TOSHIBA

TLCS-90 Series TMP90C846

CMOS 8-Bit Microcontroller

TMP90C846F
1. Outline and Characteristics
The TMP90CB846 is an advanced 8-bit microcontroller (4)  Built-in RAM: 256 bytes

speed mechanisms. The built-in functions include a high-speed
A/D converter (minimum sampling rate: 400ns @ 10MHz)
with an external start function, and a D/A converter.

External program memory: 56K bytes
External data memory: 56K bytes

The TMP90C846, integrates 8-bit CPU, ROM, RAM, (6)  Highly-speed A/D converter (2 channels)
high-speed A/D converter, D/A converter, and multi-function e Minimum sampling rate: 400ns (@ 10MHz)
timer/event counter in a single-chip. ¢ 16-byte FIFO RAM (conversion data storage)

The TMP90C846 uses a 44-pin mini flat package (QFP44-P- e External start, software start (one-time conversion,
1414D). repeat conversion

The following are the features of the TMP90C846: 7)  8-bit voltage output type D/A converter (2 channels)

8)  Multi-function 16-bit timer/event counter (1 channel)
9)  8-bit timer (4 channels)

) Interrupt function: 9 internal, 4 external

) Micro DMA function (10 channels)

) Watchdog timer function
)
)
)

(
(1) Highly efficient instruction set: (
163 basic instructions (
Division and multiplication instructions, 16-bit operation (
instruction and bit manipulation operation instructions (
and bit operation instructions. (
Minimum instruction executing time: 400ns (@ 10MHz) (
(3)  Built-in ROM: 8K bytes E

Zero cross detector (2 pins)
I/0O ports (28 pins)
Standby function (4 HALT modes)
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The information contained here is subject to change without notice
The information contained herein is presented only as guide for the applications of our products. No responsibility is assumed by TOSHIBA for an n\ gements of patents or other rights of the third parties
which may result from its use. No license is granted by implication or otherwise under any patent or patent rights of TOSHIBA or others. These TOS| producls are intended for usage in general electronic
equipments (office equipment, communication equipment, measuring equipment, domestic electrification, etc.) Please make sure that you c With us before you use these TOSHIBA products in equip-
ments which require high quality and/or reliability, and in equipments which could have major impact to the welfare of human life (atomic erérgy control, spaceship, traffic signal, combustion control, all types
of safety devices, etc.). TOSHIBA cannot accept liability to any damage which may occur in case these TOSHIBA products were used ifatile mentioned equipments without prior consultation with TOSHIBA.
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Figure 1. TMP90C846 Block Diagram
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2. Pin Assignments and Functions
The TMP90CB846F, pin assignments, I/0O pin names and functions

are described in this section.

2.1 Pin Assignments

D-AQC—rId34

D - Al 35
VREF- =36
VREF+ =437
N.C. 138

VCC c—TT39
(ADS) P20 —x=440
(TO1) P21 a1
(TO3) P22 =42
(TO4) P23 11443
(INT1/TI4) P24 144

Figure 2.1 shows the TMPO0CB846F pin assignments.
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(RD) P32
(ADO) POO

(NMT) P26
(INTO) P27

(WR) P33
(AD1) PO1
(AD2) P02
(AD3) P03
(AD4) P04

(INT2/T14) P25

22

== P11 (A9)
= P10 (A8)
T RESET
T X2
T X1

Fr—I N.C.

FT—1 V$S (GND)
T ALE

11 P07 (AD7)
F—— P06 (AD6)

FT— P05 (ADS)

(Note) N.C.: No Connection

Figure 2.1. Pin Assignment (Mini Flat Package)
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2.2 Pin Names and Functions

Table 2.2 shows the I/O pin names and functions.

Table 2.2 Pin Assignments and Functions

Pin Name No. of pins 1/0 or tristate Function
P00 ~ PO7 8 10 Port 0: An 8-bit I/0 port. Each bit can be set for input or output.
/ADO ~ AD7 Tristate Operates as an address/data bus during external program execution.
P10~ P17 8 /0 Port 1: An 8-bit 1/0 port. Each bit can be set for input or output.
/A8 ~A15 Output Address bus: Operates as the 8 upper bits of the address bus when using external memory.
P20 1 10 Port 20: A 1-bit I/0 port.
/ADS A/D conversion start: The input pin for the A/D conversion start signal.
P21 1 0 Port 21: A 1-bit 1/0 port.
/TO1 Timer output 1: Timer 0 or timer 1 output.
P22 1 0 Port 22: A 1-bit 1/0 port.
/T03 Timer output 3: Timer 2 or timer 3 output.
P23 1 10 Port 23: A 1-bit I/0 port.
/T04 Timer output 4: Timer 4 output.
P24 Port 24: A 1-bit I/0 port.
/INTH 1 1/0 Interrupt request pin 1: A rising/falling edge programmable interrupt request pin.
/T4 Timer input 4: Timer 4 count input/capture trigger signal input.
P25 Port 25: A 1-bit 1/0 port.
/INTT2 1 1/0 Interrupt request pin 2: A rising edge interrupt request pin.
/TI5 Timer input 5: Timer 4 capture trigger signal input.
P26 1 /0 Port 26: A 1-bit 1/0 port.
/NMI Non-maskable interrupt request pin: A falling edge interrupt request pin (after register setting).
p27 1 10 Port 27: A 1-bit I/0 port.
/INTO Interrupt request pin 0: A level/rising edge programmable interrupt request pin.
P30, P31 9 Inout Port 30, 31: 2-bit input ports.
/ANO, AN1 p Analog input: Two analog inputs to the A/D converter.
P32 y Outout Port 32: A 1-bit output port.
/RD p Read: The strobe signal output for reading external memory.
P33 y Outout Port 33: A 1-bit output port.
/WR p Write: The strobe signal output for writing external memory.
DD?\? 2 Output D/A output: The analog voltage output pin for D/A converters 0/1.
VREF+ 1 - A/D converter High reference voltage input.
VREF- 1 - A/D converter Low reference voltage input.
AVce 1 - Used as both A/D converter and D/A converter power supply, and D/A reference voltage input.
AVss 1 - Used as both the analog GND pin and D/A reference voltage.
Address latch enable: The falling edge of this signal is used as the timing for latching addresses on ADO -
ALE 1 Output )
AD7 when accessing external memory.
CLK 1 Output Clock output: Qutputs 1/4 frequency of clock oscillation. Pulled up internally during reset.
& y nout Connect to the Vg pin when the built-in ROM is used; connect to the GND pin when an external memory is
P used instead.
RESET 1 Input Reset: Initializes the TMPI0C846. (pull-up resistor is built-in).
X1/X2 2 1/0 The crystal/ceramic oscillator connection pin.
Ve 1 - Power supply (+5V)
Vs (GND) 1 - GND pin (0V)
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3. Operation
This section explains the functions and basic operations of the
TMP90C846.

3.1 CPU
The TMP90C846 has a built-in high-performance 8-bit CPU.
Refer to the book TLCS-90 Series CPU Core Architecture con-
cerning the CPU operation.

Following section explains the CPU functions unique to
the TMP90C846 that are not explained in that book.

3.1.1 Resets

The basic reset timing is shown in Figure 3.1.

To reset the TMPO0C846, it is necessary to maintain the
RESET input at “0” for at least 10 system clocks (10 states:
2usec @ 10MHz) with the power supply voltage within the
operating range and with stabilized oscillation.

When a reset is received, 1/0 port O (address data bus
ADO ~ AD7), port 1 (address bus A8 ~ A15), and port 2 are all
set to input status (high impedance). Output ports P32 (RD)
and P33 (WR) and CLK are all set to “1”. ALE is cleared to
“0”.The registers of the CPU also remain unchanged. Note,
however, that the program counter PC, the interrupt enable flag
IFF are cleared to “0”. Register A shows an reset, because WR is
set to “1” before undefined address/data is outputted.

When the reset is released, instruction execution starts
from address O000H.

TOSHIBA CORPORATION
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POO~PO7
(ADO~AD7)

P10~P17
(AB~A15)

P32 (RD)

P33 (WR)

3.1.2 EXF (Exchange Flag)

The exchange flag <EXF> is assigned to bit 1 of memory

T T2 T T2
FAVAVAVAWAWAW AW AYVAYAYAYAVAVAVAV AV AW AW
_._J \ j!'F— The CLK puﬁls % \ \

\ |r'|ler'ﬂa\\imr
S S e aid aied el el miel e
-+ —---F-rF-F=-F-F-r-rr-r-Fe-rer-
/
/

Figure 3.1. Reset Timing

exchange instruction [EXX] is executed between main registers

address FFD2H. This flag is inverted when the register

and auxiliary registers.

7 6 5 a4 3 2 1 0
WDMOD | bit Symbol WDTE | WDTP1 . WDTPO - WARM HALTM1 HALTMO EXF DRIVE
(FFDZH) [peadnwrite| R/W R/W [ORIW RIW R R/W
REVS:‘YLE\EHQ ! 0 0 0 0 0 Indeterminate 0
1:WDT | WDT Detection time :Warming- Standby mode Inverts 1:Pinis
: : each time k
Enable 00:2"/fc up time 00:RUN  mode |the EXX driven
Function : 01:2"%/4c 02 fc 01:STOP mode !nstruction evenin
is
: the STOP
10:2"/fc S1:2"%/fc 10:IDLET  mode [executed.
: mode.
11:2%/fc 11:IDLE2 mode
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3.2 Memory Map

The TMP90C846 can handle up to 64K bytes of program
memory and data memory.

Program and data memory can be located at address
O0000H ~ FFFFH.

(1)  Built-in ROM

The TMP90C846 has 8 bytes of the built-in ROM
located at addresses O000H ~ 1FFFH. After the CPU
is reset, The instruction execution starts from address
0O000H.

Addresses 0010H ~ 0077H in the built-in ROM area are
used as the entry are for interrupt processing.

(2)  Built-in RAM

The TMP90C846 has 256 bytes of the built-in RAM

located at addresses FFCOH ~ FFBFH. In the direct
addressing mode, the CPU allows the access to a certain
RAM area (192 bytes at addresses FFOOH ~ FFBFH) using
short instruction codes.

Addresses of FF28H ~ FF77H this RAM area can be
used as the parameter area for micro DMA process-
ing. (This area can be used as RAM when not using
micro DMA processing.)

Built-in I/0

The TMP90C846 uses 48 bytes of the address space as
a built-in /0O area. This area is assigned to addresses
FFCOH ~ FFEFH. In the direct addressing mode, the
CPU can access the built-in 1/0O area using short instruc-
tion codes.

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

TOSHIBA CORPORATION
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0000H

2000H

FECOH

FFOOH

FFCOH

FFFOH

FFFFH

%

Built-in

/ (Blz(gyl'\:es) /

External memory
(56K bytes)

Built-in RAM

/%///

(256 bytes)

”

Built-in1/0 /

(48 bytes)

External memory
(16 bytes)

Program and
data areas

(BC)
(DE)
(HL)
(sP)
(1X)
(1Y}
(IX +d)
(Y +d)
(SP +d)
(HL + A)
(nn)

Direct area

(n)

Note) The memory area is 64K bytes because there are no BX and BY registers as with the TMPO0C840A.

Figure 3.2. Memory Map
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3.3 Interrupt Functions are set to the general-purpose interruot processing mode.
The TMP90C846 has a general-purpose interrupt processing ~ The interrupt request can be set to the micro DMA pro-
mode and a micro DMA processing mode in which the CPU cessing mode with the DMA enable register which is
automatically transfers data for internal and external interrupt described later.

requests. The interrupt response flow chart is shown in Figure 3.3 (1).

After a reset is released, all responses to interrupt requests

Interrupt processin

Interrupt vector V read

Micro DMA

rocessing mode?

General purpose interrupt pro@ Micro DMA processing

Figure 3.3 (1). Interrupt Response Flow Chart

When an interrupt request is generated, this is reported to When an interrupt is received, the CPU first reads the
the CPU via built-in interrupt controller. The CPU starts the interrupt vector from the built-in interrupt controller to determine
interrupt processing if it is a non-maskable interrupt or the interrupt request source.
maskable interrupt requested in the El state (interrupt enable Next, the CPU checks whether this request is for pro-
flag (IFF bit of the F register) = “1”). A maskable interrupt cessed in the general-purpose interrupt processing or micro
requested in the Dl state (IFF = “0”) is ignored and not received. DMA processing, and performs the corresponding processing.
(The CPU samples interrupt requests at the falling edge of CLK The interrupt vector is read in an internal operation cycle,
signal of the last bus cycle of each instruction.) so the bus cycle results in dummy cycle.

TOSHIBA CORPORATION 9/98
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3.3.1 General-Purpose Interrupt Processing
The general-purpose interrupt processing flow chart is
shown in Figure 3.3 (2).

The CPU first saves the contents of the program counter
PC and the register AF (including the interrupt enable flag IFF
before an interrupt) to the stack, and resets the interrupt enable

flag IFF to “0” (interrupt disable). Then it transfers the content of the
interrupt vector “V” to the program counter and jumps to the
interrupt processing program.

There is a 20-state overhead from the time the interrupt is
received until the jump is made to the interrupt processing program.

@nera!»purposa interrupt pro:essw@

(SP-1) « PCH
(sP-2) «PCL
(SP-3)«A

SP «SP -4
IFF <0

(SP - 4) « F (including IFF)

20 states
4us (@10MHz)

| PC « V

7

program

Interrupt processing

l

RETI instruction

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 the RETI
instruction for both maskable and non-maskable interrupts.

Executing this instruction (RETI) restores the contents of
the program counter PC and the register AF from the stack.
(Returns to the interrupt enable flag before the interrupt.)

When the CPU reads an interrupt vector, the interrupt
request source confirms that the interrupt has been received,
and clears the interrupt request.

A non-maskable interrupt cannot be disabled by program. A
maskable interrupt, however, can be enabled or disabled by a
program.

Bit 5 of the register F is the interrupt enable/disable flip-
flop (IFF). Interrupts are enabled by setting this bit to “1” with
the El (endable interrupt) instruction and disabled by resetting
to “0” with the DI (disable interrupt) instruction. IFF is reset to
“0” by resetting or by receiving an interrupt (including non-
maskable interrupts).

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

The interrupt sources are shown in Table 3.3 (1).

10/98
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Table 3.3 (1) Interrupt Sources

General- Micro DMA
Vector : .
Priority Type Interrupt request source Value Vector purpose interrupt processing
-8 Value processing parameter
' start address start address
1 Non- SWiinstruction - 10H 0010H -
2 maskable NMI (NMI pin input (programmable)) - 18H 0018H -
3 INT WD (watchdog) - 20H 0020H -
4 INTO (External input 0) 05H 28H 0028H FF28H
5 INTTO (Timer 0) 06H 30H 0030H FF30H
6 INTT1 (Timer 1) 07H 38H 0030H FF38H
7 INTAD (A/D converter) 08H 40H 0040H FF40H
8 Maskable INTT2 (Timer 2) 09H 48H 0048H FF48H
9 INTT3 (Timer 3) 0AH 50H 0050H FF50H
10 INTT4 (Timer 4) 0BH 58H 0058H FF58H
1 INT1 (External input 1) 0CH 60H 0060H FF60H
12 INTTS (Timer 5) 0DH 68H 0068H FF68H
13 INT2 (External input 2) OEH 70H 0070H FF70H

The “priority” used in Table 3.3 (1) indicates the priority in
which interrupt sources are received by the CPU when multiple
interrupt requests are generated simultaneously.

For example, if the interrupt requests with the priority 4
and 5 are generated simultaneously, the CPU will receive the
interrupt request with the priority 4 first. When the priority 4
interrupt processing is ended with the RETI instruction, the
CPU will receive the interrupt with the priority 5. If the interrupt
processing program with the priority 4 is interrupted by execting
th El instuction, the CPU will receive the priority 5 interrupt
request.

When multiple interrupt request are generated simultaneously,
the built-in interrupt controller only determines the priority of
the interrupt sources received by the CPU. There is no function
for comparing the priority between the currently processed
interrupt and the currently request interrupt.

Another interrupt can be enabled while an interrupt is
processed by setting the interrupt enable flag IFF to enable.

TOSHIBA CORPORATION
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3.3.2 Micro DMA Processing

The micro DMA processing flow chart is shown in Figure 3.3 (3).

The CPU first loads the parameters (transfer source and destina-
tion addresses, and transfer mode) for data transfer between
memories from an address supplied by an interrupt vector
value, and then transfers the data in accordance with those

Micro DMA processing

parameters. After that, parameters are updated and saved to
the original location. The transfer count is decremented, and
the micro DMA processing is ended unless the count is not
“0”. If the count is “0”, the general-purpose interrupt processing is
performed as described in the previous item.

Loads parameters

DST « (FFOOH +V + 1) W
SRC « (FFOOH +V +3)W

CMD « (FFOOH +V +5)

J

Transfers data between memories

(DST) « (SRQ)
DST « DST +0/1/2
SRC « SRC x0/1/2

5

Saves updated parameters

(FFOOH +V + 3) W & SRC
(FFOOH +V + 1) W &~ DST

Decrements transfer count
COUNT « (FFOOH + V)
COUNT & COUNT -1
(FFOOH + V) <~ COUNT

DST ;. destination
SRC :  source

CMD . transfer mode
COUNT : transfer count

Genera\—purpose interrupt prmessm@

Figure 3.3 (3). Micro DMA Processing Flow Chart
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The micro DMA processing is performed by using only
hardware to process interrupts mostly completed by simple
data transfer. Consequently, the micro DMA processing is
faster than the conventional software processing, which in turn

improves the interrupt processing speed. The micro DMA
processing has absolutely no influence on the CPU registers.

The functions of the parameters used in the micro DMA
processing are shown in Figure 3.3 (4).

FFOOH +V +0: | Transfer count } ] 1~ 256
FFOOH +V + 1 ' Transfers destination address (lower) { ]
0~ 64K
FFOOH +V +2: ‘ Transfers destination address (upper)
FFOOH +V +3: J Transfers source address (lower) l ]
0 ~ 64K
FFOOH +V +4 : \ Transfers source address (upper) ]
7 6 5 4 2 1 0
FROOH+V+s:[ x | x| x| x| x| 1 1 | (Transfer mode)
0 0 = Fixestransfer destination/
source addresses
0 1 = Increments transfer
destination address
1 0 = Increments transfer
source address
1 1 = Decrements transfer
source address

(Note)x : don't care

1-byte transfer
2-byte transfer

-

Figure 3.3 (4). Parameters for Micro DMA Processing

The parameters used for the micro DMA processing are
located in the internal RAM (See Table 3.3 (1) Interrupt
sources). The start address of each parameter is [FFOOH +
interrupt vector value], from which 6 bytes are used for the
parameters. When micro DMA processing mode is not used,
this area can be used as user memory.

The parameters include transfer count, transfer destination
addresses, transfer source address, and transfer mode. The
count indicates the number of data transfer accepted in the
micro DMA processing. Either 1 or 2 bytes of data are transferred at
one time with the micro DMA processing. Data are transferred

256 times with a transfer count of “O0H”. Transfer destination and
transfer source addresses are each specified with 2 bytes of data.
The address space 0000H - FFFFH is available for the micro DMA
processing.

Bits O and 1 of the transfer mode specifies the mode
updating the transfer source and/or destination. Bit 2 specifies
the data length (1 or 2 bytes).

The relationship between the transfer mode and increment/
destination values of the transfer destination source addresses
are shown in Table 3.3 (2).

TOSHIBA CORPORATION
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Table 3.3 (2) Addresses Updated by Micro DMA Processing

Transfer Function Destination Source

Mode address address
000 Transfer 1 byte: fixes transfer destination/source addresses. 0 0
001 Transfer 1 byte: increments transfer destination address. +1 0
010 Transfer 1 byte : increments transfer source address. 0 +1
011 Transfer 1 byte: decrements transfer source address. 0 -1
100 Transfer 2 byte: fixes transfer destination/source addresses. 0 0
101 Transfer 2 byte: increments transfer destination address. +2 0
110 Transfer 2 byte: increments transfer source address. 0 +2
111 Transfer 2 byte: decrements transfer 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)

Though transfers are performed as shown above in
“decrement transfer source address mode”, addresses are
updated as shown in the Table 3.3 (2).

Address increment and decrement are used for the memory
area, but fixed addresses are used for ordinary I/0O addresses.
Because of that, /0 to memory and memory to I/O transfers
were taken into consideration during the micro DMA design.

ADS1 ADS2 ADS3
ADS )

wao — L T

Micro A/ D conversion

DMA data
processing Ero:ewn:
1bytex3
CALL  ADINIT

SET 6, (FFEGH)
SET 6, (FFE8H)
LD (FF40H), 3

ADS1 ADS2 ADS3

An example using the micro DMA processing mode is
shown in Figure 3.3 (5). Conversion data of Built-in A/D converter
are processed in this example.

This is an example of executing and “A/D conversion data
processing program” after saving 3-byte conversion data into
the memory addresses from FFOOH to FFO2H (built-in RAM
area), by using INTAD which is enabled when the ADS1
conversion ends in a case where the external A/D conversion
request signal (ADS) is entered as shown in Figure 3.3 (5).

ADS1 ADS2 ADS3

Micro A /D conversion Micro A /D conversion

DMA data DMA data
grocessing | processing processing | processing
1bytex3 1bytex3

Initializes A/D converter settings

Enables INTAD

Sets INTAD to micro DMA processing mode
Sets transfer count to 3

Sets transfer destination start address to FFOOH
Sets transfer source (ADREG1) address to FFCEH

Sets transfer mode

(1-byte transfer, increments transfer destination address)

LDW  (FF41H), FFOOH
LDW  (FF43H), FFCEH
LD (FF45H), 01H

£l

ORG  0040H

A/D conversion data processing program

RETI

Figure 3.3 (5). Micro DMA Processing Example
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“Table 1.4 (2) Bus operation for each instruction” of the The execution time (when the transfer count is not O after
book TLCS-90 Series CPU Core Architecture shows the bus decrementation) for micro DMA processing is 46 states (9.2us
operations for general-purpose interrupt processing and micro @ 10MHz), regardless of whether the 1-byte or 2-byte transfer

DMA processing. mode is used.
The interrupt processing flow chart is shown in Figure 3.3 (6).

Interrupt processing )

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

Micro DMA YES
rocessing mode

NO -
Data transfer by
micro DMA
General- PUSH PC l
purpose PUSH AF COUNT « COUNT -1 Micro DMA
interrupt IFE « 0 processing
processing
PC -V YES COUNT =0

% NO ]

Interrupt processing
program

]

RETI instruction

POP AF
POP PC

End

Figure 3.3 (6). Interrupt Processing Flow Chart
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3.3.3 Interrupt Controller

The interrupt circuit diagram is shown in Figure 3.3 (8). The left
side of this diagram shows the interrupt controller, and the
right side shows the CPU interrupt request signal circuit and
halt release circuit.

The interrupt controller has an interrupt request flipflop
and interrupt enable flag, and a micro DMA enable flag (10
channels) for each of 13 interrupt channels. The interrupt
request flip-flop latches interrupt requests that arrive from
peripherals.

This flipflop is cleared to “0”, when the CPU receives a
reset or an interrupt and reads the vector of that interrupt
channel, or when an instruction that clears the interrupt

request (writes [vector/8] to the memory address FFC5H) for
that channel is executed.

For example, when “LD (FFC5H), 38H/8” is executed, the
interrupt request flip-flop for the interrupt channel [INT1] with
the vector value 38H is cleared to “0” (write to FFC5H even
when clearing the interrupt request flag assigned to FFC4H).
When clearing an interrupt request, ensure that the interrupt
source does not generate an interrupt request.

The status of the interrupt request flipflop can be checked
by reading the memory address FFC4H or FFC5H. “0” means
no interrupt request and “1” means an interrupt request. Fig-
ure 3.3 (7) shows the bit layout of the interrupt request flipflop.

7 6 5 4 3 2 1 0
IRFL bit Symbol : IRFO IRFTO : iEXT
(FFCAH) | Read/Write ; w
Resetting 0
Read modify value :
write are not Interrupt Request :P1 control
possibie Flag : i0:110
Function 1:Interrupt request : : Port
active P1:Address
| I
INTTO request flag Explained in item
b INTOrequest flag "3.5.2 Port1."
7 7 6 i 5 a 1 3 2 . 1 i 0
IREH bit Symbol IRFT1 IRFAD IRFT2 IRFT3 IRFT4 IRF1 IRFTS IRF2
(FFCSH) |Read/Write R (writes only IRF Clear Code)
Resetting 0
Read modify value
write are not Function 1: Interrupt request active (clears IRF by writing IRF Clear Code)
possible
I: INT2 request flag
——> INTTS request flag
b———————— INT1 request flag
INTT4 request flag
INTT3 request flag
INTT2 request flag
INTADrequest flag
INTT1 request flag
0: Interrupt request
1: Nointerrupt
(Note) The specified interrupt request flipflop is cleared by writing [vector value/8] to the memory

address FFC511. However, IRFAD (INTAD interrupt request flag) cannot be cleared by
instructions ; only by resetting or reading all FIFO data.

Figure 3.3 (7). Interrupt Request Flipflop Read
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Interrupt controller CPU
SWI instruction = ———— V=10H ——
NMY V=18H —
INTWD =»—— - V=20H —
Micro DMA enabie 3-input OR
g o IR
Dn S PCY — L Non-maskable
CLR interrupt request CPU interrupt
Interruf{)t enable enable flag
_nag
D
n D Q IFF
CLR

Reset [interrupt request flipflo 104;85;0[‘ E -:D_,Interruptrequest
INTO S Q1 ) 17 signal

R Maskable
b interrupt request
n
Interrupt Interrupt Interrupt Haltrelease
vector V request V rﬁquest signal
read clear IE':;IOD Reset
Do
V= 28H b1
INTTO V= 30H — 02
INTT1 V=38H — |_|[Priority D3
INTAD V= 40H encoder o4
INTT2 V = 48H —‘\a 13to4 s
INTT3 V =50H — ] 06
INTT4 V= 58H —] o7
INT1 V=60H [
INTTS V =68H —|
INT2 V< 70H — Interrupt vector V

read

Figure 3.3 (8). Interrupt Circuit
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An interrupt enable flag is assigned to the memory

address FFEGH or FFE7H for each interrupt request channel.
Interrupts for a channel are enabled by setting a flag to “1”.

The flag is cleared to “0” by resetting.
Clear the interrupt enable flag in the Disable Interrupts (D)

state.

The micro DMA enable flag for each interrupt request

The interrupt requests for each channel are set to the micro

DMA processing mode by setting the flag to “1”. The flag is

cleared to “0” by resetting (“0” is the general-purpose interrupt
processing mode).

Figure 3.3 (9) shows the bit layout for the interrupt enable

flags and micro DMA enable flags.

channel is assigned to the memory address FFE7H or FFESH.

The table below shows the external interrupt functions.

Interrupt Also Used as Mode Setting Method
NI P26 N\
Falling edge NMI enable (by setting P2FR <NMIC> = 1)
INTO po7 Level P2FR <EDGE>=0
S
Rising edge P2FR <EDGE>=0
S
Rising edge T4MOD <CAPM1, 0>=0,00r0,10r 1,1
INT1 P24
_\__
Falling edge TAMOD <CAPM1,0>=1,0
INT2 P25 _/_ -
Rising edge

Refer to “4.8 Interrupt Operation” concerning the external

interrupt function pulse width.

18/98
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Caution is required in the following two points as exceptions.

INTO Level mode This is not an edge-based interrupt, therefore interrupt request flipflop is cancelled. The peripheral interrupt request passes right through
the flipflop S input and becomes the 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
sequence to clear the interrupt request flag.

DI

LD 6, (FFFC9H), 80H

LD (FFC5H), 05H

El
INTO interrupt enable flag
Interrupt
INTO—————% Q request
Mode change (tocPU)
(edge to level) R

Reset

Interrupt request V read

Interrupt request V clear

When the INTO level mode is used to clear the HALT (STOP) mode (the CPU in the El state), an execution can be restarted from the inter-
rupt vector address (0028H) by holding “1” until time preset by the warming-up counter. Note that if INTO is cleared to “0” during warm-
ing-up, an execution will restart from the instruction following the HALT instruction.

With the TLCS-90 and other products (TMP90C840A etc.), it is necessary to leave INTO at “1” until the second bus cycle of this interrupt
response sequence is completed when INTO is set to “level”. This restriction does not apply to the TMP90C846.

INTAD The interrupt request flipflop cannot be cleared by instructions; only by resetting or reading all FIFO data.

TOSHIBA CORPORATION 19/98
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Interrupt enable flags

7 6 5 ioa ; 3 2 1 0 FFE6H~FFEBH:
INTEL | bit Symbol IET1 IEAD ET2 | IET3 IET4 IE1 IETS 1E2 ﬁiln!errupdDMA
(FFEBH) disable
Read/Write R/W 1! Interrupt//OMA
Resetting 0 L_ enable
value
Function 1: Enable 0: Disable
I: INT2 interrupt enable flag
— INTTS interrupt enable flag
—— INT1 interrupt enable flag
INTT4 interrupt enable flag
> |INTT3 interrupt enable flag
INTT2 interrupt enable flag
INTADinterrupt enable flag
INTT1 interrupt enable flag
Micro DMA interrupt enable flags
7 6 5 1 4 3 2 1 0
INTEH bit Symbol DEQ : DETO IEO0 IETO
(DMAEL) gogipwrite RIW RIW
(FFE7H)
Resettin
value 9 : 0 0
Function :1:Enable 0: Disable 1 : Enable 0: Disable
[ INTTO interrupt enable flag
INTO interrupt enable flag
INTTO DMA enable flag
INTO DMA enable flag
Micro DMA enable flags
7 6 5 ¢ a4 3 2 1 P00
DMAEH| bit Symbol | DET1 DEAD DET2 DET3 DET4 DE1 DETS DE2
(FFEBH) [ peadrwrite RIW
Resetting | 0
| _value
Function 1: Enable 0: Disable

™ INT1

[ INT2 DMA enable flag

INTTS DMA enable flag
DMA enable flag

INTT4 DMA enable flag

INTT3 DMA enable flag

INTT2 DMA enable flag

INTADDMA enable flag

INTT1 DMA enable flag

Figure 3.3 (9). Interrupt/Micro DMA Enable Flags
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3.4 Standby Function

The TMP90C846 can be set to the RUN, IDLET, IDLE2 or
STOP modedepending on the contents of the halt mode set
register, by executing the HALT instruction. The features are

shown below:

(1) RUN:

(2) IDLE1:

(3) IDLE2:

Only the CPU halts, and the power
consumption remains the same.

Only the internal oscillators operate: all
other internal circuits halt. The power
consumption is 1/10 or less than that during

the operation.

Only the internal oscillator and specific built-in

I/O operate. In this mode, the power
consumption is about 1/3 or less during the

(8) STOP: All internal circuits halt, including the

oscillator. The power consumption is
extremely reduced.

The HALT mode set register WDMOD <HALTM1, 0> is
assigned to the bits 2 and 3 of memory address FFD2H in the
built-in I/O register area (all other bits are used to control other
functions). The RUN mode (“00”) is entered by resetting.

The HALT is released by interrupt requests or resets. The
methods for releasing the halt state are shown in Table 3.4 (2).
The CPU receives non-maskable interrupt or maskable interrupts
El state and starts interrupt processing. If maskable interrupts
are disable (DI state), the CPU restarts an execution from the
instruction following the HALT instruction, but the interrupt
request flag remains at “1”.

When Halt state is released by a reset , the state in effect
before entering the halt state (including the built-in RAM) is
held. The RAM contents may not be held; however, if the HALT
instruction is executed within the built-in RAM.

operation.
7 6 5 4 3 : 2 1 0
WOMOD |bit Symbol | WDTE @ WDTP1 ~ WDTPO | WARM | HALTM1 | HALTMO EXF DRIVE
(FFDZH) |geadrwrite| R/W RIW RIW R/W R RIW
Resetting 1 0 : 0 0 0 : 0 Undefined 0
value : :
1:WDT | Detectiontime Warming- {Standby mode Inverted 1:Pinis
' w i 00:RUN mode [2chtime driven
Enable 00:2"/fc up time : b he EXX even in
Function 01:2"%/1¢ 02"/ fc 01:5TOP  mode fnciruction [the STOP
10:2"/fc 1:2"/fc 10:IDLET mode fs mode.
12/ fc 11:IDLE2 mode [executed.
Explained in 3.7 Watchdog Timer Explained in3.4.4 STOP
Mode

Exchange flag. Explainedin3.1.2
Registers

Figure 3.4 (1). Halt Mode Set Register

TOSHIBA CORPORATION
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3.4.1 RUN Mode stops executing the instruction. The CPU repeats dummy
The timing for releasing the halt state by interrupts in the RUN/  Cycles until halt state is released. In the halt state, interrupt
IDLE2 modes is shown in Figure 3.4 (2). request are sampled at the falling edge of the CLK signal.

In the RUN mode, the system clock in the MCU does not The halt state is released by external interrupt (INT1, INT2)
stop even after HALT instruction is executed; the CPU merely requests only in the RUN mode.

S AV A AN el el AW AW WA W AW AW AW AW
(
CLK L
1/ \ / \—-}(S \ / \
~15 | Next 7 Next + 1
asm1s K[ Nex 5
ALE __/_\ \ «
8007 =1 AT =~ + LTy |- =4 ===~ =SB D~ ED- -
R0 | ’ T
WR 5
i
NMI U
INTO |
(Level) )]
INTQ, 1, 2
(Rising edge) ) 4\
INT1 (
(Falling edge) Y N [
Internal INT i l
HALT instruction execution sequence nterruptresponse sequence

Figure 3.4 (2). Halt Release Timing Using Interrupts in the RUN/IDLE2 Modes
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3.4.2 IDLE 1 Mode

The timing for releasing the halt state by interrupts in the IDLE1

mode is shown in Figure 3.4 (3).

In the IDLE1 mode, only the internal oscillator and the
watchdog timer operate. The system clock in the MCU stops,
and the CLK signal is fixed at the “1”.

In the HALT mode, interrupt requests are sampled

X1

CLK
A8~15
ALE

ADO~7

RD
WR
NMI
INTO

(Level)

INTOQ
(Rising edge)

asynchronously with the system clock. However, the halt
release (restart of operation) is performed synchronously with the
system clock.

(Note) In this mode, only the external interrupt requests

(NMI, INTQ) are enabled during the halt interval in the
IDLE1 mode.

eV aUaVaV ol aWalalaWaWaWalal s
1 S N \
jx Nelxt i’:’ Next + 1
A . \
-4 A0=7) == P07 + {A0T) o = = L = = = == = —@E}-——@—E}- -
\ / L8 Ve
U
{Jf’ ‘ \
HALT instruction execution sequence nterrupt response sequence

Figure 3.4 (3). Halt Release Timing Using Interrupts in the IDLE1 Mode
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3.4.3 IDLE2 Mode the IDLE2 mode is about 1/3 or less of that of the RUN mode.
The timing used for releasing the halt state by interrupts in In the IDLE2 mode, the system clock is supplied to the
the RUN/IDLE2 mode is shown in Figure 3.4 (2). following built-in 1/O.
The timing for releasing the halt state by interrupts in the
IDLE2 mode is the same as in the RUN mode. However, the * 8-bit timers
internal operating mode of the MCU differs. In the RUN mode, * 16-bit timers
only the execution of instruction by the CPU is halted, but the * Watchdog Timer

system clock is still supplied to all MCUs. In the IDLE2 mode,
however, the system clock is supplied only to specific I/0.
Because of that, the power consumption in the halt state of

24/98 TOSHIBA CORPORATION
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3.4.4 STOP Mode

The timing for releasing the halt with state by interrupts in
the STOP mode is shown in Figure 3.4 (4).

In the STOP mode, all internal circuits stop, including the
internal oscillator. When the STOP mode is activated, all but
certain pins are isolated from the MCU by being set to high
impedance.

The state of each pin in the STOP mode is shown in Table
3.4 (1). The status in effect before the halt state continues if
WDMOD <DRVE> (drive enable: bit O of memory address
FFD2H) of the built-in I/O register is set to “1”. This register is

x1

CLK

cleared to “0” by resetting.

The internal oscillator starts first when the CPU receives an
interrupt request; however, to allow oscillation to stabilize, the
system clock starts its output after the time set by the warming-
up counter. WDMOD <WARM> (warming-up: bit 4 at the mem-
ory address FFD2H) is used to set the warming-up time. Clearing
this bit to “0” sets the warming-up time to the time required for
21 clock oscillations. Setting this bit to “1” sets the warming-up
time to the time required for 216 clock oscillations. This bit is initial-
ized to “0” by resetting.

AB8~15

T e

—

ADO~7 == —{A0~7}—|— (D0~7) + (A0

Ty == === ol - B D - @D 1 -

INTO

(Level)
INTO

4\

(Rising edge)

HALT instruction execution sequence

Il
b

nterrupt response sequence

Figure 3.4 (4). HALT Release Timing Using Interrupt in STOP Mode

The internal oscillator can be also restarted by the input of
the RESET signal “0” to the CPU; however, the warming-up
counter does not operate to permit operation to start quickly
immediately after power-on. The normal operation may not be

performed due to the unstable clock supplied immediately
after restarting the internal oscillator. To avoid this, it is necessary
to keep the RESET signal must at “0” long enough to release the
halt state in the STOP mode.

TOSHIBA CORPORATION
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Table 3.4 (1) STOP Mode Pin Status

In/Out DRVE=0 DRVE =1
PO Input mode - -
Output mode - Output
P1 Input mode - -
Output mode - Output
P20 Input mode Input Input
Output mode - Output
Input mode - Input
P21-23 Output mode - Output
Input pin - Input*
P24~ 25 QOutput pin - Output
P26 (NMI) Input pin
P27 (INTO) Output pin - Output
P30 ~ P31 Output mode - Output
P32 ~ P33 Output mode - Output
D-A0,D-A1 QOutput mode ov ov
ALE Output pin ‘0" ‘07
CLK QOutput pin - 1"
RESET Input pin [ et |t
X1 Input pin - -
X2 QOutput pin ‘1 ‘1
*: This pin remains intermediately biased in the zero-cross detect mode.

- Input mode/input pin indicates that input is invalid.

_ Input is enabled.
nput: The input gate is working. Fix the input voltage at “0” or “1” to

prevent the pin floating.

Output:  Output status.

26/98

TOSHIBA CORPORATION



TMP90C846

Table 3.4 (2) I/0 Operation and Cancel during Halt Mode

Halt mode RUN IDLE2 IDLE1 STOP
WDMOD <HALTM1, 0> 00 1 10 01
CPU Stopped
1/0 port Holds status before HALT instruction. | See Table 3.4 (2).
8-bit timer
Operation 16-bit timer Operation
Block Watchdog timer | Stopped
A/D converter
D/A converter Holds status before HALT instruction. | See Table 3.4 (2).
Interrupts controller Operating
NMI (0] (0] (0] (0]
INTWD (0] (0] - -
INTO (0] (0] (0] (0]
INTTO 0 0 - -
INTT1 O O - -
Halt Interrupt INTAD ° _ _ _
Releasing INTT2 (0] (0] - -
Source INTT3 0 0 - -
INTT4 (0] (@] - -
INT1 O O - -
INTT5 0 0 - -
INT2 (0] (0] - -
RESET 0 0 o] 0

O: Can be used for HALT release.
—: Cannot be used for HALT release.

TOSHIBA CORPORATION
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3.5 Port Functions

The TMP90C846 has a total of 28 1/O port pins. These ports

pins can be used not only for the general-purpose 1/O function

These port pins function as the general-purpose input/output

but also for the I/0O function of the internal CPU and I/O. The
functions of each port pin are shown in Table 3.5.

Table 3.5 Port Functions

Port Pin name Nq. of Direction Dlrectlgn Resetting Imer!lal function
name pins set unit status pin name
Port0 | P00 ~ PO7 8 1/0 Bit Input ADO ~ AD7
Port 1 P10 ~ P17 8 110 Bit Input A8 ~ A15
P20 1 /0 Bit ADS
P21 1 1/0 Bit TO1
p22 1 1/0 Bit T03
P23 1 /0 Bit T04
Port2 P24 1 10 Bit Input INT1/TI4
P25 1 /0 Bit INT2/TI5
P26 1 1/0 Bit NMI
p27 1 1/0 Bit INTO
P30 1 Input - Input ANO
P31 1 Input - Input AN1
Port3 P32 1 Output - Output [m)
P33 1 Output - Output WR

pins by resetting. All port pins that can be programmed for

input or output are set as input ports. The port pins must be
set for the internal functions by a program.

28/98
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3.5.1 Port 0 (POO ~ P07)

Port O is the 8-bit general-purpose I/0O port whose I/O function
is specified by the control register POCR in bit basis. A reset
operation clears all bits of the control register (P0) to “0” and
sets Port O to the input mode. The contents of the output latch
register become undefined.

(Internal address bus (A0~7) (

In addition to the general-purpose I/O port function, Port O
also functions as an address/data bus (ADO ~ AD7). When the
external memory is accessed, Port O automatically functions
as the address/data bus and POCR is cleared to “0”. Therefore,
to use port O as an output port again after the external access,
it is necessary to set the POCR to “1” again.

,_G:Reset
[~
Direction control
(bit)
}
I POCR write External access
n ’_.External access (address output)
t —— External access (data write)
e| s £
Y
r
A Selector
ntl g ¥|s
Port0
a -
PO0~07
I Output _‘i Selector > (ADO~7)
latch Output
d 4 butfer
a PO write
t
a «—%77 #Selector S
b <1
. L -
s Y
PO read A -]
\/lf'
External access (data read)
-

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

Port 1 is the 8-bit general-purpose I/O port whose 1/O function
is specified by the control register P1CR in bit basis.

A reset operation clears all bits of the output latch (P1) and
the control register (P1CR) to “0”and sets Port 1 to the input
mode.

In addition to the general-purpose I/0 port function, Port 1

( Internal address bus (A8~ 15) (

also functions as the address bus (A8 ~ A15). The function is
selected by setting the external extension control register
IRFL<EXT> to “1” and setting P1CR to the output mode.
When the P1CR cleared to “0”, Port 1 is set to the input mode,
regardless of the external extension control register <EXT>
value. Resetting clears <EXT> to “0” and sets Port 1 to the
general-purpose 1/0 port mode.

Reset
IRFL<EXT>
™~ Direction control
(bit)
t
| P1CR write
n
t
e
r
n S
B g Port 1
a 1 — e—‘v ™ P10~17
| Output All L~ (A8~15)
latch € Output buffer
I} t
d . o}
P1 write r
a
t
e
a [j :\ '
b <1
u s
s
PO read
S

Figure 3.5 (2). Port 1
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Port 0 register

7 - 6 ¢ 5 i 4 13 12 4 S0
PO bit Symbol | PO7 | P06 . POS G PO4 | P03 . P02 | POL . POD
(FFCOH) Read/write R/W
Re:ae[tl}ieng Input mode (output latch register is undefined)
Function Becomes address data bus during external memory access or EA=0
Port 0 control register
75 6 S5 i o4 L3 i a2 i 0
POCR | bit symbol |  PO7C POSC © POSC : POAC POIC : PO2C POIC POOC
(FFCTH)| Read/write w
e 0
Function 0:IN 1: QUT (/O specificationin bit)

Read modify write
are not possible.

[—> Port 0 I/0 settings.

o] input
1 output

Port 1register

7 6 : 5 : 4 : 3 : 2 : 1 : 0
P1 bit Symbol P17 - Pl6 ©oPIS S P14 P13 : P12 1 P11 PO
(FFC2H) Read/Write RIW
Re‘fa&ﬁ?g 0 (Input mode)
Function Becomes the address bus when EA = 0 or EXT-P1XC = 1. P1XC: Bit X of PICR
Port 1 control register
7 % 6 5 i 4 i 3 P2 1 0
P1CR | bit Symbol [ P17C PI6GC | PISC PI4C  © PI3C | PIC P11C P10C
(FFC3H) Read/Write w
o 0
Function 0:IN 1: 0OUT (71O specification in bit)

Read modify write
are not possible.

$——> Port 11/0 and address bus settings.

IRFL
pIcR SEXT> 0 1
<PI1XC>
0 Input port Input port
1 Output port | Address bus

Note) Settingsin bit are possible.

1
71 6 5 a4 3 2 i 0
IRFL bit Symbol IRFO  © IRFTQ ; : EXT
(FFCAHM Readrwrite R : : W
Resetting : :
value 0 : 0
Interrupt Request : : P1control
Function Flag : 0: INJOUT
1 : Active interrupt : 121N/
request address

Read modify write are not possible.

Figure 3.5 (3). Registers for Port 0/1

PI1CR <P1x C>ishit x of PICR

TOSHIBA CORPORATION
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3.5.3 Port 2 (P20 ~ P27) (1) P20 (ADS)

Port 2 is a 8-bit general-purpose I/O port whose I/O function is

specified by the control register P2CR in bit basis. P20 is a general-purpose I/0 port used both as the
A reset operation clears all bits of the output latch (P2) and external A/D conversion start: ADS pin.

control register (P2CR) to “0” and sets Port 2 to the input

The Port 2 function register P2FR <ADSE> is used to
set P20 to function as the ADS pin.

P20 is set as the ADS input pin by writing <ADSE>=
“1”,
P20 is set as the ADS input pin by writing <ADSE> = “1”.

A reset operation clears P2CR <P20C> and P2FR
<ADSE> to “0” and sets P20 to input port.

mode.

In addition to its 1/0O port function, Port 2 also functions as
an external A/D conversion start pin, timer output pin, timer/
event counter clock input pin and external interrupt request pin.

Reset

f——1
Direction control
| (bit)
n
t P2CR write
Sl T3
r
Output ﬂ D
n latch L P20 (ADS)
a } Output buffer
| P2 write
g ﬁ@?
a 1 _ <§
t
a
} P2 read
b Function
u control
s b
P2FR write
P2FR read
— ADS l_ '
1 (System
41 \_clock
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@) P21 (TO1), P22 (TOG), P23 (TO4)

P21 - P23 are general-purpose I/0O ports also used as

timer output pins.

The port 2 function register P2FR <TO1E, TOSE,
TO4E> and port 2 control register P2CR <P21C,

—

Reset

—i

Direction contral

|

Qutput A

P22C, P23C> are used to set the timer output pin.
The timer output pin is set by writing “1” to both the control
register and function register.

A reset operation clears P2CR <P21C, P22C, P23C>
and P2FR <TO1E, TO3E, TO4E> to “0” and sets P21 -
P23 to the input port.

(bit)

P2CR write

— ® I3 = ™ ~+ 3 —

latch

P2 write TO1

Bass

! ~

P21 (TO1)
(P22(T0O3))
(P23(TO4))

Output buffer

L o~ o Q

o

=

P2 read

Function

control

P2FR write
1

T

P2FR read

TOSHIBA CORPORATION
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()

P24 (INT1/TI4), P25 (INT2/TI5)

P24 and P25 are general-purpose I/O ports, also used
both as external interrupt request input pins (INT1,
INT2) and timer/event counter clock input pins (T14,
TI5).

These ports have built-in zero cross detection circuits

and can be used for zero cross detection by connecting
an external capacitor. The zero cross detection function is
enabled by writing “1” to <ZCE1, ZCE2> of the Port 2
function register P2FR.

A reset operation clears P2CR <P24C, P25C> and
P2FR <ZCE1, ZCE2> to “0” and sets P24 - P25 to the
input port.

F"' Reset
Direction control
(bit)
l ¢
n P2CR write
t 4
e ¥ Capacitor
Output ™ 1
: e > [ HF=—"
n 4 Output buffer P24 (INT1/T14)
a P2 write (P25 (INT2/TI15))
! <
d 1 <o —
a
t INT1, T4 = =800KQ
(INT2, TI5)
a P2 read )
b
|| Function
u control
5 f
P2FR write INT1 rising/falling edge control is performed
- ? by the 16-bit timer/counter controller/mode
! register T4MOD.

P2FR read
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P26 (NMI)

P26 is a general-purpose I/O port, also used as the
non-maskable interrupt NMI input pin. The Port 2 func-
tion register P2FR <NMIC> is used to set the NMI pin
mode.

It is necessary to write “1” to <NMIC> when P26 is

used as the NMI input pin (this does not depend on the
Port 2 control register P2CR <P26C>).

Once set the NMI input pin mode, P26 can only be
returned to the general-purpose I/0O port mode by
resetting.

A reset operation clears P2CR <P26C> and P2FR
<NMIC> to “0” and sets P26 to the input port.

— Reset
Direction control
(bit)
! t
n P2CR write
t -——} Qutput buffer
e
Output N Part 26
r latch P26 (NMH
n 4
a P2 write
| e
d <l
a
t
a }r P2 read
Function
b control
" P2FR write
s L( N 3
TJ—
P2FR read
NMI YFalling edge
L__J interrupt - detection

TOSHIBA CORPORATION
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(6) P27 (INTO) INTO can be set for either “H” level interrupt or rising
edge interrupt with the Port 2 function register P2FR
P27 is a general-purpose I/O port, also used as the exter- <EDGE>.
nal interrupt request input pin INTO.
— Reset
Direction control
(bit)

|
n P2CR write
t p
e

Output ) Port 27
r latch L P27 (INTO)
n [ Output
a P2 write buffer
bl <1
d -
a
t
a l P2 read

Function
b "] control
u }
s P2FR write

!
P2FR read
INTO Level/edge |_|
) interrupt " ldetection
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P2
(FFCBH)

P2CR
(FFC7H)

Read modify
write are not
possible

P2FR
(FFCIH)

Port 2 register

7 6 s 4 P03 2 1 0
bit Symbol P27 P26 P25 P24 P23 P22 P21 P20
Read/Write R/W

Re::f&'eng 0 (Input mode)
Function (INTO) (NMI) : (INT2/TIS) (INT1/TI4) : (TO4) (TO3) (TO1) (ADS)
Port 2 function register

7 6 5 4 i3 2 1 0
bit Symbol P27C P26C P25C P24C P23C p22C P21C P20C
Read/Write w

Resettin
value 9 0
Function 0:IN 1:0UT (/O specified in bit)
Port 2 function register

7 6 s a4 i3 2 1 S0
bit Symbol | EDGE NMIC ZCE2 © ZCE1 : TOAE TO3E TOIE ADSE
Read/Write R/W
Resetting

value 0
INTO NMI ANT2/TIS (INT1/TI4 ‘Port/TO4 (Port/TQ3 :Port/TO1 :Port/ADS
control . control :control icontrol 'COI'\UOI ‘contro\ ‘control ‘control
Function |0 level :0:Port 1:2CD 1:2CD :0:InfOut :0:In/Out :O :In/Out -0: Port
1: Tedge :1:NMI enable | enable :1:In/TO4 i $In/TO3 :1:InfTO1 : (ADS
: : : : : disable)
1:ADS
: enable
I

]

[_’ Port 20 ADS control

0 : general-purpose I/0 port

1 J ADS enable

Porl 21 - 23 timer output control

0 ‘ mpul port/output port

1 mputporUtwmeroutpui
L

Port 24 - 25 zero-cross control

D ' zero-cross disable

11 zero-cross enable
!

Port 26 NMI control

0 } input port/output port

1 | NMIenable
L

INTO control

T
0 | "H" level detectinterrupt

1 1 rising edge detect interrupt
L

Figure 3.5 (6). Registers for Port 2
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3.5.4 Port 3 (P30 ~ P33)

Port 3 is the 4-bit general-purpose 1/0 port. P30 and P31 are
used for input only; P32 and P33 are used for output only.

P30 and P31 function both as a 2-bit input port and A/D
converter analog input pins ANO and AN1.

P32 and P33 are used both as a 2-bit output port and for
the external memory control functions RD and WR. The output
latch for P32 and P33 is set to “1” by resetting and outputs “1”.

When the external memory is accessed, P32 and P33

automatically function as the memory control pins RD and
WR. When the external memory is accessed, P32 and P33
automatically function as the memory control pins RD and
WR. When the internal memory is accessed, P32 and P33
function as the output port. Therefore, for accessing the external
memory, leave the output latch register of P32 (RD) and P33
(WR) to “1”, a value immediately set after resetting.

[~
3 2-channel
Analog input«—  analog
| multiplexer
n
P Port 30~31
t P30 (ANO)
e T (P31 (AN1))
P3 read
r
n External access
a Reset s
| set ¥ 3 Qutput buffer
Output A Elf Y J\ Port32~33
d latch Bl e P32 (RD)
¢ (P33 (WR))
a $ t
P3 write o
t r
a !
RD
(WR)
b
u
o
P3 read
—
7 6 5 4 3 2 : 1 0
P3 bit Symbol PI3 . P32 i P31 P3O
(FFC8H) | Reagwrite R/W : R
Re:slttt‘\eng 1 Input mode
Function (WR) © (RD) | (AN} : (ANO)

Figure 3.5 (7). Port 3
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3.6 Timers
The TMP90C846 has four 8-bit timers and one multi-function
16-bit timer/event counter.

These four 8-bit timers can be operated independently or
cascade connected to form two 16-bit timers. The 8-bit timers
have the following four operating modes.

e 8-pbit interval timer modes (4)

¢ 16-bit interval timer modes (2)
- The two above can be combined (8 bits x 2, 16 bits x 1)

¢ 8-bit Programmable Pulse Generation (PPG; variable duty at
variable interval) output modes (2)

¢ 8-bit PWM (pulse width modulation: variable duty at fixed
interval) output mode (2)

The multi-function 16-bit timer/event counter has the following
six operating modes.

16-bit interval timer mode

16-bit event counter mode

16-bit PPG (variable duty at variable interval) output mode
® Frequency measurement mode

¢ Pulse width measurement mode

¢ Time deviation measurement mode

3.6.1 8-bit Timers

The TMP90C846 has four 8-bit interval timers (timer O, 1, 2
and 3), each of which can be operated independently. Timer O
and 1, or Timer 2 and 3 can be cascade-connected and used
as 16-bit interval timers.

The block diagram of the 8-bit timers (Timers 0 and 1) is
shown in Figure 3.6 (1).

Timers 2 and 3 have the same circuit configuration as
Timers O and 1 respectively.

Each interval timer comprises an 8-bit up-counter, an 8-bit
comparator, and an 8-bit timer register. One timer flip-flop
(TFF1, TFF3) is provided for each pair of Timer 0/1 and Timer
2/3.

The internal clocks @T1, @T16, and @T256 used as the
input clocks to the interval timers are obtained from the 9-bit
prescaler shown in Figure 3.6 (2).

The operating modes and timer flip-flops for the 8-bit timers
are controlled by four control registers (TCLK, TFFCR, TMOD
and TRUN).

TOSHIBA CORPORATION
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TFFCR<TFF1C1,0>

|

Timer set Timer
flipflop reset flipflop F——> TO1
control (TFF1)

Invert trigger
TRUN<TIRUN>

Soft tri
oft trigger TMOD<T10M1,0>

TRUN<TORUN> TFFCR<TFFIIE> ¥
. T
l ’_|>01l$ { ) ™| selector

F=== TimerQ --==-----=—====—-4=ecc--7 S - F-Timerl ccemo e T ng[ﬂf‘ﬂ"”_
! 1 i TMOD<T10M1, 0> | yn |
\ run clear | H ¥ 1
' 1 N 1
£¢T1 /) abit jOverflow 8 bit | TFFCR<TFF1IS>

. " ; |
1416 (128/f0) Selector “p(ﬁ’c"ger 1 : Selector ”p(‘lfc“;‘)m' 26| Selector |
197256 H LTl . i
i (2048/fc) i 14716 —= i
i H H i
i F1 | s FTFF |
! TCLK<TOCLK1, 0> ! ! [ TMOD<T10M1, 0, !
' ' i TCLK<TICLK1, 0> PWMOT, 0> |

|

! Match detect !
: B i
, - 'Match ! '
' 8-bit ! detect ' 8-bit !
! comparator T ' comparator
: (cPo) i i (CP1) i l
1 v INTTO 1
i ' H H Sel F=—TMOD
: i E F elector | <Tiom1,0>
' i 1 i
| 8-bit ; ; 8-bit i b
! timer register ! ! timer register H INTT1
! TREGO : i TREG1 ;
| T\ 1 i ﬁ i
L [ P l L 4

Internal bus

Figure 3.6 (1). 8-bit Timers Block Diagram (Timers 0 and 1)
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0O Prescaler

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

The three clocks oT1, ¢T16 and @T256 are used for
the 8-bit timers.

This prescaler is run and stopped with the timer operation
control register TRUN <PRRUN>. Setting <PRRUN>

to “1”starts counting and setting <PRRUN> to “0”

stops and clears the prescaler to “0” and stops. Reset-
ting clears <PRRUN> to “0”, which clears and stops

the prescaler.

Cycle
fc
Input 8MHz 10MHz
clock
¢#T1 (8/fc) 1.0pus 0.8us
¢T15 (’128”(2) ‘;6/15 12.8us
#T256 (2048/fc) 25605 204.8 5

A#Ta

Figure 3.6 (2). Prescaler

4Tt 4T4  4T16 ¢T64 $T256
bttt
12 3 45 6 7 89
Oscillator
_ fe
aret ! 4 fc/a 9 Bit Prescaler
Trun/stop & clear
1
112 (System clock) TRUN<PRRUN >
—»942

TOSHIBA CORPORATION

41/98



TMP90C846

O Up-counter

This is an 8-bit binary counter that counts up the input
clock specified by the 8-bit timer clock control register
TCLK and 8-bit timer mode register TMOD.

The input clock of Timers 0 and 2 can be selected
from the three internal clocks oT1 (8/fc), aT16 (128/fc),
@T256 (2048/fc) in accordance with the TCLK setting
value.

Example: Setting TCLK <TOCLK1, 0> =0, 1 selects
oT1 as the input clock for Timer O.

The input clock selection for Timers1 and 3 differs
depending on the operating mode. When the 16-bit
timer mode is set, the overflow output of Timer O or 2
is used as the input cock, regardless of the TCLK
register setting.

In the other modes, the input clock is selected among
the internal clocks oT1, @116, 1256, and the output

of the Timers O and 2 comparator (match detection) by

setting the TCLK register.

Example: If TMOD <T10M1, 0> =0, 1, the overflow
output of Timer O is used as the input clock to
Timer 1 (16-bit timer).
If TMOD <T10M1, 0> = 00 and
TOTMOD <T1CLK1, 0> =0, 0, and
<T1CLK1,0>=0, 1, aT1 isused as the
input clock to Timer 1 (8-bit timer).

The TMOD register is also used to set the operating

mode. Resetting initializes to TMOD <T10M1, 0> = 0,
0/TMOD <T32M1, 0> = 0, 0; therefore, 8-bit timer mode is

Each up-counter can be run, stopped and cleared

with the timer control register TRUN. Resetting stops all
timers and clears all up-counters.

42/98

TOSHIBA CORPORATION



TMP90C846

Timer 2, 3 Timer 0, 1
7 ; 3 : 5 : 4 3 : 2 : 1 i 0
TMOD |bit Symbol [ T32M1 | T32MO | PWM21 | PWM20 : TI1OMI1 | T10MO PWMO1 | PWMOO
(FFOAM) [ ¢ eadrite R/W : R/W R/IW : RIW
Resetting o o i o i o0 o . 0o i 0o i o
00 : 8bit Timer 00: — 00 : 8bit Timer 00: —
Function | @1 16bit Timer 01: 267 PWM 01: 16bit Timer 01:25"  pwm
10 : 8bit PPG i 10: 271 cycle  : 10: 8bit PPG i10: 271 cycle
11:8bit PWM f1: 28 11: 8bit PWM P 2®
1 1 J

—————————— PWM3 cycle (timer 3) selection

[ PWM1 cycle (timer 1) selection

(Don't care in other than the PWM mode.)

00 o

‘0,1“ e 25,: ]‘ (53”0 ...............................
10 ..... 27 IO

1\ ..... ."25“—1 (255/1¢)

L——— Timer 0, 1 operating mode setting

00 | 8-bit timer x 2 (timer 0, 1)

01 | 16-bit timer

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

(Don't care in other than the PWM mode.)

00 —_—
T

T BT
o we essig

Timer 2/3 operating mode setting

00 | 8-bit timer x 2 (timer2, 3)
01 | 16-bit timer
10 | 8-bit programmable square wave output

11 | 8-bit PWM output (timer 3)
+ B8-bit time (timer 2)

Figure 3.6 (3). 8-bit Timer Mode Register TMOD
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Timer 3 Timer 2 Timer 1 Timer 0

7 L6 : 5 i 4 3 : 2 s ! : 0
TCLK | bit Symbol | T3CLK1 | T3CLKO { T2CLK1 { T20LK0 | TICLKD © TICLKO | TOCLK1 | TOCLKO
(FFD8H) !

Read/Write R/W : R/W : RIW i R/W

Resettini : : : : : : :
value J 0 : 0 H 0 : 0 : 0 : 0 ; 0 : 0

00: TO2TRG S 00 — © 00: TOOTRG 00: —
01: ¢T1 01: ¢T1 D01 ¢T1 01: ¢T1
10: 4T16 S10: ¢T16 10: ¢T16 110 4T16
11: 47256 fare #7256 11: $T256 1: 47256

L 1 1 L ]

|
N

Function

Timer 0 input ¢clock

00 —_—
01

10 | Internal clock ¢T16
1

Internal clock ¢T256

Timer 1input clock
TMOD<T10M1,0>#0,1|TMOD<T10M1,0>=0,1

00 | Timer 0 comparator Timer 0

output overflow output

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

11 | Internal clock $T256

———— Timer 2 input clock

00 —
01 | Internal clock ¢T1
10 | Internal clock ¢T16

11 | Internal clock ¢T256

Timer 3 input clock
TMOD<T32M1,0>#0.1|TMOD<T32M1,0>=0,1

00 | Timer 2 comparator Timer 2
output overflow output
01 | Internal clock ¢T1

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

(Note) #1256 input is possible in the 16-bit timer mode. 11 | Internal clock ¢T256

Figure 3.6 (4). 8-bit Timer Clock Control Register TCLK
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16-bit timer 8-bit timer
[ T
5 P4 ©03 P2 1 0
TRUN | bit Symbol PRRUN | T4RUN i T3RUN | T2RUN ' TIRUN | TORUN
(FFOBH) [ cadnwrite R/W
Resetting : : : :
value 0 : 0 0 : 0 : 0 0
¢ Prescaler & Timer Ru n/Stop Control
Function

0:5top & Clear
1: Run {Count up)

— | |

L» Timer 0 operation

0 |Stopand clear

1 | Count

L Timer 1 operation

0 |Stopand clear

1 | Count

—— Timer 2 operation

0 |Stopand clear

‘————> Timer 3 operation

0 |Stop and clear

1 | Count

—————> 16-bit timer (timer 4) operation

1 |Count

0 |Stop and clear

Prescaler operation

1 [Count

0 |Stopand clear

Figure 3.6 (5). Timer Control Register TRUN
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TFF3 TFF1
T
7 6 5 4 : 3 2 : 1 0
TFFCR | bit Symbol | TFF3C1 TFF3CO TFF3IE TFF3IS TFF1CH TFF1C0O TFFUE TFF1IS
(FFDIH) Read/Write w R/W w RIW
Resetting :
value _ 0 0 — : 0 : 0
00:Clear TFF3 = 1: ‘D:invert : 00:Clear TFF1  i1: i0:invert by,
01:5et  TFF3 TFF3 by8bit | g1:5et  TFF1 TFF1 8-bit
Function 10:Invert TFF3 Invert ; timer 2 10 : Invert TFF1 invert : timer 0
Enable 1:invert . Enable 1:invert by
11:Don't care i 11: Don't care L
: by timer 1
: . timer3
1 ! L—l_—l ‘
[—> Timer flipflop TFF1 inversion signal select
MOD<TI10M
TFECR 1.0> 0,0 0,1 1.0 11
<TFF1IS>
0 8-bit timer TFF1 inversion not possible
mode (timer 0)
1 8-bit timer 16-bit timer mode PPG mode | PWM mode
mode (timer 1) (timer 0 and timer 1) (timer 1) (timer 1)
> Timer flipflop TFF1inversion
0 Disable
1 Enable
t——————— Timer flipflop TFF1 control
00 Clears TFF1to "0"
o1 Sets TFF1 to "1
10 Inverts the TFF1 value (software inversion).
1 Don’t care (alwaysread "11").
——— > Timer flipflop TFF3 inversion signal select
MOD<T32M
TFFCR 10> 0.0 0,1 1,0 1,1
<TFF3iS>
8-bit timer . . .
0 TFF3 sion not possible
mode (timer 2) fnverst P
1 8-bit timer 16-bit timer mode PPG mode | PWM mode
maode (timer 3) (timer 2 and timer 3) (timer 3) (timer3)
—————— Timer flipflop TFF3inversion
0 Disable
1 Enabie
Timer flipflop TFF3 control
00 Clears TFF3 10 "0".
01 Sets TFF3to "1".
10 Inverts the TFF3 value (software inversion)
11 Don't care (alwaysread “11").

Figure 3.6 (6). 8-bit Timer Flip-flop Control Register TFFCR
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O Timer registers

TREGO TREG1 TREG2 TREG3
8-bit 8-bit [ 8-bit 8-bit
FFD4H FFD5H FFDGH FFD7H (Note) Write only.

This is an 8-bit register used to set the interval time.
When the set value of a timer register matches to that
of an up-counter, the match signal of comparators
becomes active. When the set value is 00H, the match
signal becomes active when an up-counter overflows.
When a new value is written to this register, it is immediately
input to the comparator.

O Comparators

When a comparison of an up-counter value and a
timer register value show a match, the up-counter is
cleared to “0” and an interrupt signal (INTTO ~ INTT3) is
generated. If the timer flip-flop inversion is enabled, the
timer flip-flop value is inverted at the same time.

O Timer flip-flop (Timer F/Fs)

This flip-flop is inverted by the match signals (comparator
output) of the interval timer. The value can be output to
the timer output pins TO1 (also used as P21) and TO3
(also used as P22).

A Timer F/F is provided to each of the Timer 0/1 pair
(TFF1) and Timer 2/3 pair (TFF3). The TFF1 value is

output to the TO1 pin and the TFF3 value to the TO3
pin.

The timer F/F is controlled by the timer flip-flop control reg-
ister TFFCR.

TFF1 (Timer 0/1 timer flip-flop) is used below for
explanatory purposes. (Refer to Figure 3.6 (6).)

¢ TFFCR <FF1IS> is a selection bit for the TFF1 invert sig-
nal. In the 8-bit timer mode, <FF11S> should be to “0”
when the match signal from Timer O is used, and
should be set to “1” when the match signal from Timer
1is used.

In any other mode, always keep <FF1I1S> set to “1”.
Resetting clears <FF11S> to “0”.

e TFFCR1 <FF1IS> is the TFF1 invert enable bit. Set
this bit to “1” to enable inversion and clear to “0” to
disable inversion.

Resetting clears <FF1IS> to “0”.

e TFFCR <TFF1C 1, 0> is the TFF1 set/reset and software
inversion bit. Writing “0, 0” resets TFF1, writing “0O,
1” sets TFF1 and writing “1, 0” inverts the TFF1
value. Similarly, the TFF3 is controlled by the upper
four bits TFFCR <TFF2C1, 0, TFF3IE, S>.
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(1)

The following is an explation of the 8-bit timer operation:

8-bit timer mode

The four interval timers O, 1, 2 and 3 can be used
independently as an 8-bit interval timers. The operation is
the same as for all of the timers. Thus, Timer 1 will be
used here for explanatory purposes.

O Generating interrupts in a fixed cycle

MSB LSB

765643210
TRUN ¢ - = ---~- 0 -
TMOD ¢ - ---00XX
TCK ¢ ----01--
TREGL + 00110010
INTEH ¢ - - - - - - - 1
TRUN ¢ --1---1-

(Note) X ; don’t care

Refer to the table below for selecting the input clock:

To use Timer 1 for generating Timer 1 interrupts
(INTT1) in a fixed cycle, first stop Timer 1 and then set
the operation mode, input clock and cycle to the
TMOD, TCLK and TREG1 registers. Next, enable the
interrupt INTT1 and then start Timer 1 counting.

Example: Use the following procedure to set the regis-
ters to generate Timer 1 interrupts every
40us (fc = 10MHz).

Stops Timer 1 and clearsitto "0"

Sets the 8-bit timer mode.

Setsthe input clock to 4T1 (0.8 x5 @ fc = 10MHz).
Sets 40 us + ¢T1=32H to the timer register.
Enables INTT1.

Starts Timer 1.

-;no change

Table 3.6 (1) Interrupt Cycle and Input Clock Using 8-bit Timer

Interrupt cycle .

@fc = 10MHz Resolution Input clock
815 ~ 204.8s 81 211 (8/fc)
12.815 ~ 3.2768ms 12815 8116 (128/fc)
204.85 ~ 52.42ms 204815 21256 (2048/fc)
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O Generating pulse at 50% duty

Invert the timer flipflop at a fixed cycle and output the
timer flipflop value to the timer output pin (TO1).

MSB LSB
76543210
TRUN ¢« - - - - - - 0-
TMOD ¢« —----00XX
TCLK ¢ ~==--01--
TREG1 « 00000011
TFFCR « --=-=-0011
P2CR ¢ =---=--- 1-
P2FR ¢« - - - - - - 1- /
LTRUN « --1---1-
(Note) X ; don’t care -;no change

4Tl

Example: Use the following procedure to set the regis-

ter to output a pulse from the TO1 pinin a
4.8ps cycle at fc = 10MHz. Timer O or 1 is
used in this case, but Timer 1 will be used
for explanatory purposes.

Stops Timer 1 and clearsitto "0”.
Sets the 8-bit timer mode.

Sets the input clock to ¢T1.

Sets (4.8 us+ ¢T1) =2 = 3 to the timer register.
Clears TFF1 to "0" and sets inversion with the match

signal from Timer 1.

Sets P21 as the TO1 pin.

Starts Timer 1.

TRUN<TIRUN >

BIT7~2

o

Up-
Counter B'”—I—Q_I—I___I—'I_

2. 4,5@fc = 10MHz

BITO 0 1 2 [3 off v L2 [3 lof 2 3 o
Comporater M T M
comprer S 7 M M

INTT1 \m/ l—l r_l
|
Up counter Clear !L{{ n n
| |
101 j '\ [

Figure 3.6 (7). Pulse (50% duty) Output Timing Chart
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O Starting Timer 1 counting up with Timer O match
output

Comparator timer 0

I

Set the 8-bit timer mode and set the comparator output of
Timer O as the Timer 1 input clock.

1

match output

Timer 0 up-counter
(when TREGO = 5)

3 &6 €50 88000060

Timer 1 up-counter
(when TREG1=2)

X

2 X 1

Timer 1 match output

1

Figure 3.6 (8)

O Output inversion with software

The timer flip-flop value can be inverted regardless of

the timer operation.

Writing “1, 0” to TFFCR <TFF1C1, 0> inverts the TFF1
value; writing “O, 1” into TFFCR <FF3C1, 0> inverts the
TFF3 value.

O Initial setting of timer flipflop

The timer flipflop initial value can be set to either “0” or
“1”, regardless of the timer operation.

For example, write 0, 0 to TFFCR <TFF1C1, 0> to
clear TFF1 to “0”, and write O, 1 in TFFCR <TFF1C1,
0> to set TFF1 to “1”.

(Note) The timer flipflopand timer register values can-
not be read.

@

16-bit timer mode

16-bit interval timers can be created by using Timer O
and 1 as a pair of Timer 2 and 3 as a pair.

The operation of Timer O and 1 is the same as that of
Timer 2 and 3, so Timer O and 1 are used for explanatory
puUrposes.

Timer 0 and 1 can be used as a 16-bit interval timer by
connecting them in a cascade configuration and writing
“0, 1” to TMOD <T10M1, 0>.

When the 16-bit timer mode is set, the overflow output
of timer O is used as the Timer 1 input clock, regardless of
the TCLK setting value. TCLK sets the Timer O input clock.
The relationship between the timer (interrupt) cycle and
the input clock is shown in Table 3.6 (2).

Table 3.6 (2) 16-bit Timer (Interrupt) Cycle and Input Clock

Timer (interrupt) cycle

Input clock to

@fc = 10MHz Resolution Timer 0
816 ~ 52.43ms 8 oT1 (8/fc)
12.81s ~ 838.86ms 12,815 0116 (128/fc)
204.8ys ~ 13.425 204.85 21256 (2048/fc)
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The timer (interrupt) cycle is set by loading the lower eight
bits to the timer register TREGO and the upper eight bits to the
timer register TREG1. In this case, always set TREGO first. (A
comparison is temporarily halted by writing data to TREGO and
a comparison is started by writing data into TREG1).

Example: To generate interrupts INTT1 every 1second
(at fc = 8MHz, set the following values for
timer register TREGO and TREG1.

When counting by using @T16 (16us @8MHz),
1s + 16ps = 62500 = F424H
Therefore, set TREG1 = F4H and TREGO = 24H.

The match signal of timer O comparator is output each
time the up-counter UCO matches TREGO. The up-counter
UCOQ is not cleared bit INTTO is generated.

The match signal of timer 1 comparator is output at each
comparator timing cycle, if the up-counter UC1 matches
TREG1. When the match signals of both the Timer O and
Timer 1 comparators are output at the same time, the up-
counters UCO and UC1 are cleared to “0”, and the interrupt
INTT1 is generated. If the inversion is enabled, the value of the
timer flipflop TFF1 is inverted then.

Timer 0 Timer 1

INTTO TO1 Match INTT1 TO1 Match value
16-bit Timer Mode ' Output enable w08
(count-up Timer 1 by Timer 0 Ouiput disabled TREGO (can output when both TREG1 2%+ TREGO
overflow) Interrupt generated (cannot output a (continue count-up) Interrupt generated Timer 0 and Timer 1 16-bit)

TREGO match) (Cleared both match)
match)
8-bit Timer Mode Output enable TREGO Output enable TREG1*TREGO
(count-up Timer 1 by Timer 0 | Interrupt generated (either Timer 0 Interrupt generated (either Timer 0 or (multiplication value)
; (clears on match) :

match) or Timer 1) Timer 1) (clears on match)

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

Value of Up-Counter

0400H
0380H

(UC1, UCO) 0000H 0080H 0180H 0280H 0480H
Timer 0 " n ﬂ " ﬂ
Comparator Match Signal ]
'
|
interrupt INTT! J
!
N
Timer Qutput TO1 [anert signal
Figure 3.6 (9)
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(8)  8-bit PPG (Programmable Pulse Generation) Mode Timer 0 and/or Timer 2 cannot be used in this mode.
For Timer 1, pulse is output to TO1 (also used as P21);
Timer 1 or Timer 3 can be used to output pulse at any for Timer 3, it is output to TO3 (also used as P22).

frequency and duty rate. The output pulse can be
either low-active or high-active.

TREG!

TO1 _r__ ——I I-——I |_

INTTO INTT1
occurs  oceurs

Timer 1 is used for explanatory purposes (operation is the same for Timer 3).

(interrupt INTT1)

TREGO and UC1 match /ﬂ
(Interrupt INTTO) (
TREG1 and UC1 match —\I_Iﬁ/\ \ |/|\

TO1
TREGO |
TREG1 ‘

This mode outputs a programmable pulse by inverting the The up-counter (UCO) of Timer O cannot be used in this
timer output each time the 8-bit up-counter 1 (UC1) matches mode. Timer O can be used for counting by setting TRUN
the timer register TREGO or TREGH. <TORUN> to “1”.

It is necessary, however, to satisfy the condition (TREGO Figure 3.6 (10) shows the block diagram of the PPG
set value) < (TREG1 set value). mode.
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TRUN<TIRUN> TO1

4T1 (8/fc) — Clock 8-bit

4T16 (128/f) —= | up- c TFFCR<TFFIE>
control up-counter U

#7256 (2048/fc) —»= Clear PR (K

Invert

TMOD<TIOM1,0> TCLK<TICLK1,0> ‘

Comparator 0 Comparator 1
TREGO TREG1
Internal bus

Figure 3.6 (10). 8-bit PPG Mode Block Diagram

Example: Outputting pulse at 1/4 duty rate and 50kHz The frequency is set to 50kHz, by making a
@fc = 8MHz) t = 1/50kHz = 20pspulse cycle.
When ¢T1 = 1us (@ 8MH2) is used,

|_l |—‘ 20ps + 1ps = 20
_l—l__J—I Therefore, the timer register 1 (TREG1) is set to

|es0,i5+] TREG = 20 = 14H
Next, to set a duty to 1/4,
tx1/4 =20us x 1/4 = 5us

* Determine the set values of the timer registers. Sus + 1us =5
Therefore, set timer register O (TREGO) to TREGO =5 =
0O5H.
_TRUN « - - - - - - 00 Stops Timer 0 and Timer 1, and clears them to “0".
TCLK ¢ - - - -01xx Setsthe inputclock to ¢T1.
TMOD ¢ - - --10x x Sets the 8-bit PPG mode.
TJFFCR ¢« - - - -0111 Clears the output and enables the inversion by Timer 1.
When set to 00, a negative logic pulse is obtained.
Writes 5H.
TREGO « 00000101 Writes 14H.
TREGL « 00010100
P2CR ¢ - - - - - - 1-
l Sets P21 asthe TO1 pin.
PZFR ¢ - - - - - - 1- J
LTRUN « - -1---11 Starts Timer 1.
(i¥) X ;don’t care -; no change
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Cautions for PPG Output

The PPG output is possible by updating the contents of TREG
(Timer Register); however, a caution is required concerning the

} TREG1

|—-TREGO+|
TO1 I |
INTTO INTTH
generated generated

The pulse width is normally changed with the interrupt
(INTTH) processing routine for each timer cycle. When a next
pulse width (value written to TREGO) is small, a problem will
occur if the timer has already exceeded the TREGO value.
Thus, it is recommended that the following decision be made
during INTTO and INTTT interrupt processing.

INTTO processing routine:  Update the current TREGO
value only when writing a
smaller value.

INTT1 processing routine: Update the current TREGO
value only when writing a
larger value.

The TREG contents cannot be read; therefore, when mak-
ing decisions as the above, it is necessary to store the TREG con-
tents in RAM or a register.

Match signal
from comparator

TREG update timing in relation to the PPG pulse width setting.

Example: PPG output by 8-bit Timer 0, 1

TREGO = pulse width TREG1 = cycle

[ 1 [

8-bit PWM (Pulse Width Modulation) Mode

This mode is only available for timer 1 and timer 3, and
is used for two 8-bit resolution PWM (PWM1 and
PWM3).

Timer 1 outputs to the TO1 pin (also used as P21);
Timer 3 outputs to the TO3 pin (also used as P22).
Timer O and Timer 2 can be used as 8-bit timers.

Timer 1 (PWM1) is used for explanatory purposes (The
operation for timer 3 is the same.)

The timer output is inverted when up-counter (UC1)
value matches the set value of timer register TREGT,
and when a counter overflow of 2" - 1 (specify n =6, 7
or 8 with TMOD <PWMO01,00>) occurs. The up-
counter UCT is cleared by a counter overflow of 2" - 1.

The following conditions must be satisfied when the
PWM mode is used.

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

(Set value of timer register) # 0

(For example, n = 6: 6-bit PWM; n = 7: 7-bit PWM.)

(INTT1)

2" =1

Overflow

TO1 —\i

Figure 3.6 (11) shows the block diagram of this mode.
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TRUN<PRRUN> TRUN<TIRUN>
Timer 0 comparator output ~ ——
$T1 (8/fc) Clock control -
4T16 (128/f) —> Up-counter UCt Clear
$T256 (2048/fc) —>
TMQOD
—
TCLK<1T1CIK1 0> 2~ 1 counter - <T10M1, 0>
' -1 overflow «—— TMOD
control «— <PWMO01, 00>
(n=6,7,8
selection)
Comparator 1

TREG1

TFF1 = TO1

1 T T

internal bus TFECR
<TFF1C1,0, TFF1IE, TFF1IS>

Figure 3.6 (11). 8-bit PWM Mode Block Diagram

Example: Outputting the PWM shown below to the TO3 Setting a PWM cycle of 50.4ps with T1 = 0.8us
pin (P22) by using Timer 3 at fc = 10MHz. (@fc = 10MHz),
50.4ps + 0.8ps = 63 = 26 - 1
Therefore, n = 6 is set. (TMOD1, 0 = 01)

= 365 >l

1 | [ ] [ ] The “Low” level cycle is 36ps; therefore, at @T1 = 0.8s,
le— 50.405 —» 36us + 0.8us = 45 = 2DH is set to TREGS.

_TRUN €« --=-=-0--- Stops Timer 3.

TCLK ¢« 01 ---- -~ Setsthe input clock to ¢T1.

TMOD ¢« 1101--- - Sets the PWM mode cycle = 26- 1.

TFFCR « 00 11--- - Sets the output initial value to 0 ("L" level).
TREG3 « 00101101 Writes 2DH.

PeCR « = ===~ L-- } Sets P22 as the TO3 pin.

P2FR ¢ - - - - - 1- - ]

[TRUN « - - - - 1 - - - Starts Timer 3.

(Note) X ; don't care -;no change

TOSHIBA CORPORATION 55/98



TMP90C846

Cautions for PWM Output

Table 3.6 (3) PWM Cycle and 2" - 1 Counter Setting

PWM cycle (@fc = 10Mhz)
Expression | g7y gT16 oT16
(8/fc) (128/fc) (128/fc)
B6-1 | (@-1)xgTn 50.415 806.415 12.95
27-1 | (@"-1)xaTn 101,65 1625.615 26.0ms
281 | (28-1)xgTn 204.0p5 3264.015 52.2ms

The TMP90CB846 is capable of the PWM output with a 8-
bit timer; however, it is necessary to pay a caution when the

PWM pulse width is changed. The following example is

used for explanatory purposes.

Example: Using an 8-bit timer for PWM output.
TREG1 = pulse width Cycle: fixed (26 - 1,27 - 1, 28 - 1)

Cycle

TREG1

TO1 I

I

INTT?
occurs

During the PWM output, INTT1 is generated as matching
with TREG1. This interrupt cannot be used to change the
pulse width directly.

(A new value of TREG1 may cause another inversion within the
PWM cycle, when new value is larger than current one.)

One method of solving this problem, when the pulse width
is changed, is to temporarily stop the timer with the INTT1 pro-
cessing routine, and change the TREG1 value; then set Timer
Out to “1” and restart the timer. In this case, the output wave-
form is disrupted when the pulse width is changed, but the
usage is still possible with systems that can tolerate this situa-

L[ ]

5) Table 3.6 (4) shows the list of 8-bit timer modes.

tion.

Table 3.6 (4) Timer Mode Setting Register

Register name TMOD T1CLK TFFCR

Name of bit in register &g;m) (Ewm;) (I;g::ﬁ) (Iggt&) (Ei;:g)
16-bit timer mode 01 _ _ !aT1(OJ1aT18 ?1)256 1)
Bbittierx 2 el 0 - s | TS |0 e

(01,01,10,11) 10 :

8-bit PPG x 1 channel 10 _ ﬂT1(b!il’T}g: %256 ~ 1
8-it PWM x 1 channel 11 2 _(10'1?716,1i 12)8 -1 AT, 116, 7253 - -
8-bit timer x 1 channel 11 _ ﬂT(161EfT11OLTY1ﬂ1T)16 DT1(O!1JT18 1?1)256 d?slgg;[d

(Note) —: Don'’t care

*: It is possible to set to “0”, when timer F/F output is not used.
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3.6.2 Multi-function 16-bit Timer/Event Counter (Timer 4)

The TMP90C846 has one multi-function 16-bit timer/event
counter with the following modes:

® 16-bit timer
¢ 16-bit event counter
¢ 16-bit programmable pulse generation (PPG)

¢ Freguency measurement
e Pulse width measurement
¢ Time difference measurement

A block diagram of the 16-bit timer/event counter is
shown in Figure 3.6 (12).

l——» TO4

Timer flipflop
TFF4
Internal bus
N set I resetT
Upper ower Lﬁi?:c‘l 0—; Timer flipflop
Capture register 1 Capture register 2 - 4 control
TAMOD<CAPITIN > CAP1 CAP2
. 16-bit 16-bit
T4AMOD <CAPM1, 0> Trigger? TriggerT Trigger
'i ‘ TAFFCR
<CAPITE>
TFF1 ™
) Capture
T4 pin
) input control T4FF§EAPZTE)
TIS pin TAMOD<TACLK1, 0> TRUN<TARUN> [—ED
¢T1 (8f) = 16-bit up-counter I TAFFCR
#T16 (128/fc) —| Selector [ e <EQa4TE>
clear
jt T4AMOD<CLE>
. TRUN<T4RUN> T4FFCR
INT1 interrupt 1 <EQSTE>
]
INT2 interrupt i} i}
Comparator 4 Match detect Comparator § Match detect

cpa

CcP5

INTT4
interrupt
INTTS
16-bit timer register 4 16-bit timer register 5 interrupt
TREG4 TREGS
T Upper TT.OWE:’ TTJ pper TFOWQ[
Internalbus ~ arsaan

Figure 3.6 (12). 16-Bit Timer/Event (Timer 4) Block Diagram

A timer/event counter comprises a 16-bit up-counter, two
16-bit timer registers, and two 16-bit capture registers, two
comparators, a capture input control, a timer flipflop its and the
control circuit. A timer/event counter is controlled by five con-
trol registers.

e Timer mode register TAMOD

e Timer flip-flop control register T4FFCR

e Timer control register TRUN

e Timer flip-flop output port P2 control register P2CR
¢ Timer flip-flop output port P2 function register P2FR

TOSHIBA CORPORATION
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7 G 1 5 P4 3 R 1 0
TAMOD | bit Symbol © CAP1IN © CAPM1 @ CAPMO @ CLE ¢ T4CLK? | T4CLKO
(FFE4H)  [Readrwrite Coow RIW CORIW R/W
Fosie ? o1 o0 oo o0 ioo 0
;:Eapturenmmg lemerAsour(e clock
©0:soft- :00: Disable D1 UCte 100: T4
: Capture : INT1 15 rising edge : Clear D01 ¢T1(8/c)
Function D1 dont (01 TIAT TIST : Enable g 4716 (128/0)
: care ; INT1 15 nising edge P 11: disable
F10: TIAT Ti4 : :
: INT1 15 falling edge
DU TRELT TEET)
INT1 s rising edge

Up-counter UC16 clear control
0 [Clear disable

1| Clear matchwith TREGS

Capture control/INT1 interrupt control

Capture control INT1 control
00 | Capture Interrupt generated
disable —
= T latTld __f
01 |CAP1 atTldrise ) »
CAP2 at TS rise (INT1) inputrising edge.
10 | CAPT at Tldrise Interrupt generated
CAP2 at T4 fall at T4 9_\-
(INT1) falling edge
11 |[CAP1atTFFITise  |interruptgenerated
CAP2 at TFF1 fall atTl4 -
(INT1) inputrising edge.

L——» Software capture trigger

0 | Load up-counter value to CAP1

1 |Alwaysreadas"1".

Figure 3.6 (13). 16-Bit Timer/Event Counter (Timer 4) Control/Mode Registers
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7 © 6 5 P4 -3 C2 ‘ 1 0
T4FECR | bit Symbol : © CAP2TE | CAPITE @ EQSTE | EQ4TE | TFF4CI TFF4CO
(FFESH) | Read/Write : RIW : w
Resetting : : : :
value : : 0 : 0 : 0 : 0
I TFF4 invert trigger
0. Disable trigger : Clear TFF4
1. Enable trigger 1 Set TFF4
Function - When : When When i When Inve.rt TFFa
: : : Don’t care
i up-counter :up-counter : up-counter : up-counter
3 values T;a\uews : and TREGS : and TREGA Always read as
loaded to - ioaded to " match : match : vy
car2 L CAPT : : '
L | ]
— 1

’—» Timer flipflop 4 (TFF4) control

00 | Clears TFF4 to "0"

Alwaysreadas "1, 1

L——— Timer flipflop 4 (TFF4) invert trigger

0 |[Trigger disable

1 | Trigger enable

CAP2TE: When up-counter value is loaded to CAP2.
CAPITE: When up-counter value isioaded to CAP1.
EQSTE : When up-counter and TREG5 match
EQ4TE : When up-counter and TREG4 match

Figure 3.6 (14). 16-bit Timer/Event Counter Timer Flip-flop 4 Control Register

7 . 6 5 . a4 s 2 . 1 0
TRUN | bit symbol : | PRRUN | T4RUN | T3RUN . T2RUN { TIRUN . TORUN
(FFDBH)  [Readwrite : : R/IW
Reselting 0 o . o o < o | o

Prescaler & Timer Run/Stop Control
Function : : 0: STOP & Clear
1:  Run (Countup)

Prescaler operation — ——» 16-bit timer (timer 4) operation

0 |sStopand clear 0 |sStopand clear
1 Run 1 Run

Figure 3.6 (15). Timer Operation Control Register
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0 Up-counter (UC16)

UC16 is a 16-bit binary counter which counts up by the
input clock specified by TAMOD <T4CLK1, 0> register.
Either the internal clock @T1 or @116 from the 9-bit
prescaler (also used as 8-bit timer), or the external
clock from the Tl4 pin (also used as P24/INT1) can be
selected as the input clock. Resetting initializes
<T4CLK1, 0> to “0,0” which selects the external clock
from the T14 pin.

The timer control register TRUN <T4RUN> controls
run, stop and clear the counter UC16.

The up-counter UC16 is cleared to “0” when by
matching with TREG5. T4MOD <CLE> is used to set
clear enable/disable.

TREG4

upper 8 bits lower 8 bits

FFETH FFEOH

O Capture registers (CAP1, CAP2)

These two 16-bit registers are used to capture the up-
counter UC16 values. The 16-bit load instuction is

CAP1

upper 8 bits - lower 8 bits

FFDDH FFDCH

Capture input control circuit

This circuit controls the timing to latching the up-counter
UC16 value in the capture register (CAP1, CAP2).

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

When clear is disabled, UC16 operates as a free-run-
ning counter.

O Timer registers (TREG4 and TREGY)

These two 16-bit registers are used to set the counter
values. The comparator match signal becomes active
when there is a match between the value of the Timer
register and the UC16 value.

The 16-bit load instuction is used to load data to the
timer registers (TREG4, TREGS5). This can also be
done by executing the 8-bit load instruction two times:
once for the lower eight bits and then once more for
the upper eight bits.

TREGS

upper 8 bits © lower 8 bits !
: (Note) Write only

FFE3H FFE2H

used to read the capture registers. This can also be
done by executing the 8-bit load instruction two times:
once for the lower eight bits and then once more for
the upper eight bits.

CAP2

upper 8 bits  lower 8 bits

(Note) Write only

FFDFH FFDEH

® When T4AMOD <CAPM1, 0> =0, 0

The capture function is disabled. Disable is the default
on reset.

¢ \When T4MOD <CAPM1, 0> =0, 1

Captures the up-counter values to CAP1 at the Tl4 pin
(also used as P24/INT1) rising edge; captures to CAP2
at the T15 pin (also used as P25/INT2) rising edge (time
differential measurement).
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¢ When T4MOD <CAPM1,0>=1,0

Captures the up-counter value to CAP1 at the Tl4 pin
rising edge and capture to CAP2 at the T14 pin falling

edge.

INT1 interrupt is generated at the falling edge only with
this setting . (Pulse width measurement)

¢ When T4AMOD <CAPM1, 0> =1, 1

Captures the up-counter value to CAP1 at the timer
flipflop rising edge and captures CAP2 at the timer flip-
flop falling edge.

Up-counter values can also be captures to the capture
register by software. The current up-counter is captures
to CAP1 each time “0” is written to T4AMOD
<CAP1IN>. (The prescaler should be set in the RUN
mode (TRUN <PRUN> = “17).

O Comparators (CP4, CP5)

These are 16-bit comparators that compare and
detect matches of the up-counter UC16 with the timer
registers TREG4 and TREG5. When a match is

[TRON ¢ - --0----
INTEL ¢ - - --0-1-

T4FFCRe X X 00001 1
TAMOD « X X 1001 * *
(**=01,10,11)

TREGH € #*k* #wxx dorkx #kak

[TRUN ¢ - -11----

(Note) X ; don’t care -;no change

detected, the interrupt INTT4 and INTT5 is generated,
respectively. The up-counter is cleared to “0” only when it
matches TREGS. (Clearing can be disabled with
T4MOD <CLE> = 0).

O Timer flipflop (TFF4)

This flipflop is inverted by the match detect signal from
the comparators (CP4 and CP5) and the latch signal to
the capture registers (CAP1 and CAP2).

T4FFCR <CAP2TE, CAP1TE, EQ5TE, EQ4TE> are used
to enable/disable the inversion for each element.
TFF4 is cleared to “0” by writing “0, 0” to T4FFCR
<TFFC1, 0>, set to “1’ by writing “0, 1” and inverted by
writing “1, 0”.

TFF4 values can be output to the timer output pin TO4.
TO4 is also used as P23. P2CR and P2FR are used to
make this selection. Set P2CR <P23C> = 1, P2FR
<TO4E> = 1 to use as T04.

(1)  16-bit Timer Mode

The following sets the interval time to the timer register
TREGS and generates the INTT5 interrupt.

Stops Timer 4.

Enables INTTS and disables INTT4 with interrupt
enable register INTEL <IET5,4>.

Disables the trigger.

Selects the internal clock as the input clock and
disables the capture function.

Sets the interval time (16 bits)

Starts Timer 4.

TOSHIBA CORPORATION
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(2)  16-bit Event Counter Mode

This timer can be used as an event counter by selecting
the external clock (T14 input pin) as the input clock in
the above timer mode (1). To read the counter value,
first perform a “software capture” and then read the

TRUN «
P2CR
P2FR +

INTEL «

TAFFCRe
T4MOD «
TREGH «
TRUN «

(Note)

(8  16-bit Programmable Pulse Generation (PPG) Output

Mode

X
X

X000
X100

LR E L R LR

0
1

HOROR KR Rk

11

0

0

--11- - - -

capture value.

The counter counts up the rising edge of the Tl4 input
pin. A minimum of two bus cycles can be counted.
(For details, refer to item 4.7 or “4. Electrical Characteris-
tics”.)

The Tl4 pin is also used as P24/INT1.

Stops Timer 4.

Sets P24 (I/0 port) to the input mode.

When the * =0 ; Tl4 is a square wave.

When the « = 1; Tl4 is a sign wave. (zero-cross)
Enables INTT5, and disables INTT4 and INT1.

Disables the trigger.

Sets the input clock to Tl4.

Sets the count number (16 bits).
Starts Timer 4.

Set the prescaler to “RUN" even when used as an event counter.

mode is set by using TFF4 for output to timer output
pin TO4 (also used as the P23 pin). However, it is necessary
that the following conditions should be satisfied.

The timer flipflop TFF4 is inverted by a match between

the up-counter UC16 and the timer registers TREG4

(value set toTREG4) < (value set toTREGDS)

and TREGS. The programmalble pulse generation output

[TRun «
TREG4 «
TREGS «
TAFFCRe

T4MOD «
P2CR

PZFR
[TRUN «

+

T

,,70,.___

LR LA LR L L]

aodokok  kokoRok okoRok ok ok ok

XX001100

X100

1 % =

Stops Timer 4.

Sets the duty.

Sets the cycle.

Sets for inversion on match between TFF4 and
TREG4/TREGS. Also initializes TFF4to "0".

Sets the internal clock as the input clock and disables

(**=01,10,11)  the capture function.

- - - 1 - - =
-=-=1- - =
- 1 1 - - - -

(Note) X ;don't care

Match with TREG4
(INTT4 interrupt)

Match with TREG5S
(INTT5 interrupt)

TO4

} Assigns P23 as TO4.

Starts Timer 4.

-;no change

[ | S|

K

Figure 3.6 (17). Programmable Pulse Output
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“)

Examples using the capture function

The capturing of the up-counter UC16 value to the
capture registers CAP1 and CAP2, the timer flip-flop
TFF4 inversion due to the match signal from CP4 and
CP5, and output TFF4 to the TO4 pin can be enabled
or disabled. By combining with the interrupt function,
many applications are possible, including the following
examples:

O One-shot pulse output by using external trigger
pulse

O Frequency measurement

O Pulse width measurement

O Time difference measurement

O One-shot pulse output from the rising edge of exter-
nal trigger pulse.

The up-counter UC16 is set for free-running with the
internal clock, The external trigger pulse is input from
the T4 pin, and the up-counter (UC16) value is captured
to the capture register CAP1 at the rising edge of T4
pin. (Set T4AMOD <CAPM1, 0> =0, 1).

In the example below, the value (c + d) obtained by
adding the delay time (d) to the capture register CAP1
value (c) is loaded to TREG4 when the interrupt INTT1 is
generated at the rising edge of Tl4 pin; and the value (C
+ d + p) obtained by adding the one-shot pulse width
(p) to this TREG1 value is loaded to TREGS.

The interrupt INT1 sets the T4FFCR register to enable
the timer flipflop TFF4 inversion only on a TREG4, or
TREG5 match. The interrupt INT5 returns this to disable.

r The counter is free-running.

Count clock
(internal clock)

Ti4 input
(external trigger pulse)

TREG4 match

TREGS match 4

< c+d c+d+p

i Captures to CAP1, :

| generates INT1. :

|

: Al 1
]

| ! :

H i

I Enables ! (']GNe_FTesrates 3

| inversion | /ﬂ !

| Disables inversion
; by capturing to CAP

E Enables
1\ inversion

Timer output TO4

b
I
E Delay time
I
'

(d)

Pulse width |
(p)

Figure 3.6 (18). One-Shot Pulse Output (with Delay)

Example: To output 2ms one-shot pulse with a 3ms

delay to the external trigger.
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. . T——' Free-running
—Nlam settings ,_L——r Counts by 4T1
T4MOD « X X 101001
Captures to CAP1 at the rising edge of Tl4 input
T4FFCR« X X 00000 O
Clears TFF4to "0"
Disables TFF4 inversion

P2CR ¢ - ---1-- - Assigns P23 as TO4
P2FR ¢« - - - -1- - -
INTEL ¢ - - - -010 - Enables INT1, and disables INTT4 and INTTS5.

LJRUN -

Setting on INT1 processing rotine

11--- - Starts Timer 4.

[TREGA « CAP1+3ms/sT1
TREGS « TREGA+2ms/sT1

T4FFCRe X X - - 11 - -
- Enables TFF4 inversion on TREG4 or TREGS match.

| INTEL ¢ - - - - - - 1 - Enables INTTS

Settig on INTTS processing rotine

[ TaFFCRe X X - - 00 - -
T . Disables TFF4 inversion on TREG4 or TREG5 match.

LINTEL ¢ - - - - - = 0 - Disables INTTS
(Note) X ;don’t care - no change
When delay time is not required, the timer flipflop TFF4 INT1. The TFF4 inversion is enabled on a match
is inverted by capturing to CAP1, and setting the value between the up-counter UC16 and TREGS, and disabled
(c+p) obtained by adding the one-shot pulse width (p) by the interrupt INT5.

to CAP1 to the timer register TREGS with the interrupt

(internal clock)

TI4 input
(external trigger pulse) Capture to CAP1,
' generates INT1. Caputures to CAP2

h
F 7~ Generates
i
|
V
i
i
i

'
1

'

|

/ﬂ INTTS !
| i
]

]

1

i

i

Count clock ”””]I ”I l ”” | I | "”
C c+p

TREGS5 match

Enables inversion/ |
1

Timer output TO4 pin

/ i Pulse width i /
|-
Enables inversion by ! (p) ‘ Disables inversion by capturing to CAP2.

capturing to CAP1.

Figure 3.6 (19). One-shot Pulse Output (without Delay)
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O Frequency measurement

This mode is used to measure the external clock frequency.
The external clock is input to the T14 pin, and the 8-bit
timers (Timer O and Timer 1) and 16-bit timer/event
measure (Timer 4) are used to measure the frequency.
The Timer 4 input clock is input to the Tl4 input and

the up-counter UC16 value is captured to CAP1 at the
rising edge; the up-counter UC16 value is captured to
CAP2 at the falling edge of the timer flip-flop TFF4 of
the 8-bit Timers O and 1.

The frequency is determined by the interrupt INTTO

and INTT1 from the difference between the capture
register CAP1 and CAP2 values.

Count clock “ I ]
(TI4 pininput) c1
TFF1 ﬁ-‘

i
Captures to CAP1 . S

\ :

Captures to CAP2 r

i

INTTO/INTT?

— -}~ == - —y - -—
sl
— A
Ih |
LS

Figure 3.6 (20). Frequency Measurement

If the “H” level width of the TFF1 (8-bit timer) set to 0.5
sec and the difference between CAP1 and CAP2 is
100, the frequency will be 100 + 0.5 [sec] = 200 [Hz].

O Pulse width measurement

This mode is used to measure the “H” level width of

the external pulse.

The external pulse is input to the T4 pin, while the 16-bit
timer is set to free-running with the internal clock. A

trigger is applied by the capture function at either the
rising or falling edge of the external pulse, and the up-
counter UC16 value is captured to CAP1 and CAP2.
The interrupt INT1 is generated at the falling edge of the
T4 input.

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

If the difference between CAP1 and CAP2 values is
100, with an internal clock cycle of 0.8us, the pulse
width will be 100 x 0.8ps = 80 ps.
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Count Clock
(Internal Clock} c1

Ti4 (External Pulse) 1‘
C1

.

Loading UC16 into CAP1

[
e

Loading UC16 into CAP2

N

—1 T —T "
e
n~

INT?

Figure 3.6 (21). Pulse Width Measurement

Note: The external interrupt INT1 is generated at the falling edge of the Ti4 input only in this pulse width measurement mode when T4AMOD <CAPM1, 0> =1, 0. The
interrupt INT1 is generated at rising edge in any other mode.
When the external pulse “L” level width is measured, it The 16-bit timer (Timer 4) is set to free-running with
can be determined from the difference between the the internal clock, and the up-counter UC16 value is cap-
first C2 and the second C1 at the second interrupt tured to CAP1 upon a detection of the rising edge of
INTH. the counter UC16 value is captured to CAP1 upon detec-
tion of the rising edge of the input pulse to Tl4 pin. The
0 Time difference measurement interrupt INTT is generated.
In the same way, the up-counter UC16 value is captured
. . . . . to CAP2 upon detection of the rising edge of the input
I&'Z g];t(\jlveesnﬁzdrits?nmizsug: é?eé;ltr:ﬁwgllﬁiles gcs:ein'n ut pulse to the TI5 pin, and the interrupt INT2 is generated.
throuah T14 and TI5 i%s 9 P P The timer difference can be determined when values
9 PINS. have been captured to both CAP1 and CAP2.
Countclock "” | l ”I I H”
(internal clock) c1 -== -= I
, Al
Tld input H
TI5 input / E //;f_l
Capture to CAP1 \ ! { \:
Capture to CAP2 \ ; \ J:-L
INT1 ﬂ \ ;
INT2 i "
3 Time difference 1
Figure 3.6 (22). Time Difference Measurement
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3.7 Watchdog Timers (Runaway Detecting Timer)

The watchdog timer (WDT) detects the malfunction (runaway)
of the CPU due to noises, etc., and returns it to the normal
operation. When the WDT has detected malfunction, a non-
maskable interrupt is generated and the CPU is notified.

3.7.1 Configuration

The watchdog timer (WDT) block diagram is shown in Figure
3.7 (1).

The watchdog timer comprises of a 20-stage binary
counter used as the @ (fc/2) input clock, a flipflop that enable/dis-
able a selector, the selector that selects one of the four binary
counter outputs, and two control registers.

The watchdog timer generates the interrupt INTWD after
the detection time is set with the watchdog timer mode register
WDMOD <WDTP1, 0>, and should be cleared the watchdog
timer binary counter by software (instruction) before the INTWD

interrupt is generated. If the CPU malfunctions (runaway) due to
some cause such as noises, the binary counter will overflow and
the INTWD interrupt will be generated if the watchdog timer
clear instruction is not executed. The CPU is notified of malfunc-
tion (runaway) by the INTWD interrupt and runs the corrective
program for malfunction (runaway) to return to the normal oper-
ation.

The watchdog timer starts an operation immediately after
areset is released.

The watchdog timer stops its operation only in the STOP
mode. After the STOP mode is released mode is released and
the warming-up time has elapsed, the watchdog timer resumes
an operation.

The watchdog timer operates in the other standby mode
(IDLE1, 2 and RUN modes), but can be disabled when entering
one of these standby modes.

INTWD interrupt

i

WDMOD enable
<WDTP1,0> Selector

,_,-

fc.’215[ fc/ 217 fc;’21gr fc/211T
4 Watchdog timer Q
(fer2y™ 20-stage binary counter F/F
R S
Reset
Reset

HALT instruction
(STOP mode) executing

Reset

WDMOD
<WDTE>

Write
“B1H"
Write
“AER"

Watchdog timer
control register
(WDCR)

Internal bus

Figure 3.7 (1). Watchdog

3.7.2 Control Registers
The watchdog timer (WDT) is controlled by two control regis-

Timer Block Diagram

ters WDMOD and WDCR). The WDT related registers are
shown in Figure 3.7 (2).
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Watchdog timer mode register

7 6 : 5 4 3 P2 1 0
WDMOD |bit Symbol | WOTE WDTP1 | WDTPO | WARM | HALTM1 | HALTMO EXF i DRIVE
(FFDZH) |goad/write RIW R RIW
Resetting : . :
value ! 0 : 0 0 0 : 0 Undefined ; 0
1:WDT Detection time Warming [Standby mode Ilnver:hea(hg 1:Pinis
m .
Function Enable 00:2"/c up time 00:RUN  mode Elxxe € :driven
01:2"%/1¢ 0:2"/fc 01:STOP mede [instruction: evenin
.98 .96 IS :
10:2"/1c 1:2'%/fc 10:IDLE1 mode executed. :theSTOF’
11:229/9¢ 11:IDLE2 mode ‘mode.
L J 1 | |__Explainedin3.4.4
STOP Mode.
Invert each time the EXX instruction s
executed

Standby mode selection with the HALT instruction (HALT
mode)

00 | RUN mode

01 [STOP mode

10 |IDLE1 mode

11 |[IDLE2 mode

—— Warming-up time selection when
returning from standby mode.

0 |2"/fc(approx 1.6ms)

1 |2/ fc(approx 6.6ms)

(Note}  Thetime s calculated in case of @fc = 10MHz

L —————— Watchdog timer detection time selection

(Watch Dog Timer Period)

00 | 2"/ fc(approx 1.6ms)

0

2'%/ fc (approx 6.6ms)

10 | 2'®/ fc (approx 26.2ms)

1

2%/ fc (approx 105ms)

(Note)  The time s calculated in case of @fc = 10MHz

Watchdog timer enable/disable control

0 | Disable (Note)
1 |Enable

(Note)  Todisable, it is also necessary to write the disable
code to the WDCR register Disable 1s not possible
by writing to this register alone

Watchdog timer control register

7 ¢ 6 i s S a4 i 3 2 i 1 i 0
WODCR bit Symbol
(FFD3H) |Readrwrite w
After reset —
Function B1H : WDT Disable code 4EH : WDT Clear code

L> Watchdog timer disable and clear
B1H Disable code
4EH Clear code

Other than
the above -

Figure 3.7 (2). Watchdog Timer Related Registers
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3.7.3 Operation
(1)  Watchdog timer mode register (WDMOD)

O Watchdog timer detection time select register: @)
WDMOD <WDTP1, 0>

This 2-bit register is used to set the watchdog timer
interrupt period for detecting a malfunction (runway).
This register is initialized to <WTRP1, 0> =0, O by
resetting therefore, 2'%/fc[sec] is set. (The number of
states is approximately 8,192.)

The INTWD interrupt vector address is 0020H.

0 Watchdog timer enable/disable control register:
WDMOD <WDTE>

<WDTE> is initialized to “1” by resetting, which
enables the watchdog timer function.

To disable, it is necessary to clear this bit to “0” and
write the disable code (B1H) to WDCR. This makes it diffi-
cult for the watchdog timer to be disabled, even if the mal-
function occurs.

Setting examples: (D Clear the watchdog timer
WDCR ¢ 01001110

It is possible to return to the enable state by setting
<WDTE> to “1”.

Watchdog Timer Control Register (WDCR)

This register is used to disable and clear the watchdog
timer.

0 Watchdog timer disable control

To disable the watchdog timer, write “0” to WDMOD
<WDTE> and write B1H to WDCR.

O Watchdog timer clear control

To clear the watchdog timer write 4EH to WDCR.

The clear signal input and resets the watchdog timer
during reset operations or after the STOP mode is set.

Writes the clear code 4EH.

@ Set the watchdog timer detection time to 218 /e

WOMOD ¢« 1 01 - - - XX

@ Disable the watchdog timer
WDMOD « 0 - - - - - X X Clears <WDTE> to “0”.
WDCR « 10110001  Writesthe disable code B1H.

@ Set the IDLE2 mode
WDMOD « 0 - - - 1 1 X X  Disables the watchdog timer and sets
WDCR « 10110001 thelDLE2 mode.
Executes the HALT instruction. Sets the standby mode.

® Set the STOP mode (warming-up time : 216/ fc)
WDMOD « - - - 101X X  Setsthe STOP mode.
Executes the HALT instruction. Sets the standby mode.
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3.8 8-bit Half-Flash A/D Converter
The TMP90C846 has an 8-bit high-speed, half-flash A/D con-

verter with 2-channel analog input. The features are as follows.

e 8-bit half-flash A/D converter with 2-channels analog input
pins.
e Minimum sampling rate 2 states (400nsec @fc = 10MHz)

¢ 16-bytes built-in FIFO (First In First Out) RAM for the storage of
conversion results.

e Software start (register write) trigger with single or repeat
conversion mode and external start trigger.

¢ A/D conversion interrupt function (an interrupt is generated
by an input to FIFO RAM).

The A/D converter block diagram is shown in Figure 3.8 (1).

Internal bus

1L

INTAD

interrupt

T?ADREG‘\

1L

A/ D mode register

A/ D status register

ADMOD ADSTS
[a) ; « 16-byte
wi Ll wy
S wioal i I i = FIFO RAM
o -4 g al| 2 ul —
2 e S| - o
< = s
E A /D converter
(P20 AOS control circuit D E—
(P30) ANO [_}— Analog A/D Result
e register
(P31) AN1 ] multiplexer ADREGO /
Half-flash A/O converter
avee [+
avss [} Ladder i
resistance__ 4 : :
Vg + [} - TEs .
VRer - [:} U I

Figure 3.8 (1). A/D Converter Block Diagram
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3.8.1 Basic Operation of the Half-Flash A/D Converter
This is a two-time conversion type A/D converter that converts

T1 T2 T3
Internal ADS ﬂ b_\

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

T4 T5 T6 T7

tF)ptr upper four ["sampling 1) X Compare (1)
IS

*Samplmg(z} )( Compare (2) )( Sampling (3) !( Compare (3) (Samp\ing (a) )

A channel for Hold

Hold

A S li
lower four bits Al 19 il

B channel for 4
lower bits

Sampling (2)

Compare (1} X Sampling (3)

Hold

Compare (2) )( Sampling (a) )

Figure 3.8 (2). 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 the B channel A/D
converter for the lower four bits.

This type of processing enables the high-speed A/D conversion
with a minimum sampling rate of 2 states (400ns @ 10MHz).
The sampling rate of the low-speed conversion mode is 4
states (800ns @ 10MHz).

3.8.2 Operation

(1)  A/D converter start operation

The conversion by the A/D converter can be started
either by inputting “1” to the ADS pin (also used as
P20) or by writing “1” to the internal ADS register
ADMOD <ADS> with the software.

O External start operation

The external start function can be enabled by writing
“0” to the Port 20 control register P2CR <P20C> and
writing “1” to the internal ADS register ADMOS
<ADS>.

The external start signal performs a conversion only
once. The value of rpeat mode register ADMOD
<RPT> is ignored.

Note: The external start signal ADS is sensed with level
in the 1/2 state zone from rising/falling edge of
the CLK signal (21 zone in Figure 3.8 (3)).
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State -2 (sec)
fc

Tnterna\ signal <I)1_/_\1 /—Lfﬁ\f\_/—\f\f\ﬁ ¥ _\_F\Sji\f\_/_\f
CLK . [ —

A : Therising edge valid zone for starting
A/D converter in D

l*‘ 1 B : Rising edge valid zone for starting at
High- | ADS (P20) = LS minimum sampling rate @
speed
conversion Internal ADS @ %
\U L _]__ Upperconversion
mode /A\\,‘I:(emal hold @
Max 2
ANO / AN1 sates N
- Upper conversion
(analog input voltage) g internal hold (0
* Conversion data (D
ADREGO (— - r 2
?HDFFSESA‘IM) * Conversion data (D
) 2@
INTAD
| —

—I_nternalswgnal tb1_(_\_ /Q\_‘

v
cK . N W A N W W

A
v gkﬂf\f\_l'\_/'\_f\dﬂ/'\_ﬂf
-

Low-speed | ADS (P20)

conversion ﬁ'
mode Internal ADS
W G
Upper conversion
\ L \\ Internal hold @

maxzs Pyl ofo) edo--f-
ANO/AN1 states 7 | Upper conversion "--..._\

| Internal hold @
(analog input voltage)

oRter \ Canversion data @ X @

ADREG1

(FIFORAM) I I
Conversion data (I} vl

lNTAD J

Figure 3.8 (3). External Start Conversion Timing

(Note) @ Refer to “4.4 A/D Converter Electrical Characteristics” concerning the ADS (P20) AC specifications.
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O Software start operation

When using the software start operation, the A/D con-
verter starts by writing “1” to ADMOS <ADS>. <ADS>
is always read as “0”.

(2)  A/D converter repeat specification

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

The repeat mode can only be used with the software
start operation. The A/D conversion in repeat mode is

Internal signal <1 { \

CLK \

started by writing “1” to both <ADS> and <RPT>.
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
ADREGO in the repeat mode since it contains the new-
est conversion data.

The repeat mode operation timing is shown in Figure
3.8 (4).

<RPT> is cleared to “0” by resetting; therefore, the A/D
converter becomes the one-time conversion mode.

Internal WR /__‘ : ‘ 5
i A /D conversion start }
— ' [(ADS=RPT=1) ;
N ) i
Internal signal ADS _‘lﬂ H ‘ & "k) | Ac A‘D
T . B
ANO /ANT 1 N RS ® ®
: ] =" - @ ®
High- (analog input voltage) - > @
speed "1 Internal hold |
mode ‘ y,
ADREGO —— { @ 2 3 @ & X
* Conversion data
ADREG ; —— — =
(FIFORAM) ! o X @ X X @ X 5 )
INTAD i
- |
l
r i
Internal signal ADS A A A _4;\
| —___—
_;\3—«.:-_-_"'_"_7'-
ANO/AN1 \ B...—:—.—r",‘;'" @
(analog input voltage) | == @
Low-speed _____d—.--—'-'—‘ Internal hold (@
mode
ADREGO { conversiondata ® X @
ADREG T T T T 1
{ convers: 0)
(FIFORAM) Conversion data (1 ]
INTAD A
L

Figure 3.8 (4) Repeat Mode Operation Timing
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()

A/D converter speed setting

The A/D converter has two speed modes, the high-speed
conversion mode and the low-speed conversion
mode, which can be selected with the speed specifi-
cation register ADMOD <SPEED>.

The sampling rates are 2 states (400ns @ 10MHz) in
the high-speed conversion mode and 4 states (800ns
@ 10MH2) in the low-speed conversion mode. The
low-speed conversion mode is selected by clearing
<SPEED> to “0” with a reset operation.

To use the high-speed conversion mode, set
<SPEED> to “1”.

Analog input channel

Before starting the A/D conversion, select one of the
two analog input channels (ANO, AN1) with ADMOD
<ADCH>.

ANO (P30) is set as the analog input pin by clearing
<ADCH> to “0” by reset. To use AN1 (P31), write “1”
to <ADCH>.

The pin which is not used as an analog input pin can
be used as an ordinary input port.
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AJ/D converter status register
G 5 4 3 2 1 0
ADSTS [bit Symbol | EMPTY [ FULL CLR Pointer
H
(FFCBH) Read/Write R w R
Resetting
value 1 0 0 0
Read FIFO FIFO 1. FIFO
modif Empty Full Flag Clear FIFO Painter
write i Function Flag 1 Full (Pointer Indicates the number of data stored to FIFO
ot 1: Empty |0: Not & Flag) | (number of readable data)
ossible 0: Not Full 0: Don't
P ’ Empty Care
|—’ FIFO RAM pointer (4-bit)
(indicates the number of data stored to
FIFO RAM) (“0000" after reset)
FIFO RAM clear control
0 {Dontcare
1 | FIFORAM clear (set “EMPTY")
FIFO RAM Full flag
O | NotFull
1 | Fuli
FIFO RAM Empty flag
0 | Notémpty
1 Empty
A/D converter mode register
7 6 5 4 3 2 1 0
ADMOD | bit Symbol ADCH SPEED RPT ADS
(FFCCH) Read/Write R/W RIW
Resetting
value 0 0
0:ANO ADconversion | i conversion | 11 AD
speed repeat mode conversion start
X 1:ANI 0: low-speed | 0 one-time | g : pon't
Function canversion conversion |
1: high-speed| . peopay Care
conversion
— 1

L» A /D conversion start

A/ D convers

0
1 | A/D conversion start
(Note) Always read as "0".

ion repeat mode

0 | one-time conversion mode
1 | repeatconversion mode

L——— A/D conversion speed

0 | low-speed mode (dstates)
1 | high-speed mode (2 states)

log input channel
0| ANO
1 AN1

Figure 3.8 (5). A/D Converter Related Registers (1/2)
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AJD converter conversion value storage register 0

7 6 s | a 3 2 1 0
ADREGO| bit Symbol -
(FFCDH) Read/Write R/W
Resettin R
value 9 Undefined
(Note) Do notwrite during the A/D conversion
operation. The written data are stored
to FIFO RAM.
A/D converter conversion value storage register 1
7 6 | s | &4 [ 3 | 2 | 0
ADREG 1} bit Symbol —
(FFCEH Read/Write R
/FFCFH) Resetting ;
value Undefined

(Note) Address used to read FIFQ RAM. FFCEH and FFCFH are

allocated as addresses for reading conversion values
with a 16-bit load instruction. Use the address FFCEH
when reading conversion values with an a 8-bit load
instruction.

Figure 3.8 (5). A/D Converter Related Registers (2/2)

FIFO RAM

The A/D converter conversion result register ADREGO
(a 1-byte latch) and the 16-byte FIFO RAM (ADREG1
(FFCEH/FFCFH) is assigned for reading conversion
results) are used to store the A/D converter conversion
results.

The A/D conversion results are stored to ADREGO
after the completion of each conversion operation and
are loaded to FIFO RAM until the FIFO RAM Full flag
ADSTS <FULL> is set to “1”.

0O FIFO RAM clear control

The pointers ADSTS <POINTER> and <FULL> are
cleared to “0” by writing “1” to FIFO RAM clear function
register ADSTS <CLR>. Thus, the Empty flag ADSTS
<EMPTY> is set to “1”, and FIFO RAM is cleared.

O FULL flag

When the 16 byte FIFO RAM becomes full, <FULL> is
set to “1”. Then the loading of A/D converter conversion
data to the FIFO RAM is stopped, and <POINTER> is
cleared to “0”.

ADREGO can be updated even after <FULL> is set to
“1”. Thus, in the repeat mode, disable the interrupt
INTAD and read the new conversion values from
ADREGO.

O Empty flag

This flag indicates that FIFO RAM is “empty”. When
<EMPTY> is set to “1” by resetting, it indicates that
FIFO RAM is empty, however, when data is loaded to
FIFO RAM due to the completion of the A/D conversion,
<EMPTY> is cleared to “0”.

The A/D conversion interrupt request INTAD is the
<EMPTY> inversion signal. When <EMPTY> is
cleared to “0” (data is input to FIFO RAM), INTAD is set
to “1” and requests an interrupt.

Only the data FFH will be read when FIFO RAM
(ADREG1) is read while <EMPTY> is set to “1”. Make
sure that <EMPTY> has been cleared to “0” before
reading FIFO RAM data.

O Pointer (4-bit)

This is the register ADSTS <POINTER> which indi-
cates the remained number of data stored to FIFO
RAM. The number of remaining data can be determined
by reading this pointer.

<POINTER> indicates “0” when <EMPTY> or
<FULL> flag is set to “1”, that is, when FIFO RAM is
either empty or full. <POINTER> remains to “0” as
long as <EMPTY> or <FULL> is not cleared to “0”. In
other words, the pointer value remains at “0” when
reading in the EMPTY status or writing in the FULL sta-
tus.
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O Reading FIFO RAM data

FIFO RAM data can be obtained by reading ADREG.
The two addresses, FFCEH and FFCFH, are allocated
to ADREG1 to enable the 16-bit load instruction either
8-bit or 16-bit load instructions can be used with the
address FFCEH.

INTAD is set to “1” as long as FIFO RAM contains data
and is held requesting. INTAD can be cleared to “0” by
either reading all FIFO RAM data or writing “1” to the
<CLR> register.

(6)  A/D conversion interrupt request sources (INTAD)

When data is loaded to FIFO RAM, INTAD is set to “1”
because it is the inversion of the <EMPTY> signal, and
an interrupt request is output to the internal interrupt
controller.

This request is for a level interrupt, which is not reset by
reading the interrupt vector V; therefore, it is necessary to
use the interrupt routine to empty the FIFO RAM. Also,

_ bit 76543210
P2CR «

——————— 0
P2FR ¢ - - - - - -~ 1
Main INTEL ¢ -1---- =~
settings | apSTS ¢« X X X 1 X X X X
ADMOD « X X X0 X1-1
EI
A «  ADREGO
A/D ADSTS « XX X1XXXX
interrupt
routine

(Note)

O To A/D convert the analog input voltage of the AN1

ADMOD « X X X1 X011

repeat mode.

this interrupt is not reset by writing the interrupt vector
40H/8 to the interrupt request register IRFH. For reset-
ting INTAD, it is necessary to either write “1” to <CLR>
or read all FIFO RAM data.

3.8.3 Analog Reference Voltage

The VREF" pin is the High A/D converter analog reference
voltage input pin and the VREF™ pin is the Low A/D converter
analog reference voltage input pin. The A Vcc and A Vss pins
are used as the A/D converter power supply.

The VREF* and VREF™ pins are variable (3.5 < VREF" <
Vee, Vss < VREF < 2.5); however, when the VREF™ voltage is
below 5V, the conversion error for the LBS tends to increase.
Refer to “4.4 A/D Converter Electrical Characteristics” for the
specifications.

3.8.4 Program Example

O To A/D convert the analog input voltage of the ANO
pin with the external A/D conversion start ADS in
the high-speed conversion mode, and process the
data with the A/D interrupt INTAD routine:

Sets P20 to the input mode.

Enables ADS.

Enables INTAD.

Clears FIFO RAM.

Specifies the high-speed mode and channel 0.
Enables maskable interrupts.

Reads the ADREGO resultinto the accumulator.
Clears FIFO RAM.

: Don’t care

- : No change

pin with software in the low-speed repeat mode:

Starts conversion with channel 1in the low-speed
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O To A/D convert the analog input voltage of the AN1 pin speed conversion mode, and process the data when
with the external A/D conversion start ADS in the high- 16-bytes have been stored to FIFO RAM:

3.9 8-bit Voltage Output Type D/A Converter

The TMP90C846 has a 2-channels, 8-bit voltage output type
D/A converter. The features are as follows.

P2FR « - - - - - - - 1
ANSTS « XXX 1X XXX

e 2-channel, 8-bit voltage output type D/A converter
e Voltage output range of A Vce/2 + AVee (1.26 - 3.75 [V], @ AVce = 5 [V))
The D/A converter block diagram is shown in Figure 3.9 (1).

) Internal bus )

Reset II
L L L> D/ A converter
DAREG1 T DAREGO «_l_, drive register
J ‘ El AVcc

* i(DAODm

8-bit D/A f
converter + D D-AD

<DA1DR>

N 8-bitD/a

/ converter + [:l D-AT

‘[‘ A
{ ] Avss

Figure 3.9 (1). D/A Converter Block Diagram
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DADRV
(FFCAH)

DAREGO
(FFDOH)

DAREG1
(FFD1H)

D/ A converter drive register

7 6 5 4 3 2 1 0
bit Symbol DA1DR DAODR
Read/Write R/IW
Resetting
value 0
0: 0V output
Function 1: register value
conversion output
LD[A output amp lifier
drive specification
0 | OV output
1 | register value
D/ A converter conversion register 0 conversion output
7 6 5 4 3 2 1 0
bit Symbol —
Read/Write w
Resetting 0
value
Function D/A conversion started with register write, output to DA-0.
D/ A converter conversion register 1
7 6 | s 4 3 I 0
bit Symbol —
Read/Write w
Resetting 0
value
Function D/A conversion started with register write, output to DA-1.
The contents of this register become the D/A converter digital input data. The
relationship between register values and output voltage is shown below.
Drive | Register Output voltage (V)
register value AVcc When AV¢c =5V
1 00H |AVec/a+{1xAVc) /512 1.260
1 01H | AVcc/d+(2XAVe) /512 1.270
1 02H  |AVec/a+(3xAV) /1512 1.279
1 N AVec/4+((N+1)xAVc) /512 (129 + N)x5/512
1 FFH | AVec /4 + (256 x AVec) /512 =(3 x AVco) /4 3.750
0 XX 0V output —
(Note)
X XX 0V output after executing the HALT instruction in —

the STOP mode.*?

*1):

XX :don't care

After the HALT instruction is released, the output voltage returns to the
same value as before the HALT instruction is executed. In the HALT mode
other than the STOP mode, an output of the conversion voltage continues
in accordance with the register value, regardless of the HALT instruction

Figure 3.9 (2). D/A Converter Related Registers
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3.9.1 Operation

When the value of the D/A converter drive register DADRV
<DA1DR, DAODR> is “1”, the built-in D/A converter converts
the digital values of the D/A converter conversion registers
DAREG1 and DATEGO to the analog values, and outputs the
conversion voltages from the D - A1 and D - AO pins. The rela-
tionship between input data and output voltages is shown in Fig-
ure 3.9 (2).

Because <DA1DR> and DAODR> are cleared to “0” by
resetting OV is output from the D - A1 and D - AO pins.
DAREG1 and DAREGO are cleared to “O0H” by resetting.
Thus, if DADRYV is set to “1” after a reset, A Vcc/4 (see Figure

bit 76543210

DADRV XX XXXX11
DAREGO 00100010
DAREG1 01000111

O When outputting the voltage (A3 x A Vce)/ 512 (1.59V
@A Vce = 5V) from the D - AO pin and the voltage (C84 x
A Vce)/512 (1.59V @A Vee = 5V) from the D - A1 pin,
the output value will be (81 + Ni) X A Vee/512 when
N is written to the register, according to Figure 3.9 (2).
In this case,

bit 76543210

DADRV XXX XXX11
DAREGO 00100010
DAREG1 01000111

3.9 (2)) is output from the relevant pin. To output the relevant ana-
log values using the D/A converter, first write “1” to the DADRV
of the channel to be used, and write data to DAREG.

If the HALT instruction is executed after specifying the
STOP mode (WDMOD <HALTM1, 0> =0, 1), OV is output

from the D - AO and D - A1 pins, regardless of the DADRV and
DAREG values.

3.9.2 Example Program

O When outputting the voltage (3 x A Vcc)/4 (3.75V @ A
Vce = 5Y) from the D - AO pin:

Sets DAODRV and DA1DRV to "1".
Writes "221" to DAREGO.
Writes "474" to DAREG1.

A3H = 81H + 22H
C8H = 81H + 47H

Therefore, 22, 47 are written to DAREG.

Sets DAODRV and DA1DRV to "1".
Writes "221" to DAREGO.
Writes "474" to DAREG1.
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4. Electrical Characteristics

TMPOOC846F
4.1 Absolute Maximum Ratings
Symbol Item Rating Unit
Vee Power Supply voltage 05~+7 v
Vi Input voltage -05~Vgp+0.5 Vv
Po Power dissipation (Ta = 70°C) 500 mw
TsoLDer Soldering temperature (10s) 260 °C
Tsg Storage temperature -65~150 °C
Tor Operating temperature -20 ~ 70 °C
4.2 DC Characteristics
Ve =5V +£10% TA =-20 ~ 70°C (1 ~ 10MHz)
Symbol Item Min Max Unit Conditions
ViU Input Low Voltage (P0) -0.3 0.8 V -
Vi P1, P21 ~ 25, P30 ~ 31 03 0.3Vge v -
Vit RESET, INTO, NMI, ADS 03 025V v -
Vi EA 03 03 v -
Vi X1 03 0.2V v -
Vig Input High Voltage (P0) 22 Ve +0.3 V -
Vi P1, P21 ~ 25, P30 ~ 31 0.7Vgg Voo +0.3 v -
Vit RESET, INTO, NMI, ADS 0.75Veg Voo +03 v -
Vi EA Veo - 0.3 Voo +03 v -
Vig X1 0.8Vgg Ve +0.3 v -
Vou Output Low Voltage - 0.45 v lo =1.6mA
Vou 24 v Igk = -400pA
Vout Output High Voltage 0.75V¢g - v lon = -100pA
Vorz 0.9Vgc v loy = -20pA
Iy Input Leakage Current - +5 PA 0.0<VinsVge
ILo Output Leakage Current - +10 pA 02<VinsVge-0.2
Operating Current (RUN) 20 mA
oo ldle 1 - 3 mA fosc = 10MHz
(Vee - Vss) Idle 2 10 mA
STOP - 10 B | 02<VinsVeg-02
(A oo op Vss) | Operating Curtent - 20 T e eoos & 10%
Vsrop Power Down Voltage (@STOP) E{ AM BACK UP 6 v x:;zz z%%\\//(écc
Rest RESET Pull Up Register 50 150 KQ -
Clo Pin Capacitance - 10 pF testfreq = IMHz
V14 Schmitt width RESET, NI, INT0, ADS 0.4 - V -
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4.3 AC Characteristics
Ve =5V +£10% TA = -20 ~ 70°C (1 ~ 10MHz)
CL = 50pF
Variable 10MHz Clock
Symbol Item Unit
Min Max Min Max
tosc Oscillation cycle ( =x) 100 1000 100 - ns
tove CLK cycle 4x 4x 400 - ns
twh CLK “L” pulse width 2x-40 - 160 - ns
twi CLK “H" pulse width 2x - 40 - 160 - ns
taL AO ~ AT effective address — ALE fall 0.5x-15 - 35 - ns
tia ALE fall - AQ ~ A7 hold 0.5x-15 - 35 - ns
L ALE pulse width X- 40 - 60 - ns
te ALE fall — RD/WR fall 0.5%-40 - 10 - ns
foL RD/WR - ALE rise 0.5%- 30 - 20 - ns
tacL AO ~ AT effective address — RD/WR fall X-35 - 65 - ns
tacH Upper effective address — RD/WR fall 1.5x - 60 - 90 - ns
tea RD/WRTrise — Upper address hold 0.5x-30 - 20 - ns
tapt A0 ~ AT effective address — Effective data input - 3.0x-35 - 255 ns
tapH Upper effective address — Effective data input - 3.5x-70 - 280 ns
tro RD fall . Effective data input - 2.0x-50 - 150 ns
thm RD pulse width 2.0x- 40 - 160 - ns
ta RD rise - Data hold 0 - 0 - ns
tRAE RD rise - Address enable x-20 - 80 - ns
tw WR pulse width 2.0x- 40 - 160 - ns
tow Effective data — WR rise 2.0x- 60 - 140 - ns
two WR rise - Fffective data hold 05x-10 - 40 - ns
topw CLK fall — Port Data Output - x+ 200 - 300 ns
trre Port Data Input — CLK fall 200 - 200 - ns
torr CLK fall — Port Data hold 100 - 100 - ns

AC Measuring Conditions

¢ Qutput level: High 2.2V/Low 0.8V, C| = 50pF

e Input level: High 2.4V/Low 0.45V (ADO ~ AD7)

(however, CL = 100pF for ADO ~ 7, A8 ~ 15, ALE, RD, WR)

High 0.8Vc/Low 0.2V (excluding ADO ~ AD7)
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teve |
CLK / twH & J
—— 1
twi
Ag~15 X (
tapH
taDL
_— —
ADo~7 >-—-——-§ Ag~7 == 4 Do~7 IN }-“——-'{
S —
LA THR —feen|
. | A
ALE 1 tAL‘I‘ tic tcL /
tacl
tacH tRD tRAE
RD L tRR

ADge7 —m—m—— = = { Ao ) Dg~7 OUT F--<
tL ‘ tow twp
|
ALE f &<t|‘—cb tel
tact ’
WR tww
«—tCPW—s
Port Output X
PortInput } i
~<—1PRC—| tcpR

Figure 4.3 (1). AC Timing Diagram
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4.4 A/D Conversion Characteristics

Ve = AVge =5V +10% TA =-20 ~ 70°C (1 ~ 10MHz)

Symbol Parameter Condition Min Max Unit
VRer + Analog reference voltage ( +) - 35 Vee Vee
VRer- Analog reference voltage (-) - Vss Vss 25
AVpgr Analog reference voltage range Vrer+ - VRer 1.0 Vee Vee Vv
AVss Analog power supply voltage - Vss Vss Vss
Van Analog input voltage range - Vss - Vee
IReFAD Analog current for analog reference voltage - - 80 2 mA
This A/D Converter is guaranteed only monotonicity The A/D converted data is recommended to be pro-
because it has an offset value (when VN = OV), but the 8-bit cessed relatively.

resolution is gotten except an offset value.

Total Error [ LSB ]

!

2

Offset !
l'0 1 2 3 4 5"

—Analog input voltage (V)

Figure 4.4 (1). A/D Converter typical conversion characterics (VREF * = 5V, VREF "~ = 0V)

Variable 10MHz Clock
Symbol ltem Unit
Min Max Min Max
tHapS . ) ADS “H’ level pulse width 2 - 200 -
High-speed conversion
thancye ADS cycle 4x+20 - 420 - .
tLADs , ADS “H” Level pulse width 2% , 200 .
Low-speed conversion
tLapcye ADS cycle 8x+20 - 820 -
x = 1/fc [ns]

taDsS
ADS (P20) —/ \ / N

tapcyc
|

Figure 4.4 (1). A/D Converter ADS timing chart
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4.5 D/A Converter Characteristics

Ve = AVgg = 5V +10% TA = -20 ~ 70°C (1 ~ 10MHz)

Symbol ltem Condition Min Typ Max Unit
Conversion Error * | Total Error - 2 6 LSB
Output Current Ve =AVee =5V, ) ] _
Ioout (When 3.75V is drived) Vs = A Vss = 0V 02 08 mA
IREFDA Analog reference voltage supply current - 0.8 2.0 mA
*) Total Error: 1LSB = 9.77mV
4.6 Zero-Cross Characteristics
Vee =5V +£10% TA =-20 ~ 70°C (1 ~ 10MHz)
Symbol Parameter Condition Min Max Unit
Vx Zero-cross detection input For AC, C=0.1pF 1 1.8 Vacp-p
Az Zero-Cross accuracy 50/60Hz sine wave - 135 mV
Fax Zero-cross detection input frequency - 0.04 1 kHz
4.7 16-bit Event Counter
Voo =5V +£10% TA =-20 ~ 70°C ( 1 ~ 10MHz)
Variable 10MHz Clock
Symbol Parameter Unit
Min Max Min Max
tyck TI4 clock cycle 8x+100 - 900 - ns
tyokL TI4 Low clock pulse width 4x+40 - 440 - ns
tyckH TI4 High clock pulse width 4x+40 - 440 - ns
4.8 Interrupt Operation
Vee =5V +£10% TA =-20 ~ 70°C (1 ~ 10MHz)
Variable 10MHz Clock
Symbol Parameter Unit
Min Max Min Max
NMI, INTO Low level pulse width
thTAL 4x - 400 - ns
L
t NMI, INTO High level pulse width . 100
INTAH Hnl X - - ns
INT1, INT2 Low level pulse width
thTBL 8x +100 - 900 - ns
L
INT1, INT2 High level pulse width
tiNTBH ,_[_L___ 8x+100 - 900 - ns
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5. Special Function Registers (SFR) List

Special function registers (SFR) are I/O port and peripheral control
registers allocated to the 48 bytes at address OFFCOH - OFFEFH.

Format of table

Port control

Interrupt control

Timer/event counter control
Watchdog timer control

A/D and D/A converter control

Symbol

Name

Address

/[ 110
\ o —~bit Symbol
\\ : —=Read/MWrite
H H -=Resetting Value
// : : —=Function

86/98
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TMP90C846 Special Function Register Address List

FFCO
FFC1
FFC2
FFC3
FFC4
FFC5
FFC6
FFC7
FFC8
FFC9
FFCA
FFCB
FFCC
FFCD
FFCE
FFCF

PO
POCR
P1
P1CR
IRFL
IRFH
P2
P2CR
P3
P2FR
DADRV
ADSTS
ADMOD
ADREGO
ADREG1
ADREG1

FFDO
FFD1
FFD2
FFD3
FFD4
FFD5
FFD6
FFD7
FFD8
FFD9
FFDA
FFDB
FFDC
FFDD
FFDE
FFDF

DAREGO
DAREGH1

WDMOD
WDCR
TREGO
TREG1
TREG2
TREG3
TCLK
TFFCR
TMOD
TRUN
CAP1L

CAP1H
CAP2L

CAP2H

FFEO
FFE1
FFE2
FFE3
FFE4
FFES
FFE6
FFE7
FFE8
FFE9
FFEA
FFEB
FFEC
FFED
FFEE
FFEF

TREGAL
TREG4H
TREGSL
TREGSH
TAMOD
TAFFCR
INTEL
INTEH (DMAEL)
DMAEH

(Note) Addresses FFE9QH - FFEFH are used as a built-in I/O reserved area and cannot be used.
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(1) Port Control

MSB LSB
Symbol | Name | Address 7 L6 - i a4 3 P2 1 )
PO7 : P06 : P05 : P04 : P03 H P02 P01 : P00
R/W
PO Port0 OFFCOH Input mode (indeterminate)
Becomes the address/data bus when EA = 0, or during external memory access.
P0O7C PO6C POSC P04C PO3C P02C PO1C PO0OC
POCR | Port0 OFFC1H w
Control (RMW 0
Reg. disabled) 0:IN 1: OUT (bitwise I/O specification)
P17 P16 : P15 H P14 : P13 H P12 P11 : P10
R/W
P1 Port1 OFFC2H T-P___put mode(0)
Becomes the address bus when EA = 0, or E)(T»P1XC'= 1. *)P1 x C:bitx of PICR
P17C P16C P15C P14C P13C P12C P11C P10C
P1CR | Port1 OFFC3H W
Control (RMW 0
Reg. disabled) 0:IN 1: OUT (bitwise I/O specification)
P27 | P26 . P25 . P24 . P23 i P22 P21 i P20
R/W
P2 Port2 OFFC6H Input mode (0)
(INTO) (NMT) i (INT2/TIS) | INT1/TI4) | (TO4) (TO3) (TO1) (ADS)
P27C P26C P25C P24C P23C P22C P21C P20C
P2CR | Port2 OFFCTH W
Control (RMW 0
Reg. disabled) 0:IN 1: OUT (bitwise I/O specification)
: : P33 P32 P31 . P30
R/W R
P3 Port3 OFFC8H 1 Input mode
(WR) | (RD) (AN1) (ANO)
EDGE NMIC ZCE2 ZCE1 TOA4E TO3E TO1E ADSE
R/W
0
Port2 INTO  ©  NMI {INT2/TIS : INT1/TI4 : Port/TO4 : Port/TO3 §Purt.'T01 Port/ADS
P2FR [ Function OFFCI9H control control control control** control control i control : control
Reg. O:level :0:Port (1:2CD  {1:ZCD  i0:In/Out i0:In/Outi0:In/Out ;0:Port
1: Tedge i 1:NMI enable enable (1:In/TO4 :1:1n/TO3 i1:In/TO1 ©(ADS
i 3 H : . disable)
i1:ADS
: enable
IRFO i IRFTO EXT
Port1 R w
Function OFFC4H 0 L 4*0
iReL | Rea & (RMW ‘interrupt Request : P1 control
Interrupt : P a :
P ldisabled)  Flag. f0:1/0
Request : DY
Flag 1: Interrupt requestin Port
progress :1: Address

(Note)Read / Write
RW :both read and write
R : Read onl

W : Write only
RMW disable : Disable Read Modify Write

(BIT, RES and SET  instructions cannot be used)
Brackets indicate another name for symbols ( ).

**:The 16-bit timer T4MOD
<CAPM1, CAPMO=> isused to
select INT1 rising or falling edge.

88/98

TOSHIBA CORPORATION



TMP90C846

(2) Interrupt Control

MSB LSB
Symbol Name Address 7 6 : 5 : 4 : 3 : 2 1 0
IET1 IEAD 1ET2 IET3 IET4 : IE1 IETS : IE2
INTEL | Interrupt FFE6H R/W
Enable 0
‘‘‘‘‘‘‘‘‘‘‘‘ Mask 1: Enable 0 : Disable i
Reg. : { DE0 i DETO IED I IETO
INTEL | | FFE7H R/W R/W
omaey] 5 ] - o
: 1: EnableQ : Disable : : 1: Enable0 : Disable |
Micro DET! {DEAD {DET2 | DET3 {DET4 i DE1 i DETS i DE2
DMAEH | DMA FFEBH R/W
Enable 0
Reg. 1: Enable 0 : Disable
Interrupt IRFT1 {IRFAD__ 1IRFT2 TIRFT3 {IRFT4 S IRF1 {IRFTS {IRF2
IRFH | Request FFCSH R (IRF Clear Code Write only)
Flag & IRF 0
Clear 1 :interrupt request in progress (clear IRF by writing the RF clear code)
(Note) IRFAD (INTAD interrupt request flipflop) is cleared by reset operations and by reading all FIFO RAM data ;

therfore, it cannot be cleared by instruction.

Brackets indicate another name for symbols ().
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(3) Timer/Event Counter Control

Symbol Name Address 7 65 : 5 : 4 3 : 2 : 1 0
OFFD4H -
TREGQ |8Bit Timer | (RMW) W
Reg.0 disabled) Indeterminate
OFFD5H -
TREG1 |8Bit Timer [(RMW w
Reg.1 disabled) Indeterminate
OFFD6EH -
TREG2 [8Bit Timer | (RMW W
Reg.2 disabled) Indeterminate
OFFD7H —
TREG3 |8Bit Timer| (RMW W
Reg.3 disabled) Indeterminate
T3CLK!1 | T3CLKO { T2CLK1 | T2CLKO | TICLK1 | TICLKO i TOCLK1 : TOCLKO
L R/W
8Bit Timer 0
Source OFFD8H 8-bit : 00: - 8-bit : 00: -
TcLK |clock 00 : TO2TRG 01:¢T1 ‘ 00 : TO®TRG : 01:4T1
Control 01:4T1 L10:4T16 o0ngT L 10:4T16
Reg. LO: ¢T16 ©11:4T256 i 10:4T16 ©11:¢T256
11: 4256 | (s-bitonly) . 11:4T256 i (8-bitonly)
TFF3C1 © TFF3CO : TFF3IE : TFF3IS : TFFIC1 : TFFICO : TFFIIE : TFFIIS
W : R/IW : w : R/W
88it Timer | OFFD9H - : 0 ‘ - : 0
TFFCR |Flip ~Flop 00: Clear TFF3 {1:TFF3 O:inverted | 00: Clear TFF1 D1 TR Oiinverted
Control 01:Set TFF3 { invert [ by&bit: 01:Set TFF1 P Invert | 1?3;13,*3‘
Reg. 10:Invert TFF3 | Enable i timer2 | 10:Invert TFF1 Enable
11: Don't Care : ' 11:Don't Care : :
T32M1_© T32M0 | PWM21 : PWM20 : T10M1_ TIOMO : PWMO1 : PWMOO
R/W
0
TMOD |8Bit Timer |OFFDAH 00 : BBit Timer To00: - : 00: 8Bit Timer ©00: -
Mode Reg. 01: 16Bit Timer : : 01:168Bit Timer :
10 : 8Bt PPG oo 01:28-1 i 10: 8Bit PPG 01:28-1
11: 8Bit PWM PWM 1. gBit PWM i PWM
: 10:27-1  cyde ! 10:27-1  cycle
1:28-1 Po11:28-1
PRRUN | T4RUN : T3RUN : T2RUN : TIRUN : TORUN
: ‘ R/W
TRUN |8bit Timer |OFFDBH i : 0
Control : Prescaler & Timer RUN/STOP Control
Reg. : : 0:Stop & Clear
: 1: RUN (Count up)
16bit —
cAP1L |Timer/ OFFDCH R
Event Indeterminate
Counter -
CAPtH |Capture OFFDDH R
Reg.1 Indeterminate
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Symbol Name Address 5 4 3 2 1 0
16bit -
CAP2L | Timer/ OFFDEH R
Event Indeterminate
Counter -
CAP2H | Capture |OFFDFH R
Reg.2 Indeterminate
16bit OFFEQOH -
TREGA4L | Timer (RMW W
Event disabled) Indeterminate
Counter OFFETH -
TREG4H | Reg.4 (RMW W
disabled) Indeterminate
16bit OFFE2H -
TREGSL | Timer/ (RMIW W
Event disabled) Indeterminate
Counter OFFE3H -
TREGS5H [ Reg.5 (RMW w
disabled) Indeterminate
CAP1IN CAPM 1 CAPMO CLK T4CLK1 T4CLKO
16bit w R/W
Timer/ - i 0
Event QFFE4H Capture Timer 4 source
T4MOD | Counter : : timing : clock
Mode ;0:Soft= 1 00: Disable i1:UC16 [ 00: TI4
Reg. i Capture {01:T147 TI57 Clear 01: 4TI
(1:Don't 1 10:T147 Ti4] Enable | 10: 4T16
| care C11TFR1D TFFT 1" -
CAP2TE © CAPITE i EQSTE EQ4TE TFFACI | TFF4CO
16bit/ R/W W
Timer OFFESH 0 -
TAFFCR | Flip - Flo TFF4 inversion trigger
pa 0: Disable trigger 00: Clear TFF4
Control 01:SetTFF4
Reg 1: Enable trigger 10 : Invert TFF4
11: Don’t Care
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(4) Watchdog Timer Control

Symbol | _Mame | Address 7 i 6 : 5 L4 : 3 P2 i i 0
WDTE : WDTP1 @ WDTPO | WARM : HALTM1 : HALTMO : EXF  © DRIVE
R/IW R . RIW
0 ‘Indeterminate : 0
Watch 1:WDT . ‘Warming ‘inverts i1 Pinis
\WDMOD|Dog Timer | OFFD2H tnable - Detection time 'Uptimeg : Standby mode ‘eachtime . also
Mode Reg. . ; 00 : 21%/fe P : 00:RUN mode theExx | driven
0™:WoT 01:216/fc (0:2Yfc 1 01.5TOP mode oo in
Disable . o2t o, dnstruction - ¢rgp
10 : 2'8/fc : : 10:IDLET mode ‘is executed. | mode.
111 220/fc H ¢ 11:1DLE2 mode : :
Watch -
WDCR  |Dog Timer |QFFD3H W
Control (RMW _
Reg disabled) B1H:WDT Disable code 4EH:WDT Clear code

*: To disable the watchdog timer, it is necessary to also write B1H to WDCR. Disable is not possible by merely
writing "0" to WDMOD < WDTE>.
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(5) A/D and D/A Converter Control

Symbol | _Name | Address 7 6 : 5 i 4 : 3 : 2 : 1 i 0
EMPTY : FULL i CLR ¢ Pointer
R : H W : R
1o iooo0 0
ADSTS |A/DStatus| FFCBH |FiFO i S1:FIFO FIFO Pointer
Reg. (RMW [ Empty . Clear Indicates the number of data written to
disabled) |Flag : ‘{Pointer& FIFO RAM
1:Empty 0: Not : : Flag) (number of readable data)
0: Not Full : 10:Don’t
Empty : Care
: ADCH : SPEED : RPT : ADS
i RIW R/W
0 : 0
0:ANO : i AD o  AD 1 AD
: ¢ conversion : conversion .
IADMOD [A/D Mode | FFCCH 1:ANT : speed ! repeat mode :CONVersion
Reg : : specification : specification icrart
;U: low-speed D: one-time ‘0; Don't
I conversion 1 conversion
i1: high-speediy, papeay Care
i conversion | :
ADREGO |A/ D Result] FFCDH *RIW
Reg.0 Indeterminate
*x -
ADREG1 [A/D Result | FFCEH R
Reg.1 (FFCFH) Indeterminate
: : " DADDR
: R/W
DADRV |D/A Drive| FFCAH 0
Reg. £ 0:0Voutput
i 1:register value
conversion output
D/A FFDOH —
DAREGO|Conversion| (RMW W
Reg.0 disabled) U E
Starts D/A conversion with register write and outputs to D-AQ.
D/A FFD1H —
DAREG1 |Conversion| (RMW W
Reg.1 disabled) o

Starts D/A conversion with register write and outputs to D-A1.

* ¢ Donot write to ADREGO during A/D conversion.
** . ADREGI has two addresses: FFCEH and FFCFH. Both can be read but use address FI'CEIH when

using the 1-byte load instruction
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6. Port Block Equivalent Circuit Diagram STOP:This signal sets the halt mode specification register to

the STOP mode (WDMOD <HALTM1, 0> = 0, 1)

and becomes active “1” when the CPU executes
the HALT instruction.

® Reading the circuit diagram

The gate symbols used are basically the same as those

used for the standard CMOS logic IC “74HCXX" Series. ¢ Guaranteed input resistance ranges from several tens of
The signal names include the following special cases. ohms to several hundred ohms.

e PO (ADO ~ AD7), P1 (A8 ~ A15), P21 ~ 23

Outputdata —=—

P-ch
Output enable < N-ch
STOP
Input data W D vo
STOP
e P20 (ADS), P26 (NMI), P27 (INTO)
VCC

Outputdata —»——

Output enable
STOP
Inputdata <=———

1o

Schmitt
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o P24 (INT1/Tl4), P25 (INT2/TI5)

Qutputdata —»———

Output enable
TOP

_______________________

Zero cross
enable }"\

i

|

i Zerocross

! self-bias circuit

Input data —QW—D 1o

STOP

« P30 (ANO), P31 (ANA)

VCC
Analog ——
channel select C

L Lp
Analog input l[

Input

h
fch
L T"

Input buffer

Input data

Input enable (read P3)

« P32 (RD), P33 (WR)

vcce
Output data P-ch
Output
STOP - N-ch
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¢ VREF*, VREF

D VREF +

P
IrRerap = 0.8mA typ.

A /D converter '
ladder resistance

(Note)Irgrap continues to flow even {_] VREF-
during standby.

* AVCC, AVSS
| =0.8mA typ.
REFDA Vh AVCC
D/ A converter !
ladder resistance
(Note)Iggrpa continues to flow even ! D AVSS
duri tandby.
uring standby A /D, D/A converter powere
supply
e D-AQ,D-A1

o AVCC
D/Adrive enable
I~
D /A output +
4>—D Output
777 AVSS
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e CLK
VCC VCC
Internal CLK P-ch _{g'
D Output
STOP -
N-ch
Internal reset [>o
— W
To test circuit
e X1, X2
- o Clock vee
,,,,,,, Oscillation _CLr_c_u_‘E__}____ ;
| LM [] =2
[ ]
: J’P—ch N-ch : i
STOP —— = |
[ :r VCC%
i 3 A i B x1
* EA

not exist in TMP90P846.

Input
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e RESET

* ALE

100K
typ. T~

- ——————

Schmitt

Internal ALE ——

e 4|7

Vec
o]

'y
1 ] Input
A

vCC

Output

< N-ch

98/98

TOSHIBA CORPORATION



