (32fc), and @TI6 (128fc) from 9-bit prescaler (also
used as 8-bit timer), and external clock from Tl4 pin
(commonly used as P46/INT1 pin) can be selected.
When reset, it will be initialized to <T4CLK1, O> =00 to
select Tl4 input mode. Counting, stop, or clearing of
the counter is controlled by timer operation control
register TRUN <T4RUN>.

Up-counter UC16 will be cleared to zero each time it
coincides or matches the timer register TREG5. The

TREG4

“clear enable/disable” is set by T4AMOD <CLE>.

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

O Timer Registers (TREG4 and TREGS)

These two 16-bit registers are used to set the value of
counter. When the value of up-counter UC16 matches
the set value of this timer register, the comparator
match detect signal will be active.

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

TREGS

Upper 8 bits Lower 8 bits

Upper 8 bits Lower 8 bits

FFETH FFEOH

TREG4 timer register is of double buffer structure,
which is paired with register buffer. TREG4 controls
whether the double buffer should be enabled or disabled,
using the timer register double buffer control register
TRDC <TR4DE>: disable when <TR4DE> = 0, while
enable when <TR4DE> = 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 and TREGS.
When reset, it will be initialized to <TR4DE> = 0,
whereby the double buffer is disabled. To use the double
buffer, write data in the timer register to set to
<TR4DE> = 1 then write the following data in the register
buffer.

CAP1

FFE3H FFE2H

TREG4 and register buffer 4 are allocated to the same
memory addresses FFEOH and FFE1H. When
<TR4DE> = 0, same value will be written in both the
TREG4 and register buffer 4. When <TR4DE> =1, the
value is written into only the register buffer 4.

O Capture Register (CAP1 and CAP2)

These 16-bit registers are used to hold the values of
the up-counter UC16. Data in the capture registers
should be read by a 2-byte load instruction or two 1-
byte data load instruction, from the lower 8 bits followed by
the upper 8 bits.

CAP2

Upper 8 bits | Lower 8 bits

Upper 8 bits Lower 8 bits

FFETH FFEOH

FFFE3H FFE2H
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O Capture Input Control Circuit

This circuit controls the timing to latch the value of
up-counter UC16 into CAP1 and CAP2.

The latch timing of capture register is controlled by register
T4MOD <CAPM1, O>.

¢ \WWhen T4AMOD <CAPM1,0>=00

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

* \WWhen T4AMOD <CAPM1, 0> = 01

Data is loaded to CAP1 at the rise edge of Tl4 pin
(commonly used as P83/INT1) input, while data is
loaded to CAP2 at the TI5 pin (also used as P25/INT2)
rising edge (Time difference measurement)

¢ \When T4AMOD <CAPM1, 0> = 10

Data is loaded to CAP1 at the rise edge of the TI4 pin
input while data is loaded to CAP2 at the fall edge. Only
in this setting, interrupt INT1 occurs at the falling edge.
(Pulse width measurement)

¢ \When T4MOD <CAP1, 0> = 11

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

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

O Comparator (CP4 and CP5)

These are 16-bit comparators which compare the up-
counter UC16 value with the set value of TREG4 or
TREGS to detect the match. When a match is
detected, the comparators generate an interrupt INTT4
and INTT5, respectively. The up-counter UC16 is cleared
only when UC16 matches TREGS. (The clearing of up-
counter UC16 can be disabled by setting T4AMOD
<CLE> =0).

O Timer Flip-flop (TFF4)

This flip-flop is inverted by the match detect signal
from the comparators (CP4 and CP5) and the latch
signal to the capture registers (CAP1 and CAP2).
Disable/enable the inversion can be set for each element
by TAFFCR <CAP2T4, CAP1T4, EQ5T4, EQ4T4>. TFF4
will be inverted when “00” is written in T4FFCR <
TFF4C1, 0>. Also it is set to “1” when “10” is written,
and cleared to “0” when “10” is written. The value of
TFF4 can be output to the timer output pin TO4 (commonly
used as P85).

16-bit Timer Mode

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

[TRUN « XX -0 - - - -
INTEL « 0 -1 - - - - -

Stop timer 4.
Enable INTTS and disable INTT4,

TAFFCRe X X 0000 1 1
TAMOD « X X 100 1 * *
(**=01,10,11)

Disable trigger.
Selectinternal clock forinput and
disable the capture function.

TREGH H#sk dokckok hskdk hokoksk Set the interval time (16 bits).
TRUN « X X 11- - - - Starttimer 4.
(Note) X ;Don’t care -;No change

TOSHIBA CORPORATION 71/120



TMP90C848F

(2)  16-bit Event Counter Mode value of the counter, first perform “software capture”
once and read the captured value.
In timer mode as described in above (1), the timer can The counter counts at the rise edge of Tl4 pin input.
be used as an event counter by selecting the external Tl4 pin can also be used as P83/INT1.

clock (Tl4 pin input) as the input clock. To read the

[TRUN « xx-0---- Stop timer 4.
PBFR + X X - - * X - - + =0:Tl4 input pulse is square wave
+*=1:Tl4 input pulse is sine wave (zero-cross)

INTEL+ 001 - = = = = Enable INTTS, while disables INTT4 and INT1.
TAFFCR* X X 000011 Disable trigger.

TaMOD « X X 100100 Select T14 as the input clock.

TREGS « *ese s2as sane wene Set the number of counts (16 bits).

LTURN ¢ =« - 11 - - - - Start timer 4.

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

(8)  16-bit Programmable Pulse Generation (PPG) Mode UC16 with the timer register TREG 4 or 5 and to be
output to TO4 (also used as P85). In this mode, the fol-

The PPG mode is entered by inversion of the timer flip- lowing conditions must be satisfied.

flop TFF4 that is to be enabled by match of the up-counter (Set value of TREG4) < (Set value of TREGS)
TRUN « X X -0-- - - Stop timer 4.
TREGY « Bk K kkoRk KoKk K kKR Settheduty.
TREGE ~ Mook kool Rk R R ok K R K Setthecycle
T4FFCR« X X 001100 Set the TFF4 inversion to be effected by match with TREG4 or
TREGS. Initialize TFF4 to "0".
T4MOD « X X 100 1 * * Select the internal clock for the input, and disable the capture

(**=01,10,11)  function.
PBCR +« X X1-----
(**=00,01,10) }Assign P85 asTO4.

PBFR « X X1 --X- -
LTRUN « X X11--- - Start timer 4.
(Note)  X;Don’t care -;No change

Match with TREG4 H |-| ” |-|

(interrupt INTT4)

Match with TREGS 1 /ﬂ H ﬂ ﬂ

(interrupt INTT5) \

To4pin A T B O D B
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When the double buffer of TREG4 is enabled in this
mode, the value of register buffer 4 will be shifted in
TREG4 at match with TREGS. This feature makes easy

the handling of low duty waves (when duty rate is varied).

(4)  Application examples of capture function

The loading of up-counter (UC16) values into the capture
registers CAP1 and CAP2, the timer flip-flop TFF4 inver-
sion due to the match detection by comparators CP4
and CP5, and the output of the TFF4 status to TO4 pin
can be enabled or disabled. Combined with interrupt

function, they can be applied in many ways, for example:

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

O Pulse width measurement

O Time difference measurement

O One-shot pulse output from external trigger pulse

Set the up-counter UC16 in free-running mode with the
internal input clock, input the external trigger pulse
from TI4 pin, and load the value of up-counter into the
capture register CAP1 at the rising edge of Tl4 pin.
Then set to T4MOD <CAPM1, 0> = 01.

When the interrupt INT1 is generated at the rising edge
of Tl4 input, set the CAP1 value (c) plus a delay time (d)
to TREG4 (= ¢ + d). and set the above set value (C + d) pulse
a one shot pulse width (p) the TREG5 (= ¢ + d + p). When
the interrupt INT1 occurs the T4FFCR (BIT 2 ~ 5) regis-
ter should be set that the TFF4 inversion is enabled
only when the up-counter value matches TREG4 or 5.
When interrupt INTT5 occurs, this inversion will be diabled.

C Keep counting (Free-Running)

lock
(internal clock UMM _ _ _ T - - T - - i - -

c+d c+d+p

C
Input of Tl4
{ExternalTriggerPuise)_j Load the up-counter value into Capture l__

Resister 1 (CAP1)
INT1

Match with TREG4 i

1 Inversion
Match with TREGS j Enable

ZINTTS

Al

| Disables inversion
'caused by loading o
i1the up-counter valu

Timer Output TO4 # into CAP1

Vinversion [
i Enable :

Pulse Width!

o

Delay Time i

(p)

Figure 3.8 (4). One-Shot Output (with Delay)
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Setting example: To output 2ms one-shot pulse with a 3ms delay to the external trigger pulse to Tl4 pin.

Main setting Keep counting (Free-runnig)
- L Countwith ¢T1.
TAMOD « X X 101001
Load the up-counter value into CAP1 at the rise edge
TAFFCR« X X 000000 of T14 pin input.
Clear TFF4 to zero.
Disable TFF4 inversion.

PBCR « X X1 -0-- - 5
(**=00,01,10) JL Select P85 as the TO4 pin.
P8FR ¢« X X1 - - X - -
INTEL « 010 --- -~ Enable INT1, and disable INTT4 and INTTS.
LTRUN « X X 11~ - - - Start timer 4.

Setting of INT1

TREG4 + CAP1+3ms/:T1
TREGH « TREG4+Zms/4T1

T4FFCRe X X - - 11 - -
e Enable TFF4 inversion when the up-counter value

| matches TREG4 or 5.
[INTEL ¢ - -1 - - - - - Enable INTTS.

Setting of INTS

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

INTEL ¢ - -0 - - - - = Disable INTTS.

(Note) X ; Don’t care - ;No change
When delay time is unnecessary, invert timer flip-flop INT1 occurs. The TFF4 inversion should be enabled
TFF4 when the up-counter value is loaded into capture before the up-counter (UC16) value matches TREGS5,
register 1 (CAP1), and set the CAP1 value (c) plus the and disabled when generating the interrupt INTT5.

one-shot pulse width (p) to TREGS when the interrupt
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Count clock ”” | I ”" | ” "m 1
! C T C+p T -

(internal clock

Ti4 pin input
(external trigger pulse) Load the up-counter value into Capture )
ggere X Register 1 FCAPU INTT occurred i Load the up-counter value into
! A~ INTTS 3 Capture Register 2 (CAP2).
Match with TREGS ' /" occurred '
1 t
1
| Inversion i i
! enable H '
Timer output pin TO4 !
i
A Pulse width ! 7
B I H
Enables inversion caused ! (p) ! Disables inversion caused by loading of
by loading of the up- the up-counter value into CAP2.

counter value into CAPI

Figure 3.8 (5). One-Shot Pulse Output (without Delay)

O Frequency measurement The Tl4 pin input should be selected for the input clock
of Timer 4. The value of the up-counter is loaded into
the capture register CAP1 at the rise edge of the timer

in this mode. The clock is input through the Ti4 pin, flip-flop TFF1 of 8-bit timers (Timer O and Timer 1), and

and its frequency is measured by using the 8-bit timers into CAP2 at its fall edge.

(Timer 0 and Timer 1) and the 16-bit timer/event The frequency is calculated by the difference between

counter (Timer4). the loaded values CAP1 and CAP2 when the interrupt
(INTTO or INTT1) is generated by either 8-bit timer.

The frequency of the external clock can be measured

Count clock ””"””" ""”"

(internal clock) c1 2

TFF1 ﬁl ’
;
Loading UC16 into CAP1 <l !

Loading UC16 into CAP2 \

_=_._
2

CFLT

TNTTO/INTT1

Figure 3.8 (6). Frequency Measurement
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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 difference
between CAP1 and CAP2 is 100, the frequency will be
100/0.5 [s] - 200 [HZ].

0O Pulse width measurement

This mode allows to measure the “H” level width of an
external pulse. While keeping the 16-bit timer/event
counter counting (free-running) with the internal clock
input, the external pulse is input through the Tl4 pin.

Count Clock
(Internal Clock)

Then the capture function is used to load the UC16
values into CAP1 and CAP2 at the rising edge and falling
edge of the external trigger pulse respectively. The
interrupt INT1 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 8.0 microseconds
and the difference between CAP1 and CAP2 is 100,
the pulse width will be 100 x 0.8 = 80 microseconds.

Ti4 (External Pulse) ‘q

/f e

Loading UC16 into CAP1

Loading UC16 into CAP2

INT1

Figure 3.8 (7) Pulse Width Measurement

it occurs at the rising edge.

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

O Time difference measurement

This mode is used to measure the difference in time
between the rising edges of external pulses input
through T14 and TI15.

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

Note: Only in this pulse width measuring mode (T4MOD <CAPM1, 0> = 10), external interrupt INT1 occurs at the falling edge of Tl4 pin input. In other modes,

(free-running) with the internal clock, and load the
UC16 value into CAP1 at the rising edge of the input
pulse to Tl4. Then the interrupt INT1 is generated.
Similarly, the UC16 value is loaded into CAP2 at the
rising edge of the input pulse to T15, generating the
interrupt INT2.

The time difference between these pulses can be
obtained from the difference between the time counts
at which loading the up-counter value into CAP1 and
CAP2 has been done.
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Count Clock
(Internal Clock) _ﬂﬂJ;lIJﬂ__,__ ——-ml-g-fm _____
Input T4

Input TI5 ‘ /f_—|
Loading UC16 into CAP1 [ \n /_j

\ [\
INT1 !.I \

INT2 E \ !:-L

Time Difference

Loading UC16into CAP2 \

Figure 3.8 (8). Time Difference Measurement

3.9 Serial Channel extension.

The TMP90C848F contains a serial I/0 channel for full The serial channel has the following operating modes:
duplex asynchronous transmission (UART) as well as for I/O

Mode 1: 7-bit data
* Asynchronous _E !

transmission (UART) mode Mode 2: 8-bit data
Mode 3: 9-bit data

The mode 1 and mode 2, a parity bit can be added. Mode Figure 3.9 (1) shows the data format (for one frame) in
3 has wake-up function for making the master controller start each mode.
slave controllers serial link (multi-controller system).
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*  Mode 1(7-bit UART mode)

2 CD 60 €3 €3 60 €0 03 T

O000000%T

Mode 2 (8-bit UART mode)

P00 0 a0 o
2D €. 60 63 €3 63 13 60 o

Mode 3 (9-bit UART mode)

o oY X o

OO0 00800 0

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

Figure 3.9 (1). Data Formats

The serial channel has a buffer register for transmitting and
receiving operations, in order to temporarily store transmitted
or received data, so that transmitting and receiving operations
can be done independently (full duplex).

The receiving buffer 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. Namely,
the one buffer stores the already received data while the other
buffer receives the next frame data.

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

When the transmission buffer becomes empty and
requests the CPU to send the next transmission data or when
data is stored in the transmission buffer 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 SCCR <OERR, PERR, FERR>
will be set.

The serial channel includes a special baud rate generator,
which can set any baud rate by dividing the frequency of 4
clocks (@T0, @12, @T8, and @T32) from the internal prescaler
(shared by 8-bit/16-bit timer) by the value 2 to 16.
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3.9.1 Control Registers

The serial channel is controlled by 4 control registers SCMOD,

SCCR, TRUN, BRGCR, and P3FR. Transmitted and received

data are stored into SCBUF.

7

s a4

I

bit Symbol

TB8 [ Fedto"0”:

RXE | WU

sC1 1 SCo

SCMOD

(FFDDH) Read/Write

After reset

Undefined:

o o0

0 : 0

Function

Transfer :
data
Bit8

“.

\ Receive Wake Up
. Enable

: Enable

00: -

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

00: TO2TRG
01: BRG Mode
10: ¢1

1M -

T

!:Seria\ transmission clock

UART mode

10
11

Timer 2 match

detect signal

Baud rate

generator

Internal clock ¢1

Reserved

{cannot be used)

L— Serial transmission mode

00

UART mode

7-bit length

9-bitlength

8-b tiength' -

Wake-up function

9-bit UART

Other mode

Interrupt when

data are received.

Interrupt only
when RB8 = 1.

don't care

Enable receiving

Disable

. Enable

Transmission data

bit 8

Figure 3.9 (2). Serial Channel Mode Register (SCMOD)
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7 i 6 5 4 ST S T
bit Symbol RB8 | EVEN PE OERR PERR : FERR :
SCCR Read/Write R : RAW R{Cleared to zero when read)
(FFDEH) i
After reset |Undefined 0 0 0 0 : 0
Receivedé Parity ;1:Parity : 1: Error :
data | 0:0dd Enable | Overrun .Parity : Framing :
Function ) : : : :
Bit8 : 1: EVEN i ; : H
I——- Framing error flag Cleared to
L Parityerrorflag zero when
L, Overrunerror flag read.
— > Enable parity addition
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 3.9 (3). Serial Channel Control Register (SCCR)

7 6 s ;a4 i3 2 0
bit Symbol TB7 ¢ TB6 : TBS  TB4 | TB3 i TB2 T80
Read/Write w
After reset Undefined

SCBUF
(FFDFH)

7 6 : 5 a 3 2 0
bit Symbol RB7 - RB6 : RB5 : RB4 . RB3  RB2 RBO
Read/Write R
Afterreset Undefined

Figure 3.9 (4). Serial Transmission/Receiving Buffer Register (SCBUF)
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’ 5 5 4 3 2 ! 0
bit Symbol | fixed to 0" BGT : BGO : PS3 : PS2 | pPST i psp
BRGCR - : ;
Read/Write : ‘ ‘
(FFEDH) |——T : _ : RAW ‘
After reset 0 : : 0 : 0 : 0 : 0 : 0 : 0
00: fus :
Function 01: fc/16 Divided frequency of prescaler
10: fc/bd :
11: fc/256
[ I

Setting of the divided
frequency of baud rate
enerator

0000 16 divisions

§ 2to 16 divisions
0000
“0001" cannotbeset

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

00 (Internal clock ¢TO (fc/4)
01 |Internal clock ¢T2 (f/16)
10 |Internal clock 4T8 (f/64)
11 |Internal clock #T32 (fe/256)

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

mode.

Figure 3.9 (5). Baud Rate Generator Control Register (BRGCR)
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7 ¢ 6 i s i o4 i 3 i o2 i 1 0
bit Symbol EXT : : { TxDC 0ODE
P3FR | Readiwrite | W ! RIW
FFC8H - : H
(FFCBH) After reset 0 : : 0 H 0
P1 control | P32 P32
i control  control
0: I/0 Port: : :
Function : :0: 1/0 Port :0: CMOS
1: Adress | 1:TxD  :1: Open
: i Output: Drain

,:i2 control

0 | CMOS
1 | OPEN DRAIN

—> P32 control

1 | TxD Output

General purpose port of port 1
/Setting the address bus

0 | General purpose port

1 | Address bus

Figure 3.9 (6). Port 3 Function Registers (P3FR)
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3.9.2 Configuration
Figure 3.9 (7) is a block diagram of the serial channel.

frmmmmm e Serial clock generation circuit =========--=---------- 1
1]
' i
E BRGCR<BGI1,0> TO2TRG {Timer 2 comparator output) |
1
i N A A H - - |
' i - . H L» o o E
#T0 (fe/a) —4 0 v ! i b 1 SIOCLK
$T2(fe/16) — | v ® 1 @ w '
4T8(fr6a) | 2 2 o | UART ° !
4732 (fg256) ——=| 2 > ! v mode v i
i |
: ! Y N
; «- Baudrate .- SCMOD SCMOD !
Ll f2) generator <5C1,0> <SM1,0> !
o e H
INTRX INTTX
Receive Serial channel Transmission
counter SCMOD_, | interrupt counter
(+16) <WU> | control (+16)
RXDCLK § 4 T T TXDCLK § ¥
SCMQD == Receive Transmission
<RxE> control control
SCCR  SCCR

<PE> <EVEN>

Parity control

(shared by

RB8 | Receive buffer 2 (SCBUF)

RxD Receive buffer 1 (shift register) I
P33)

I Error flag I

1 B8 iTransmissionbuffer(SCBUF) I—-D

™D

T

SCCR
<OERR, PERR, FERR>

(shared by P32)

Internal bus

Figure 3.9 (7). Block Diagram of the Serial Channel
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Transfer rate=

0 Baud-rate generator

Baud-rate generator comprises a circuit that generates
transmission and receiving 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 of these input clocks is selected by the baud rate gen-
erator control register BRGCR <BG1, 0>.

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

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

Input clock of baud rate generator

+16
Frequency divisor of baud rate generator

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

oT0 =fc/4
ol2 =fc/16
@18 =fc/64

oT32 = fc/256

Accordingly, when source clock fc is 9.8304MHz, input
clock is @T2 (fc/16), and frequency divisor is 4, the
transfer rate in UART mode becomes as follows:

Transfer rate= ﬂm +16

=9.8304 x 10%/16/4/16 = 9600 (bps)

Table 3.9 (2) Selection of Transfer Rate (2)
(When Timer 2 (Input Clock T1) is Used)

fo 9.8304 8 6.144
TREG2 MHz MHz MHz
1H 76.8 62.5 48
2H 38.4 31.25 24
3H - - 16
4H 19.2 - 12
5H - - 9.6
8H 9.6 - 6
AH - - 48
10H 48 - 3
14H - - 2.4

Baud rate =

Table 3.9 (1) shows shows an example of the transfer rate

UART mode.

Also with 8-bit timer 2, the serial channel can get a trans-
fer rate. Table 3.9 (2) shows an example of baud rate using

timer 2.

Table 3.9 (1) Selection of Baud Rate (1)

(When Baud Rate Generator is Used) (Units [Kbps}

How to calculate the baud rate (when timer 2 is used):

1 1
TREG2 X 16 x (Input clock of timer 2)

Input CLK of timer 2
ol1 =1c/8
oT4 =fc/32
ol116 =fc/128

O Serial clock generation circuit

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

According to the setting of SCMOD <SC1, 0>, the
above baud rate generator clock, internal clock o1(fc/
2) (312.5Kbaud at 10MHz), or the match detect signal
from timer 2 will be selected to generate the basic
clock SIOCK.

O Receiving counter

The receiving counter is a 4-bit binary counter used in
asynchronous communication (UART) mode and
counts up by SIOCLK clock. 16 pulses of SIOCLK are
used for receiving 1 bit of data, and the data bit is sam-
pled three times at the 7th, 8th and 9th clock.

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

For example, if the sample data bits 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 the received data is “0”.

Input clock
fe gT0 oT2 oT8 aT32
Frequency (fe/d) | (fc/16) | (fc/64) | (fc/256)
divisor
9.8304MHz 2 76.800 19.200 4.800 1.200
- 4 38.400 9.600 2.400 0.600
- 8 19.200 4.800 1.200 0.300
- 0 9.600 2.400 0.600 0.150
84/120
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O Receiving control

The receiving control has a circuit for detecting the
start bit by the rule of majority. When two or more “0”
are detected during three samples, it is recognized as nor-
mal start bit and the receiving operation is started.

Data being received are also evaluated by the rule of
majority.

0 Receiving buffer

To prevent overrun from occurring, the receiving buffer
has a double structure. Received data are stored one
bit by on bit in the receiving buffer 1 (shift register
type). When 7 or 8 bits of data is stored in the receiving
buffer 1, the stored data are transferred to another
receiving buffer 2 (SCBUF), generating an interrupt
INTRX. The CPU reads receive buffer 2 (SCBUF). Even
before the CPU reads receive buffer 2 (SCBUF), the
received data can be stored in the receiving buffer 1.
However, unless the receiving buffer 2 (SCBUF) is read

SIOCLK
1516 1% 2 3 4 5 6

7

8

9

before all bits of the next data received by the receiving
buffer 1, an overrun error occurs. If an overrun error
occurs, the contents of the receiving buffer 1 will be
lost, although the contents of the receiving buffer 2
and SCCR <RB8> is still preserved.

When 9-bit UART, wake-up function of the slave con-
trollers is enabled by setting SCMOD <WU> to “1” and
interrupt INTRX occurs only SCCR <RB8> is set to
“1”,

The parity bit added in 8-bit UART mode and the mosy
significant bit (MSB) in 9-bit UART mode are stored in
SCCR <RB8>.

0 Transmission counter

Transmission counter is a 4-bit binary coutner which is
used in asynchronous communication (UART) mode
and, like the receiving counter, counts by SIOCLK
clock, generating TXDCLK is generated every 16 clock
pulses.

10 11 12 13 14 15 16 | 2

TXDCLK m

O Transmission controller

When transmission data are written in the transmission
buffer sent from the CPU, transmission starts at the rising
edge of the next TxDCLK, generating a transmission
shift clock TxDSFT.

O Transmission buffer

Transmission buffer SCBUF shifts out and sends the trans-
mission data written by the CPU from the least signicant
bit (LSB) in order, using transmission shift clock
TxDSFT which is generated by the transmission con-
trol. When all bits are shifted out, the transmission
buffer becomes empty and generates INTTX interrupt.

O Parity control circuit

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

For transmission mode, parity is automatically generated

Ll

according to the data written into the transmission
buffer SCBUF, and data are transmitted after being
stored in SCBUF <TB7>when in 7-bit UART mode
while in SCMOD <TB8> when in 8-bit UART mode.
<PE> and <EVEN> must be set before transmission
data are written in the transmission buffer.

For receiving, data are shifted in the receiving buffer 1
and parity is added after the data are transferred in the
receiving buffer 2 (SCBUF), and then compared with
<RB7> of SCBUF when in 7-bit UART mode and with
SCCR <RB8> when in 8-bit UART mode. If they are
not equal, a parity error occurs, and SCCR <PERR>
flag is set.

O Error flag

Three error flags are provided to increase the reliability
of receiving data.

1. Overrun error (SCCR <OERR>)

If all bits of the next data are received in receiving
buffer 1 while valid data are still stored in receiving
buffer 2 (SCBUF), an overrun error will occur.
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2. Parity error (SCCR <PERR>)

The parity generated for the data shifted in receiving
buffer 2 (SCBUF) is compared with the parity bit
received from the RxD pin. If they are not equal, a par-
ity error occurs.

@ Generating Timing

3) Framing error (SCCR <FERR>)

The stop bit of received data is sampled three times
around the center. If the majority is “0”, a framing error
occurs.

Receiving
Mode 9 Bit 8 Bit + Parity 8 hit, 7 Bit + Parity, 7 Bit
Interrupt timing Center of last bit Center of last bit (Parity Bit) Center of stop bit
Framing error timing Center of stop bit Center of stop bit Center of stop bit
Parity error timing Center of last bit (Bit8) | Center of last bit (Parity Bit) Center of stop bit
QOver-run error timing Center of last bit (Bit 8) | Center of last bit (Parity Bit) Center of stop bit
Transmitting
Mode 9 Bit 8 Bit + Parity 8 Bit, 7 Bit + Parity, 7 Bit
Interrupt timin Just before last bit is
p g transmitted -

Mode 1 (7-bit UART Mode)

The 7-bit mode can be set by setting serial channel
mode register SCMOD <SM1, 0> to “01”.

In this mode, a parity bit can be added, and the addition
of a parity bit can be enabled or disabled by serial
channel control register.

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

Setting example: When transmitting data with the

following format, the control registers
should be set as described below.
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OO0 0000 5T

-« Transfer direction (transfer rate: 2400 bps at fc=9.8304 MHz)

7654 10
P3FR « - X X X - X Select P32 as the TxD pin.
SCMOD « X O - X 01 Set 7-bit UART mode.
SCCR « X 11XXXXX Add an even parity
BRGCR « 0 X 1 0 00 Settransfer rate at 2400 bps.
TRUN « X X 1 ---~- - Start the prescaler for the baud rate generator.
INTEL ¢ - - - - - 1 - - Enable INTTX interrupt.
SCBUF « * * 4 % & % & & Set data for transmission.
(Note)  X; Don’t care -; Nochange
(2)  Mode 2 (8-bit UART Mode) is selected by SCCR <EVEN> when <PE> is set to “1”
(enable).
The 8-bit UART mode can be specified by setting
SCMOD <SM1, 0> to “10”. In this mode, parity bit can Setting example: When receiving data with the following
be added. the addition of a parity bit is enabled or format, the control register should be
disabled by SCCR <PE>, and even parity or odd parity set as described below.

~<—— Direction of transmission (transmission rate: 9600 bps @ fc =9.8304 MHz)
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Main setting

T
1

SCMOD
SCCR
BRGCR
TRUN «
INTEL

L
> o X
> > o o O
(=

+
|
|
I

INTRX processing

Acc
if Acc =

Acc +« SCBUF

(Note)

Mode 3 (9-Bit UART Mode)

+ SCCR AND 00000011

X ;don’t care

10

01 Enable receiving in 8-bit UART mode.

X X Add an odd parity.

00 Set transfer rate at 9600 bps.

Start the prescaler for the baud rate generator.
Enable INTRX interrupt.

Check forerror.

0 then error

Read the received data.

- ;no change

Wake-up function

The 9-bit UART mode can be specified by setting
serial channel mode register SCMODO <SMO01, 00> to
“11”. In this mode, a parity bit cannot be added.

In 9-bit UART mode, the wake-up function of the slave
controllers is enabled by the setting SCMOD <WU> to
“17. The interrupt INTRX is generated when SCCR

For transmission, the MSB (9th) bit is written to <RB8>=1.
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 SCBUF.
J |
TxD RxD TxD RxD TxD RxD TxD RxD
Master Slave 1 Slave 2 Slave 3
TMP9I0C848F TMP9I0CB48F TMP90CB48F TMP90C848F
Note: TxD) pinofthe slave controllers must be in open drain output mode.

Figure 3.9 (13). Serial Link Using Wake-up Function
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Protocol

O Select the 9-bit UART mode for the master and
slave controllers.

0 Set SCMOD <WU> bit of each slave controller to
“1” to enable receiving.

O The master controller transmits one frame data
including the 8-bit select code for the slave control-
lers. The MSB (bit 8) SCMOD <TB8> is set to “1”.

D € 63 6 6 € 03 6B OO
N————

wqn

Select code of siave controlier

O Each slave controller receives the above frame, and
clears the WU bit to “0” if the above select code
matches its own select code.

O The master controller transmits data to the specified
slave controller whose SCMOD <WU> bit is cleared
to “0”. The MSB (bit 8) SCMOD <TB8> is cleared to
“0”.

b
——

PO 00600 0o

Data

O The other slave controllers (with the SCMOD <WU>

bit remaining at “1”) ignore the receiving data
because their MSBs (bit 8 or SCCR <RB8>) are set to
“0” is disable the interrupt INTRX.

When the WU bit is cleared to “0”, the interrupt
INTRX occurs, so that the slave controller can read
the receiving data.

The slave controllers (WU = 0) transmit data to the mas-
ter controller, and it is possible to indicate the end of
data receiving to the master controller by this trans-
mission.

Setting example: To link two slave controllers serially

with the master controller, and use
the internal clock o1 (fc/2) as the
transfer clock.

TxD1 RxD1

Slave 2

TxD1 RxD1 TxD1 RxD1
Master Slave 1
Select code
00000001

Select code
00001010

TOSHIBA CORPORATION
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* Setting the master controller

P3FR « - X X X X 1 - X Select P35 as TxD pin and P32 as RxD pin.
INTEL + - - - - 11 - - Enable INTRX and INTTX.

Main SCMOD « 1 0 1 0 Set ¢ 1 (fc/2) as the transmission clock in 9-bit UART mode.
SCBUF « 0 0 0 01 Set the select code for slave controller 1.

INTTX [SCMOD L T Sets SCMOD <TB > t0”0".

interrupt | SCBUF « * * * * * % % « Set data for transmission.

* Setting the slave controller 2

PIFR « - X X X X - 1 X Select P32 as RxD pin and P37 as TxD pin (open drain
. output).
Main
INTEL « - = - - 11 - - Enable INTRX and INTTX.
SCMOD«+ 00111110 Set <WU> to “1” in the 9-bit UART transmission mode

with transfer clock ¢1 (fo/2).
rAcc +« SCBUF
INTRX )
interrupt | if Acc = Select code
then SCMOD « - - - 0 - - - - Clear <WU> to "0".

(Note) X ;Don’t care -;No change
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3.10 8-Bit Half-Flash A/D Converter e Minimum sampling rate: 4 states (800ns @fc =10MHz)

The TMPO0CB848 has an 8-bit high-speed, half-flash A/D converter e Software start (register write) trigger with single or repeat

with 16-channel analog input. The features are as follows. conversion mode

e 8-bit half-flash A/D converter with 16-channels analog input The A/D converter block diagram is shown in Figure 3.10 (1).
pins

} Internal bus

1L

A/D mode register
ADMOD

—
a
o
(a]
<

ADCH

A/D converter
control circuit

HREEE

®s0) ano [ analeg
(PE7) ANTS D multiplexer

Avee [

avgs [} Ladder

e e ]

AJ/D Result
register
ADREG

Half-flash A/D converter

Figure 3.10 (1). A/D Converter Block Diagram
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3.10.1 Basic Operation of the Half-Flash A/D Converter
This is a two-time conversion type A/D converter that converts

the upper four bits and lower four bits separately. The function
outline is shown in Figure 3.8 (2).

T T2 T3 T4 T5 T6 T7
Internal ADS b \
E?tfsUDper four Sampling (1) )( Compare (1) X Sampling (2) )( Compare (2} )( Sampling (3) X Compare (3) (Eampllng (rﬂ
A channel for Hold , Hold
lower four bits Sampling (1) Compare (1) @plmg )
B channel for4 Hold

lower bits sampling 2

Compare (2) + Sampling () )

Figure 3.8 (1). Half-Flash A/D Converter Outline

When the A/D converter start signal (ADS) is input, the
analog input voltage in T1 is sampled by the A/D converter for
the upper four bits and the A channel for the lower four bits.
The A/D converter for the upper four bits compares the output
voltage from the internal ladder resistance with input voltage in
T2, and outputs the conversion results of the upper four bits.
The A channel A/D converter for the lower four bits compares
in T4 in the same way that held the voltage in T1. The 8-bit
conversion results can be obtained in T5.

The A/D converter for the lower four bits has two channels
(A and B). The next analog input voltage in T3 is sampled by
the A/D converter for the upper four bits and B channel A/D
converter for the lower four bits.

This type of processing enables the high-speed A/D con-
version with a minimum sampling rate of 4 states (800ns @
10MHz).

3.10.2 Operation

(1)

@

A/D converter start operation

The A/D converter starts by writing “1” to ADMOD
<ADS>.

<ADS> is always read as “0”.
A/D converter repeat specification

In the repeat mode, the A/D converter starts automatically
after completion each conversion.

The A/D conversion in repeat mode is started by writing
“1” to both <ADS> and <ADRPT>.

To end the repeat mode operation, write “0” to <RPT>.
The repeat mode will end when the current conversion
is completed.

Read the A/D conversion result storage register
ADREG in the repeat mode since it contains the newest
conversion data.

92/120
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The repeat mode operation timing is shown in Figure A/D converter becomes the one-time conversion
3.10 (3). mode.

<ADRPT> is cleared to “0” by resetting: therefore, the

Internal signal ¢1 N /'\J'\J'\J"\J'\_[‘\_/_\_
| i .
1 1 I
cK \_ B W L W
Internal WR . i | i
3 A /D conversion start } !
¢ | (ADS =ADRPT =1) ; ! '
i
Internal ADS I\ £ A A;\
—-—-""_—.--
N T
ANO~AN1S \ L S
(analog input voltage) _--—“"_‘mﬁd-@l
ADREG (Conversion data (DX 2

Figure 3.10 (3). Repeat Mode Operation Timing

(4)  Analog input channel ANO (P30) is set as the analog input pin by clearing
<ADCH:> to “0” by reset. To use AN1 (P31), write “1”
Before starting the A/D conversion, select one of the to <A.DCH>.' . .
16 analog input channels (ANO ~ AN15) with ADMOD The pin which is not used as an analog input can be
<ADCH->. used as an ordinary input port.
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3.10.3 Control Register

ADMOD
(FFECH)

7 . 6 s a 3 2 0
bit Symbol | ADRPT : i ADS i Fixedat"0": : ADCH
Read/Write | R/w LORW : RIW
After reset 0 S0 1 o0 i 9 o oo 0
D 1:AD :
. tonversion N
e, R Analog Input
Function 5 /gne-time Don't
conversion | . care . : Channel Select
1:REPEAT :
l—- Analog input channel
0000 ANOQ
0001 ) AN1
L9010 L ANZ
0011 L AN3
......0100 CANG e,
LN ANS ]
NG
AJ/D conversion start
o] —
L 1 ‘ A/D conversion start P
A/D conversion repeat mode
! 0 one-time conversion mode
[ 1 Repeat conversion mode
Figure 3.10 (4). A/D Mode Register
[ 7 6 5 . 4 : 3 : 2 1 0
bit Symbol S _ - _ = _
ADREG |- !
(FFFOH) | Read/write | R
After reset [ Undefined

Figure 3.10 (5). A/D Converter Related Register
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3.10.4 Analog Reference Voltage Program Example

The VREF pin is the High A/D converter analog reference voltage .

input pin. The A Viec and A Dss pins are used as the A/D con- ~ To A/D convert the analog input voltage of the AN1 (P51)
The VREF pin is variable (3.5 < VREF < Vcc); however, ADMOD ~ 1 X 100001 Starts conversion with channel 1

when the VREF voltage is below 5V, the conversion error for in the repeat mode.

the LSB tends to increase. Refer to “4.3 A/D Converter Electrical ’

Characteristics” for the specifications. (Note) X; Don't care
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3.11 Watchdog Timers (Runaway Detecting Timer)

When CPU operation malfunctions (runaway) usually caused
by noise or other disturbances, the watchdog timer (WDT)
detects the situation and returns it to a normal state. When the
WODT detects a malfunction, a non-maskable interrupt or a hard-
ware reset is generated.

3.11.1 Configuration

Figure 3.11 (1) shows the block diagram of the watchdog timer
(WDT).

The watchdog timer consists of: a 20-stage binary
counter which uses @1 (@fc/2) as the input clock, a selector,
which slects one of four outputs sent from the binary counter, a
flip-flop, for enable/disable control, and two control registers.

INTWD interrupt Reset
4

WDRESE
WDMOD <WDTP1, 0> Selector enable
—
fc/Z'ﬁI fc/Z‘Bl fc!ZZOI fcf222]
Q
p 20-stage binary counter
(fcr2)™ " for watchdog timer FIF
R S
reset
Reset
WDMOD <WDTE >
Executing HALT instruction Warm-up
timer reset
(Stop mode)
. Reset
Write
AEH

Watchdog timer
control register
(WDCR)

ﬁ

Internal bus

Figure 3.11 (1). Block Diagram of Watchdog Timer
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3.11.2 Control Registers

The watchdog timer (WDT) is controlled by two control regis-
ters WDMOD, WDCR, and CLKMOD.

(1)  Watchdog Timer Mode Register (WDMOD)
O Setting a watchdog timer detection period (WDTP)

A 2-bit register is used to set the watchdog timer inter-
rupt time or hardware reset time in order to detect a
runaway. The WDTP is initialized to “00” when reset,
and therefore 2'6/fc is set. (The number of states is
approx. 32,768 [state].)

0 Watchdog Timer Enable/Disable Control Register
(WDTE)

When reset WDTE is initialized to “1”, which sets the
watchdog timer to disable.

To enable the watchdog timer, it is necessary to clear
this bit to “0”.

The mode cannot be switched back from enable to
disable.

O Setting Watchdog Timer Mode

When reset, the WDRESE is initialized to “1”, which
sets the watchdog timer to interrupt mode. When the
WDRESE is reset to “0”, the watchdog timer initiates a
hardware reset. Once the hardware reset mode is set,
the mode cannot be changed to interrupt mode. (Inter-
rupt mode is set only by reset.)

s a3 1 0

bit Symbol ! STBYD ' WDRESE: SIS © DCLK
CLKMOD peadiwrite RAW : R w
(FFCTH) Afterreset : 1 1 0 0
{STANDBY ;WDT ‘Clock Clock
11: Enable : mode istatus : mode

:0: Disable: 1:inperrupt : 0: Low- ¢ 0: Low-

Function ; i0:Reset [ speed ! speed

: 210 High- - 1: High-

: speed speed

E Select clock speed

0 |Low-speed

1 |High-speed

Clock status

0 |Low-speed

1 |High-speed

Select the watchdog timer output

0 lResel

1 1NM\ interrupt

Standby enable

0 |Disable

1 |Enable

TOSHIBA CORPORATION
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7 6 5 4 3 2 1 0
WDMOD | bit Symbol | WDTE WDTP1 | WDTPO | WARM | HALTM1 i HALTMO EXF DRIVE
(FFD2H) fRead/write | R/W R/IW RIW RIW R R/W
After reset 1 o] 0 : 0 0 0 Undefined 0
WDT i 00:2%/fc Detection : WarM-up |Standby Mode Inverts each § 1: Drives
period
Enable [ 01:2"/fc period (When stop 00:RUN  mode [timethe the pin
Function |0: Enable © 1027 fc i mode s 01:STOP  mode [&%* evenin
: : released) STOP
1: Disable: 11:2%/fc : 0‘: 2 f¢ 10:IDLE1 mode m“'““‘oz ode
Ty . is execute .
{When clock
mode 1
switched
0:2"/fc
213 f¢ 180790
[ l—‘s—,
xplained in
“3.4.4STOP made”.
Inverts each time the EXX
instruction is executed.
Select standby mode by HALT instruction
(HALT Mode)
00 |RUN mode
01 | STOP mode
10 |IDLEYTmode
11 _—
> Select warm-up period when returned
from STOP mode
. 0 |2'/fc(approx. 1.6ms)

1 | 2'®/fc (approx. 6.6ms)

(Note) The above times are given for the case
fo=10MHz.

Warm-up period when switched from low-
speed to high-speed clock

0" [2"/fc

1 2"/ fe

Select the watchdog timer detection period
(Watch Dog Timer Period)

00 |2/ fc (approx. 6.6ms)

Q1 | 2%/ fc (approx. 26.2ms)

10 |2/ fc (approx. 105ms)

11 | 27/ fc (approx. 419ms) _]
(Note) The above times are given for the case
fe=10Milz.

Watchdog timer enable / disable control
| 0 | Enable (Note) I
|— 1 IDisab\e |

tNote) The watchdog timer cannot be reset from
enable Lo disable

Figure 3.11 (2). Watchdog Timer Mode Register
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(2)  Watchdog Timer Control Register (WDCR) e Enable control
Set the WDMOD <WDTE> to “0”.
This register is used to disable the watchdog timer e Clear control of binary counter

function and clear the binary counter. The binary counter can be cleared and resumes counting

by writing the clear code (4EH) in the WDCR register.
e Disable control

The watchdog timer cannot be reset from enable to

WDCR « 01001110 Write a clear code (4EH)
disable.
7 6 5 4 3 2 1 0
WOCR | bit Symbol —
(FFD3H) | Read/Write W
After reset
Function 4EH: WDT Clear Code
\—>C|earwatchdcgtimer
4EH Clear code

Other _

Figure 3.11 (3). Watchdog Timer Control Register
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3.11.3 Operation

The watchdog timer generates an interrupt INTWD or a hard-
ware reset after a specified detection timewhich is set with
the WDMOD <WDTP1,0> register, and software (instruction)
clears the watchdog timer binary counter to zero before the
interrupt INTWD or the hardware reset occurs. If the CPU
malfunctions (runaway) due to noise or other reasons and
does not execute an instruction to clear the binary counter,
the binary counter overflows. This results in an interrupt
INTWD or hardware reset execution. The CPU is notified of
malfunction (runaway) by the interrupt INTWD and executes

Example

WDCR « 01001110

(D Clear the binary counter.

the anti-malfunction (runaway) program to return to normal
operation.

The watchdog timer does not operate after a reset is
released. The watchdog a timer starts by writing “0” to the
WDMOD <WDTE>, and does not change to disable after-
ward.

The watchdog timer stops its operation in the STOP and
IDLE1 modes. After STOP is released, the watchdog timer
resumes its operation as soon as the warm-up period is fin-
ished.

The watchdog timer operates in RUN mode.

Write a clear code (4EH)

@ Set the watchdog timer detection period to 2185,

WOMOD « 1 01 - - - X X

@ Set STOP mode. (Warm-up time : 21/fc) (Except that HALTD is not set to

“1)1-)

WOMOD ¢ - - - 101X X
Execute the HALT instruction.

(Note)

Set STOP mode.
Set standby mode.

Since the watchdog timer is also used as a warm-up timer, the watchdog timer is cleared when

switching from low-speed to high-speed clock mode, or when releasing standby mode.

100/120
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3.12 8-Bit High-speed PWM Figure 3.12 (1) shows the block diagram of the high-speed
The TMP90C848F has an internal 8-channel high-speed PWM.

PWM. The 8-channel high-speed PWM can generated different Each channel of the HPWM consists of an 8-bit data register,
waves from a data register of each channel by writing datato ~ 8-bit comparator and additionally, a pulse generation circuit.
the register. The high_speed PWM operates On|y in high_Speed Also, there is an 8-bit Up'COUnter which is Used. Commonly by
clock mode, not in low-speed clock mode. all channels. The clock input of the up-counter is sent by the

high-speed clock (X1).
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TFF1
TI4 pin
TIS pin

Upper bitsTT

Internal bus

TAMOD<CAPIN >

Lower bits

Capture register 1
(CAP1)

Upper bitsTT

TTLower bits

T4MOD <CAP2TS, EQSTS5>

TFF4 [—> TO4

INTT4 interrupt

Figure 3.12 (1). Block Diagram for High-Speed PWM

INTTS interrupt

T4FFCR
Capture register 2
(CAP2)
T
Lr:ggerT? Trigger? T —
Timer FF
— > Control
Capture .
input
control TRUN<T4RUN>
T T $T1 > Clear
TAMOD <CAPM1, 0> $T4 —= 16-bit up-counter
$T16 > Selector [ (ucre)
i Enable
INT1 interrupt TAMOD <T4CLK1,0> TRUN<T4RUN>|
INT2 interrupt i} lj
Match {} Match
Comparator detection Comparator detection
CPa CPs
= T~
16-bit timer register 4 16-bit timer register 5
(TREG4) (TREGS)
=
- Selector
f=— TREG4 WR
Timer register 1‘
buffer 4
— =~ TRDC < TR4DE >
Upper Lower bits
bits
Internal bus
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HPWM data register

7 6 5 4 3 2 1 0
HPWMRO~7] bit Symbol —_ — —_— —_ —_— — —_— L —
(FFFO Read/Write W
~FFF7H) :
After reset Undefined
HPWM enable register
76 s a3 2 1 0
HPWMER [ it symbol | HPEZ7 ~ HPE6 . HPES . HPE4 HPE3 | HPEZ | HPE1 HPED
(FFEEH)
Read/Write R/W
After reset 0
HPWM output enable setting
Function 0: Disable
1: Enable
> Set HPWM output
0 |Disable
1 |Enable
HPWM control register
7 6 s a4 o3 o2 i1 i
bit Symbol ‘ : © PWCCR : PWMMOD
HPWMCR | peadrwrite : R/W
FFEFH
( ) After reset 1 0 0
(PWM : PWM mode
‘Reset 1 00: Mode 0
Function :0: Set 101: Mode 1
21:Reset [ 10: Mode 2

1M —

|_’ Set PWM mode

00 | Mode 0(8bit)
01 Mode 1 (7bit)
10 | Mode 2 (bbit)

"

———— PWMreset flag

0

Set

1

Reset

Figure 3.12 (2). Registers of High-Speed PWM
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3.12.1 Operation

The high-speed PWM is controlled by the controlled register
(HPWMCR), output enable register (HPWMER), and data register
(HPWMRO - 7). To write data to the above registers, set the
HPWMCR <PWCCR> to “0”, which is enable mode. When the
HPWMCR <PWCCR> is set to “1”, these registers are in reset
mode, which sets up the high-speed PWM for a software
reset.

(1)  Operation Mode

The high-speed PWM has three operation modes.
e 8-bit mode: (T = 28 x clock cycle, f = *80KHz)

e 7-bit mode: (T = 27 x clock cycle, f = *160KHz)
e 6-bit mode: (T = 2° x clock cycle, f = *320KHz)

——Data register value x 50ns — -—Data register value x 50ns —

(Note)* indicates the value when the high-speed clock
(x1) operates at 20MHz.

Operation mode is set by HPWMCR <PWMMODO,
1>. Operation mode applies commonly to all channels.
Two modes cannot be used at any given time.

0 8-bit mode

8-bit mode generates a pulse with 12.8us cycle at a
frequency of approximately 80KHz (x1 = 20MHz).

12,65

7

I N T N N G S

J Data register
S

8-bit data

The minimum pulse width is 50ns (data “1”) and the maximum
pulse width is 12.0pus (data “F0”).

1

Pulse width = 8-bit data x 50ns

A wave cycle example is shown below. (The value is when
x1 = 20MHz.)

! 12,645
Data I

" -« 5003 =

12,645

————ﬁssﬁi-

|

= 50n5 =

55 55
"2 4—100ns—+ «——100ns —>
. ﬁ—-‘:Sr—- 55
FO W-‘—A 20;5—;- -—12. 0;;5-—*-—-&-
»—SS

104/120

TOSHIBA CORPORATION



TMP90C848F

0O 7-bit mode

The 7-bit mode generates a pulse with 6.4s cycle at a

— Lower 1-bitdatax 25ns —— i

|

Upper 7-bitdata H
~— x50ns -
|

' 6.4u5

frequency of approximately 160KHz (x1 = 20MHz).

Upper 7-bit data T
~— x 50ns e

7-bit mode has for a cycle (2 x 5ns*/cycle) and 1 bit
for a 25ns resolution (1/2 cycle of high-speed clock
(x1)). When the lower 1 bit is “1”, the additional 25ns
pulse is output.

The minimum pulse width is 25ns (data “1”) and the
maximum pulse width is 6.025us (data “F17).

7 0
I 4 ] Data register
;_.—Y—A_'_J

Upper 7 bits  Lower 1 bit

Pulse width =
data x25ns)

A wave cycle example is shown below. (The value is
when x1 = 20MHz.)

(Upper 7-bit data x 50ns) + (Lower 1-bit

6.4,5 6.4,8
Data 25ms 25ns

ﬁ—_ ﬁ‘i
-
b))
"2t -« 50ns = - 50Ns >
55 59
“F1” 7475 025 /5 — T«-—_s 025 5 —=
S

0O 6-bit mode

6-bit mode generates a pulse with 3.2us cycle at a frequency
of approximately 320KHz (x1 = 20 MHz).

6.445

Changes according to
/——the lower 2-bitvalue. = !

Upper 6- h\tdalaxSOns[ i 5
e T 1
|

3.2 >

;
Upper 6-bit dataxSOns‘
™ 4’1 __j

3.2

6-bit mode has 6 bits for a cycle (2% x 50ns */cycle)
and 2 bits for a 12.5ns resolution. Although the actual
resolution every other cycle is 25ns, a 12.5ns resolution is
simulated in the following way: The first cycle outputs
a 25ns pulse, which is averaged with the second cycle
of Ons. The pattern alternates continually and averages
to a 12.5ns (data “1”) and the maximum equivalent
pulse width is 3.0375ps (data “F3”).

7 0

I L J—fDalareg\‘ster
— A
Upper 6bits  Lower 2bits

Pulse width = (Upper 6-bit data x 50ns + (‘Lower 2-bit data)
Equivalent time added for lower 2-bit data is shown
below.

2-bit data  Equivalent time added
00 Ons
01 12.5ns
10 25.0ns
11 37.5ns

A wave cycle example is shown below. (The value is when
x1 = 20MHz.)

TOSHIBA CORPORATION
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I 3.2

3.2u8 3.2us

Data H !

1
]

g i 25ns 5 25ns %7 25ns 5
- | |~

) 5 5% —

o ' 5 5 —1 55—
v s — ~—sons— e

i i
] 1
] ] ]
- T »— %W%—L
I : I

o — 5 55— %—
F3 3,055 — «——3.025 us —> 3,055 ——»

\ % 5% ‘ 5% ‘

1 1 :

(2)  Output port setting

|«— 52505 —]|

M

The high-speed PWM is used together with P2 and J
can output PWM waves by setting P2FR <P20F ~ { 6.4, E
P27F> to “1”>.

(8)  Output enable bit register setting

o When the resolution in 7-bit mode is 25ns, a 4.525ps
To output PWM waves, the output enable bit register pulse is output by setting the following to HPWMO:

HPWMER <HPEO ~ 7> needs to be set to “1”. (This
register is cleared to “0” after reset.)

(4)  Output data setting MSB LSB

Output data is set by writing to HPWMRO ~ 7 (FFFOH P2FR - - - - - -~ 1
- |:|:|:7|_|)_ HPWMCR XX XXX0--
HPWMCR X X X X X 001
HPWMRO 10110101
Example: To output 4.525us wave with HPWMO in 7- HPWMER - - - - - =~ 1

bit mode with a high-speed clock (x 1) = 20MHz:

(Note)x ; don’t care - :nochange

4.525ps + 25ns =181 = B5H

Set P20 to HPWM.

Specify setting enable mode.
Set 7-bit mode.

Write “B5H".

Switch HPWM output to enable.
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4. Electrical Characteristics (Preliminary)

TMP9OOC848F
4.1 Absolute Maximum Ratings
Symbol Parameter Rating Unit
Vee Power supply voltage -05~+7 V
Vin Input voltage -0.5~Vgp+05 Vv
Py Power dissipation (Ta = 70°C) 500 mwW
TsoLDER Soldering temperature (10s) 260 °C
Tstg Storage temperature -65 ~ 150 °C
Topr QOperating temperature -20 ~ 70 °C

4.2 DC Characteristics

Vge =5V £10% TA =-20 ~ 70°C

High-speed clock: 16 ~ 20MHz, Low-speed clock: 0.5 ~ 1MHz
Typical values are for TA = 25°C and Vcc = 5V.

Symbol Parameter Min Max Unit Test Conditions
ViL Input Low Voltage (P0) -0.3 0.8 V -
Vi P1, P3, P4, P5, P6, P7, P8 03 0.3Vge v -
Vi RESET, P82 (INTO) 03 0.25V¢ v -
Vi3 A 03 03 v -
Vig X1, X1 03 0.2Ve v -
Viy Input High Voltage (P0) 2.2 Voo +0.3 V -
Vit P1, P3, P4, P5, PG, P7, P8 0.7Vgg Voo +0.3 v -
Vi RESET, P82 (INTO) 0.75Vg Voo +0.3 v -
Vi A Vee-0.3 Vee +0.3 v -
Vi X1, X1 0.8Ve Voo +03 v -
\YSE ?iépftpf’swﬁg'é%g%RNN Sink) - 045 Vo |lo="16mA
Vou QOutput High Voltage 2.4 v lon = -400pA
Vouy 0.75V¢g B v loi = -100pA
Vore 0.9Vgc v lok = -20pA
Vons P44 ~ 47 (OPEN DRAIN Source) 2.4 lop= 10mA
I Input Leakage Current 0.02 (Typ) +5 LA 0.0<VinsVge
ILo Output Leakage Current 0.05 (Typ) +10 LA 02<VinsVgp-02
Operating Current (RUN) 15 (Typ) 30 mA High-speed clock: 20MHz
lcc ldle 1 1.5 (Typ) 5 mA Low-speed clock: TMHz
(Vec - Vss) STOP (TA = -20- 7°C) 02 (1) 40 W | 02sVins V- 02
STOP (TA = 0 ~ 50°C) : 10 pA
High-speed clock: 20MHz
(A Vc/c-\l—ci Vss) Operating Current 7 (Typ) 15 mA (LS;);QE;%SS“ MRz
AVce =5V
o | 0 | v e
Rrst RESET, P1, P7, Pull Up Register 30 130 KQ -
Clo Pin Capacitance - 10 pF testfreq = IMHz
V1n Schmitt width (RESET, P82) 0.4 1.0 (Typ) Vv -

TOSHIBA CORPORATION
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4.3 A/D Converter Characteristics

Vee=AVee =5V £10% TA =-20 ~ 70°C
High-speed clock: 16 ~ 20MHz, Low-speed clock: 0.5 ~ 1MHz

Symbol Parameter Condition Min Typ Max Unit
Vrer Analog reference voltage - 35 Vee Vee
AVpgr Analog reference voltage range Vier - Vss 3.5 Vee Vee y
AVss Analog power supply voltage - Vss Vss Vss
Vain Analog input voltage range - Vss - Vee
IREFAD Supply current for analog reference voltage - - 0.8 2 mA

This A/D Converter is guaranteed only monotonicity

because it has an offset value (when VAIN = QV), but the 8-bit

resolution

is gotten except an offset value.

The A/D converted data is recommended to be pro-
cessed relatively.

Total Error [ LSB ]

!

3
2

Offset !
1'0 1 2 3 50

—Analog input voltage (V)

Figure 4.3 (1). A/D Converter Typical Conversion Characterics (Vggg = 5V, Vss = 0V)

4.4 Zero-Cross Characteristics

Vg = 5V £ 10% TA = -20 ~ 70°C

High-speed clock: 16 ~ 20MHz, Low-speed clock: 0.5 ~ 1MHz

Symbol Parameter Condition Min Max Unit
Vo Zero-cross detection input For AC, C=0.1pF 1 18 VAC ,_p
Azx Zero-Cross accuracy 50/60Hz sine wave - 135 mV
Fox Zero-cross detection input frequency - 0.04 1 kHz
108/120
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4.5 Timer/Counter Input Clock (TI0, TI2, and TI4)

Ve =5V +10% TA = -20 ~ 70°C

High-speed clock: 16 ~ 20MHz, Low-speed clock: 0.5 ~ 1MHz

Variable 16MHz Clock
Symbol Parameter Unit
Min Max Min Max

tyek Clock cycle 8x +100 - 900 - ns

tyokL Low clock pulse width 4x +40 - 440 - ns

tyckH High clock pulse width 4x+40 - 440 - ns

4.6 Interrupt Operation
Vee =5V +£10% TA =-20 ~ 70°C
High-speed clock: 16 ~ 20MHz, Low-speed clock: 0.5 ~ 1MHz
Variable 10MHz Clock
Symbol Parameter Unit
Min Max Min Max

NMI, INTO Low level pulse width

thTAL 4x - 400 - ns
L
NMI, INTO High level pulse width

thTAH _[_]__ 4x - 400 - ns
INT1, INT2 Low level pulse width

thTBL 8x+100 - 900 - ns
L
INT1, INT2 High level pulse width

t\NTBH _[_]__ 8x +100 - 900 - ns
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5. Table of Special Function Registers (SFRs) peripheral control registers allocated to the 56-byte addresses
The special function registers (SFR) include the I/O ports and from OFFCOH to OFFF7H.

Configuration of the table

Symbol Name Address 7 6 : [/ S1 0
: k : : — bit Symbol
\ —> Read /Write

i — Initial value after reset
: : —» Remarks
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TMP9OOCB848F Register Map
Address Symbol Address Symbol

OFFCOH PO OFFEOH CAP1L/TREG4L
OFFC1H POCR OFFETH CAP1H/TREG4H
OFFC2H P1 OFFE2H CAP2L/TREG5L
OFFC3H P1CR OFFE3H CAP2H/TREGSH
OFFC4H P2 OFFE4H T4MOD
OFFC5H P2CR OFFE5H T4FFCR
OFFC6H P3 OFFE6H INTEL
OFFC7H CLKMOD OFFE7H INTEH
OFFC8H P3FR OFFE8H DMAEL
OFFCOH P4 OFFE9H DMAEH
OFFCAH P4CR OFFEAH IRFL
OFFCBH P5 OFFEBH IRFH
OFFCCH P6 OFFECH ADMOD
OFFCDH P7 OFFEDH BRGCR
OFFCEH P7CR OFFEEH HPWMER
OFFCFH P8 OFFEFH HPWMCR
OFFDOH P8CR OFFFOH HPWMRO/ADREG
OFFD1H P8FR OFFF1H HPWMR1
OFFD2H WDMOD OFFF2H HPWMR2
OFFD3H WDCR OFFF3H HPWMR3
OFFD4H TREGO OFFF4H HPWMR4
OFFD5H TREG1 OFFF5H HPWMR5
OFFD6H TREG2 OFFF6H HPWMR6
OFFD7H TREG3 OFFF7H HPWMR7
OFFD8H TO1MOD OFFF8H
OFFD9H T23MOD OFFFOH
OFFDAH TFFCR OFFFAH
OFFDBH TRUN OFFFBH
OFFDCH TRDC OFFFCH
OFFDDH SCMOD OFFFDH
OFFDEH SCCR OFFFEH
OFFDFH SCBUF OFFFFH
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Symbol| Name | Address 7 . 6 s . 4 . 3 . 2 I 1 . 0
PO7 : PO i POS i P04 i PO3 | P02 i POl POO
PO Port0 OFFCOH RIW
Input mode
PO7C . POGC . POSC | PO4C i PO3C : PO2C_: POIC :  POOC
Port0 - - - : -
POCR |Control | OFFCIH : : : W : : :
Reg 0 ‘ 0 0o o 0 : 0o 0o 0
0:IN 1:0UT  (Select I/O on bit basis)
Port1 P17 © pi6 P15 i P14 | P13 . P12 i P11 P10
P1 (With Pull- OFFC2H RW
up resistor) Input mode
pi7C i PIGC | PISC . Plac i PI3C . P12 : PHC i PI0C
Port1 -
P1CR | Control OFFC3H r - T W : H :
Reg. o o o 0 o o 0 0
0:IN 1: OUT (Select I/O on bit basis)
P27 : P26 P25 1 P24 i P23 i P22 i P21 | P20
P2 Port2 OFFC4H RAW
I e
P27C_ . P26C | P25C | p2ac © Pp23C | P22¢c :  P21C_ [ P20C
Port2 - - - W . -
P2FR | Function OFFC5H - : - - - - -
Reg. o : o { o ¢ o ¢+ o { o t 6 : 0
0: Port output 1: PWM output  (Select on bit basis)
- b - - ¢ p3z i P32 P31 : P30
P3  |Port3 OFFCEH © R . RW  RW I RW
i Copput ¢ 1 11 F 1
EXT ¢ - _ § - i - i m™DpC_{ ODE | -
, wo fORW P RW
Port H : : : : :
PIFR |Function | OFFC8H 0 . 0 90
Reg. P1 control . 3 P32 control : P32 control
0: /O Port : : : :0: Port .0: CMOS
1: Address : :;1: TxD :1: Open
: i :  output @ Drain
pa7 . P45 | Pas | pa4a | pa3 | a2 i P41 i Pao
P4 Port4 QFFC9H RIW
Input mode
Pa7C | P4GC | PASC . P4aC | P43C_ 1 Paxc_ | P4IC i PaoC
Portd
P4CR | Control OFFCAH - H - W - - -
Reg. 0 0o 0 0 0 0o 0o 0
0:IN 1: 0UT (Select I/O on bit basis)
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Symbol | Name | Address 7 6 5 4 3 2 ; 1 : 0
Ps7 _: PS6 . P55 i PS4 i P53 i PS2 i P51 i PSO
PS5 | Port5 OFFCBH R
Input only
Shared with analog input pin (AN0~7)
P67 1 Pe6 . P65 | P64 I PB3 i P62 i P61 i PO
P6 | Porté OFFCCH R
Input only
Shared with analog input pin (AN8~15)
" Fwedat 0" | : © ez . P72 . P . PIO
P7  |Port7 OFFCOH : i : RIW
: H Input mode
P73C : P72C  P7IC  P70C
Port7
P7CR | Control OFFCEH - W 0
Reg. : 0 : 0 : 0 : 0
0:IN 1: OUT (Select ItO on bit basis)
P8S PB4 : PB3 . P82 | P81 i P80
pg |Port8 OFFCFH : : RIW
: Input mode
P85C | PB4C | PB3C | P82C | PBIC i P8OC
Port8
PBCR | Control OFFDOH i i w i i
Reg. 0 : 0 : 0 : 0 : 0 : 0
0:IN 1:0UT (Select I/O on bit basis)
TO4S :  ZCE2 :  ZCE1 i TO3s | TOIS
w
Port8 - - -
Fm ti OFFD1H o : 0 : 0 : : 0 E 0
PBFR unction : 'pB5TOA TPBAANT2/TIS :PB3/NTIMIA : :P81/PO3 :PBO/TON
Reg. i : 1ZCDEnable ZCDEnable : icontrol icontrol
H ;(untml : H : : :
: : o i {0: Port output :0: Port output
:0: Port output : 1 0: Disable : i :
1. 108 utput iEnable :1‘T03output‘:l.T01 output
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MSB

LSB
Symbol Name Address 7 6 5 4 3 2 1 : 0
TB8  Fixedat"0" RXE WU SM1 SMO sC1 i sCo
R/W
Undefined | 0 0 0 0 0 o0
SCMOD | Serial OFFDDH : : : :
Channel Transmiss- i 21 100 — :00: TO2TRG
Mode Reg ion bit-8 Receive EWake up : 01: UART 7bit 501 :BR
data iEnable  iEnable 10: UART 8bit f10: g1
: © 11: UART 9bit e —
RBS EVEN | PE | OfRR PERR | FERR
X R R/W R (Cleared to 0" by reading)
SCCR | Serial OFFDEH . ) .
Channel Undefined : 0 : 0 : 0 : 0 : 0
Control : : : —
Register Bit8 of : Parity (R 1:error
receiving 0:0dd Parity Overrun Parity Flaming
data i1:Even Enable
SCBUF | Serial OFFDFH RB7 RBG RBS RB4
Channel TB5 TR4
Buffer : H :
Register R (Receiving) / W (Transmission)
Undefined
Fixedat®0" I — BGI . BGO : PS3 | Ps2 PS1 i PSO
- i = RIW : : RIW
BRG — — 0 ) ) 0 oo
BRGCR | CONTROL - T - -
REGISTER OFFEDH : fefd Divided frequency from prescaler
— _ ‘01: fc6 :
110 fusa
11 fe/256
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MSB LSB
Symbol Name Address 7 6 5 4 3 2 1 0
IET4 IE1 IETS IE2 i IERX IETX ;F\xedal 0" ;F'"d at"0”
INTEL OFFEGH RiW
0 0 : 0 0 0 : 0 0 0
Interrupt 1:Enable 0:Disable
Enable
Mask Reg. EDGE IEO IETO IET1 IET2 IET3
INTEH OFFE7H RIW R/IW
0 0 0 0 0 0
{INTO 1:Enable 0:Disable
10 Level
‘1:EDGE
DET4 DE1 DETS DE2 DERX DETX ;leed at“0" :Fixed at "0"
DMAEL OFFE8BH RI.‘N
0 0 : 0 0 : 0 i 0 0 0
Micro DMA 1:Enable 0:Disable
Enable g
Register DEO DETO DETI : DET2 DET3
DMAEH OFFE9H RIW
0 o ¢ o i o0 i
1:Enable 0:Disable
IRFO IRFTO IRFT1 IRFT2  § IRFT3
R
IRFH OFFEBH 0 0 0 0 °
Interrupt Request Flag
Interrupt ) . d
Request 1: Interrupt being requeste:
Flag &
IRF Clear
IRFT4 IRF1 IRFTS IRF2 H IRFRX IRFTX — —_
IRFL R (Only IRF clear code can be used to write)
OFFEAH 0 0 0 0 0 0 ) io
1: Interrupt being requested {IRF is cleared to "0" by writing IRF clear code)
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CAPIL OFFEOH R
16bit
E:{:;’{" Undefined
Counter _
Capture
CAP1H |Register 1 | OFFETH R
Undefined
CAP2L OFFE2H R
16bit
Timer/ Undefined
Counter _
Capture
CAP2H | Register 2 | OFFE3H R
Undefined
TREG4L OFFEOH
16bit w
Timer/ Undefined
Event
Counter _
Register 4
TREG4H OFFETH w
Undefined
TREGSL OFFE2H
16bit w
Timer/ .
Event Undefined
Counter _
Register 5
TREG5H OFFE3H W
Undefined
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MSB LsSB
Symbol | Name | Address s . a4 3 2 1 oo
CAPIN CAPM1 CAPMO CLE T4CLK1 T4CLKQ
w : R/W R/W R/W
TAMOD | 16bit OFFE4H - i o 0 o i o 0
Ti R . -
E:,T,?{f : Capture timing i Timer 4 clock
Counter : i :
Mode reg. : :
:0 'Ci"fttre 2 00 : Disable R | 00:TIa
PWe g1:ma ftms 1 TIMER4 |
i10:TI4 T TIA Clear : 01:4T1
o SN11TFRC T OTRRL | Enable |
| don'tcare P 10: T4
11: 4T16
CAP2T4 CAP1T4 : EQST4 EQ4T4 TFF4C1 | TFF4CO
RIW W
T4FFCR | 16bit OFFESH 0 o o 0 _
Timer H i :
Flip-Flop4 - TFF4inversion trigger
Control .
reg. 0: Disable trigger .
1: Enable trigger 10: Clear TFF4
wWhenthe | Whenthe Whenthe :Whenthe 01:Set  TFF4
p-counter :up-counter  up-counter ! up-counter 00 : Invert TFF4
alueis tvalue is : matches : matches !
iloadedto  loadedto  :TREGS i TREGA 11 don't care
i CAPZ 1 CAPY : :
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Symbol | Name | Address 7 6 5 4 : 3 2 1 : 0
WDTE WDTP1 | WDTPO : WARM | HALTMI | HALTMO EXF  : DRIVE
R/W R/W RIW RIW R R/W
Watch FFD2 H : : H
WDMOD)| D:gtc‘ﬁmer 0 H 1 0 : 0 0 : 0 0 £ Undefined 0
Rﬂec:gc.ie Q:WDT WDT detecting time Warming Standby mode nverts 1: To
Enable 00 : 26/fc i uptime 00:RUN mode ach time | drive the
: : XX in even
01: 218/ {0:21fc . 01:5TOP mode P
: : nstru- (inSTOP
£10:: 220/fc 1:216/f¢ 10: IDLET mode tionis - mode.
T11: 2226 1 — ‘executed. :
WDCR | Watch OFFD3H W
Dog Timer|
Control
Reg. -
4EH : WDT Clear code
STBYD | WDRESE sls . DCLK
R/IW R W
CLK | Clock OFFC7H ! P 0 0
MOD |Mode : : :
Reg. STANBY . WDTmode : Clockstatus : Clock mode
1: Enable 1: Interrupt : 0: Low- 10 Low-
0 : Disable 0: Reset speed
: H "1 High-
speed
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Symbol Name Address 7 6 5 4 3 2 1 a
TREGO | ghit Timer | OFFD4H ”
Register 0
Undefined

TREGT| gbit Timer | OFFDSH w

Register 1
Undefined
TREG2 | gbit Timer | OFFDEH w
Register 2
Undefined
TREG3 | gbit Timer | OFFD7H
A W
Register 3
Undefined
TOTM1 TOIMO : PWMO1 PWMOO T1CLK1 T1CLKO ‘: TOCLK1 TOCLKO
RIW
TOIMO Timer0, 1 | OFFD8H ¢ 0 0 0 0 A R 0
Hode Reg. 00 : 8bit Timer 00: — 00 : TOOTRG 00: —
01: 16bit Timer 01:26-1 PWM 01:¢T1 01:¢T1
10 : 8bit PPG 10:27-1 cycle 10: ¢T16 10: 474
11:8bit PWM Co11:28- 11: 47256 : 11:4T16
T23M1 T23MO | PWM21 © PWM20 : T3CLKI T3CLKO | T2CLK1  T2CLKO
R/W
r23m0 o i o0 o ¢ o { o i o 0 0
i FFD9H — -
Hone 2 | PPN o it Timer 00: — 00: TO2TRG 00 —
01: 16bit Timer 01: 26-1 PWM 01:4T1 01:4T1
10 : 8bit PPG 10: 271 cycle 10: 4T16 10: 474
11: 8bit PWM 11: 281 11: 47256 11: 4716
TFF3C1 : TFF3CO TFE3IE . TFF3IS | TFFIC1 | TFFICO | TFFUE  TFFIIS
w R/W w R/W
8bit Timer : — : -

TFFCR | Flip-Flop | OFFDAH - 0 : 0 0 0
Control 00 : Invent TFF3 1- R 00:Invent TFF1 . 1 0:
reg. 01:5et TFF3 TFF3 Inverts 01:Set TFF1 ©TFF1 Inverts

10:Clear  TFF3 Invert by © 10:Clear  TFFI Invert by
. Enable Timer 2 : s Enable Timer 0
11:Don’t care 11:Don't care
PRRUN T4RUN T3RUN T2RUN : TIRUN TORUN
R/W
Timer RUN ) : i : :
TRUN | control | OFFDBH o i 0 o i 0o i 0 0
Reg. Prescaler & Timer RUN/STOP Control
0: Stop & Clear
. 1: RUN
: TR4DE TR2DE TRODE
R/W
Timer Reg. 0 0

TRDC | pouble OFFDCH H
Buffer Timer Reg.

g‘-“""o' Double Buffer Control
€9 0: Double Buffer Disable
1: Double Buffer Enable
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Symbol Name Address 7 5 4 3 2 1 0
ADRPT ADS | Fixedat”0" : ADCH
R/W R/W : RIW
0 : 0 0 0 0 0
AID : 12 4D : 0000 : AND 1000 : ANB
ADMOD) ':,,';29 Reg OFFECH conversion | conversion | 0001 : AN1 1001 : AN9
) repeat | start | 0010 : AN2 1010 : AN10
mode :0: Don'tcare 0011: AN3 1011 : AN11
0: One-time { : 0100 : AN4 1100 : AN12
conversion | 0101 : ANS 1101: AN13
1:REPEAT  : 0110 : AN6 1110: AN14
0111 : AN7 1111 : AN1S
A/D -
ADREGO| Result OFFFOH R
Register
Undefined
Symbol Name Address 7 5 4 3 2 1 4]
HPWMRO OFFFOH W
Undefined
HPWMR]1 OFFF1H Same as above
[ ] HIGH
HewnRz | PWM OFFF2H Same as above
Register
HPWMR3 QFFF3H Same as above
HPWMR4 OFFF4H Same as above
HPWMRS OFFFSH Same as above
HPWMR6 OFFF6H Same as above
HPWMR7 OFFF7H Same as above
HPE7 HPES HPE4 HPE3 HPE2 HPE1 HPEO
HIGH R/W
HPWMER [ PWM OFFEEH
ENABLE 0
REGISTER
0 : Disable 1: Enable
— - = i = PWCCR PWM MOD
HIGH RAW
HPWMCR | PWM OFFEFH .
RESET 1 0 0
REGISTER :
: PWM : PWM mode
; Reset : 00: Mode 0
0 Set 101: Mode 1
11: Reset 1 10: Mode 2
: 11—
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