TOSHIBA | TMP90C840A/841A

CMOS 8-BIT MICROCONTROLLERS
TMP90C840AN/TMPI0C841AN
TMPS0C840AF/TMPI0C841AF

1. OUTLINE AND CHARACTERISTICS

The TMPI0C840A is a high-speed advanced 8-bit micro controller applicable to a
variety of equipment.

With its 8-bit CPU, ROM, RAM, A/D converter, multi-function timer/event counter
and general-purpose serial interface integrated into a single CMOS chip, the
TMP90C840A allows the expansion of external memories for programs (up to 56K byte)

and data (1M byte). The TMP90C841A is the same as the TMP90C840A but without the
ROM.

The TMP20C840AN/841AN is a 64-pin shrink DIP product. (SDIP64-P-750)
The TMP30C840AF/841AT is a 64-pin flat package product. (QFP64-P-1420A)

The characteristics of the TMP90C840A include:

(1) Powerful instructions: 163 basic instructions, including
Multiplication, division, 16-bit arithmetic operations, bit manipulation instruct-

ions
(2) Minimum instruction executing time: 320 ns (at 12.5 MHz oscillation frequency)
(3) Internal ROM: 8K byte (The TMP90C841A does not have a built-in ROM.)
(4) Internal RAM: 256 byte

(5) Memory expansion
Program memory: 64K byte
Data memory: 1M byte

(6) 8-bit A/D converter (6 channels)

(7) General-purpose serial interface (I channel)
Asynchronous mode, I/0 interface mode

(8) Multi-function 16-bit timer/event counter (1 channel)
(9) B-bit timers (4 channel)
(10) Stepping motor control port (2 channel)

(11) Input/OCutput ports (90C840A: 54 pins, 90C841A: 28pins) ~(
(12) Interrupt function: 10 internal interrupts and 4 external interrupts g\ ‘
(13) Micro Direct Memory Access (DMA) function (11 channels) ;\J N
(14) Watchdog timer » @
(15) Standby function (4 HALT mode) / \
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TOSHIBA TMP90C840A/841A
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Figure 1 TMPS0C840A Block Diagram
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TOSHIBA TMPI0CB40A/841A

2. PIN ASSIGNMENT AND FUNCTIONS

The assignment of input/output pins, their names and functions are described below.

2.1 Pin Assignment

Figure 2.1-(1)shows pin assignment of the TMP90C840AN/841AN.

VREFC31 64 Mvee
AGND ]2 63 [J P37 (WAIT)
{ANO) PS50 []3 62 [C1P36 (WR)
(AN1) P510]4 61 [P35 (RD)
{AN2) P52 |5 60 [ P34 (CTS)
(AN3) P53 []6 59 [1P33 (TxD)
(AN4) P54 []7 58 [ P32 (TxD/RTS/SCLK)
{ANS) P55[]8 57 [JP31 (RxD)
{TO1/MOQ) P60 19 56 P30 (RxD)
(MO1) P61 10 55 [JEA
(M02) P62 11 54 [1pP43 (A19)
(M03) P63 []12 5313P42 (A18)
(TO3/M10) P70 13 52 P41 (A7)
(M11) P71[]14 51 P40 (A16)
(M12) P72 15 50 (P27 (A15)
(M13) P73 16 49 [1P26 (A14)
(INTO) P80 []17 48 P25 {A13)
(INT1/T14) P81 []18 47 P24 (A12)
(INT2/TI5} P82 []19 46 [OJP23 (A11)
(TO3/TO4) P83 20 45 P22 (A1Q)
NMI ] 21 44 1P21 (A9)
RESET []22 43 P20 (A8)
CLK ] 23 42 [AP17 (A7)
(DO} POO ] 24 41 P16 (AB)
(D1) P01 25 40 [OP15 (A5)
(D2) P02 []26 39 P14 {Ad)
(D3) PO3[]27 38 [IP13 (A3)
(D4) P4 28 37 P12 (A2)
(DS) POS []29 36 [dP11 (A1)
(D6) P06 []30 35 [3P10 (AD)
(D7) P07 131 34 [Ox2
(GND) Vss []32 33 X1

200689

Figure 2.1- (1) Pin Assignment {(Shrink Dual Inline Package)
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TOSHIBA TMP90C840A/841A

Figure 2.1-(2) shows pin assigunment of the TMPI0C840AF/841AF.
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Figure 2.1-(2) Pin Assignment (Flat Package)
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2.2 Pin Names and Functions

The names of input/output pins and their functions are summarized in Table 2.2.

Table 2.2 Pin Names and Functions (1/2)

Pin Name | No. of pins | I/O 3 states Function
POO~PO? 8 IO Port 0: 8-bit 170 port that allows selection of input/output on byte
/DO~D7 3 states g:stl: bus: Also functions as 8-bit bidirectional data bus for external
memory
P10~P17 8 ie] Port 1: 8-bit /O port that allows selection on byte basis
/AQ~A7 Output | Address bus: The lower 8 bits address bus for external memory
P20~P27 3 /0 Port 2: 8-bit I/O port that allows selection on bit basis
/AB~AT5 Output | Address bus: The upper 8 bits address bus for external memory
P30 1 Input Part 30: 1-bitinput port
/RxD Receiver Serial Data
P31 1 Input Port 31: 1-bit input port
RxD Receiver Serial Data
P32 1 Output |Port32: 1-bit output port
% Transmitter serial Data
JSCLK Request to send serial data
Serial clock output
P33 1 Output |Port33: 1-bitoutput port
/XD Transmitter Serial Data
P34 1 Input Port 34: 1-bitinput port
fcTs Ciear to send Serial data
P35 1 Output |Port35: 1-bit output port
/RD Read: Generates strobe signal for reading external memory
Fi3_6_ 1 Output |Port 36: 1-bitoutputport
R Write: Generates strobe signal for writing into external memory
P37 1 Input Port 37: 1-bitinput port
MVAIT Wait: Input pin for connecting slow speed memory or peripheral
LS|
P40~P43 4 Output |Part 4: 4-bit output port that allows selection of Port/Address Bus
/A16~A19 on bit basis _
Address bus: Also functions as address bus for external memory
(4 bits of bank address}
P50~P55 6 Input Port 5: 6-bitinput port
/ANO~ANS Analog input: 6analog inputsto A/D converter
VREF 1 Input of reference voltage to A/D converter

200689

MCUSe-5

B 9097249 00404bLl OTO WM




TOSHIBA

TMP90C340A/841A

Table 2.2 Pin Names and Functions (2/2)

Pin Name | No. of pins | 1/O 3 states Function

AGND 1 Ground pin for A/D converter

P60~P63 4 11O Port 6: 4-bit I/O port that allows I/O selection on bit basis

;_';Ac(,),?A'M% Qutput |[Stepping motor control port 0

Output | Timer output 1;: Qutputof TimerQor1
P70~P73 4 110 Port 7: 4-bit /O port that allows I/0 selection on bit basis
;_'I\_AJS~M13 Output |Stepping motor control port 1

Output ] Timer output 3: Output of Timer 2 or 3

P80 1 Input Port 80: 1-bitinput port

/INTO Interrupt request pin 0: interrupt request pin (Level/rising edge is
programmabie)

P81 1 Input Port 81: 1-bitinput port

;';:1-1 Interrupt request pin 1: interrupt request pin (Rising/falling edge is
programmable) £ L
Timer input 4: Counter/capture trigger signal for Timer 4

P82 1 Input Port 82: 1-bitinput port

}'_ll_l\i';rz Interrupt request pin 2: rising edge interrupt request pin
Timer input 5: capture trigger signal for Timer 4

P83 1 Output |Port83: 1-bit output port

/103/104 Timer output 3/4: CutputofTimer2,30r4

NMIT 1 Input Non-maskable interrupt request pin: '

Falling edge interrupt request pin ~ ~ Y_

CLK 1 Output |Clock output: Generates clock pulse at 1/4 frequency of clock
oscillation. Itis Pulled up internally during resetting.

EA 1 input External access: Connects with Vcc pin in the TMP90C840A using
internal ROM, and with GND pin in the TMP90C841A with no
internal ROM. ‘

RESET 1 input Reset : Initializes the TMP90C840A/841A. (Built-in pull-up resister)

X1/X2 2 Input/ Pins for quartz crystal or ceramic resonator

Output

Vee 1 Power supply ( + 5V)

Vss (GND) 1 Ground {OV)

230890
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TOSHIBA TMP90C840A/841A

3.

3.1

3.1.1

OPERATION

This chapter describes the functions and the basic operations of the TMP90C840A
/841A in every block.

The following is a description of TMP90C840A which can also be applied to
TMP90C841A, if not specifically defined otherwise.

CPU

TMP90C840A includes a high performance 8 bit CPU. For the function of the CPU,
see the previous chapter “TLCS-90 CPU”. This chapter explains exclusively the
functions of the CPU of TMP90C840A which are not described in the chapter “TLCS-90
CPU™.

Reset

The basic timing of the reset operation is indicated in Figure 3.1 (1). In order to reset
the TMP90C840A, the RESET input must be maintained at the “0” level for at least ten
system clock cycles (10 states : 2 xs at 10 MHz) within an operating voltage band and
with a stable oscillation. When a reset request is accepted, all I/O ports (Port 0 /data bus
DO to D7, Port 1/address bus A0 to A7, Port 2/address bus A8 to A15, Port 6 and Port 7)
function as input ports (high impedance state). The P35 (RD), P36 (WR) and CLK pins
that always function as output ports turn to the “1” level, and the other output ports
(Port 4/address bus A16 to A19 and P83) turn to the “0” level. The dedicated input ports
remain unchanged. The registers of the CPU also remain unchanged. Note, however,
that the program counter PC, the interrupt enable flag IFF and the bank registers BX
and BY are cleared to “0”. Register A shows an undefined status.

When the reset is cleared, the CPU starts executing instructions from the address
0000H.

MCU90-7
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TOSHIBA ‘ TMPI0C840A/841A
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Figure 3.1(1a) TMP90C840A Reset Timing
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TOSHIBA TMP90C840A/841A
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Figure3.1 (1b) TMPI0C841A Reset Timing
3.1.2 EXF (Exchange Flag)

For TMP90C840A, “EXF”, which is inverted when the command “EXX” is executed
to transfer data between the main register and the auxiliary register, is allocated to the
first bit of memory address FFD2H.

7 S 6 i 5 i 4 : 3 ¢ 2 1 Q
WDMQOD |bitSymbol | WDTE : WDTP1 : WDTPO | WARM | HALTM1 | HALTMO EXF DRIVE
(FFD2H) [eoagmwrite | R/w RIW CORIW RIW R RIW
Resetting T T 0 ! 0 |Jundefined] 0

1:WDT gWDTDetectingtime %Warming Standby mode Invert' 1 .
Enable |  00:2%fc up time 00:RUN  mode each'tlme tt?dr.lve

: : EXXinst- | pinsin

Function P02 10: 2" fc 01:5TOP  mode |ryctionis | STOP

: 10: 2" 4¢ 1: 2%} f¢ 10:IDLE1T mode |executed mode

11: 2% f¢ 11:IDLE2  mode
230890
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TOSHIBA . | TMP90C840A/841A

3.1.3 Wait Control
For TMP90C840A, a wait control register (WAITC) is allocated to the 6th and 7th bits

of memory address FFC7H.
] 7 i & 5 i 4 i 3 i o2 i1 i 9
P3CR  |bitSymbol | WAITC1 : WAITCO | RDE | ODE  TXDC! : TXDCO ; RXDC1 : RXDCO
(FFC7H)  |Readnwrite RIW RIW | R/W R/IW RIW
e f o ol o o T o fo 0 [ o
Wait control RDcontroI§P33 . IE P33 P32 P31 P30
i control :
. i — : : 00:Out Qut 00iIn In
00:2statewalt - fo: Rofor i0:emos {oC L o ReD
Function 01: normal wait only 4. 0pen : u X P otin X
) external; " goi0 1 10:TxD Out P 10:RxD I
10: non wait access : — :
: : 11:TxD RTS/SCLK : 11: Notused
11:reserved 1: Always | : :
RD : :

230890

3.1.4 Bank Register

For TMP90C840A, BX and BY registers are allocated to memory addresses FFECH
(BX register) and FFEDH (BY register), respectively. In these registers, only the low-
order 4 bits are valid, and the high-order 4 bits are undefined. These undefined bits
become “1” whenever they are read. '

BX  [|bitSymboi : BX3 i BX2 | BXI | BXO
Resettin : : : : T T :
Value 9 . : : : : ¢ : 4] : 0 i 0
. 7 : 6 : 5 : 4 : 3 2 1 0
BY  [bitsymbol i BY3 ; BY2 ! BY!  BYO
(FFEDH) IRealerite S RIW
Resettin : : : : : . .
Value ° : : : : 0 : 0 : 0 : 0
230890
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TOSHIBA TMP90CB840A/841A

3.2 Memory Map

(1)

()

(3)

The TMP90C840A supports a program memory of up to 64K bytes and a data memory
of maximum 1M bytes.

The program memory may be assigned to the address space from 00000H to OFFFFH,
while the data memory can be allocated to any address from 00000H to FFFFFH.

internal ROM

The TMP90C840A internally contains an 8K-byte ROM. The address space from
0000H to 1FFFH is provided to the ROM. The CPU starts executing a program from
0000H by resetting.

The addresses 0010H to 007FH in this internal ROM area are used for the entry area
for the interrupt processing.

The TMP90C841A does not have a built-in ROM,; therefore, the address space 0000H
~1FFFH is used as external memory space.

Internal RAM

The TMP90C840A also contains a 256 byte RAM, which is allocated to the address
space from FECOH to FFBFH. The CPU allows the access to a certain RAM area
(FFOOH to FFBFH, 192 bytes) by a short operation code (opcode) in a “direct addressing
mode”.

The addresses from FF10H to FF7FH in this RAM area can be used as parameter
area for micro DMA processing (and for any other purposes when the micro DMA
function is not used).

internal l/O

The TMPQ0C840A provides a 48-byte address space as an internal I/O area, whose
addresses range from FFCOH to FFEFH. This /O area can be accessed by the CPU
using a short opcode in the “direct addressing mode”.

Figure 3.2 is a memory map indicating the areas accessible by the CPU in the
respective addressing mode.

MCU90-11
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TOSHIBA TMP90C840A/841A
00000H i
/ Internal ROM
% (8K byte) /
02000H | 8
Program &_Data Area
External Memory Data Area
(56K byte) (BC) ('X)
(DE) ()
(HL) (X +d)
(SP) (IY +d)
(SP +d)
OFECOH (HL+A)
" (nn)
777 tntemial RAM
OFFCOH Internal I/O Direct Area
/ (48 byte) // (n)
OFFFOH External Memory
(16 byte)
10000H
External Memory
{960K byte)
FFFFFH

Figure 3.2 Memory Map
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33

3.3.1

Interrupt Functions

The TMP90C840A supports a general purpose interrupt processing mode and a micro
DMA processing mode that enables automatic data transfer by the CPU for internal and
external interrupt requests. After the reset state is released, all interrupt requests are
processed in the general purpose interrupt processing mode. However, they can be
processed in the micro DMA processing mode by using a DMA enable register to be
described later.

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

Qnterrupt Processin@

Reading of Interrupt Vector 'V’

YES

Micro-DMA
Proceccing Mode

General-Purpose interrupt Micro-DMA
Processing Pracessing 200689

Figure 3.3 (1) Interrupt Response Flowchart

When an interrupt is requested, the source of the interrupt transmits the request to
the CPU via an internal interrupt controller. The CPU starts the interrupt processing if
it is a non-maskable or maskable interrupt requested in the EI state (interrupt enable
flag (IFF) =“1”). However, a maskable interrupt requested in the DI state (IFF="0")
is ignored. An interrupt request is sampled by the CPU at the falling edge of the CLK
signal in the last bus cycle of each instruction.

Having acknowledged an interrupt, the CPU reads out the interrupt vector from the
internal interrupt controller to find out the interrupt seurce.

Then, the CPU checks if the interrupt requests the general purpose interrupt
processing or the micro DMA processing, and proceeds to each processing.

As the reading of an interrupt vecotors is performed in the internal operating cycles,
the bus cycle results in dummy cycles.

General Purpose Interrupt Processing

A general purpose interrupt is processed as shown in Figure 3.3.(2).

The CPU stores the contents of the program counter PC and the register pair AF
(including the interrupt enable flag (IFF) before the interrupt) into the stack, and resets
the interrupt enable flag IFF to “0” (disable interrupts). In then transfers the value of

the interrupt vector “V” to the program counter, and the processing jumps to an
interrupt processing program.

MCU90-13
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TOSHIBA TMP90C840A/841A

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

General-Purpose
Interrupt Processing

(SP-1) e« PCH

(SP-2)«PCL

(SP-3) A

(SP - 4) «F (include IFF) 20 states

SPe5P-4

IFF <0 2ia (@12.50H

3.248 (@12.5MHz)

PC « Vv
g :

interrupt processing
pragram

RETIl instruction

F « (SP)

A &« (SP+1)
PCL « (SP+2)
PCH « (SP+3)

SP « SP+4

C END ) 230890

Figure 3.3 (2) General Purpose Interrupt Processing Flowchart

An interrupt (Maskable and Nonmaskable) processing program ends with a RETI
instruction. |

When this instruction is executed, the data previously stacked from the program
counter PC and the register pair AF are restored. (Returns to the interrupt enable flag
(IFF) before the interrupt.)

After the CPU reads out the interrupt vector, the interrupt source acknowledges that
the CPU accepts the request, and clears the request.

A non-maskable interrupt cannot be disabled by programming. A maskable inter-
rupt, on the other hand, can be enabled or disabled by programming. An interrupt
enable flip flop (IFF) is provided on the bit 5 of Register F in the CPU. The interrupt is
enabled or disabled by setting IFF to “1” by the EI instruction or to “0” by the DI
instruction, respectively. IFF is reset to “0” by the reset operation or the acceptance of
any interrupt (including non-maskable interrupt). The interrupt can be enabled after
the subsequent instruction of EI instruction is executed.

: MCU90-14
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Table 3.3 (1) lists the possible interrupt sources.
Table3.3 (1) Interrupt Sources

Start
address of Start
Priority Vector Vector |general address of
Type Interrupt sourece value Mico DMA
order .8 value |[purpose .
N interrupt processing
. parameter
processing
1 Non SWI instruction L 10H 001QH -
2 maskable NMi {Input from NMI pin) 18H 00t18H -
3 INTWD (watchdog) 20H 0020H -
4 INTO (External input 0) 05H 28H 0028H FF28H
5 INTTO (Timer Q) 06H 30H 0030H FF30H
6 INTT1 (Timer 1) 07H 38H 0038H FF38H
7 INTT2 (Timer 2) 08H 40H 0040H FFA0H
7 INTAD (A/D Converter) 08H 40H 0040H FF40H
8 Maskable INTT3 (Timer 3} 09H 48H 0048H FF48H
9 INTT4 (Timer 4) 0AH 50H O050H FF50H
10 INT1 (External input 1) 0BH 58H 0058H FF58H
i1 INTTS (Timer 5) 0CH 60H 0060H FF6OH
12 INT2 {(External input 2) ODH 68H 0068H FF68H
13 INTRX (End of serial receiving) OEH 70H 0070H FF70H
14 INTTX (End of serial transmission) OFH 78H 0078H FF78H
Note: Either INTT2 or INTAD is selected by INTEH <ADIS>. 200683

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

If interrupt of fourth and fifth orders are requested simultaneously, for example, an
interrupt of the “5th” priority is acknowledged after a “4th” priority interrupt process-
ing has been completed by a RETI instruction. However, a lower priority interrupt can
be acknowledged immediately by executing an EI instruction in a program that
processes a higher priority interrupt.

The internal interrupt controller merely determines the priority of the sources of
interrupts to be acknowledged by the CPU when more than one interrupt are requested
at a time. It is, therefore, unable to compare the priority of interrupt being executed
with the one being requested.

To permit another interrupt during a certain interrupt operation, set the interrupt
enabling flag for the source of the interrupt to be allowed, and execute the EI command.

3.3.2 Micro DMA Processing

Figure 3.3 (3) is a flowchart of the micro DMA processing. Parameters (addresses of
source and destination, and transfer mode) for the data transfer between memories are
loaded by the CPU from an address modified by an interrupt vector value. After the
data transfer between memories according to these parameter, these parameters are
updated and saved into the original locations. The CPU then decrements the number of
transfers, and completes the micro DMA processing unless the result is “0”.

MCU90-15
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If the number of transfer becomes “0”, the CPU proceeds to the general purpose
interrupt handling described in the previous chapter.

( Micro DMA Processing)

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

Data Transfer between Memories
{DST) « (SRQC)
DST e« DST+0/1/2
SRC & SRCt0/1/2

Saving of Update Parameters
(FFOOH +V + 3) W « SRC
(FFOOH +V + 1) W « DST

Decrement of No. of Transfer
COUNT « (FFOOH + V)
COUNT «= COUNT -1
(FFOOH + V) « COUNT

YES

DST 1 Destination
SRC : Source
CMD : Command (Transfer mode)

COUNT : Count{Number of transfer}

COUNT=0

NO

END

General-purpose
Interrupt Processing

200689

Figure 3.3 (3) Micro DMA Processing Flowchart

The micro DMA processing is performed by using only hardware to process interrupts
mostly completed by simple data transfer. The use of hardware allows the micro DMA
processing to handle the interrupt in a higher speed than the conventional methods
using software. The CPU registers are not affected by the micro DMA processing.

Figure 3.3 (4) shows the functions of parameters used in the micro DMA processing.

MCU90-16
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FFOOM +V +0: l Number of transfer I :I 1~256
FFOOH +V 41 : l Destination address (Lower) —l ;

0~64K
FFOOH +V + 2 : [ Destination address (Upper) l
FFOOH+V +3: | Source address (Lower) | —|

0~64K
FFOOH +V +4: l Source address (Upper) l

7 6 5 4 3 2 1 0

FFOOH +V +5: I X [ X | X | X | X | |(Transfer mode)

0 0 = Fix current destination
/source addresses

0 1 = Incrementdestination
address
1 0 Increment source address

-—
—
non

Decrement source address

1-byte transfer
2-byte transfer

o
[}

(Note) x:don’t Care
200689

Figure 3.3 (4) Parameters for Micro DMA Processing

Parameters for the micro DMA processing are located in the internal RAM area (See
Table 3.3 (1) Interrupt Sources). The start address of each parameter is “FFO0H +
interrupt vector value”, from which a six bytes’ space is used for the parameter. This
space can be used for any other memeory purposes if the micro DMA processing is not
used.

The parameters normally consist of the number of transfer, addresses of destination
and source, and transfer mode. The number of transfer indicates the number of data
transfer accepted in the micro DMA processing.

The amount of data transferred by a single micro DMA processing is one or two bytes.
The number of transfers is 256 when the number of transfers value is “00H”. Both the
destination and source addresses are specified by 2-byte data. The address space
available for the micro DMA processing ranges from 0000H to FFFFH.

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

Table 3.3 (2) shows the relation between the transfer mode and the result of updating
the destination/source addresses.

MCU90-17
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Table 3.3 (2) Addresses Updated by Micro DMA Proéessing

Transfer . Destination Source
mode Function address address
000 1-byte transfer:  Fix the current source/ 0 0
destination addresses
001 1-byte transfer:  Increment the destination address | = +1
010 1-byte transfer:  Increment the source address 0
011 1-byte transfer:  Decrement the source address 0 -1
100 2-byte transfer:  Fix the current source/ 0
destination addresses .
101 2-byte transfer:  Incrementthe destination address +2 0
110 2-byte transfer :  Increment the source address 0 +2
111 2-byte transfer :  Decrement the source address 0 -2

200689

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

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

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

Address increment/decrement modes are applied to memory address space and fixed
the addressing modes are applied to the I/O address space. Because of that, this micro-
DMA was designed for both I/0 to memory transfers and memory to I/O transfers.

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

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

CALL SIOINIT ; Initial setting for serial receiving.

SET 1,(OFFEGH) ; Enable an interrupt for serial data receiving.

SET 1,(OFFE8H) S Set the micro DMA processing mode for the interrupt.

LD  (OFF70H),7 ; Set the number of transfer = 7

LOW (OFF71H),0FFOOH ; Set FFOOH for the destination address.

LOW (OFF73H),0FFEBH ; Set FFEBH for the source (serial receiving buffer) address.

LD (OFF75H),1 ; Set the transfer mode (1-byte transfer ; increment destination
address).

El

ORG 0070H

Interrupt processing program
after serial data receiving

RETI

Figure 3.3 (5) Example of Microc DMA Processing
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The bus operation in the general purpose interrupt processing and the micro DMA
processing is shown in “Table 1.4 (2) Bus Operation for Executing Instructions” in the
previous section.,

The micro DMA processing time (when the number of transfer is not decremented to
0) is 46 states without regard to the 1-byte/2-byte transfer mode.

Figure 3.3 (6) shows the interrupt processing flowchart.

Qnterrupt processin@

Reading of
Interrupt Vector 'V’
Interrupt Request F/F clear

Micro-DMA YES

Processin%
NO

B _
Data Transfer for
Micro-DMA
G 1P PUSH PC
O nterrunt PUSH AF COUNT < COUNT - 1 Micro-DMA
Processing IFF « 0 Processing
PC eV YES COUNT=0

L e

Interrupt Processing

Program

|

Instruction of RETI

( POP AF )
POP PC

( END j

Figure 3.3(6} Interrupt Processing Flowchart

200689
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3.3.3 Interrupt Controller

Figure 3.3 (8) outlines the interrupt circuit. The left side of this figure represents an
interrupt controller, and the right side comprises the CPU’s interrupt request signal
circuit and HALT release signal circuit.

The interrupt controller consists of Interrupt Request Flip-flops, Interrupt Enable
flags, and micro DMA enable flags allocated to each of 14 channels. The Interrupt
Request Flip-flops serve to latch interrupt requests from peripherals. Each flip-flop is
reset to “0” when a reset or interrupt is acknowledged by the CPU and the vector of the
interrupt channel is read into the CPU, or when the CPU executes an instruction that
clears an interrupt request flip-flop for the specified channel (write “vector divided by 8”
into the memory address FFC3H). For example, by executing.

LD (FFC3H), 58H/8,

The Interrupt Request Flip-flops for the interrupt channel “INT1” whose vector is
58H is reset to “0”. (When clearing the interrupt request flag assigned to address

~FFC2H, also write a clear code to the address FFC3H.)

The status of an Interrupt Request Flip-flops is found out by reading the memory
address FFC2H or FFC3H. “0” denotes there is no interrupt request, and “1” denotes
that an interrupt is requested. Figure 3.3 (7) illustrates the bit configuration indicating
the status of Interrupt Request Flip-flops.

MCU90-20
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7 6 . 5 . 4 3 2 1 i
IRFL  |bit Symbol IRFO | IRFTO | IRFT L OEXT i PICR  POCR
(FFC2H) Read/Write R w w
G o 0 T o NS B
Interrupt Request Flag §P1, P2 P1 PO
. ) . : <ontrol i control ;  control
unction 1: Interrupt is requested. O 1O port 10: In 0: In
1: Address i 1: Qut { 1: Out
1 bus : :
Prohibit : : :
Read Modify \ ]
Write See "3.5.2 Port 1"
INTT1 request flag 0: Interruptis not
INTTO request flag requested
1: Interruptis requested
—=INTO request ffag
7 . 6 i 5 o4 i 3 i 2 i 1 : 9
IRFH [bitSymbol | IRFT2 | (RFT3 ! IRFT4 : IRF1 | IRFTS ; IRF2 | IRFRX ¢ OIRFTX
{FFC3H) Read/Write R{Only IRF Clear code can be used to write)
fesetting 0 6 i 0 i o i 0o i o i o i o
Prohibit Function 11 Interrupt is requested. (IRFis cleared to “0” by writting IRF clear code.)
rohibi
Read Modify |
Write

INTTX requestflag

— INTRX request flag
INTZ requestflag

» INTTS requestflag

INT1  request flag

INTT4 request flag

> INTT3 request flag

> INTT2/INTAD
request flag

(Caution) ~ Writing “vector divided by 8” inlo the memory address FFC3H clears the Flip-Flop for the
specified inlerrupt request.

190990

Figure 3.3 (7) Configration of Interrupt Request Flip-flops
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Figure 3.3 (8) Block Diagram of Interrupt Controller
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The interrupt enable flags provided for all interrupt request channels are assigned to
the memory address FFE6H or FFE7TH. Setting any of these flags to “1” enables an
interrupt of the respective channel. These flags are initialized to “0” by resetting.

The micro DMA enable flag also provided for each interrupt request channel is
assigned to the memory address FFE7TH or FFE8H. The interrupt processing for each
channel is placed in the micro DMA processing mode by setting this flag to “1”. Thisflag
is initialized to “0” (general purpose interrupt processing mode) by resetting.

Figure 3.3. (9) shows the bit configuration of the interrupt enable flags and micro
DMA enable flags.

Interrupt by Timer 2 (INTT2) and that by A/D converter (INTAD) use a common
interrupt request channel. The interrupt controller first accepts INTT2 after a reset.
INTAD can be used by setting the “INTT2/INTAD selection bit” (ADIS: Bit3 of memory
address FFE7TH) to “1” .

The function of the external interrupts is as follows.

Interrupt fg:.l?;z? Mode How to set
NMI — _\_ Falling edge —_—
] \ Level PBCR<EDGE> =0

INTC P80

/ Rising edge PSCR<EDGE> =1

i Rising edge 1(;?[\4]()1[)<CAPM‘I, 0>=0,00r0,1
INT1 P81 d

N Falling edge TAMOD<CAPM1,0>=1,0
INT2 P82 7'“— Rising edge —_—

For the pulse width for the external interrupts, see section 4.8 “Interrupt Operation” .

MCU90-23
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Attention should be paid to the following three modes having special circuits:

INTO Level mode IF INTQ is not an edge-based interrupt, the function of Interrupt Request
Flip-flop is canceled. Therefore the interrupt request signal must be held
until the interrupt request is acknowledged by the CPU. A change in the
mode {edge to level) automatically clears the interrupt request flag.

E)

INTAD level mode The Interrupt Request Flip-flop can be cleared only by resetting or reading
the register that stores A/D conversion value, and cannot be ¢leared by an
instruction. A change in the interrupt source (between INTAD and INTT2)
automatically clears the interrupt request flag.

INTRX level mode The Interrupt Request Flip-flop is cleared only by resetting or reading the
serial channel receiving buffer, and notby aninstruction.

031090
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Interrupt enable flags

7 1 6 i 5 i .4 i 3 i 2 L 1 i g
INTEL |bit Symbol T2 © JET3 ¢ 9ETA D UV f METS G IE2 © IERX | IETX
(FFEGH) Read/write R/W
Resetlig o i o0 o {0 i o i 0 i 0 i o0
Function 1 : Enable 0 : Disable
O INTTX interrupt enable flag
'— INTRX interruptenable flag
-— INT2 interrupt enable flag
INTTS interrupt enable flag
> INT1  interrupt enable flag
» INTT4 interruptenable flag
» INTT3 interrupt enable flag
—» INTT2/INTAD
interrupt enable flag
Micro DMA and interrupt enable flags
6 i 5 i 4 i 3 i 2 i 1 i 0
INTEH  |bit Symbol O : OE0 : DETO : DETI : ADIS | IEO | {ETO : IET1
(FFETH) feeadwrite RIW RIW
Resettig o i o { o i o i o o i g i o
Function 1 : Enable 0 : Disable éI:ENTADE 1 : Enable 0 : Disable
. INTT1 interrupt enable flag
——= INTTO interrupt enable flag
L—— INTO interruptenable flag
> INTT2/INTAD selection
QO JINTT2
1 JINTAD
INTT1 DMA enable flag
INTTO DMA enable fiag
» INTG DMA enable flag
> Write "Q”
Micro DMA enable flags
7 1 6 i 5 i o4 i 3 i 2 1 1 i Q@
DMAEH |bitSymbol | DET2 : DET3 | DET4 | DE1 | DETS i DE2 . DERX : DETX
(FFEBH) Read/Write R/W
s | o T o [ o [ o o o 1 o o
Function 1 : Enable 0 : Disable

| [;INTTX DMA enable flag

INTRX DMA enable flag
L——INT2 DMA enable flag
INTTS DMA enable flag
INT1 DMA enable flag
INTT4 DMA enable flag
INTT3 DMA enable flag

> INTT2/ INTAD
DMA enable flag

230890

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

When a HALT instruction is executed, the TMP90C840A selects one of the following
modes as determined by the halt mode set register:

(DRUN : Suspends only the CPU‘ operation. The power consumption remains
unchanged.

(2IDLE1: Suspends all internal circuits except the internal oscillator. In this mode,
the power consumption is less than 1/10 of that in the normal operation.

(3)IDLE2 : Operate only the internal oscillator and specific internal I/O devices. The
power consumption is about 1/3 of that in the normal operation.

(4)STOP : Suspends all internal circuits including the internal oscillator. In this
mode, the power consumption is considerably reduced. -

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

These HALT state can be released by resetting or requesting an interrupt.

The methods for releasing the HALT status are shown in Table 3.4 (2).

Either a non-maskable or maskable interrupt with EI (enable interrupt) condition is
acknowledged and interrupt processing is processed. A maskable interrupt with DI
(disable interrupt) condition is also acknowledged and CPU starts executing an
instruction that follows the HALT instruction, but the interrupt request flag is held at
“1”,

But if interrupt request occur before MPU practices “HALT” command in the state of
DI and it latches interrupt request flag, it causes to release HALT state and to state will
be released as soon after MPU practices “HALT” command. (MPU doesn’t HALT state.}

Therefore clear interrupt request flag or disable interrupt enable flag before MPU
practices “HALT” command.

ex) MPU becomes STOP mode in the state of DI and refease it by INT0 interrupt.
(But “built-in [/O” uses only “Timer 07) -

DI

SET . 2, (INTEH) ;  INTOinterrupt enable
RES 1, (INTEH) ; INTTOinterrupt disable
LD (WDMOD), 04H ;. STOP mode

HALT

After release "HALT",
Practice Program
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7 i 6 i 5 4 3. 1 2 1 0
WDMOD |bit Symbol | WDTE i WDTP1 : WDTPO | wARM | HALTM1 | HaLTMO | EXF DRIVE
(FEDZH) [peadnrite | R/w RIW RIW RIW R RIW
Jesetting 10 i oo 0 0 0 |undefined| o
1: | WDTDetecting time Warming [5tandby mode Invert 1
. , . each time | to drive
. Enable § 00: 2" up time 00:RUN  mode EXXinst- { pinin
Function L0t 2% e 0: 2" 4¢ 01:STOP  mode |ructionis JsTOP
10: 2% fc 12 4¢ 10:IDLET  mode |executed jmode.
11: 2%%fc 11:IDLE2 mode
[ | l {
See “3.10 Watchdog Timer” See "3.4.4 STOPmode

Exchange flag
See “3.1.2 Registers”

Figure 3.4 (1) HALT Mode Set Register

280391
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3.4.1 RUN Mode

Figure 3.4 (2) shows the timing for releasing the HALT state by interrupts in the
RUN/IDLE 2 mode.

In the RUN mode, the system clock in the MCU continues to operate even after a
HALT instruction is executed. Only the CPU stops executing the instruction. Until the
HALT state is released, the CPU repeats dummy cycles. In the HALT state, an inter-
rupt request is sampled with the rising edge of the “CLK” signal.

N eV AW AW e W aWaWalWaWaWaWalala
ax | T T L
Ao~19 ~ I NExt :’:' Next + 1
RD [ r:(: I——
WR 4
po~7 =f=———4={n y=|-=4~-t--—df——a——1—— —"-{In )~t--
NMT U '
(LeveD -]
(Risilrl:g g'dé,'éz) ;,:,_f \
{Falling eg\gl;g "_* /
Internal INT (- /
Execution Sequence Sequenes Ccrowiedae

040789

Figure 3.4(2) Timing Chart for Releasing the HALT State by
Interrupts in RUN/IDLE 2 Modes
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3.4.2 IDLE 1 Mode

Figure 3.4 (3) illustrates the timing for releasing the HALT state by interrupts in the
IDLE 1 mode.

In the IDLE 1 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 “17 level.

In the HALT state, an interrupt request is sampled asynchronously with the system
clock, however the HALT release (restart of operation) is performed synchronously with
it.

Note: An interrupt requested by the watchdog timer is prohibited through the HALT
period in this mode.

xi J'\JL'\J‘\J‘\J"\JL\JLLF\J"\J‘\JL\JML\J'\_/L\
| | \ f ™ / \
-y I
A0~19 N NExt T Next +1
™ 1))
RD [ 45 Inm
WR 3
DO~7 =t =—=—1=in }=|= == il il EEE e et EY R B o
Nl 35—* [
INTO l
(Level) rj(r__
INTO
(Rising edge) [J(T_[
HALT Instruction Interrupt Acknowledge
B Execution Sequence _| Sequence

150689
Figure 3.4(3) Timing Chart of HALT Released by
Interrupts in IDLE1 Mode
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3.4.3 IDLE 2 Mode

Figure 3.4 (2) shows the timing of HALT release caused by interrupts in the
RUN/IDLE 2 mode. '

In the IDLE 2 mode, the HALT state is released by an interrupt with the same timing
as in the RUN mode, except the internal operation of the MCU. In the RUN mode, only
the CPU stops executing the current instruction, and the system clock is supplied to all
internal devices. In the IDLE 2 mode, however, the system clock is supplied to only
specific internal [/O devices. As a result, the HALT state in the IDLE 2 mode requires
only a 1/3 of the power consumed in the RUN mode. In the IDLE 2 mode, the system
clock is supplied to the following I/O devices:

8-bit timer
16-bit timer
Serial interface
Watchdog timer

MCU90-30
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3.4.4 STOP Mode

Figure 3.4 (4) is a timing chart for releasing the HALT state by interrupts in the
STOP mode.

The STOP mode is selected to stop all internal circuits including the internal
oscillator. In this mode, all pins except special ones are put in the high-impedance state,
independent of the internal operation of the MCU. Table 3.4 (1) summarizes the state of
these pins in the STOP mode. Note, however, that the pre-halt state (The status prior
to execution of HALT instruction)} of all output pins can be retained by setting the
internal I/O register WDMOD<DRVE> (Drive enable: Bit 0 of memory address
FFD2H) to “1”. The content of this register is initialized to “0” by resetting.

When the CPU accepts an interrupt request, the internal oscillator is restarted
immediately. However, to get the stabilized oscillation, the system clock starts its
output after the time set by the warming up counter WDMOD < WARM > (Warming up:
Bit 4 of memory address FFD2H). A warming-up time of either the clock oscillation

time X 2 or X 26 can be set by setting this bit to either “0’ or “1”. This bit is
initialized to “0” by resetting.

Warming-up
Time
-~
o Ao oA on
cx | LT - f \
- L
A0~19 W | Npxt )--—-5‘,--—-(1{_ Next + 1
}
RD / | I S (. 4 1
WR Y I
e D B B NN T =
J— il
NMI 7
v,
(
INTO { y
{Level) Y o
INTO u L
(Rising )
Edge)
HALT Instruction Interrupt Acknowledge
Execution Sequence Sequence

200689
Figure 3.4 (4) Timing Chart of HALT Released by
interrupt in STOP Mode
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The internal oscillator can be also restarted by the input of the RESET signal at “0” to

the CPU.

In the Reset restart mode, however, the warming-up counter remains

inactive in order to get the quick response of MCU when the power is turned on (Power
on Reset). As a result, 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 at “0” long enough to release the HALT state in the

STOP mode. _
Table 3.4 (1) State of Pins in STOP Mode
90C840A S0C841A
INFOUT
DRVE=0|{DRVE=1|DRVE=0 | DRVE =1

PO input mode

Output mode ouT ouT —_— -
P input mode —_— iN

Qutput mode  — ouT —_— ouTt
P2 Input mode _— IN

Output mode S QuT S ouT
P3 Input pin _— IN

Output pin e QuUT
P4 Output pin — ouT
P5 input pin _ -
PE Input mode —_— IN

Output mode ouT ouT

input mode e IN
P7 Output mode ouT ouT «
P80 (INTQ) Input pin
P81 (INT1) Input pin
P82 (INT2) Input pin
F83 (TO3/TO4) | Output pin
NMI Input pin
CLK Output pin
RESET Input pin
X1 input pin
X2 Output pin

IN:

OUT:

230890

Intermediate bias is still applied to this pin in the zero cross detect mode.

Indicates that input mode/input pin cannot be used for input and that the output
mode/output pin have been set to high impedance.

The input enable status.

The input gate is operating. Fix the input voltage at either “0” or “1” to prevent the pin

floating.

The output status.

McCuU90-32
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It is necessary to leave INTO at “1” until the second bus cycle of the interrupt

response sequence is completed, when the STOP mode is released by the level mode of
INTO.

Table 3.4 (2) 1/0 Operation During Halt and How to Release the Halt Command

Halt mode RUN IDLE2 IDLE1 STOP

WDMOD <HALTM1,0> 00 1 10 01

CPU Halt

Keeps the state when the haltcommand See
/O port as executed. Table3.4(1)

8 bit timer

16 bit timer

Stepping motor
cantroller

Serial
interface

Operating block

A/D converter

Watchdog timer

Interrupt controller
NMI

INTWD
INTO
INTTO
INTT1
INTT2
INTAD
INTT3
INTT4
INT1

O|O|C[O0|10]0

Interrupt

Halt releasing source

INTTS
INT2
INTRX

INTTX

Reset

olociolololololololo|ololojolo

O|O|O|0|Oj0|O|0
|
I

O : Can be used to release the halt commnad, 280391
— :  Cannot be used to release the halt command.
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3.5 Function of Ports

The TMP90C840A contains total 54 pins (TMP90C841A: 28 pins) input/output ports.
These ports function not only for the general-purpose I/O but also for the input/output of
the internal CPU and I/O. Table 3.5 describes the functions of these ports.

Table 3.5 Functions of Ports

Port . No. of . . Directionset | Resetting Pin name for
name Pinname | " s [ Direction unit value internal function
Port0Q POO~PO7 8 110 Byte Input DO~D7
Port 1 P10~P17 8 VO Byte Input AD~A7
Port 2 P20~P27 8 T/e} Bit Input AB~A15
Port3 P30 1 Input - Input RxD
P31 1 Input - Input RxD
P32 1 Output - Output | TXD/RTS/SCLK
P33 1 Output - Output |TxD
P34 1 Input - Input cis
P35 1 Output - Output |[RD
P36 1 Output - Output {WR
P37 1 Input - Input WAIT
Port4 P40~P43 4 Output - Output |[A16~A19
Port 5 PS0~PS5 6 Input - Input ANO~ANS
Port6 P60~P63 4 /0 Bit input M00~MO03/TO1
Port7 P70~P73 4 1/0 Bit Input M10~M13/TO3
Port8 P80 1 Input - Input INTO
P81 1 Input - input INT1/TI4
P82 1 Input - Input INT2/TIS
P83 1 Output - Output |TO3/TO4

230890

These port pins function as the general-purpose input/output ports by resetting. The
port pins, for which input or output is programmably selectable, function as input ports
by resetting. A separate program is required to use them for an internal function.

The TMP90C841A functions in the same way as the TMP90C840A except:

Port 0 always functions as a data bus (D0 to D7) .
Port 1 always functions as Address bus (A0 to A7) .
Port 2 always functions as Address bus (A8 to A15) .

P35 and P36 of Port 3 always function as RD and WR pins, respectively.

MCU90-34
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3.5.1 Port 0 (PO0~P07)

Port 0 is an 8-bit general-purpose I/O port PO whose I/O function is specified by the
control register POICR<POC> in byte. By resetting all bits of the control register are
initialized to “0”, whereby Port 0 turns to the input mode, and the contents of the

output latch register are undefined

dd

Reset
[~
Direction
controller
{Byte)
4 External Access (Data Write)
Write PO1CR S
B [5 N
3 o
@ | Output | A2 Y Port 0
@ Latch g POO~PQ7
w OQutput {DO~D7)
o Write PO Butfer
©
=
v -
E L
<} S
L — |
Read PO [!
B— )
Y
~1
A1

— External Access (Data Read)

Figure 3.5(1) Port0

Selector

230890
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3.5.2 Port 1 (P10~P17)

Port 1 is an 8-bit general-purpose I/O port P1 whose I/O function is specified by the
control register POICR<P1C> in byte. All bits of the output latch and the control
register are initialized to “0” by resetiing, whereby Port 1 is put in the input mode.

In addition to the general-purpose I/O port function, it functions as an address bus
(A0~A7). The address bus function can be selected by setting only the external
extension control register POICR<EXT> to “1” regardless of the status of the above
control register <P1C>. The register <EXT> isreset to “0” whereby Port 1 and Port
2 turn to the general-purpose I[/O mode.

The register <EXT > of the TMP90C841A is always set to “1” so that Port 1 functions
as an address bus (A0O~AT7).

(Internal Address Bus (A0~A7)(

— Reset | po1cR <EXT>
Direction
> controller
(Byte)
» A
2 Write PO1CR
o
o ¥ B —,5
a Output |, Selector |Y L~ E?Et 1P17
= Latch A Output (AD~A7)
E f Buffer
& Write P1
E
‘ T—
1
g [
Read P1

190990

Figure 3.5(2) Port1
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Port 0 Register

7 i 6 . 5 i .4 3 L3 1 0
PO |bit Symbol PO7 : P06 | POS i POA i PO3 . P02 i POl  POO
(FFCOH) Read/\Write RIW
sgfﬁg'”g input Made
Port 1 Register
7 ¢ 6 i 5 i 4 i 3 i 2 i 1 i 9
P1  [bit Symbol P17 © P& I PIS ! P14 i P13 i P12 i P11 i P10
(FFCTH) LReadmwrite R/W
si?sétmg Input Mode
Port 0,1 Contre! Register
i i B i 5 t.4 1 3 P2 1 )
POICR  [bit Symbol | IRFO i IRFTO [ (RFT1 fOEXT Lomic o opoc
(FFCZH) Read/Write R w w w
eferna R N R N
Interrupt Request Flag 1, P2 P ‘PO
Function : 11 . ted ; ¢ Control @ Control i Control
uncti :o : : :
: 1-Interruptisrequeste 0: VO port :0: In {0: In
i1: Address (1: Out  (1: Out
bus { :
Prohibit : : : : .
Read Modify | R J — | |
Write. See “3.3.3 Interrupt controller” L
Set /O of Port 0
0 |Input
1 | Qutput
s Sat /O of Port 1
0 |Input
1 | Output

> Set general-purpose port/address
bus of Ports 1and 2

0 | General-purpose port

1 | Address bus

28039

Figure 3.5 (3) Registers for Port 0 and 1
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3.5.3 Port 2 (P20~P27)

Port 2 is an 8-bit general-purpose I/O port P2 whose I/O functions are specified by the
control register P2CR for each bit. All bits of the cutput latch and the control register
are initialized to “0” by resetting, where by Port 2 turns to the input mode.

In addition to the general-purpose I/O port function, it functions as an address bus
(A8~A15). The address bus function can be selected by setting the register PO1CR
<EXT?> (shared with port 1) to “1” and setting the Port 2 control register P2CR to the
output mode. When the Port 2 control register P2CR is set to “0”, Port 2 functions as an
input port, regardless of the status of the EXT register.

For the TM90C841A, all bits of the register <EXT> and the control register are
always set to “1”, and Port 2 functions as an address bus (A8 to A15).

(Internal Address Bus (A8~A1 5)(

Reset
™~ PO1CR <EXT>
Direction
controller
{Bit)
5 .
o Write P2CR
L
2 gl 15
OLUtpfll‘t | Selector |— g%t 2 .
© atc A Qutput :
c _ Buffer (A8~A15)
y Write P2
c
/T]—Cl:h
- Py B
L e =—

Read P2

190990

Figure 3.5(4) Port2
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TMP90C840A/841A
Port 2 Register
7 : 6 : 5 ; 4 : 3 : 2 : 1 : 0
P2 |bitsymbol | P27 © P26 : P25 | P24 i P23 : P2 . P21 | P20
(FFCaH) Read/Write RIW
53?5?“9 Input Mode
Port 2 Control Register
7 6 i 5 i 4 i3 i o2 i 4 i
P2CR lbitSymbol | P27C | P26C i P2sC i P2aC i P23C : P22C | P2IC | P20C
(FFCSH) Read/Write w
W 0 T o T o e o o o o
Prohibit Function 0:n 1: 0ut (/Oselected bit by bit)
Read Modify ' |
Write I—b Set I/0 of Port 2 and Address Bus
PO1CR
P2CR < EXT> 0 1
<P2XC>
4] Input Port Input Port
1 Output Port Address Bus

Note : Settings can be in units of bits. Here, P2ZCR<P2XC>
isthe Xth bit of P2CR.

190990

Figure 3.5 (5) Registers for Port 2
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3.5.4 Port 3 (P30~P37)

Port 3 is an 8-bit general-purpose I/O port P3 with fixed I/O function. All bits of the
output latch are initialized to “1” by resetting, and “High level” is generated to the
output port. 7

In addition to the I/O port function, P30~P34 have the I/O function for the internal
serial interface, while P35~P37 have the external memory control function. The
additional functions can be selected by the control register P3CR. All bits of the control
register are initialized to “0” by resetting, and the port turns to the general-purpose I/O
Ports mode.

However, access of an external memory makes P35~P36 automatically function as
the memory control pins (RD and WR), and access of an internal memory makes them
function as general-purpose I/0 ports.

When an external memory is accessed, therefore, the output latch registers P35 (RD)
and P36 (WR) should be kept at “1” which is the initial value after the reset.

The P3CR <RDE> of the control register is intended for a pseudostatic RAM. When
set to “1”, it always functions as an RD pin. Therefore the RD pin outputs “0” (Enable)
when it is an internal memory read and internal I/O read cycle.

Reset
[
: set
Output ™~
> Port 3 Output
Latch L
; P3CR<RDE> OutputBuffer —— P32, P33
Write P3
+—— External Access
wvi
3
© > Y I
- Selector L~ Port _.ﬁ)utput
a F Output Buffer P35 (RD)
o RD
c
P
= A1
- Selector I Port _E'»L)utput
B ‘ QOutput Buffer P36 (WR)
A [
T R
Read P3
<} D Port 3 Input
F P30, P31, P34, P37
Read Py s
Wait :
] ¢ Input  QOnly for P37 Function |
: : 190990

Figure 3.5(6) Port3
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TMP90C840A/841A
Port 3 Register
7 6 . S5 1 4 i 3 2 1 0
P3  |bitSymbol | P37 P36 . P35 P34 i P33 P32 © P31 P30
(FFCBH) |Read/write R RIW | R/W R R/IW R'W | R . R
53?5gcmg Input 1 1 . input S 1 Input input
Part 3 Control Register
7 6 ¢ 5 1 4 3 2 1 P
P3CR |bitSymbol | wAITC1 | wAITCO © RDE | ODE TXDC1 | TXDCO i RXDCi : RXDCO
(FFC7H) Treadrwrite R/IW L ORIW L R/W R/W : R/W
B 0 o o o | o 1 o o 1
Wait Control ‘RD Control: P33 P33 P32 . P31 P30
N : Control . L an.
00 2state wait 0 RD for 0 MOS 00: Out Out 00: In In
Function 01: normal wait only .Output 01: Out TxD : 01: In RxD
10 non wait external: 10: TxD  Out :10: RxD In
: wal N J— H
D BCES 1 Open 4y yyp RTS/SCLK | 11: Notused
11: Not used i1: Always ;  Drain :
! RD i Output

See “3.8 Serial Channel”

Set port P33 to open drain output

CMOS output

Open drain output

Set port P35 to fixed RD mode

General-purpose /O port

Fixed as RD Pin

WAIT control

00

2-state wait

Not used

Figure 3.5(7) Register for Po

230890
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3.5.5 Port 4 (P40~P43)

Port 4 is a 4-bit port P4 intended only for the output. All bits of the output latch are
initialized to “0” by resetting, and “0” is generated to the port.

In addition to the output port function, it works as an address bus (A16~A19). The
selection of the address bus function is made by the control register PACR. The output
port or address bus function can be selected for each bit. All bits of the control register
are initialized to “0” by resetting, and the port turns to the output mode.

Reset

Control
Register
(Bit)

4
Write PACR
Address Qutput

‘ } (A16~A19) S
OQutput MY_D—D Port 4 Output
P40~P43

Latch
A Output (A16~A19)
Buffer

Internal Data'Bus

}
Write P4
-1

~ Read P4

200990

Figure 3.5(8) Port4
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TMP90C840A/841A
Port 4 Register
7 L i 5 P4 i 3 P2 1 P0
P4 [bitSymbol L Pa3 i paz | pa1 | Ppao
(FFCEH) Ireadrwrite R/W
Resettin : : : : : : :
Value i : : P00 i 0 0 0

Port4 Control Register

7 8 P 5 i 4 i3 o2 i1 i 9
P4CR  [bit Symbol L PA3C [ PA2C | PAIC | PAOC
(FFCOH) fpeadmrite W
Velie 0 o i 0 [ o
Prohibit Function : : : : 0 : Qut{Port) 1: Address Qutput
Read Modify
Write.
—  Set OQutput port/address bus
0 | Output port
1 | Address bus
Bank Register BX
7 Y B i 5 f o4 i3 i 11 T g
BX it Symbol . BX3 I BX2  BX1 | BXO
(FFECH) [Read/wirite RIW
Resettin : : : : : : :
Value 9 H : : : 0 : 0 : 0 : 0
——  Address bus A19~A16
Bank Register BY
7 & i 5 i a4 i 3 i 2 i 1 i g
BY  |bit symbol © BY3 i BY2 : BYI i BYO
(FFEDH) Read/Write : : : : R/IW
Resettin : : : : : : :
Valge ° : : : P90 i 0 0 : 0

— Addressbus A19~A16

230890

- Figure 3.5 (9) Registers for Port 4
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TMP90C840A/841A

3.5.6 Port 5 (P50~P55)

Port 5 is a 6-bit input port P5 and also use as an analog input pin (AN0~ANS).
(The 7th bit of “FIFCAH” is a test bit and must always be set to zero.)

230890

o]

v ””4 Port 5

5 \*\ P50~P55

o {ANQ~ANS)

® Read P5

)

1]

fa)

©

= ADREG AD 6 Channel

w Register | Converter [**~{ Analog <

Fe

c Muhtiplexer

- Read

ADREG
S
Figure 3.5(10) Port5
Port 5 Register

T~ 7 { & { 5 i 4 i 3 i 2 i 1 i 0
P5  |bitsymbol | “0*Fix | i PS5 i P54 i PS3 i P52 i P51 i P50
(FFCAH) Read/Write ' R

Eﬁging 0 Input Only
“;"""""9 Funcrion shared with analog input pin (ANO~ANS)
ata
prohibited

Figure 3.5 (11) Register for Port5

230890
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3.5.7 Port 6 (P60~P63)

Port 6 is a 4-bit general-purpose I/O port P6 whose function is specified by the control
register P67CR for each bit. The control register is initialized to “0” by resetting, and
Port 6 enters in the input mode. This port is also serviceable as a stepping motor control
port channel 0 (M00~M03), so either the general-purpose I/O or the stepping motor
control port can be selected by the control register SMMOD. This port is served as the
general-purpose I/O port by resetting,

Reset
[~ j'
Direction
Control
(Bit)
] X
Function Write P67CR
control
Write SMMOD
Shift
3 3y -
@ =~ Output
Lat%h L D Port6

- Output P60~P63
A Pé Buffer (MOO~MD3)
e <SAG3~SAG0>
. Shift Alternate
2 [~ Register
v |
-
c

Write P6

e
h
L

Read P6

230890

Figure 3.5(12) Porté6
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3.5.8 Port 7 (P70~P73)

Port 7 is a 4-bit general-purpose I/O port P7 whose I/O function is specified by the
control register P67CR. The control reglster is initialized to “0” by resetting, whereby
Port 7 turns to the input mode.

This port is also serviceable as a stepping motor control port channel 1 (M10~M13),
so either the general-purpose I/O or the stepping motor control port can be selected by
the control register SMMOD <P70C1, 0>. It is served as the general-purpose I/O port

by resetting.
Reset
] *
Direction
Control
{Bit)
b
1 Function Write P67CR
"1 Cantrol
Write SMMOD
Shift
4 Y
@ Output ™
o Latch L D Port7
- Qutput P70~73
@ p7 Buffer {M10~M13)
Qo
<SA73~SA70>
s Shift Alternate
2™ Register
@ 1
[ =
- Write P7
LG—
/L—Ct——
N

Read P7

230890

Figure 3.5(13) Port7
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TMP90C840A/841A
Port 6 Register
7 i 6 i 5 i 4 i 3 2 : 1 0
P& bit Symboal SAB3 SAG2 SAB1 SABQ P63 P62 P61 PGO
(FFCCH} Read/Write W R/W
52?52'“9 Undefined Input Mode
Function Stepping motor control Port 0 Shared with stepping morter
Shifter alternate reg. : control Port 0 {M0)
i J
See “3.7 Stepping moter control port” Port &
Port 7 Register
7 0t 6 i 5 i 4 I 3 2 i1 P
P7  [bitSymbol | $A73 : sA72 SA71 SA70 P73 P72 1 PT1 I P70
(FFCDH) Read/Write w R/W
\R/g?ﬁg[ing Undefined input Mode
F . Stepping motor control Port 1 : Shared with stepping morter
unction - :
Shifter alternate reg. : control Port 1 (M1)
| }
See “3.7 Stepping moter control port” Port?
Port 6, 7 Control Register
7 i 6 i 5 i 4 i 3 2 f 1 b
P67CR |bitSymbol | P73C P72C i P7IC | P70OC | PE3C P62C P61C PBOC
(FFCER Readrite W W
Resetting 0 o i 0 o { o i o ¢ o I o
Prohibit Function 0:lIn 1: Qut 0:1In 1: Qut
Read Modify | I
Write.

I—» Select inputioutput of port 6

1 jOutput

Note: When P6 and P7 are used as stepping motor control ports, read modify write

is not available.
200990

Figure 3.5(14a) Registers for Ports 6 and 7
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TOSHIBA TMP90CB40A/841A
Stepping motor mode register
ey 6 5 4 3 2 T .0
SMMOD }bit Symbol - i smMam0 | P7OCH P70C0 - i smemo ] P6OCt i P6OCO
{FFCBH) [Readwrite RIW RIW RIW RIW
Resettin : : : :
Value g : 0 Y i 0 : 0 0 : 0o
£0: Full 00: IN/OUT £ 0: Full 00: IN/OUT
Function : Step 01:IN/OUT, TO3 : Step 01:INJOUT, TO1
i 1: Half 10:IN/ M1 i1:Half | 1X:IN/MO
Step (Timer 2, 3) i Step (Timer g, 1)
11: # (Timer 4)

See “3.7 Stepping
motor control port”

See “3.7 Stepping
motor control port®

1

Select function of Port 6

{Port 6 Output Control)
P63 P62 P61 P60 ,
PB7CR P63C P62C P&1C P6OC SMC
P6OCI, o1 ]ol1]oe] 1|01 |tiegersignal
Q00 IN |OUT{ IN |OUT] IN [OUT| IN JOUT ,
don’t occurrence
01 IN |JOUT] IN |OUT| IN |OUT| IN |TO1
7 .
10 in |Mo3| IN [moz| v |mo1| in |moo] TTF! (TimerQor
11 Timer 1)
IN Input Port
ouT Output Port
TO1 :  Timer OQutput Port
M00-3 : Stepping Motor Control Port 0
> Select function of port 7
{Port 7 Output Control)
P73 P72 P71 P70 P33
vorcd prac | prac | pmc | proc | pssoc [smic
P7OC1, D 0 1 0 1 0 1 0 1 0 1 trigger signal
QO IN JOUT| IN }OUT] IN JOUT| IN |OUT don't occurrence
01 IN {OUT] IN [OUT| IN |OUT| IN |TO3|OUT|TO4
10 N [M13] IN m12[ N (M) IN M0 TFF3 (Timer 2, 3)
1" QUT|TO3 [ TFF4 (Timer 4)
IN Input Port
QuT Qutput Port
TQ3, 704 Timer Qutput Port
M10-3 Stepping Motor Control Port 1
230890

Figure 3.5 (14b) Registers for Port6and 7
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3.5.9 Port 8 (P80~ P83)

(1

(2)

()

Port 8 is a 4-bit general-purpose I/O port P8, with P80 to P82 intended only for the
input and P83 only for the output. The output latch of P83 is reset to “0”, and “0” is
generated to the port.

Port 8 also has the functions of interrupt request input, clock input for a timer/event
counter, and timer output.

P8O/INTO
P80 is a general-purpose input port, also used as the external interrupt request input

pin INTOQ. INTOC allows the selection of either an “H” level interrupt or rising edge
interrupt by using the control register PSCR <EDGE >.

o | 7l | PBO/INTO
2 W |
i input Schmitt
- Read P8
T
a
c | Interrupt Tievel/Edge ]
< INTO = Detection
4; Resiet I
PBCR
N

Write PSCR
230890

Figure 3.5(15) Port P80/INTO
P81/INT1/TI4

P81 is a general-purpose input port, also used as the external interrupt request input
pin INT1 and the clock input pin TI4 for the timer/event counter.

This port incorporates a zero-cross detection circuit, and enables zero-cross detection
by connecting an external capacitor. The zero-cross detection can be disabled/enabled by
using the control register PRCR <ZCE1>. This control register is reset to “0” , making
the zero-cross detection disabled by resetting.

Rise edge/fall edge interrupts are controlled together with capture by the T4MOD
<CAPM1, 0> of the 16-bit timer.

P82/INT2/TIS

Like P81, P82 is a general-purpose input port, also used as the external interrupt
request input pin INTZ and the clock input pin TI5 for the timer/event counter. This
port also contains a zero-cross detection circuit, and disables/enables the zero-cross
detection by using the control register PSCR <ZCE2>.

The zero-cross detection is disabled by resetting.

MCU90-49
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(4)

Capacitor

]
- | . ‘ ] |
o \f\l l <] ° <} L] ) /\/\/
it Read P8  INT1,TI4 - (PB2/INT2/TIS)
© (INT2, TI5)
Q
= Reset
= |
o The leading and trailing edges of “INT1” are
pa P8CR controlled by the mode register (T4AMOD) of
- the counter cantroller of the 16 bit timer.
A !
‘Write P8CR ' 200990
I_:igure 3.5(16) Port P81/INT1/Ti4 and P82/INT2/TI5
P83/TO3/TO4

P83 is a general-purpose oﬁtput port, also used as the timer output pins TO3/T04.
Either function can be selected by using two control registers PBCR<P830C>,
SMMOD <P70C1,0>.

P830C P70C1,0 P83 Function
0 X, X Qutput port
L 0,x TO4
1 1,0
1 1,1 TO3
o] 1
\T\l
Read P8
Reset
n Output
a Latch A v
© Selector §|> P83
® Write P8 B » (TO3/704)
a 8 Qutput Buffer
T A Selector v S
@ ‘ 5 P8CR <P830C>
T
- TO3 TO4
SMMOD<P70C1,0>
Reset
P&CR
e 1 230890
Write PSCR

Figure 3.5(17) Port P83/TO3/TO4
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TMP90C840A/841A
Port 8 Register
7 i 6 i 5 i 4 1 3 2 1 0
pg  |bitSymboi ; ' : © o opa3 pa2 i P81 P80
(FFDOH) Read/Write RIW R R R
52?53'“9 1] Input Mode
Port 8 Control Register
7 . 6 i 5 i 4 i 3 2 0
pacR  |bit Symbol ‘ : i P83OC i zCE2 i ZCE1 EDGE
(FFD1H) Read/\Write w w W w
Resettin : : : : !
Value g : : : : 0 0 : 0 0
: : : P83 LINT2/TIS | more) L INTO
: Control ;| Control | INT1/TI4 Control
. ;0:pP83  i1:zcp ;o Control g ey
ti : : [ :
unctien 11:703/ | enable 11ZCD T4 paqge
© Toa . enable
Prohibit : : B
Read Modify — 1 ] |
Write. I_,
Control INTO
0 Interrupt by "H* level
detection
Interrupt by "H" rising edge
t .
detection
\—> P81/INT1/T14 zero-cross enable
(Zero-Cross Enable P81)
0 | Disable
1 |Enable
— PB/INT2/TIS zero-cross enable
{Zero-Cross Enable P82)
0 | Disable
1 |Enable
— Select P83 function
(P83 Qutput Control)
0 P83
1 1 TO3TO4
Note: The INT1 rise edge or fall edge is sclected by the TAMOD <CAPM1, 0> of Lhe 16-bit timer.

Refer to the 16-bit Limer section,

230830

Figure 3.5(18) Registers for Port 8
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3.6 Timers

The TMP30C840A incorporates four 8-bit timers and a 16-bit multi-function timer
fevent counter. ' .

The four 8-bit timers can operate independently, and also function as two 16-bit
timers through cascade connection. The following four operating modes are provided for
the 8-bit timers :

® 8-bit interval timer mode (4 timers)
¢ 16-bit interval timer mode (2 timers)
Possible arrangements: 8-bitX2 and 16-bit X1, or 16-bit X2
® 8-bit programmable square wave (pulse) generation (PPG: variable duty with
variable cycle) mode (2 timers)
® 8-bit pulse width modulation (PWM: variable duty with constant cycle) mode (2
timers)

The 16-bit multi-function timer/event counter can operate in the following six modes:

® 16-bit interval timer mode

® 16-bit event counter mode

® 16-bit programmable square wave (pulse) generation (PPG: variable duty with
variable cycle) mode

¢ Frequency measurement mode

® Pulse width measurement mode

¢ Timer deviation measurement mode

3.6.1 8-bit Timers

The TMP90C840A incorporates four 8-bit interval timers (Timers 0, 1, 2 and 3),
each of which can be operated independently. The cascade connection of Timer 0 and 1,
or Timer 2 and 3 allows these timers used as 16-bit internal timers.

Figure 3.6 (1) is a block diagram of the 8-bit timers (Timer 0 and Timer 1) .

Timer 2 and 3 have the same circuit configuration as Timer 0 and Timer 1
respectively.

Each interval timer is composed of an 8-bit up-counter, an 8-bit comparator and an 8-
bit timer register, with a Timer Flip-flop (TFF1/TFF3) provided to each pair of Timer
0/1 and Timer 2/3.

Internal clocks (4T1, $T16 and ¢T256), some of the input clock sources for the interval
timers, are generated by the 9-bit prescaler shown in Figure 3.6 (2) .

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

MCU90-52
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Figure 3.6 (1) Block Diagram of 8-bit Timers (Timers 0 and 1)
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@ Prescaler

A 9-bit prescaler is provided to further devide the clock frequency already divided
to a 1/4 of the frequency of the source clock (fc).

It generates a input clock pulse for the 8-bit timers, 16-bit timer/event counter,
the baud-rate generator, ete.

For the 8-bit timers, three types of clock are generated (4T1, $T16 and ¢T256).

The prescaler can be run or stopped by using the 5th bit TRUN <PRRUN > of the
timer control register TRUN. Setting <PRRUN> to “1” makes the prescaler count,
and setting it to “0” clears the prescaler to stop.

By resetting, <PRRUN?> is initialized to “0”, making the prescaler clear and

stop.
Cycle
fc
|nput BMHZ 10MHz
dock
¢T1  (8Hc) 1.0us 0.8us
#T16 (128/c) 16us 12.8us
¢#T256 (2048/fc) 256us 204.8us
¢T1  ¢T4 4T16 ¢T64 $T256
bttt
] 1 2 3 45 6 7 8 9
Oscillator
ircuit fc >
cireu va foa 9 Bit Prescaler
Trunlstop & clear
- 1
—| 1/2 (System clock) TRUN<PRRUN>
-—)-562

230890

Figure 3.6 (2) Prescaler
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@ Up-counter

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

The input clock pulse for Timer 0 and 2 is selected from ¢T1 (8/fc), ¢T16 (128/fc)
and ¢T256 (2048/fc) according to the setting of the TCLK register.

Example: When setting TCLK<TOCLK1, 0> =0, 1, ¢T1 is selected as the input
clock pulse for Timer 0.

The input clock pulse to Timer 1 and 3 is selected according to the operating mode.
In the 16-bit timer mode, the overflow output of Timer 0 and 2 is automatically
selected as the input clock pulse, regardless of the setting of the TCLK register.

In the other operating modes, the clock pulse is selected among the internal clocks
#T1, 4T16 and ¢T256, and the output of the Timer 0 and 2 comparator (match signal).

Example: If TMOD<T10M1, 0> =0, 1, the overflow output of Timer 0 is selected
as the input clock to Timer 1. (16 bit timer mode)
If TMOD<T10M1, 0> =0, 0 and TCLK<T1CLK1, 0>=0, 1, 4T1 is
selected as the input clock to Timer 1. (8 bit timer mode)

The operating mode is selected by the TMOD register. This register is initialized
to TMOD <T10M1, 0> =0, 0 /TMOD <T32M1, 0> =0, 0 by resetting, whereby the
up-counter is place in the 8-bit timer mode.

Functions, count, stop or clear of the up-counter can be controlled for each interval
timer by the timer control register TRUN.

By resetting, all up-counters are cleared to stop the timers.

MCUS0-55
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TMOD
(FFDAH)

Timer 2, 3

Timer 0, 1

7 i 6 i 5 I .4

3

2 i 1 i 0

bit Symbol

TSZM1 | T3ZMO | PWM21 | PWM20 |

TIOM1 | TIOMO | PWMO1 i PWMOO

Read/Write RIW R/W R/W RIW
ejetting o i o0 { o { e i o i o i 0o i o0
00: 8hit Timer PWM Frequency ' 00: 8bit Timer PWM Frequency
01: 16bit Timer | 00: — i 01:16bit Timer | 00: —
Function | 19; gpit PPG i 01: 2% { 10: 8bit PPG §01: 28
11: 8bit PWM P 10: 271 { 11: 8bit PWM i 10: 274
E11; 281 E11: 281
1 1 | }

I—» Select PWM1 cycle (Timer 1)

(“Don't care” in non-PWM modes)

..................................................................

28_1 (255/f0)

= Set

operating mode of Timer Oand 1.

8-hit timer x 2 (Timer Q, Timer 1)
16-bit timer
8-bit PPG output

8-bit PWM output (Timer 1)

+ 8-bit timer (Timer 0)

> Select PWMS3 cycle (Timer 3)

{"Don’t care” in non-PWM modes)

(127 /fc)

28-1 (255/fc)

> Set operating mode of Timer 2 and 3.

G0

B-bittimerx 2

8-bit PWM output (Timer 3)

+ 8-bit timer (Timer 2)

270890

Figure 3.5(3) 8-bit Timer Mode Register TMOD

MCU90-56
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Timer 3 Timer 2 Timer 1 Timer 0
! I I |
7 i 6 S i a4 i 3 i 2 i q P00
TCLK |bit Symbol | T3CLK1 § T3CLKO | T2CLK1 § T20LKO | TICLK1 | TICLKO | TOCLK1 | TOCLKO
(FFOBH) |readrwrite RIW R/W R/W RIW
Resettin : : : i : :
Vaice 9 o ¢ o { 0 ¢ o0 i 0o : ©o f{ 0o i o0
00: TO2TRG D00 — : 00: TOOTRG P 00: —
: : § DM : :
function | 91 #71 : 01: $T1 01 g L 01: g
10: ¢T16 ©10: 4T16 D10 ¢T16 10: 4T16
11: §T256 P11 ¢T256 D 11: 47256 P11 gT256
L (] 1 i J

L

Timer Oinput clock

10 +  4T16
11 + 47256
—

Timer 1 input clock
TMOD<TIOM1,0>%#0,1 [ TMOD<TI10M1,0>=0,1

00 | Timer O comparator

output Timer O overflow output
01 [internal clock  T1 | (16 bit timer mode)
10 .................. e ¢ T15 .......
” B ¢-|-256 ......

Timer 3input clock

TMOD<T32M1,0>+0,1 | TMOD<T32M1,0> =0, 1

00 | Timer 2 comparator

output Timer 2 overflow output

(16 bit timer mode)

27039

Figure 3.6 (4) 8-bit Timer Clock Control Register TCLK
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16bit Timer 8bit Timer
0 T 1
7. i 6 5 i 4 3 2 : 1 i 0
TRUN [bit Symbol | BRATE! : BRATEO | PRRUN i TARUN : T3RUN i T2RUN : TIRUN : TORUN
(FFDBH) Read/Wujite R/W R/IW
Resetting 0 i 0 0 i o o i 0 0 0
00: 300/150 bps Prescaler & Timer Run/Stop Control
Function | 017 1200/600 :
: 10: 480072400 i 0:Stop & Clear
11:19200/9600 | 1: Run (Count up)

.

Select Timer 0 operation

Stop and clear

Select Timer 1 operation

Stop and clear

Select Timer 2 operation

Stop and clear

Select Timer 3 operation

Stop and clear

Select 16-bit timer {Timer 4) operation

Stop and clear

Select prescaler operation

Stop and clear

> Select transfer speed of serial I/0 baud rate

generator (fc = 9.8304MHz)

SCMOD<5C1,0>=0,1 | SCMOD<5C1,0>=1,1
00 300 bps 150 bps
01 1200 ................................. 5 UO ......................
1 0 .......... 4800 ............................... 2400 ......................
1 1 .......... 1 9200 ............................... 9500 ......................
031090

Figure 3.6 (5) Timer/Serial Channel Control Registers TRUN
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TFF3 TFF1

7 o6 s o4 i3 i 2 1 T o

TFFCR [bit Symbol | TFF3CI © TFF3CO : TRF3IE | TFF3IS | TFFICT  TFFICO | TFFIE © TFFIIS
(FFD9H) Read/Write w RIW w : RIW
Resettin : : : : :
Vaive - i ¢ . 9 : - : 0 i 0

00: Clear TFF3  :1: TFF3  O:nvert © 00:Clear TFF1  i1: TFFt :0:Invert
01:5et TEF3 ;o nvert by8-bit§ 01: Set TFF1 : invert : by8-bit

Function 10:Invert TFF3 Enablei .tlmer2 L 10: Invert  TFF1 Enable:E timer 0
Nilnvert : H:lnvert

11: Don't care by 8-bit | 11: Don't care

: : by 8-bit
: timer3 : P timer 1
I | | L J ]
L» Select inverse signal of timer flip-flop TFF1
MOD<TI0M
TFFCR 1.0> 0,0 0.1 1,0 1,1
<TFF11S$>
0 8-bit timer mode
(Timer Q)
1 8-bit timer mode 16-bit timer mode PPG mode |PWM mode
{Timer 1) (Timers0 & 1) {Timer 1) (Timer 1)
> Inverttimer flip-flop TFF1
0 Disable
1 Enable
———————> Control timer flip-flop TFF1
o0 Clear TFF1to “Q"
01 Set TFF1to "1”
10 Invert value of TFF1 (Software inversion)
11 Don't care (Always setat 11" when read out)
Select inverse signal of timer flip-flop TFF3
MOD<T32M
TFFCR 1.0> 0,0 0.1 1,0 1,1
< TFF315>
0 8-hit timer mode
{Timer 2)
1 8-bit timer mode 16-bit timer mode PPG mode | PWM mode
(Timer 3) {Timers2 & 3) (Timer 3) {Timer 3}
> Invert timer flip-flop TFF3
0 Disable
1 Enable
—> Control timer flip-flop TFF3
00 Clear TFF3to "0"
Q1 SetTFF3to "1"
10 Invert value of TFF3 (Software inversion)
1 Don’t care (Always set at " 11" when read out)
Figure 3.6 (6) 8-bit Timer Flip-Flop Control Register (TFFCR) 2708%0
MCU90-59
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@ Timer registers

TREGO TREG1 TREG2 TREG3
8 bits 8 bits 8 bits 8 bits
FFD4H FFDS5H FFD6H FFD7H Note : Write only.

8.bit registers are provided to set the interval time. When the set value of a timer
register matches that of an up-counter, the match signal of their comparators turn to
the active mode. If “00H” is set, this signal becomes active when the up-counter
overflows. When a new value is written to this register, it is then immediately input
to the comparator.

@ Comparators

A comparator compares the values in an up-counter and a timer register. When
they matches, the up-counter is cleared to “0”, and an interrupt signal (INTT0~5) is
generated. If the timer flip-flop inversion is enabled by the Timer Flip-Flop control
register, the Timer Flip-flop is inverted.

® Timer flip-flops (Timer F/Fs)

The status of the Timer Flip-flop is inverted by the match signal (output by
comparator). Its status can be output to the timer output pin TO1 (also used as P60)
and TO3 (used as P70 or P80). ,

A Timer F/F is provided to each of the timer pairs Timer 0 - Timer 1 and Timer 2 -
Timer 3, and is called TFF1 and TFF3, respectively. The status of TFF1 is output to
TO01, and that of TFF3 to TO3. TO3 has 2 pins (P70 and P83).

The Timer F/Fs are controlled by a timer flip-flop control register (TFFCR).

In the case of TFF1 (timer F/F for the Timer 0 and Timer 1), the flip-flop operation
is described as follows (refer to Figure 3.6 (6)):

e TFFCR<FF1IS> is a timer selection bit for inversion of TFF1. In the 8-bit timer
mode, inversion is enabled by the match signal from Timer 0 if this bit is set to “1”,
or by the signal from Timer 1 if set to “0”.
In any other mode, <FF1IS> must be always set to “1”. It is initialized to “0” by
resetting.

e TFFCR<FF1IE> controls the inversion of TFF1. Setting this bit to “1” enables
the inversion and setting it to “0” disable.
<FF1IE> is initialized to “0” by resetting.

® The bits TFFCR are used to set/reset TFF1 or enable its inversion by software.
TFF1 is reset by writing “0, 0, set by “0, 1” and inverted by “1, 0”.
Similarly, TFF3 is controlled by TFFCR<TFF3Cl1, 0, TFF3IE,S>.

The 8-bit timers operate as follows:

MCU90-60
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(1) B8-bit Timer Mode

The four interval timers 0, 1, 2 and 3 can operate independently as an 8-bit interval
timer. Only the operation of Timer 1 is described because their operations are the same,

(D Generating interrupts at specified intervals

Periodic interrupts can be generated by using Timer 1 (INTT1) in the following
procedure: Stop Timer 1, set the desired operating mode, input clock and cycle time
in, the registers TMOD, TCLK and TREG1 enable INTT1, and start the counting of
Timer 1.

Example: To generate Timer 1 interrupt every 4.04s at fc=10 MHz, the registers

should be set as follows:

. MSB LSB
— 765643210
TRUN ¢ - = - - - - 0 - Stop Timer 1, and clear it to “0”.
TMOD ¢ -—--~--00XX Set the 8-bit timer mode.
TCLK ¢ —-=--01-- Select ¢T1 (0.8us @fc=10 MHz) as the input clack.
TREGl1 « 00110010 Set the timer register at 40us/¢T1=32H.
INTEH ¢« -~ - - - - - 1 Enable INTT1.
hTRUN « -=-1--=-1- Start Timer 1.
(Note) X: Don’t care - : No change

Use the following table for selecting the input clock:
Table 3.6 (1) B-bit timer interrupt cycle and input clock

Interrupt cycle @fc = 10 MHz | Resolution Input clock
0.85 ~ 204.8 15 0.8 us #T1  (8/fc)
128 45 ~ 3.2768ms 12.8 s #T16  (128/fc)
2048 us ~ 52.4288ms 204.8 us #1256 (2048Hc)

270890

Caution for using Timer 2

Interrupts generated by Timer 2 (INTT2) uses the same interrupt mask flag
INTEL<IET2> as used for those of the A/D converter (INTAD). To select either
interrupt, another flag INTEH < ADIS > is provided. Setting this flag to “0” enables
interrupts by Timer 2 and disables those by the A/D converter.

INTEH <ADIS> Interrupt Source
G Timer 2
1 A/D Convertor 270890
MCU90-61
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@ Generating pulse at 50% duty

The Timer Flip-flop is inverted at specified intervals, and its status is output to a
timer output pin TO1. \_
Example: To output pulse from TO1 at fc=10 MHz every 4.8us, the registers

should be set as follows:

This example uses Timer 1, but the same operation can be effected by

using Timer 0.
MSB LSB
_ 7654321¢
TRUN ¢ - ----- 0 - Stop Timer 1, and clear it to “07,
TMOD ¢ ---<-00XX Set the 8-bit timer mode.
LK ¢« ----01-- Select ¢T1 as the input clock.
TREGL « 00000011 Set the timer register at 4.8,8/¢T1/2=3.
TFFCR ¢ ----0011 Clear TFF1 to “0”, and set to invert by the match
signal from Timer 1.
SMMOD € - = - - XX 01 l Select P60 as TOX pin.
P6/CR ¢ - - - ---~= 1 Y
TRUON ¢ - -1---1- Start Timer 1.
(Note) X: Don’tcare ~ -: Nochange

AU I o o A D A O A I A I O
TRUNSTIRUN> |

BIT7~2

Up-

Counter BITY .

sro__ 0 [ 1 Lz [ 3 o + L2 [3 lof 1 2 3
Comparator I_l m l—'l

Timing

Comparator Qutput
(match signal)

INTT1 Q*‘—l /
Up counter Clear Lii

TFF1 &{E

L 13 7

—
- -__7__ .

T01

2 4,5@fc = 10MHz

1

270890

Figure 3.6 (7) Pulse Output (50% duty) Timing Chart
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@ Making Timer 1 count up by match signal from Timer 0 comparator.

Select the 8-bit timer mode, and set the comparator output of Timer 0 as the input
clock to Timer 1.

I ]

Comparator Match signal )

Up-Counter of Timer 0 1 n 4 X 5 x 1 x 2 X 3 x 4 x 5 9 2 3
{TREGO = 5}

Up-Counter of Timer 1 1 x 2 X i
(TREG1=2)

Match Signal from ”
Timer 1 '

200689

Figure 3.6 (8)

@ Software inversion

The timer flip-flops can be inverted by software independent of the timer
operation.

Writing “1, 0” into the bits TFFCR<TFF1C1, 0> inverts TFF1, and writing the
same into TFFCR<TFF3C1, 0> inverts TFF3.

® Initial setting of Timer Flip-Flops

The Timer Flip-flops can be initialized to either “0” or “1” without regard to the
timer operation.

TFF1 is initialized to “0” by writing “0, 0” into TFFCR<TFF1C1, 0>, and “1” by
writing “01” into these bits.

Note: Reading the data from the Timer Flip-flops and timer registers is prohibited.
(2) 16-bit Timer Mode

The Timer 0 and Timer 1 or Timer 2 and Timer 3 can be used as one 16-bit interval
timer.

As both timer pairs have the same function, only the timer pair Timer 0 and Timer 1
is discussed.

Cascade connection of Timer 0 and Timer 1 to use them as a 16-bit interval timer
requires to set the <T10MI, 0> of the mode register TMOD to “0, 17

By selecting the 16-bit timer mode, the overflow output of Timer 0 is automatically
selected as the input clock to Timer 1, regardiess of the set value of the clock control

register TCLK. The input clock to Timer 0 is selected by TCLK. Table 3.6 (2) shows the
combinations of timer (interrupt) cycle and input clock.

MCU90-63
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Table 3.6 (2) 16-bit Timer {Interrupt) Cycle and Input Clock

Timer (interrupt) cycle

Input clock to

@fc=10MHz Resolution Timer 0
0.845~52.43ms 0.8us #T1  (8Hc)
12.85~838.86ms 12.8us $T16  (128/fc)
204.8,5~13.425 204.8us #7256 (2048/fc)

270890

The lower eight bits of the timer (interrupt) cycle is set by TREGO and the upper eight
bits of that is set by TREG1. Note that TREGO must be always set first (Writing data
into TREGO disables the comparator temporarily, which is restarted by writing data

into TREG1).

Example: To generate interrupts INTT1 at fc=8MHz every 1 second, the timer

registers TREGO and TREG1 should be set as follows:

As 4T16 (=16.s @8MHz) is selected as the input clock,
1s/16us = 62500 = F424H

Therefore,
TREG1 = F4H
TREGO = 24H

The match signal is generated by Timer 0 comparator each time the up-counter UCQ
matches TREGO. In this case, the up-counter UCO is not cleared, but the interrupt
INTTO is generated. '

Timer 1 comparator also generates the match signal each time the up-counter UC1
match TREG1. When the match signal is generated simultaneously from comparators
of Timer 0 and Timer 1, the up-counters UCO and UC1 are cleared to “0”, and the
interrupt INTT1 is generated. If the Timer Flip-flop inversion is enabled by the Timer
Flip-flop control register, the timer flip-flop TFF1 is inverted at the same time.

BN 9097249 0040520 469 EE

Timer 0 Timer 1
_ INTTO TO1 match INTT1 TO1 match
16 bit Timer Mode Interrupt is Can‘toutput  {TREGO interrupt is Can output TREG122®
) generated. Can't output Continue generated. Can output + TREGO(16 bit)
Count-up Timer 1 by (the matching) ( counting ) the matching | |f Cleared by h
overflow of Timer 0 with TREGO. when match with both matching with
TREGO and both registers.
TREG1
& bit Timer Mode Interrupt is Can output TREGO Interruptis Can output TREG1+TREGO
Count-up Timer 1 generated. Timer 0 Clear when \|9enerated. - Timer 0 '\‘I“a‘f‘l’gp"ed )
by matching of or match or Cleared b
Timer 0 Timer 1 Timer 1 (matchingy_’ }
031090
MCU90-64
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Example: Given TREG1=04H and TREG0=80H,

Value of Up-Counter 0400H
(UC1, uco) 0000H Q080H 0180H 0280H 0380H 04B0H

Timer 0 " “ ” " |

Comparator Match Signal

Interrupt INTT

)
1
!
]
l

X Invert signal

Timer Qutput TO1
270830

Figure 3..6 (9)

{3) 8-bit PPG (Programmable Pulse Generation) Mode

Pulse can be generated at any frequency and duty rate by Timer 1 or Timer 3. The
output pulse may be either low-or high-active.

In this mode, Timers 0 and Timer 2 can not be used.

If Timer 1 is used, pulse is output to TO1 (shared with P60), and the use of Timer 3
results in the output to TO3 (shared with P70/P83).

[ tH T |
[ | >

[ t N 200689

Following is the timing of Timer 1 (The operation is the same as when Timer 3 is

selected):

TREGO = UC] /ﬂ ﬂ

(INTTO)

mee LR [ f

(lNTT1)To1 \1_‘/ \l-_/

TREGO |

TREG1

270890

In the 8-bit PPG mode, programmable pulse is generated by the inversion of the timer
output each time the 8-bit up-counter 1 (UC1) matches the timer register TREGO or
TREG1.

Note that the set value of TREGO must be smaller than that of TREGL.

In this mode, the up-counter UCO of Timer 0 can not be used (Set TRUN <TORUN >
=1, and count the Timer 0).

The PPG mode can be illustrated as follows:

MCU90-65
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TRUN<TIRUN>  TO1
$T1  (8/fc) — .
#T16 (12870 === Eloctk | ﬁblé teruct | ! TFECR
$T256 (2048/fc) —=| OO p-Lounter Clear e K3 <TFFIE>

TT TT vertignal

TMQGD TCLK
<T10M1,0> <T1CLK1 0>
=1,0 ; 1
Comparator 0 Comparator 1
TREGO TREG1

1 J¢C

Internal Data Bus

2708390

Figure 3.6 (10) Block Diagram of 8-bit PPG Mode
Example: Generate pulse at 50kHz and 1/4 duty rate (@fc = SMHi)

M 11

I<—20/.¢s->l 200689

@ Calculate the set values of the timer registers.

To obtain the frequency of 50kHz, the pulse cycle t should be: 1/60kHz = 20us.
Given ¢T1=1us (@8MHz),
ZOyS/ 1 H8= 20
Consequently, the timer register 1 (TREG1) should be set to 20=14H.
Givena 1/4 duty, tX1/4 = 20X1/4d =5 us
© b usll us=5
As a result, the timer register 0 (TREGO) should be set to 5=05H.

MCU90-66
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_TRUN « - - - - - - 00 Stop Timer 0 and Timer 1, and clear them to “0”.
TCLK ¢ - - --01x X Select ¢T1 as the input clock.
TMOD « - - - -10 x x Set 8-bit PPG mode.

-
-n
-
)
=
*+
1
|
1
1
<
[y
i
[=

Set the output “H”, and enable the inversion by Timer 1.

Writing "00” provides negative logic pulse

TREGO « 0 0 0 101 Write “OH".

TREG1 « 0 0 1 100 Write “14H”.

SMMOD ¢« - - - -xx 01

PETCR € - - - — - - _ ) } Select P60 as the TO1 pin.
LTRUN « - -1---11 Start Timer 1.

(Note) X: Don’tcare -: Nochange

Precautions for PPG Output

By rewriting the content of the TREG (timer register), it is possible to make
TMPS0C840A output PPG. However, be careful, since the timing to rewrite TREG

differs depending on the pulse width of PPG to be set. This problem is explained below
by an example.

Example : To output PPG through 8 bit timers 0 and 1
TREGO : Pulse width
TREG1 : Cycle

TREG1
TREGOD
IREGO,,
TO1 1 I_
Y
INTTO INTT1
OCCurs occurs 200990

The pulse width is normally changed by the interrupt (INTT1) process routine in
each cycle. However, when the pulse width to be set (the value to be written in TREGO0)
is small, trouble may occur, in that the timer counter exceeds the value of TREGO before
the interrupt process routine is set. Therefore, it is recommended to make the following
decisions in INTTQ and INTT1 interrupt processes.

INTTO process routine : The value of TREGO is rewritten only when the value to be
written in TREGO is smaller than the current value of
TREGO.

INTT1 process routine : On the contrary to INTTO, TREGO is rewritten only when
the value to be written in TREGO is larger than the current
value of TREGO.

TMP90C840A cannot read the content of TREG, so it is necessary to buffer the
content of TREG in a RAM (or the like) for making the above judgment.

MCU90-67
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(4)

8-bit PWM (Pulse Width Modulation) Mode

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

Pulse width modulation is ocutput to T01 pin (shared with P60) when using Timer 1,
and to TO3 pin (shared with P70 or P83) when using Timer 3.

Timer 0 and Timer 2 can be also used as 8-bit timers.

Following is the timing of Timer 1 (PWM1) (The operation is the same as when Timer
3 is selected):

The inversion of the timer cutput occurs when the up-counter (UC1) matches the set
value of the timer register TREG1, as well as when an overflow of 2" —1 (n=6, Tor 8
selected by TMOD <PWMO01, 00> occurred at the counter. The up-counter UC1 is
cleared by the occurrence of an overflow of 2°—1. For example, 6 bit PWM is selected
when n=6.

The following condition must be obtained in this PWM mode:

(Set value of timer register) < (set overflow value of 2" ~1 counter)

(Set value of timer register) + 0

Match signal [] {' 1k
from comparator / / /
(INTT1)

2 o Al /ﬂ{
\—3 5\

TO1

trwm

270830

The PWM mode can be illustrated as follows:
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TRUN<PRRUN> TRUN<TIRUN>
Comparator Output of Timer 0 —>
¢T1 {8/ Clock Control -
6 (12800 Up-Counter UCH Clear
4T256 (2048/f) —>
T f 20— 1 Counter < TMOD

TCLK<TICLKT, 0> «—<T10M1, 0>

-1 /| Overflow ~—TMOD <PWM1, 0>
Control ~—(n=06,7or8)

Comparator 1

1T

TREG1

TFF1 > TO1

TT Invert T T T T

Internal Data Bus

TFFCR<TFF1C1, 0,
TFFIIE, TFF1IS>

270890

Figure 3.6 (11) Block Diagram of 8-bit PWM Mode
Example: Generate the following PWM to the TO3 pin (P83) at fc=10MHz.

I~ 365 >

[ I I N I B

l«— 50.4u8 —|

200689

Assuming the PWM cycele i5 50.4 s when 4T1=0.8 x5 and @fc=10MHz,
50.4.5/0.845=63=2 —1

Consequently, n should be set at 6 (TMOD1,0=01).

Given the “H” level period of 3645, setting 4T1=0.8xs results:
36.5/0.8s=45=2DH

Asaresult, TREG3 should be set at 2DH.

[TrRUN

« - =-=-=-0--- Stop Timer 3.
LK « 01------ Select 4T1 as the input clock.
TMOD « 1101 ---- Set the 26 — 1eycle in the PWM mode.
TFFCR « 0611 - - - - Set the initial output to 0 (“L” level).
TREG3 « 00101101 Write “2DI".
SMMOD « x x 11 - - - - \ Select P83 as the TO3 pin.,
PBCR ¢ - ---1-- -~ J
[ TRUN ¢ - ---1--- Start Timer 3.

(Note) X: Don’tcare -: Nochange
MCU90-69
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Table 3.6 (3) PWM Cycle and Selection of 2" -1 counter

PWM cycle (@fc = 10MHz)
Expression ¢T1 4T16 $T256
(8/fc) (128/c) {2048/c)
26-1 (26-1)x ¢Tn 50.4.8 806.4.5 12.9ms
271 (27-1)x ¢Tn 101.64s5 1625.65 26.0ms
28-1 (28-1) x ¢Tn 204.045 3264.04s 52.2ms

270890
Precautions for PWM output

TMP90C840A can output PWM by the 8 bit timer. However, changing the pulse'width
of PWM requires special care. This problem is explained by the following example.

Example: To output PWM by 8 bit timer
TREG1: Pulse width
Cycle:  Fixed (28—1,27—1,28—1)

Cycle

T
REG1

TO1

¥
INTT1
occurs 200990

In the PWM mode, INTT1 occurs at the coincidence with TREG1. However, the pulse
width cannot be changed directly using this interrupt. (Depending on the value of
TREG1 to be set, coincidence with TREG1 may be detected again in a single cycle,
inverting the timer output. )

To eliminate this problem in changing the pulse width, it is effective to halt the timer
with the INTT1 process, modify the value of TREGI, set the timer output to “1”, and
restart the timer. In the meantime, the output waveform loses shape when the pulse
width is changed. This method is valid for a system that allows a deformed output
waveform. '

MCU90-70
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(5) ATable of All Timer Mode

Table 3.6 {4) Timer Mode

Register name ™OD TCLK TFFCR
bit Symbol T10M (T32M) PWM1 (PWM3) | TICLK(T3CLK) TOCLK (T2CLK) FF1IS (FF3IS)
Function Timer mode PWM cycle Upper Input Lower input Inversion select
16 bit Timer mode o1 — — #T1.16,255 1{%)
(01,10, 11)
Comparator
output from . .
8 bit Timer x 2ch 00 . Lower timer, $T1,16,256 0: Lower t!mer
#T1,16, 256 (01,10,11) 1: Upper timer
(00, 01,10,17)
BbitPPG x 1ch 10 — #T1,16,256 - :
(01,10, 11}
6_4 97_1 o8 _
8 bit PWM x 1ch 2°-1,27-1,2°-11 ¢T1,16,256 N )
11 {01,10,11) (01,10, 11)
8 bit Timer x 1ch . ¢T1,16, 256 Impossible
(01,10, 11} to output
031090
(Note) — :  don't care
* : Itispossible to set to “0”, when timer F/F is not used.

MCU90-71
B 9097249 po4Ds2? 813 WM



TOSHIBA | TMPY0CB40A/841A

362 M ulti-Function 16-bit Timer/Event Counter (Timer 4)

The TMP90C840A incorporates a multi-function 16-bit timer/event counter that
functions in the following operating modes:

16-bit timer

16-bit event counter

16-bit PPG mode

Frequency measurement
Pulse width measurement
Time difference measurement

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

The timer/fevent counter is composed of a 16-bit up-counter, two 16-bit timer
registers, two 16-bit capture registers, two comparators, a capture input control, a timer
flip-flop and its control circuit.

The timer/event counter is controlled by four control registers (T4AMOD, T4FFCR,,
TRUN, SMMOD and P8CR). The TRUN register also controls the 8-bit timers. The
P8CR register is the control register for the port P8. The SMMOD is the mode register
for stepping motor control port. '

e TAMOD : Timer 4 clock source selection, Capture control and Counter control
e TAFFCR : Timer 4 Flip-Flop control .

e TRUN : Prescaler and Timer Run/Stop control

e P8CR

Timer 4 output (TO4) control
¢ SMMOD

MCU90-72
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Figure 3.6 (12) Block Diagram of 16-Bit Timer/Event Counter (Timer 4)
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6 S 3 i 2 i1 0
T4MOD |bit Symbol i caPIN { CAPMO { CLE : T4CLK1 | T4CLKO
(FFEAH) [peadivrite Pow RIW P ORIW R/W
Resettin : : :
Vaive > v : 0 i e . 0 0
! i Capture Timing : i Timer 4 Source Clock
:0:Soft-  : 00: Disable (1: UC16  ;00: TI4
i Capture! INTI_f gleat;| 101 ¢T1  (8rfc)
. il:don’t (01:T4T TI5T Nable :10: 4T16 (128/c)
Function P care | Nt | b =
10: TI4T TIA | : :
: INTE \_:

P TERIPTRRL)

INTTA

I l

Timer 4 input clocks

External clock (T4}

Not used

—— (lear up-counter UC16

Clear disable

—» Control capture/finterrupt INT!

Clear if equal to TREGS

Capture controt IINT1 controt
00 | Capture disable Interrupt occurs at
01 |CAP1 at Tl4rise rising edge of T14 (INT1)
CAP2 at TIS rise input f
10 | CAP1 at Ti4 fall Interrupt occurs at
fatling edge of Ti4
CAP2 atTIS fall {(INT1) input
11 | CAP1 at TFF1 rise Interrupt occurs at
falling edge of Tid
CAP2 at TFF1 fall (INT1) input _\_

Trigger software capture

(Software capture)

o | Capture up-counter value into CAP1

1 | Always set at "1"when read out

200990

Figure 3.6 (13) 16-Bit Timer/Event Counter (Timer 4) Control Mode Registers
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7 i 6 i 5 4 3 2 i 1 i 0
TAFFCR | bit Symbol : . CAP2TE | CAPITE | EQSTE EQ4TE @ TFFACT : TFFACO
(FFESH)  |Read/write “ R/W w
Resettin : : : : : :
Value ; L L
(TFFAJR4E b1 :
0. Disable trigger :00: Clear TFF4 to 0"
{1 Enable trigger 10t SetTFF4to "1”
Function Invert invert Invert Invert :? Il;we:'tt TEF4
:when iwhen when when P on't care
:capturing capturing :matching imatching . "
‘UCvalue iUCvalue :UCwith :UCwith :~ ?’I'“\::g;:izztj 01th
linto CAP2 iinto CAP1 TREGS ‘TREG4
L 1 )
1
|—» Control of Timer Flip-Flop 4 (TFF4)
00 |Clear TFF4t0"0"
01 |Set TFF4to "1”
10 | Invert TFF4 value (software inversion)
11 | Don't care (Always set at " 11" when read out)
— Trigger inversion of Timer Flip-Fiop 4 (TFF4)
0 |Disable trigger
1 {Enable trigger
CAP2TE ; When capturing up-counter value into CAP2

CAPITE ;
EQSTE ;
EQ4TE ;

When capturing up-counter value into CAP1
When equalizing up-counter with TREGS

When equalizing up-counter with TREG4 270890

Figure 3.6 (14) 16-bit Timer/Event Counter Timer Flip-Flop 4 Control Registers

7 i 6 i 5 i a4 i1 3 P2 : 1 0
TRUN  [bit Symbol | BRATE} | BRATEO | PRRUN i TARUN | T3RUN | T2RUN : TIRUN ; TORUN
(FFOBH)  lRead/write RIW ‘ RIW
Resetling o . o0 ¢ o i 0o i o i 0o i o : o
00: ?OO“ >0 bps : Prescaler & Timer Run/Stop Control
Function 01: 1200/600 i 0: Stop & Clear
10: 48002400
1:  Run(Count up)
11 19200/9600

270890
Figure 3.6 (15) Timer Run Control Register
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P83 control to set it TO4 function
7 6 : 5 4 3 2 1 0
P8CR [bit Symbol P830C ZCE2 ZCE1 : EDGE
{FFD1H) Read/Write w w W w
|Resettin : :
Value 9 0. 0 0 ; 0
P83 INT2/TIS | INT1/TI4 | INTO
Control Control : Control : Control
Function ; :
0: P83 1:2C0 : 1:ZCD 0: Level
Prohibit 1: TO3/ enable! enablei 1:7edge
Read Modify 104 : :
Write.
Timer selection for stepping motor control port
7 i 6 5 i 4 3 2 1 0
SMIMOD | bit Symbol { SM7MO | P7OCI | P70CO : SMEMO : P6OCI | P6OCO
(FFCBH) [0 eadiwrite RIW RIW i ORIW G RIW
Resetting 0 0o AL S B
i0: 1step/ | 00: INJOUT i0: 1step/ i 00: INJOUT
; iZstepex- 1 01: INJOUT, TO3 iZstepex- : 01: IN/OUT, TOt
Function fitati ‘ I citati i !
§cutatlcm 10: IN/M1 écnatlon Lax: IN/VIO
i1: 1-2step (Timer2,3) 11t 1-2step: (Timer 0, 1)
;excitation 11: IN/MA {Timer 4) I;excitatiun
% Refer a following table, when P83 is used as timer output port.
Output Port P83 Control
P8CR<P830C> |SMMOD<P70C1,0> P83 Function
0 XX P83 Qutput Port
! OX TO4
1 10
1 11 TO3

200990

Table 3.6 (16) P83 Control for Timer Qutput (TO4/TO3)
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(D Up-counter (UC16)

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

Its input clock is selected from the internal clocks ¢T1 and ¢4T16 generated by the
9-bit prescaler (also used for the 8-bit timer), or the external clock from the TI4 pin
(also used as P81/INT1). By resetting, <T4CLK1,0> of T4AMOD are initialized to
“0,0”, whereby TI4 is selected as the input clock to this up-counter.

The Timer Control Register TRUN <T4RUN> controls the counter to start, stop
and clear.

The up-counter UC16 is cleared to “0” only when matching the timer register
TREGS, if TAMOD < CLE> =“1”,

When UC186 is set in a clear Disable Mode (T4MOD < CLE > =%0"), this counter
operates as a free-running counter.

@ Timer registers (TREG4 and TREG5)

Two 16-bit registers are provided to set the counter value. When the values in
these timer registers equal with the value of the up-counter UC186, the match signal
of the comparator becomes active.

Data for the timer registers TREG4 and TREG5 are provided by a 2-byte data load
instruction or two 1-byte data load instructions, from the lower eight bits followed by

the upper eight bits.
TREG4 TREGS
Upper 8 bits Lower 8 bits Upper 8 hits Lower 8 bits
FFE1H FFEOH FFE3H FFE2H

200689
@ Capture registers (CAP1 and CAP2)
CAP1 and CAP2 are 16-bit registers that capture the values of the up-counter
UcCi1s,

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

eight bits.
CAP1 CAP2
Upper 8 bits Lower 8 bits Upper 8 bits Lower 8 bits
FFDDH FFDCH FFDFH FFDEH i
MCU90-77
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@ Capture input control circuit

~ This circuit controls the timing that the capture registers (CAP1 and CAP2) latch
the UC16 up-counter value.
The latch timing is set by the register TAMOD <CAPM1,0>.

e [fTAMOD<CAPM1,0>=0,0,

The capture function is disabled. These bits are initialized to this mode by
resetting.

e IfTAMOD<CAPMI1,0>=0,1,

The up-counter value is latched into CAP1 at the rising edge of the T14 (also used
as P81/INT1) input, and into CAP2 at the rising edge of TI5 (also used as
P82/INT2) input. (Time difference measurement)

e IfTAMOD<CAPM]1,0>=1,0,

The up-counter value is latched into CAP1 at the rising edge of the TI4 input, and
into CAP2 at its falling edge. Only in this mode, the interrupt INT1 occurs at the
falling edge. (Pulse width measurement)

¢ IfTAMOD<CAPM1,0>=1,1,

The up-counter value is latched into CAP1 at the rising edge of the timer flip-flop
TFF1, and into CAP2 at its falling edge. (Frequency measurement)

The up-counter value can be also latched into the capture registers by using
software. In this case, the current up-counter value is latched into CAP1 each time
“0” is written into the TAMOD < CAPIN > register.

® Comparators (CP4 and CP5)

The 16-bit comparators detect the match of the up-counter UC16 and the timer
register TREG4 or TREGS. |

When the up-counter matches registers TREG4 or TREGS5, the interrupt INTT4 or
INTTS5 occurs, respectively. The up-counter is cleared only when it matches TREGS
(the clear operation can be disabled by setting TAMOD < CLE > =“0”, if necessary).

® Timer Flip-flop (TFF4)

This Timer Flip-flop is inverted by the match signal from the comparators (CP4
and CP5) and the latch signal to the capture registers (CAP1 and CAPZ2).

It is possible to enable/disable the inversion for each of these sources by using
TAFFCR<CAP2TE, CAP1TE, EQ5TE, EQ4TE >.

Also TFF4 can be inverted, cleared to “0” and set to “1” by setting T4FFCR.

Its value can be output to the timer output pin TO4 (also used as P83 or TO3).
Either pin function may be selected by the registers PSCR and SMMOD. TO4 is
selected by setting PBCR<P830C> =1 and SMMOD<P70C1,0>+1, 1.

MCU90-78
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(1) 16-bit Timer Mode

In this example, the interval time is set in the timer register TREG5 to generate the
interrupt INTT5. The up-counter (UC16) is not cleared by matching with TREG4.
Therefore, the TREG4 should be selected for interval timer.

[TRUN  «

---0---- Stop Timer 4.
INTEL « - -0-1 - - - Enable INTTS and disable INTT4.
TAFFCR« X X 000011 Disable trigger.
TAMD « X X 100 1 * * Select internal clock for input, and

(**=01,10,11) disable the capture function.
TREGH & k®kk soaka kwndk kkkxn Set the interval time (16 bits).
TRUN ¢ - -11--- - Start Timer 4,
(Note) X : Don'tcare - : Nochange

(2) 16-bit Event Counter Mode

This timer can be used as a 16-bit event counter by selecting the external clock (TI4)
as the input clock in the above timer mode (1).

When reading the counter value, use “software capture” and read the capture value.

The counter counts up at the rising edge of the T14 input clock.

The TI4 pin is also used as P81 or INT1.

[TRUN « - - -0 - - - - Stop Timer 4.
PBCR « - - - - - - * - *=0; TI4 is square wave.

*=1; TI4 is sign wave (zero-cross)
INTEL ¢ - -001 - - - Enable INTT5 and disable INTT4 and INTL.
TAFFCRe X X 000011 Disable trigger.
TAMOD « X X 100100 Select T14 as the input clock.
TREGDH «  *¥kk dobrd mkddk whts Set the number of counts {16 bits).
TRUN ¢ - -11-- - - Start Timer 4 and Prescaler,

MCU90-79
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(3) 16-bit Programmable Pulse Generation (PPG) Mode

The PPG mode is obtained by inversion of the Timer Flip-flop TFF4 to be enabled by
match of the up-counter UC16 with the timer register TREG 4 or 5 and output it to TO4
(also used as P83/T03). In this mode the following condition must be satisfied.

(Set value of TREG4) < (Set value of TREGS)

(TRUN ¢« ---0--- - Stop Timer 4.
TREGS & (%¥xk 33Xk Fxxx xkk Set the duty rate.
TREG5 - Acdedede oklokE okokok Rk Setthecycle_
T4FFCRe X X0 0110¢0 . Set the TFI'4 inversion to be effected by match with
TREG4 or 5.
Initialize TFF4 to “0”.
TAMOD « X X 1001 * * Select the internal clock for the input, and disable the
(**=01,10,11) capture function.
SMMOD ¢ - - * * - - - -
(**=00,01,10) }SelectPSSastheTOtlpin.
PBCR « - ---1-~ -~
[TRUN ¢ - -11-- -~ Start Timer 4.
(Note) X: Don'tcare -: No change
Match with TREG4 /ﬂ |-| ﬂ n ﬂ
(INTT4) H .
Match with TREGS / i | | I
{INTT5) E

,—..

.To4 ' \

— ek

270890

Figure 3.6 (17) Programmable Pulse Output
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(4)

Application Examples of Capture Function

It can be enabled or disabled that loading the up-counter (UC16) value into CAP1 or
CAP2, the Timer Flip-flop TFF4 inversion by the match signal from CP4 or CP5, and
the output of the TFF4 status to TO4 pin.

Various applications are available by combining with the interrupt function:

(D One-shot pulse output by using external trigger pulse.
@ Frequency measurement.

@ Pulse width measurement.

® Time difference measurement.

(D One-shot pulse output from the rising edge of external tri gger pulse.

Keep the up-counter (UC16) counting (free-running) with the internal clock by
setting TAMOD <CLE > =*“0". Input an external trigger pulse through the TI4 pin,
and also load the up-counter value into the capture register CAP1 at the rising edge
of TT4 (T4AMOD4, 3=01).

When the interrupt INT1 is generated at the rising edge of TI4 input, set the
CAP1 value (c) plus a delay time (d) to TREG4 (=c+4d), and set the above set value
(c+d) plus a one-shot pulse width (p) to TREG5 (=c+d+p). In the interrupt routine
of INT1, the T4FFCR register should be set that the TFF4 inversion is enabled only
when the up-counter value matches TREG4 or 5. In the interrupt routine INTT5 this
inversion should be disabled.

(> Keep counting (Free-Running)

C Clock
(nternai o TN _ __ IWAMA. _ _ TR _ _ JUAAA _ _

Input of TI4 c+d crd+p

e
(External Trigger Pulse) __I Load the up-counter value into Capture l—_
Resister 1 (CAP1)

INT y
7INTTS

Inversian
Match with TREG5S Enable /ﬂ

: Disables inversion { Inversion | !

; caused by loading ofy, ! Enable ]

i the up-counter value ‘
Timer Output TO4 ¥ __into CAPI

E DelayTime : Pulse Wldth:

{d) (p} '

Match with TREG4

]
1
1
1
]
1
1
1
1
1
1
i
|

200689

Figure 3.6 (18} One-Shot Pulse Output (with delay)
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Example: Generate a 2ms one-shot pulse with a 3ms delay from the rising edge of
an external trigger pulse.

Main setting Keep counting (Free-running)
” ,_E Count with ¢T1.

T4MOD « X X 101001
T . Load the up-counter value into CAP1 at the rising edge

TAFFCRe X X 000 0 0 0 of TI4 input.

Clear TFF4 to “0”.

Disable TFF4 inversion.
SMMOD ¢ - - % * - - - -
(**=00,01,10) }SelectP83astheTO4pin,
PBCR ¢ - - -=-1- -~
INTEL+ --010--- Enable INT1, and disable INTT4 and INTTS5.
--1

TRUN « 1---- Start Timer 4.

Setting of INT1

[ TREG4 « CAP1+3ms/gT1
TREGS « TREG4+2ms/4T1
T4FFCRe X X - - 11 - -
— Enable TFF4 inversion when the up-counter value

matches TREG4 or 5.
INTEL ¢ - - - -1 - - - Enable INTTS.
Setting of INT5
TAFFCRe X X - - 00 - - _
‘T » Disable TFF4 inversion when the up-counter value
matches TREGA4 or 5.
INTEL ¢ - - --0 - - - Disable INTTS.
(Note) X: Don’tcare -: Nochange

When no delay time is required, invert the TFF4 when the up-counter value is loaded
into CAP1, and set the CAP1 value (c) plus the one-shot pulse width (p) to TREG5 when
the interrupt INT1 occurs. The TFF4 inversion should be enabled before the up-counter
(UC16) value matches TREGS, and disabled when generating the interrupt INTT5.

MCU90-82
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Count Clock JI."."J”].IL
(Internal Clock) c —--J-I'Im'lm——— ——m”m-"———-

C+p
Input of TI4 , .
(External Trigger Pulse) Loading the up-counter vaiue into
¢+~ Capture Register 1 (CAP1) Loading the up-counter value
:\ ~INTTS into Capture Register 2 (CAP2)
Match with TREGS i INTH

|

Inversion ( E
Timer output TO4 Enable \i
i
1
]

/1 Pulse width /
Enablesinversion caused by |~ ( . . .
- p) Disables inversion caused by
Loaellgéni%t%fég%;m-counter loading of the up-counter value

into CAP2
200689

Figure 3.6 (19) One-Shot Pulse Output (with no delay)
@ Frequency measurement

The frequency of the external clock can be measured in this mode. The clock is
input through the TI4 pin, and its frequency is measured by using the 8-bit timers
(Timer 0 and Timer 1) and the 16-bit timer/event counter (Timer 4);

The T14 input should be selected for the input clock of Timer 4. The value of the
up-counter is loaded into the capture register CAP1 at the rising edge of the Timer
Flip-flop TFF1 of 8-bit timers (Timer 0 and Timer 1), and into CAP2 at its falling
edge. '

The frequency is calculated by using the number of input clock in a certain period
(the difference between the loaded values in CAP1l and CAP2 when the interrupt
(INTTO or INTT1) is generated by either 8-bit timer.)

Count Clock
{Input of Ti4) JUlIlﬂHJL__ _-.ﬂ.ﬂﬂﬂ

C1 c2

TFF1 !
C1

Loading UC16 into CAP1 \

Loading UC16 into CAP2

—_— T 1"
&)
%)

INTTO/INTT1

200689

Figure 3.6 (20) Frequency Measurement

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

MCU90-83
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@ Pulse width measurement

This mode allows to measure the “H” level width of an external pulse. While
keeping the 16-bit timer/event counter counting (free-running) with the internal
clock input, the external pulse is input through the TI4 pin. Then the capture
function is used to load the UC16 values into CAP1 and CAP2 at the rising edge and
falling edge of the external trigger pulse respectively. The interrupt INT1 occurs at
the falling edge of TI4.

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

For example, if the internal clock is 0.8 xs and the difference between CAP1 and

CAP2is5 100, the pulse width will be 100 X 0.8 us = 80 us.

Count Clock ﬂnﬂ"ﬂ

(Internal Clock) c2
Ti4 (External Pulse) —<‘ ' \ | |_!_
t i
Loading UC16 into CAP1 : fle: ; 1
( \*]'l Q fl c2
Loading UC16 into CAP2 \ i .
INT1 " “

200689

Figure 3.6 (21) Pulse Width Measurement

Note: The external interrupt INT1 occurs at the falling edge of TI4 only in this
pulse width measurement mode TAMOD <CAPM1, 0> =1, 0. In any other
mode, the interrupt occurs at its rising edge.

The width of “L” level can be obtained from the difference between the first C2 and
the second C1 when the second INT1 interrupt is generated.

In this case, the first C2 should be stored in a RAM or register in the first INT1
interrupt routine.

@ Time difference measurement

This mode is used to measure the difference in time between the rising edges of
external pulses input through T4 and TI5.
Keep the 16-bit timer/event counter (Timer 4) counting (free-running) with the
internal clock, and load the UC16 value into CAP1 at the rising edge of the input
pulse to TI4. Then the interrupt INT1 is generated.
Similarly, the UC16 value is loaded into CAP2 at the rising edge of the input pulse
to TI5, generating the interrupt INT2.
The time difference between these pulses can be obtained from the difference between
the time loading the up-counter value into CAP1 and CAP2.

MCU90-84
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Count Clock
(Internal Clock) J-"J-IML _— —— Jmmm_

1 ]
InputTI4 /[’4:—'
InputTI5 i /rl
Loading UC16 into CAP1 / \ﬂ /_;

Loading UC16 into CAP2 \ \ !.I
INT1 L E
|

INT2 ;
1

- . '
Time Difference : 200689

Figure 3.6 (22) Time Difference measurement
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3.7 Stepping Motor Control Ports (P6 and P7)

The TMP90C840A has two 4-bit hardware Stepping Motor Control ports (SMC ports
MO and M1) that synchronize with the (8-bit/16-bit) timers. These SMC ports M0 and
M1 are also used as the I/0 ports P6 and P7.

The channel 0 (M0) synchronizes with the trigger signal of the Timer Flip-flop TFF1,
and the channel 1 (M1) is synchronous with that of the Timer Flip-flop TFF3 or TFF4,
for output.

The SMC ports are controlled by three control registers (P67CR, SMMOD, and
SMCR), and allow the selection of driving method: 4-phase 1-step/2-step excitation and
4-phase 1-2 step excitation.

3.7.1 Control Registers
(1) Port 6 and Port 7 I/O Selection Register (P67CR)

This register specifies either input or output for each bit of the 4-bit I/O ports 6 and 7.

When all bits of P67CR are initialized to “0” by resetting, Ports 6 and 7 function as
input ports.

P67CR is a write-only register (can not be readout).

7 i 6 i 5 i 4 i 3 i 2 i 1 i 0
P67CR |bitSymbol | P73C : P72C i P7TIC  PFOC i P6IC [ PE2C | PBIC i PBOC
(FFCER) [Readmwrite | W W
Jesetting o i o i o i @ i o i o i o i o
Function 0D:in  1:Qut 0:In 1:0ut
Prahibit : .
Read Modify I ! —
Write.
—3 Select Port 6 /O (On bit basis)
0 |Input
1 | Output

Select Port 7 1/0 (On bit basis)
0 |Input

1 | Output

270890

Figure 3.7 (1) Ports 6 and 7 I/O Selection Registers
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(2)

Stepping Motor Control Port Mode Register (SMMOD)

Ports 6 and 7 also function as SMC Ports {M0 and M1) or Timer Output Ports (TO1
and TO3), as selected by SMMOD <P60C1, 0> or SMMOD <P70C1, 0>.

When Port 6 is used as SMC Port (M0), SMMOD <P60C1, (> should be set to “1, 0”
or“1,1”,

When Port 7 is used as SMC Port (M1), SMMOD<P70C1, 0> should be set to “1, 0”
to make it synchronize with the trigger pulse of the timer flip-flop TFF3 and set to “1, 1”
to make it synchronize with the trigger pulse of the Timer Flip-flop TFF4. P83 (also
used as TO3 and TO4) can function as TO3 only when SMMOD <P70C1, 0> are set to
“1, 17,

SMMOD <SM6M0> and SMMOD <SM7MO0 > serve to select the excitation method.
With “0” the full-step (1-step/2-step) excitation is selected and with “1” the half-step (1-2
step) excitation is selected. When full-step excitation is selected, the selection of either
1 or 2-step excitation is determined by the initial output value.

7 ¢ 6 i 5 i 4 i 3 2 i1 o
SMMOD |bit Symbol — L smM7MO | P7OCt | P7OCO P SMEMO | P6OC | P6OCO
(FFCBH) lpeadwrite | — | rR/w RIW - RIW R/W
Resettin : : : : : ;
Value 9 — : 0 : Q : Q : — 0 ! 0 : 0
0:1o0r2 100: INOUT § 0:10r2 :00: INJOUT
) ; ostepex-igg. N : stepex-: n1.
Function — | itation: © jouT, 103 - citation: 01F IN/OUT, 7O
10 . P10 IN/MN : 1 12 sten | 1X: IN/MO
1: 1-2step " : t1-2step: .
: excita-p§ {Timer2,3) excita-pg (Timero0, 1)
tion 1 11: IN/M1 (Timerd) : tion
| | { |
Select Part 6 Function (On bit basis)
P63 P62 P61 P&0
PE7CR  pB3C P62C P&1C P60C SMC
P6OCI D 0 1 0 1 o 1 0 1 Trigger Signal
00 IN [OUT| IN |OUT{ IN {QUT| IN |ouT
Not generated
01 IN |OUT| IN |OUT| IN |ouT| IN |TO?
10§ N |mo3| in [moz| v |mot1| N {mop| TFFI(Timer0
11 | or Timer 1}
IN : InputPort
OUT : OutputPort
TO : Timer OQutput Port

MOG-3 :  Stepping motor control port 0

Stepping motor control port 0 mode {Excitation)

0 | 1or2excitation (Full-step)

1 | 1-2 Excitation (Half-step)

280890

Figure 3.7 (2a) Stepping Motor Control Port Mode Registers
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(3)

Stepping Motor Control Port Rotating Direction Control Register (SMCR)

This register controls the rotating direction. The direction of the channel 0 (M0) is set
by SMCR <CCW6> and that of the channel 1 (M1) is set by SMCR<CCW7>.
“0” denotes normal rotation and “1” denotes reverse rotation.

(4)

Port6/Port 7

They are 4-bit I/O ports allocated to the address FFCCH for Port 6 and FFCDH for

Port 7.

The lower four bits are assigned as Port function, while the upper four bits operate as
the shifter alternate register for driving the stepping motor with the half-step (1-2)

excitation.
T~ 7 6 5 1 4 3 i 2 1 : 0
SMMOD |bit symbol SM7MO | P7OC1 i P70CO { SMBMO | P6OCI i P6OCO
F T ? i
(FFCBH) Read/Write R/W RIW R/W RIW
Resettin K :
value 2 0 : 0 ; 0 : 0 : 0 : 0
0:1or2 : 00:IN/OUT 0:10r2 ; 00:IN/OUT
stepex-: o1 iN/0OUT, TO3 i ostepex: gy:1N/OUT, TOM
citation : : i citation :
Function P10 IN/MI : PIX D INSMO
1:1-2step: . i1:1-25tep i
excita- | ) (T!mer2,3) | excita- | (TimerQ, 1)
tion ' 11: # (Tlmer 4) tion
| | ¢ |
Select Port 7 Function {On bit basis)
P73 P72 P71 P70 P83
e prac_ | pr2c | p7ic | proc | Pe3oc SMC
P7OCH, 0 1 0 1 o 1 0 1 0 1 Trigger Signal
00 IN |OUT{ IN [QUT| IN [OUT] IN |OUT Not ted
erate
01 N [out] in Jout| In [out| v [TozlouT|Toa| MOt 8BS0
10 1N wa3| N [me2] v [ | N [mio TFF3 (Timer 2, 3)
1 . QUT|TO3 | TFF4 (Timer 4)
IN Input Port
ouTt Output Port
TO3, TO4 Timer Qutput Port
M10-3 Stepping motor control port 1
» Stepping motor control port 1 mode (Excitation)

0 |1 or2 excitation (Full-step)

1 | 1-2 Excitation {Half-step)}

280890

Figure 3.7 (26) Stepping Motor Control Port Mode Registers
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7 i 6 i 5 14 i3 i g by 0
SMCR  |bit Symbol : Pocowr : : . ccws
(FFCFH) readmwrite L RIW . RIW
Resetting ¢ : : B : : :
Value : : : 0 ; : : : 0
Function :0: Normal :0: Normal
- : :1: Reverse ; : i1: Reverse
Stepping motor control port 1 rotating Stepping motor control port 0 rotating
direction direction
0 | Normal rotation 0 | Normal rotation
1 {Reverse rotation 1 | Reverse rotation
280890

Figure 3.7 (3) Stepping Motor Control Port Rotating Direction Control Registers

7 I e - R 1 P00
P6 [bitSymbol | SA67 i SA62 : SA61 i SAG0 : P63 | P62 | P61 : PG
(FFCCH) | peadnwrite W RIW
Sesetting Undefined Input mode
Function Shifter alternate register 0 for stepping ! Shared with stepping motor control port 0
motor control 2 (MO}
7 i 6 i s io4 i 3 i o2 i1 P00
P7 |bitSymbol | SA73 | sa72 i sa7m1 | sa70 i P73 [ p72 i P i PRO
(FFCDH) f g oadrwrite W RIW
Resetling Undefined Input mode
Function Shifter alternate register 1 for stepping Shared with stepping motor control port 1
motor control S (M)

Note : Read Modify Wrile instructions can not be used for writing P6/P7 register, when
these port (P6/P7) are used as Stepping Motor Control port.

2803890

Figure 3.7 (4) Port6and?
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3.7.2 4-Phase 1-Step/2-Step Excitation

Figures 3.7 (5) and (6) show the output waveforms of 4-phase 1-step excitation and 2-
step excitation when Channel 0 is selected.

Sets cycle by using TIMER-0 or TIMER-1

Trigger of TFF1 n _ I"I n n n n n
MO0 (P60) 20 b3 C b0 [ 1L
MO1 (P61) il 0o b3 XL [
mMo2(p62) b2 b1 bo b3 o2 |
MO3 (P63) b3 bz b1 b0 b3
}

Initial Value PB ¢ x x x x 0100 Note: “bn”is Initial Value. P6 « X X X Xb3 b2bl b0.

@ Normal rotation

Trigger of TFF1 n n I'L n n n ”
1 b3 -
moopsy 0 ° [b2 ] bO | |
b1 b2 b3 b0 ’ b1 I I
MO1(PBT) |
M0z2(P6z) b2 | b3 bo b1 foz l

Initial Value P6 &« x x x x 0100

@ Reverse rotation

190889

Figure 3.7 (5) Output Waveforms of 4-phase 1-step Excitation
(Normal Rotation and Reverse Rotation)
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Trigger of TFF1 rl m I_l rl L l | n
MO0 (7EQ) bo_] b3 b2 bt bo | L

MO1 (P61 b1 bo [b3 b2 1o |
Mo2(p62) b2 | b1 b0 [o3 b2 !
MO3(P63) B3 b2 [b] b [ b3 |

+

Initial Value P6 « x x x x 1100

200689

Figure 3.7 (6) Output Waveforms of 4-phase 2-step Excitation
(Normal Rotation)

When Channel 0 is selected, for example, the stepping motor control port is controlled
as follows:

The output data in the output latch of MO (also used as P6) rotates at the rising edge
of the TFF1 trigger pulse (that inverts the value of TFF1) and is output to the port.

The rotating direction is selected by SMCR<CCW6>. Setting SMCR<CCW6> to
“0”selects the normal rotation (M00 —MO01 — M02 — M03), and setting it to “1” resultsin
the reverse rotation (M00 < M01 « M02 < M03). The 4-phase 1-step excitation can be
obtained by initializing any one bit of Port 6 to “1”, and setting two succeeding bits to
“1” produces the 4-phase 2-step excitation.

Figure 3.7 (7) is a block diagram of the two excitations.

hifter Al Cutput Latch
Shifter Alternate |"__
Register L
‘ —>|  LATCH63 [C]M03 (P63)
3 —[  SAB3
o AL
o LATCHG2 =[] MO02 (P62)
aQ
o SA62
[ £
c >| LATCH61 [1M01 (P61)
L
bt SAB1
c A1
- LATCH60 =[] MO0 {(P60)
> SAGO (R

fL is showing to shift the signal at the
Rising-Edge of TFFi-trigger pulse

200689
Figure3.7 (7) Block Diagram of 4-phase 1-step/2-step Excitation

(Normal Rotation)
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3.7.3 4-Phase 1-2 Step Excitation

Figures 3.7 (8) shows the output waveforms of 4-phase 1-2 step excitation when
Channel 0 is selected.

Trigger of TFF1 : ﬂ n - I-l I—I J-I J-I J-l

MQ0 (P60) b0 bd b3 b7 b2 |ve b1 b5
MO1 (ésn il bS bo bd b3 b7 b2 | o6
M02 (P62) b2 | b6 b1 bS5 b0 b4 [b3 b7
M03 {P63) b3 b7 b2 |bs b1 b5 b0 b4
.nit;t,. Value P6 « 10001100 Note: The ‘bn’is initial Value. P6 « b7 b6 b5 b4 b3 b2 bl b0

@ Normal rotation

 Trigger of TFF1 : J'I n I-I n J-I n n

MOD (P6Q) bo b5 b1 b6 b2 b7 b3 Lbs
MO1 (PET) b6 f b2 b7 b3 | ba bo bs
MO2 (P62) b2 b7 b3 b4 bo b5 b1 b6
M03 (P63} b3_| bd bo b5 b1 b6 | b2 b7

+

Initial Value P6 « 10001100
@  Reverserotation
200689

Figure 3.7 (8) Output Waveforms of 4-phase 1-2 step Excitation
(Normal Rotation and Reverse Rotation)
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The 4-phase 1-2 step excitation is obtained as follows:
Given the Port bits I b7 b6 b5 b4 b3 b2 b1 b0 T initialially arranged as,
[ b3 b7 b2 b6 b1 b5 b0 b4 1 set three succeeding bits to “1”, and the other bits to
“0” (Positive logic).
For example, initializing b3, b7 and b2 to “1” provided the initial value “10001100”,
which produces the waveforms in Figure 3.7 (8).
To obtain the negative logic output, the above initial value of Port 6 should be

inverted. That is, the waveforms in Figure 3.7 (8) can be converted to the negative logic
output by initializing the P6 bits to “011110011”.

When Channel 0 is selected, for example, the stepping motor control port is controlled
as follows:

The data in the output latch of MO (also used as P6) and in the stepping motor control
shifter alternate register (SA6) rotate at the rising edge of the TFF1 trigger pulse and
are output to the port. The rotating direction is selected by SMCR<CCW6 >.

Figure 3.7 (9) is a block diagram of this excitation.

Output Latch

Shifter Alternate
Register AL
b3 LATCH63 [] M03 (P63)
I [}
L
b7 [ sae3
T fLI
2|2 > LATCH62 »[] M02 (P62)
© | 3
s ;L
a L SAG2
— i AL
© [
[y
. bt LATCHG1 [ ™01 (PB1)
+ } )
< [
- [y
bS SAG1
1 sL
]
b0 . LATCHEO ,-E] MO0 (P&0)
l 4
AL
b4 saco
A

4L isshowing to shift the signal at
the Rising-Edge of TFF1 trigger pulse.

. 280890
Figure 3.7 (9) Block Diagram of 4-phase 1-2 step Excitation {(Normal Rotation)
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Example: The registers should be set as follows to drive Channel 0 (M0) with the 4-
phase 1-2 step excitation (normal rotation) when Timer 0 is selected:

TRUN « - = = - - - = 0 Stop Timer 0, and clear it to “0".
TMOD « - ---00XX Set the 8-bit timer mode.
TCLK ¢ - - = = - - 01 Select ¢T1 as the inpuat clock.
TREGD « * * * * % * % ¢ Set the eycle in Timer register.
TFFCR ¢ ~ - - -0 010 Clear TFF1 to “0”, and enable inversion trigger by
Timer 0
SMMOD ¢« - - - - 111X Select 4-phase 1-2 step excitation mode.
SMCR ¢ - - - - - - - 0 .Select normal rotation.
PECR ¢ ----1111 Set all P6 bits to the output mode.
PG «10001100 Set the initial value of P6.
TRUN ¢ --1----1 Start Timer 0.
(Note) X: Don'tcare -: No change

The upper bits of the port register (P6 and P7) cannot be read. In order to modify the
data in the port register (P6 and P7) when these ports are setting to the 4 phase 1-2 step

excitation, refer a table 3.7 (1).

Table 3.7 (1) The actual data of shifter

Readed Data Actual Data
FiH - 31H
F2H - 62H
F3H - 23H
F4H — C4H
F6H - 46H
F8H - 98H
FIH - 19H
FCH - 8CH
280890
MCuU90-94
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3.8 Serial Channel

The TMP90C840A incorporates a serial I/O channel for full-duplex asynchronous
transmission (UART) and /O expansion.
The serial channel has the following operating modes:

¢ 1/O interface mode Mode 0; Transmit/Receive I/O data for expand I/O

and transmit its synchronous signals
SCLK.

® Asynchronous transmission (UART ) mode

1_ Model : 7-bit data
Mode2 : 8-bitdata
Mode3 : 9-bit data

The Mode 1 and Mode 2 allow the addition of a parity bit. The Mode 3 accommodates

a wake-up function to start the slave controllers in a controller serial link (multi-
controller system).

Figure 3.8 (1) shows the data format (1-frame data) in each mode.

& Mode 0 (i/O Interface Mode)

«— Transfer direction

® Mode 1{7-bit UART Mode)

e DO
AV ea00a0 =N

& Mode 2 (8-bit UART Mode)

T\ OO
A0 000000 " 0

& Mode 3 {9-hit UART Mode)

.“.\startxbitox 1 X ) X 3 X 4 X 5 X 6 X7 XS ystc:p
RANEY CD 6N E0, 60 €0 60,69 €0 EO/ e

When Bit 8 = 1 Address (select code) is dencted.
When Bit 8 = 0 Dataisdenoted

200689

Figure 3.8(1} Data Formats
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Data received and transmitted are stored temporarily into separate buffer registers to
allow independent transmission and receiving (Full- duplex).

In the I/O interface mode, however, the data transfer is half- -duplex due to the single
SCLK (serlal clock) pin is used for transmission and receiving,

Two pins are provided for receiving (RxD/P30 and RxD/P31) and transmission
(TxD/P32 and TxD/P33), which allows two serial transmission/receiving using the time-
sharing . The pin function (Port function or serial IO function) is selected by the port 3
control register P3CR. For example, P30 can be used as the RxD pin by setting
P3CR<RXDCI1, 0> to 01.

The receiving buffer register has a double-buffer structure to prevent overruns. The
one buffer receives the next frame data while the other buffer stores the received data.

The use of CTS and RTS allows to halt the data transmission until the CPU completes
reading of the receive data for each frame (Hand-shake function).

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

When an request is issued to the CPU to transmit data after the transmitting buffer
becomes empty or to read data after the receiving buffer completed to store data, the
interrupt INTTX or INTRX occurs respectively. In receiving data, the occurrence of an
overrun error, parity error or framing error sets the flag SCCR<OERR, PERR, FERR >
accordingly.

MCU90-96
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3.8.1 Control Registers

The serial channel is controlled by four control registers (SCMOD, SCCR, TRUN,
and P3CR). The received/transmitted data are stored into SCBUF.

SCMOD [bit Symbol TBS L U0" 1 RXE ;WU SMi | SMO | sCI $CO
(FFE9H)

Read/Write R/W

Resetting
Value

Unknown i ¢ P 0 o0 0 oo 0

Transmis- . “g" i1 n : 00: VO interface £00: TOZTRG
sion Data : : . : : . :
Function Bit 8 § : Receive Wake up : 01: UART 7bit ; 01: BR

( 9bit ) ‘Enable  iEnable | 10: UART Bbit £10: 41
UART / : : : : :

- = »

| 11: UART 9bit {11:BR 12
L 1 |

]

L‘» Serial transfer clock
UART mode /0 interface

00 | Timer 2 match signal

10 | internal clock ¢1 fc/8

11 | Baud rate generator
1/2 clock

— Serial transfer made

00 I/Q interface mode

10 | UART mede 8-bit data

1" 9-bit data

—— Wake-up function

9-bit UART Other modes
0 | Interruptif data are

....... F.’-?F.?.'.Y.’-’..d....................,. don’t care

1 | Interrupt only if
RB8=1.

> Enable receiving function

00 | Disable

Transmission data bit 8

280890

Figure 3.8 (2) Serial Channel Mode Register
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S~ 7 i e i s i a4 P 3 i 2 i 1 i 0

SCCR  |bit Symbol RB& : EVEN i PE : OERR | PERR | FERR § — i CTSE
FFEAH : : :
(FFEAH) Read/Write R P R/IW : R ; R/W
\I}g?ﬁiéting Unknown 0 0 0 0 0 0
Receiving iParity  i1: S O e “rcrs
|[Function  [databit8 :0:0dd  Parity P ; ) : :
i : :Overrun i Parity : Framing ! : Enable
i1:Even :iEnable : : ; : :
Prohibit : ; : :
Read Modify l
Write

Enable hand-shake function (CTS pin)
0 Disable {(always transmittabie)

1 |Enable
—- Framing error flag Always cleared
L—— Parity error flag to "0" when
—— Overrun error flag read out
Enable parity addition
0 |Disable
1 [Enable

Select Odd or Even parity

0 | Odd parity

1 | Even parity

» Receiving databit 8

(caution) Since all error flags are cleared after readout, avoid testing for only one bil using a bit-testing
instruction 280890

Figure 3.8 (3) Serial Channel Control Register

TB7 : TB6 : TBS i TB4 : TB3 [ TB2 : TB1 ; TBO {(Transmission) (Writeonly)

SCBUF
(FFEBH)

RB7 | RB6 i RB5 ; RB4 | RB3 | RB2 | RB1 | RBO |(Receiving)  (Read only)

280890

Figure 3.8 (4) Serial Transmission/Receiving Buffer Registers
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7+ 6 ¢ 5 i 4 i 3 i 2 i 1 i 0
TRUN  [bit Symbol | BRATE! | BRATED : PRRUN : TARUN | T3RUN : T2RUN : TIRUN  TORUN
(FFDBH) fReadwrite R/W R/W

Resetting :
Value 0 : 0

o i o { o i o ! o i o

00: 3007150 bps Prescaler & Timer Run/Stop Control
01: 1200/600

Funtion Q: STOP & Clear
10:  4800/2400 : 1: Run(Countup)

11: 1920009600
| | |_‘__l

= Timer 2 function

0 |Stop &clear

L » Prescaler function

0 |Stop &clear

Select transfer speed of serial /0 baud rate
generator

SCMOD<SCT, 0> =01 | SCMOD<SCT, 0> = 11
00 300 bps 150 bps
01 .............. 1200bp5 ........................... 5 OObps AAAAAAAAAAAA
1 0 ............. 4300bp5 ......................... 240 0 bps ............
11 ............ 19200bps .............. %OObps ...........
@fc=9.8304MHz

280890

Figure 3.8 (5) Timer/Serial Chanel Operation Control Register
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| 7 { & i s 4 ¢ 3 i 2 i1 P9

P3CR [bitSymbol | WAITC1 | WAITCO | RDE ODE : TXDCi : TXDCO | RXDC1 ; RXDCO
(FFCTH) lpeadrwrite RIW Porw | orew R/IW RIW
Resettin : : : : : :
Valge 2 o i 0 i 0 o ¢ o0 : o i o i o
Wait Control iRD controll P33 P33 P32 P31 P30
00: 2state wait  0: RD for Control: 0o: out  out  00: 1 n
. . ., i only 0: CMOS i 01: Qut TxXD i 01: In RxD
Function 01; normal wait external : H
10: , | access |1OPeM 110: TxD Out [ 10: RD n
snonwait Drain | 11: TxD RTS/SCLK | 11: Notused
11: reserved 11: Always : :
5 :
0 J
— 1

L» Select P30 and P31 functions
P31 P30

00 | Input port " | Input port

11 | not used

—— Select P32 and P33 functions

P33 P32
00 | Output port Output port
01 ompmpon 'rxme ......................
“ TXme Ws,scmpm ..............

L » Select P33 CMOS/Open-drain output
0 | CMOS output

1 | Open-drain output

280890

Figure 3.8 (6) Port 3 Control Register
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3.8.2 Architecture

Figure 3.8 (7) is a block diagram of the serial channel.

[ Serial Clock Circuit ~--—----==---- -

TRUN<BRATE1, 0> TO2TRG (Timer 2 Comparator Output)

1
1
1
I
1
1
I
1
}

i
1
1
N - !
i i | L “ N :
] “ ] (]
PaTA(Fe/32) | 5 - 2 2 |
] 1 o o S - w 1
16T16(fc/128) 4| - i @ UART @ !
| $T64 (fc/512) ﬂ:+ s i : @ | Mode @ :
] 1
147256 (fc/ 2048) +>| 4 ! ;
E E Baud Rate i * + E
i ‘=" Generator "7 |SCMOD<5CT, 0> | SCMOD<5M1,0> !
pogl (fer2) |
i T 1
] 1
' IO Interface Mode '
i t
1 ]
o e e d
SIOCLK
INTRX INTTX
RX Counter SCMOD 1} * TX Counter

UART Mode: (+16) | <WU> |goriajchannel UART Mode: (+16)

I/O Interface Mode: L Interrupt 170 Interface Mode:

(+4) Control (+4)

RXDCLK ¥ } T T TXDCLK | f

SCMOD<RXE> -

_— RX Control ' > TX Control TS
SCLK ::': (P34}
{P32) SCCR<PE> <E\(/:(E:ﬁ> %

) ¢ SCCR<CTSE>
P3CR<RXDC1, 0>
¥ Parity Control P3CR< TXDCT, 0>

o Ol 5 RX Buffer 1 (Shift Reg.) I
X -
(P30} v f ° 0O TxD
v - (P32)
(ﬁg?)u o 1| re8 [RxBuffer2sc8UR) | [ Errorflag | | 88 [txButter scaup || ¥
[
L%l

| I T
SCCR< QERR, PERR, FERR > 0 b
* ‘ * {P33)

Internal Data Bus

280880

Fifure 3.8 (7) Block Diagram of Serial Channel
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(D Baud-rate generator

The baud-rate generator comprises a circuit that generates a clock pulse to
determine the transfer speed for transmission/receiving in the asynchronous
communication (UART) mode.

The input clock to the baud-rate generator ¢T4 (fc/32), 4T16 (fc/128), 4T64 (fc/512)
or 4T256 (fc/2048) is generated by the 9-bit prescaler. One of these input clocks is
selected by the timer/serial channel control register TRUN<BRATEL, 0>.

Also, either no frequency division or 1/2 division can be selected by the serial
channel mode register SCMOD <SC1,0>.

Table 3.8 (1) shows the baud-rate when fc=9.8304 MHz.
Table 3.8 (2) shows the baud-rate when use timer 2 (input clock: ¢T1).

Table 3.8 (1) Baud Rate Selection (1) [bps]
<BRATE1,0> Input clock No division (SC1,0=01) | 1/2 division ($C1,0=11)
00 ¢T256 (fc/2048) 300 150
o1 ¢T64 (fc/S12) 1200 600
10 ¢T16 (fc/128) 4800 2400
.M ¢T4  (fc/32) 19200 9600

@fc =9.8304MHz 280890

Table 3.8 (2) Baud Rate Selection (2} (When using Timer 2 with ¢T1) [k bps]

fc 12.288 12 9.8304 8 6.144
TREG2 MHz MHz MHz VIHz MHz
TH 96 76.8 62.5 48
2H 48 38.4 31.25 24
3H 32 31.25 16
4H 24 19.2 12
5H 19.2 96
8H 12 9.6 6
AH 9.6 ' 48
10H b 4.8 3
14H 4.8 2.4
280890
Baud Rate = #@5 X -1% x Inputclock of Timer 2
Input Clock of Timer 2
$T1 = fc/8
6T16 = fc/128
#T256 = /2048

MCU90-102
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erating circuit

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

1) I/O interface mode

It generates a clock at a 1/8 frequency (1.25 M bit/s at 10 MHz) of the system clock (fc).
This clock is output from the SCLK pin (also used as P32/RTS).

2) Asynchronous communication (UART) mode

A basic clock (SIOCLK) is generated based on the above baud rate generator clock,
the internal clock 41 (fe/2) (SIOCLK =5MHz, Transfer speed =312.5kb.p.s. at 10MHz),
or the match signal from Timer 2, as selected by SCMOD <SC1, 0> register.

® Receiving counter

The receiving counter is a 4-bit binary counter used in the asynchronous
communication (UART) mode and is counted by using SIOCLK. 16 pulses of SIOCLK
is used for receiving 1 bit data. The data are sampled three times at 7th, 8th and 9th
pulses and evaluated by the rule of majority. For example, if data sampled at the 7th,
8th and 9th clock are “1”, “0” and “1”, the received data is evaluated as “1”. The
sampled data “0”, “0” and “1” is evaluated that the received data is “0”.

@ Receiving control
1) I/O interface mode

The RxD signal is sampled on the rising edge of the shift clock which is output to
the SCLK pin.

2) Asynchronous communication (UART) mode

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

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

® Receiving buffer

The receiving buffer has a double-buffer structure to prevent overruns. Received
data are stored into the Receiving buffer 1 (shift register type) for each 1 bit. When 7
or 8 bits data are stored in the Receiving buffer 1, the stored data is transferred to the
Receiving buffer 2 (SCBUF), and the interrupt INTRX occurs at the same time. The
CPU reads out the Receiving buffer 2 (SCBUF). Data can be stored into the Receiving
buffer 1 before the CPU reads out the Receiving buffer 2 (SCRUF).

Note, however, that an overrun occurs unless the CPU reads out the Receiving
buffer 2 (SCBUF) before the Receiving buffer 1 receives all bits of the next data.

When an overrun occurred, the data in the buffer 2 and SCCR<RB8> are not lost,
however, that in the buffer 1 are lost.

MCU90-103
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SCCR<RB8> stores the parity bit in the case adding parity in the 8-bit UART mode
~ and the MSB in the 9-bit UART mode.
In the 9-bit UART mode, setting SCMOD <WU > to “1” enables the wake-up function
of the slave controllers, and the interrupt INTRX occurs enly if SCCR<RB8>=1.

® Transmission counter

This is a 4-bit binary counter used in the asynchronous communication (UART)
mode. Like the receiving counter, it counts based on SIOCLK to generate a
transmission clock TXDCLK for every 16 counts.

SIOCLK

1516t 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 i 2
TXDCLK lLl 1]

210689

(@ Transmission control
1) 1/0 interface mode

Data in the transmission buffer are output to the TxD pin bit by bit at the rising
edge of the shift clock output from the SCLK pin.

2) Asynchronous communication (UART) mode

When the CPU have written data into the transmission buffer, transmission is
started with the next rising edge of TxDCLK, and a transmission shift clock
TxDSFT is generated.

Hand-shake function

The TMP90C840A supports a hand-shake function by the connection of CTS of one
TMP90C840A and RTS of the other TMP90C840A.

The hand-shake function allows receiving/transmitting data on a frame basis to
prevent overrun errors. This function is enabled or disabled by the control register
SCCR<CTSE>.

When the last bit (parity bit or MSB) of 1-frame data is received by the receiving
unit, the RTS pin turns to the “H” level to request the transmission unit to halt
transmission.

When the CTS pin turned to the “H” level, the transmission unit halts
transmission, after completing the current data transmission, until the pin turns
to the “L” level. At this time, the interrupt INTTX is generated, to request the
CPU to transfer data. Then the data is written into the transmission buffer, and
the transmission unit is placed in the standby until the CTS pin turned to the “L”
level.

When the received data are read by the CPU, the RTS pin returns to the “L” level,
requesting that the transmission is restarted.

MCU90-104
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TMPI0C340A TMPO0C840A
TxD RxD
TTS |~— RTS
Transmission unit Receiving unit 210689

Figure 3.8 (8) Hand-shake Function

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2

rReD Y EndBit . , :' " stop bit
T
Sampling noh#
Timing 7
IRFRX IV)
RTS ' 1

280890

Note: In case of 8-bit asynchronous communication (UART), the last bit is the bit 7 in
the non-parity mode, and the parity bit in the parity-added mode.

Figure 3.8 (9) Timing Chart of RTS (request to send) Signal

Data write | I {5 i

timing

= Stopped l )L !
15 Transmission
3

13 14 15 16 1 2 14 15 16 1 2 3
SIOCLK P | | N PP I
TXDCLK — 1 i §
\S
TxD — \ start bit A bit0
210689

Note: (@ ARiseof the CTS signal during the data transmission halts the transmission
of the next data after the current data transmission.
@ The transmission is restarted from the first fall of TXDCLK after a fall of the
CTSsignal.

Figure 3.8 (10) Hand-shake by CTS (clear to send ) Signal

MCU90-105
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Transmission buffer

The transmission buffer SCBUF shifts out the data written by the CPU from the
LSB as based on the shift clock TXDSFT (Same period as TXDCLK) generated by the
transmission control unit. When all bits are shifted out, the transmission buffer
becomes empty, generating the interrupt INTTX.

'@ Parity control circuit

Setting the serial channel control register SCCR<PE> to “1” allows the addition
of a parity bit in transmitting/receiving data, only in the 7-bit UART or 8-bit UART
mode. Either even or odd parity can be selected by the SCCR<EVEN > register.

In the transmission mode, the parity is automatically generated as based on the
data written into the transmission buffer SCBUF, storing into the SCBUF<TB7> in
the 7-bit UART mode or into <TB8> in the 8-bit UART mode for transmission.
<PE> and <EVENZ>> should be designated before writing data into the transmis-
sion buffer.

In the receiving mode, the receiving data is shifted into the receiving buffer 1 and
transferred to the receiving buffer 2 (SUBUF). The parity is generated from the data
in the receiving buffer 2. A parity error is detected and the SCCR<PERR> flag is
set if the parity status mismatches the SCBUF <RB7> in the 7-bit UART mode or
<RB8> in the 8-bit UART mode.

@ Error flag
There error flags are prepared to increase the reliability of received data.
"~ 1) Overrun error (SCCR<OERR>)

Overrun error occurs if all the bits of the next data are received by the receiving
buffer 1 while valid data are still stored in the receiving buffer 2 (SCBUF).

2) Parity error (SCCR<PERR>)

The parity generated from the data that is transferred to the receiving buffer 2
(SCBUF) is compared with the parity bit received from the RxD terminal. Parity
error occurs if they are not equal.

3) Framing error (SCCR<FERR>)

The stop bit of received data is sampled three times around the center. If a
majority results in zero, framing error occurs.

MCU90-106 .
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@ Generation Timing

1) UART mode

Receiving
mode 9 Bit 8 Bit + Parity 8 Bit, 7 Bit + Parity, 7 Bit
.. Center of last bit Center of last bit .

Int f

nterrupt timing (Bit 8) (Parity Bit) Center of stop bit
Framing error £ ?
timing

. . Center of last bit Center of last bit

P . ) .

arity error timing (Bit 8) (Parity Bit) T
Over-run error Center of last bit Center of last bit ?
timing (Bit 8) (Parity Bit)

210689

Note: The occurrence of a framing error is delayed until after interruption, Therefore, to check
for framing error during interrupt operation, an additional operation, such as waiting for
1 bit time, becomes necessary.

Transmitting

mode 9 Bit 8 Bit + Parity 8 Bit, 7 Bit + Parity, 7 Bit

lust before the stap

Interrupt timing bit «— —

210689

2) I/O interface mode

Interrupt timing of receiving Just after the last SCLK rising i

Interrupt timing of transmitting 1

210689
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3.8.3 Operation
(1) Mbde 0 (/0 Interface Mode)

This mode is used to increase the number of I/O pins of the TMP90C840A.
The TMP90C840A supplies the transmitting/receiving data and a synchronous clock
(SCLK) to an external shift register.

Output Port Expansion Input Port Expansion
TMP90C840A Shift A| — | TMP90C840A shift Al <
Register Bl — Register Bl <
=D > 51 Ci — RxD QH C| =-—
D} — D e
SCLK » SCK E| —> SCLK . CLOCK E| -~
F| — F| -
Port > RCK G| — Port >| S/L Gl -
H -_ H —
TC74HC595 TC74HC165 210689

Figure 3.8(11) I/O Interface Mode

(D Transmission

Each time the CPU writes data into the transmission buffer, 8-bit data are output
from TxD pin. When all data are output, IRFH <IRFTX> is set, and the interrupt

INTTX occurs.
1234123412341
ax T ILTLILGLELTLELT
X R
TX Data “\ E ! ; I 1 {
Writing Timing N\ P HHEH vy i
1 [ [} H ]
AT LT L L
H HEI HE HE HEY N
TxD X__bito X bit1} X Y oite: X b7 X
¥ 5 o : :
TXDSFT 1] 1 4 H1 1 a1
[RFTX i I
{INTTX Interrupt Flag) 210689

Figure 3.8 (12) Transmitting Operation (/O Interface Mode)

Example : When transmitting data from P33 pin, the control registers should be set

as described below.
PICR ¢----1100 Select P32 as the SCLK pin, and P33 as the TXD pin.
SCMOD « X 0 0 0 0 0 X X Set /O Interface Mode.
INTEL ¢ = = = -~ - - - 1 Enable INTTX interrupt.
SCBUF « * * & * * % * » Set data for transmission.
Note : X ; don’t care -; nochange

280890
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@ Receiving

Each time the CPU reads the receiving data and clears the receiving interrupt flag
IRFH<IRFRX >, the next data are shifted into the receiving buffer 1. When 8-bit
data are received, the data are transferred to the receiving buffer 2 (SCBUF), which
sets <IRFRX > and generates interrupt INTRX.

For receiving data, the receiving enable state is previously set SCMOD<RXE> =1.

IRFH<I|NR1EE§((> I \\ (" {l

interrupt flag 7 .
SCLK L W N R PV W Y W Y
RxD bito X bit1 X bitﬂb@it 6 X bit7 Y
Transfer timing to m
receiving buffer 2 290890

Figure 3.8 (13) Receiving Operation (I/0 Interface Mode)

Example: When receiving from P30 pin, the control registers should be set as
A described below.

PR ¢« ~---1101 Select 32 as the SCLK pin, and P30 as the RXD pia.

SCMOD « X 00000 X X Set /O Interface Mode.

INTEL + - - - - - - 1 - Enable INTRX interrupt,

SCMOD ¢ - -1 - -~ - - - Set RXE to “1”.

Note : X ; don’t care -; nochange 280890

(2)  Mode 1 (7-bit UART Mode)

The 7-bit UART mode is selected by setting the serial channel mode register
SCMOD <SM0, 1> to “01”.

This mode allows the addition of a parity bit, which is enabled or disabled by the
serial channel control register SCCR<PE>. When <PE>=1 (enable), even or odd
parity can be selected by SCCR<EVEN >,

Example: When transmitting data with the following format, the control registers
should be set as described below.

3000062

(Baud Rates 2400 bps @fc = 9.8304MHz)

~—— Transfer direction 280890
PR ¢ --=--01- - Select P32 as the TxD pin.
SCMOD « X 0 - X 0111 } Set the transfer speed at 2,400 bps in
TRUN «101--- - - the 7-bit UART mode.
SCCR « X 11XXXX0 Add an even parity.
INTEL ¢ = - - - - - - 1 Enable INTTX interrupt.
| SCBUF & * * * * % % * Set data for transmission.
(Note) X ; don’t care -; nochange

MCU90-109
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(3) Mode 2 (8-bit UART Mode)

The 8-bit UART mode is selected by setting SCMOD <SM1, 0> to “10”. This mode
also allows the addition of a parity bit, as enabled or disabled by SCCR< PE>. When
PE =1 (enable), even or odd parity can be selected by SCCR<EVEN>.

Example: When receiving data with the following format, the control registers
should be set as described below.

RO 00000 0

{Baud Rates 3600 bps @fc = 9.8304MHz)

~~—— Transfer direction 210689

Main setting:

PICR « - -~ - - - 01  Select P30 as the RxD pin.

SCCR « X0 1XXXXDO Add an odd parity.

TRUN «111-+--- } _ Set the transfer speed at 9,600 bps in

SCMOD « -0 1X1011 the 8-bit UART mode.

INTEL ¢ - - - - - -1~ Enable INTTX interrupt.
INTRX processing:

Acc « SCCR A 00011100 Check errors.

if Acc = 0 then error
Acc + SCBUF Read out the received data.

(Note) X: Don’tcare -: No change

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

The 9-bit UART mode is selected by setting SCMOD <SM1, 0> = “11”. The addition

of a parity bit is disabled in this mode.
The MSB (9th bit) is written into SCMOD <TB8> for transmission, and into
SCCR<RB8> for receiving. Writing into or reading from the buffer must begin with

the MSB (9th bit) followed by SCBUF.

McCuU90-110
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Wake-up function

In the 9-bit UART mode, setting SCMOD < WU > to “1” allows the wake-up operation
as the slave controllers. The interrupt INTRX occurs only when SCCR<RB8> =1.

B

3

TxD RxD TxD RxD TxD RxD TxD RxD
(P33} (P33) {P33)
Master Slave 1 Slave 2 Slave 3
TMPIOC840A TMP90C840A TMPO0C840A TMPOOCBA0A 10689
Note: For the wake-up operation, P33 should be always selected as the TxD pin of the
slave controllers, and put in the open drain output mode.
Figure 3.8 (14) Serial Link Using Wake-up Function
Protocol

@  Select the 9-bit UART mode for the master and slave controllers.
@  Set the SCMOD < WU > bit of each slave controller to “1” to enable data recelving.

@  The master controller transmits 1-frame data including the 8-bit select code for the
slave controllers. The MSDB (bit 8) SCMOD <TB8& > is set to “1”.

e EOOOEEEEE"

Select code of slave controller.

210689

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

®  The master controller transmits data to the specified slave controller (whose
<WU?> bitis cleared to “0”) with setting the MSB (bit 8) <TB8> to “0”.

A0 060 0 6 6N

Data “n"

210689

®  The other slave controllers (with the SCMOD < WU > bit remaining at “1”) ignore
the receiving data because their MSBs SCCR<RB8> are set to “0” to disable the
interrupt INTRX.
When the <WU> bit is cleared to “0”, the interrupt INTRX occurs, making it
possible to read the receiving data.

MCU90-111
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The slave controllers (WU =0) transmits data to the master controller, and it is
possible to indicate the end of data receiving to the master controller by this -
transmission.

Example: Link two slave controllers serially with the master controller, and use
the internal clock ¢1 (fc/2) as the transfer clock.

AAA |
¥y

TxD RxD TxD RxD TxD RxD
. (P33) (P33)
Master Slave 1 Slave 2
Select Code Select Code
00000001 00001010 210689
® Set the master control
Main ‘
_P3CR € ---00110 Select P32 as TxD pin and P31 as RxD pin.
INTEL ¢ - = = = - - 11 Enable INTRX and INTTX.
SCCR + X X XXXXXO0 Disable the hand-shake function.
SCMOD « 101011120 Select ¢1 (fc/2) as the transfer clock in the 9-bit UART mode.
SCBUF « 00000001 Set the select code for the slave controller 1.
INTTX interrupt
SCMOD « 0 = = = = - - - Set SCMOD <TB8> t0“0”.
SCBUF « * * * * % % % % Set data for transmission.
L

® Settheslave controller 2

Main
P3CR «---11010 Select P33 as TxD pin and P31 as RxD pin .
INTEL « - - - - - - 11 Enable INTRX and INTTX.
SCCR « X X X XXXXO0 Disable the hand-shake function.
SCMOD « 0 0111110 Set <WU> to1in the 9-bit UART mode
(transfer clock : ¢ 1(fe/2) ).
INTRX interrupt
Acc + SCBUF
if Acc = Select code
then SCMOD ¢ - - -~ 0 - - - - Clear <WU > to “0".
(Note) X: Don’tcare -: Nochange

| MCU90-112
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3.9 Analog/Digital Converter (A/D Converter)

The TMP90C840A incorporates a high-speed A/D converter with six analog input
channels that features 8-bit sequential comparison.

Figure 3.9 (1) is a block diagram of A/D converter. The 6-channel analog input pin
(AN5 ~ANO) is also used as the input port P5.

Internal Data Bus
@ A
A/D Converter Mode Register (ADMOD)
‘ ADCH , 4 EOCF ADBF ADRPT ADCS ADS

end Ibusy repeat yspeed ystart
Analog In INTAD

A/D Converter Interrupt
T

ANS (P55) [}—~ Controller
AN4 (P54) [T—
AN3 (P53) [}-—=
AN2 {P52) [J—=
AN1(P51) OO—
ANO(PS0) [

Sample
& hold > — | AJ/D Conversion Result Register

ADREG

Multiplexer
¥

Veer [J— > A ]
D/A Converter
Aano [ — \J_'—

280890

Figure 3.9 (1} Block Diagram of A/D Converter

3.9.1 Control Registers

Fig. 3.9 (2) shows the registers related to the A/D converter.
The A/D converter is controlled by the A/D converter mode register ADMOD, and the
result of A/D conversion is stored in the A/D conversion value storing register ADREG.

MCU90-113
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AJD Converter Mode Register
7 : 6 i 5 i 4 1 3 i 2 i 1 i O
ADMOD [bitSymbol | ADRPT | EOCF | ADBF | ADCS i ADS  ADCH2 | ADCH1 | ADCHO
(FFEFH) fpeadnwrite | RIW R RIW.
Resettin : : : : H : :
Vae o | v ¢ 0 0t 0 i 0 ¢ 0 : 0 ; o0 ; o
: :single :1:end il:busy 11:190 (1:A/D i Analog Input
Function mode i0:notendi0:not  : states : start ! Channel Select
Prohibit | : repeat : i busy :0:95 0:don't
rohibi mode | : ! states [ care
Read ; i : ;
Modify Write 1 0 _
Analog Input Channel Select
000 ANO
T Can not be used
L A/D Conversion Start
0 —_—
1 | Start A/D Conversion
Note: Always “0” when data is read out.
—————» A/D Conversion Speed Selection
0 | 95states (15.2us)
1 | 190states (30.4.s)
Note: Conversion speed calculated at
fe=12.5MHz
» A/D Conversion busy flag
0 | A/D conversion not busy
1 { A/D conversion busy
End of Conversion Flag
* <EOCF> is reset to zero by 0* | A/D conversion not ended nor started
reset operation, reading ADREG, T {apo - Jed
or restarting A/D conversion. conversion ende
» A/D conversion repeat flag
Note: <ADBF> and <EOCF> cannol be used in 0 | A/D conversion repeat mode
the A/D conversion repeat mode. 1 | AJD conversion single mode

7 ¢ 6 5 : 4 { 3 i 2 i 1 1 0
ADREG [bit Symbol
(FFEEH) Read/Write R
sgfﬁgdng Undefined
i;:i;ibit Function The results of A/D conversion are stored.
Modify Write

AJD Conversion Result Register

Figure 3.9 (2) Registers for A/D Conversion
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3.9.2 Operation

(1

(@)

(3)

(4)

Analog Reference Voltage

The high analog reference voltage is applied to the VREF pin, and the low analog
reference voltage is applied to the AGND pin.

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

Analog Input Channels

For the A/D conversion, one of the six analog input channels (ANO (P50) to AN5
(P55)) is selected by the register ADMOD <ADCH2,1,0>.

The analog input channe! select registers ADMOD<ADCH2, 1, 0> is initialized to
“000” by resetting, whereby the ANO pin is selected.

The pins not used for the analog input can be used for ordinary input P5 .

Selection of A/D Conversion Speed

Normally, the A/D converter is used in the high-speed conversion mode that
completes the operation in 95 states (15.2 s @fc=12.5 MHz).

ADMOD<ADCS>> is initialized to “0” by resetting, by which the A/D converter
turns to the high-speed conversion mode.

Starting A/D Conversion

The A/D conversion is started by writing “1” into the start register ADMOD < ADS>,
When the A/D conversion is started, the busy flag ADMOD<ADBF> is set to “1",
indicating that the conversion is in progress.

MCU90-115
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(5)

(6)

Setting A/D Conversion Repeat

The repeat flag ADMOD <ADRPT > can be used to select repeat mode or single mode

A/D conversion.
In the repeat mode, A/D conversion is restarted after the completion of one A/D

conversion cycle.

Reset operation initializes <ADRPT> to “1”, making the system into one-time
conversion mode. To use thisin repeat mode, write zeroin <ADRPT>. ’

Write “1” to ADMOD <ADRPT > to end the repeat mode. The repeat mode will be
exited as soon as the conversion in progress is completed.

Do not use A/D interrupts in the repeat mode.

A/D Conversion End and Interrupt
® A/D conversion single mode

When the A/D conversion is completed, the end of conversion flag ADMOD
<EOCF> is set to “1”, indicating that the A/D conversion is completed. Then the
< ADBF > flag is cleared to “0” and the A/D conversion completion interrupt INTAD
is generated.

INTAD (interrupt by the A/D converter) is controlled by the interrupt enable flag
INTEL<IET2>, also used for INTT2 (interrupt by Timer 2). Either INTAD or
INTT?2 is selected by the A/D interrupt select register INTEH <ADIS>. To generate
INTAD interrupt, both <IET2> and <ADIS> should be set to “1”. ‘

Both INTAD and INTT2 jump to the same vector address (0040H), but can be
distinguished by the <ADIS>.

The INTAD interrupt Request Flip-flop can be cleared only by resetting or reading
the register that stores A/D conversion value, and cannot be cleared by an
instruction. A change in the interrupt source (between INTAD and INTT2)
automatically clears the interrupt request flag.

® A/D conversion repeat mode

ottt

To end the repeat mode operation, write “1” to <ADRPT>. The repeat mode will end
when the current conversion is completed.

MCU90-116
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(7)  Reading A/D Conversion Results

The results of A/D conversion are stored into the A/D conversion result register
ADREG.

By reading the contents of the ADREG, ADMOD<EQCF> is cleared to “0”.

When the contents of the ADREG is read while the A/D conversion is performed, the
reading data is undefined. (In A/D conversion repeat mode, the current conversion value
is always latched to ADREG, which can be read at any time except during the initial
A/D conversion.)

A/D conversion is stopped by a HALT instruction except in the RUN mode, by which
the A/D conversion results become undefined.
In the RUN mode, A/D conversion is not stopped by a HALT instruction.

Example: (DAnalog input voltage to the AN3 pin is converted to a digital value in
the high-speed conversion mode (95 states), and the result is stored into
the memory address FF10H by using A/D interrupt INTAD routine.

Main setting
[INTEH € - - - - 1 - - - Set <ADIS> to“1”
INTEL « 1 - - - - - - - Enable INTT2
ADMOD « 1 x x 010 1 1 Select AN3 as the analog input channel, and start the

A/D conversion in the high-speed conversion mode.

A/D interrupt routine

A < ADREG Load the contents of ADREG into the accumulator,
Store the accumulator value into the memory address
{(FF1I0H) < A FF10H,

Example: @ Analog input voltage to the AN2 pin is converted to a digital value in
the high-speed conversion mode (95 states), and the result is loaded into
the accumulator when the end of conversion is detected by the EOCF flag,

ADMOD « 1 X X 01010 Select AN2 as the analog input channel, and start
the A/D conversion in the high-speed conversion
Toep: mode.

if EQCF = 0 then loop
else A « ADREG

(Note)  X: Don’t care -: Nochange

MCU90-117
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3.10 Watchdog Timers (Runaway Detecting Timer)

When the malfunction (runaway) of the CPU occurs due to any cause sﬁch as noise,
the watchdog timer (WDT) detects it to return to the normal state. When WDT has
detected malfunction, a non-maskable interrupt is generated to indicate it to the CPU.

3.10.1 Architecture

Figure 3.10 (1) is a block diagram of the watchdog timer (WDT).

The watchdog timer consists of a 20-stage binary counter (input clock: ¢ @fc/2), a
flip-flop that disables/enables the selector, a selector that selects one of the four output
clocks generated from the binary counter, and two control registers.

The watchdog timer generates INTWD (watchdog timer interrupt) after a time
specified by the register WDMOD <WDTP1, 0>. The binary counter for the watchdog
timer is cleared to “0” by software (instruction) before the interrupt occurs. If the CPU
caused a malfunction (runaway) for reason such as noise and fails to execute the
instruction to clear the watchdog timer, the counter will overflow and the watchdog
timer interrupt INTWD occurs. The CPU detects the malfunction (runaway) by this
interrupt and is possible to be recovered to the normal state by the software for
malfunction.

The watchdog timer stops its operation only in the STOP mode. When the STOP
mode is released, the watchdog timer starts its operation after a specified warming-up
time.

In the other standby mode (IDLE 1, IDLE 2 or RUN modes), the watchdog timer is
enabled. However, the function can be disabled before entering any of these modes.

MCU90-118
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INTWD Interrupt

T

WDMOD <WDTP1,0> —> Selector enable
‘ f
215} f¢/217 ) /219 | fo22
4 Twenty-stage Binary Counter for Q
(fd2) — Watch Dog Timer FiF
R S
reset
Reset
Reset
Under Execution of HALT WDMOD
instruction {Stop Mode) write <WDTE>
‘B1H'
write
‘4EH’

Watch Dog Timer
Control Register
{WDCR)

11

Internal Data Bus

200990

Figure 3.10 (1) Block Diagram of Watchdog Timer

3.10.2 Control Registers

WDT is controlled by two control registers (WDMOD and WDCR).
The watchdog timer (WDT) is controlled by two control registers (WDMOD and
WDCR). Fig. 3.9 (2) shows the registers related lo WDT.

MCU90-119
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Watchdog Timer Mode Register
7 6 i 5 4 3 2 1.1 0
WDMOD [bit Symbol | wDTE | wDTP1 i wDTPo | WARM | HALTM1 | HALTMO EXF | DRIVE
(FFDZH) lpead/write R/W R i RIW
gesetling 1 0o i 0 0 0 0  Jundefined o
1: WDT JWDT detecting period [Warming [Standby mode Invert each? 1:to drive
Function Enable 00: 2"/ 1¢ uptime 00:RUN  mode ftimeEXX | pinin
01:2%/f¢ fo: 2%/ % - 01:STOP mode [instruction: STOP
o 10: 2"/ fc 1:2'/fc 10:IDLE1  mode [is executed: mode.
Prohibit 11: 29/6c 11:1DLE2  mode :
Read N ! N . s
- N ‘ ee
Modify Write I “3.4.4 STOP Mode”.
Invert each time EXX
instruction is executed
Select standby mode by HALT instruction
D0 JRUN Mode e
01 |STOP Mode |
10 {IDLET Mode ..
11 | IDLE2 Mode
L Select warming-up time when returned
from STOP mode. '
0 [2"/fc(Approx 1.6ms)
1 |2"%/4c (Approx 6.6ms)
Note: fe=10MHz
» Select detecting period of watchdog
timer (WDTP)
00 § 2"/ fc (Approx 1.6ms)
01 | 2%/ f¢ (Approx 6.6ms)
10 | 2'®/fc (Approx 26.2ms}
11 | 22/ f¢ (Approx 105ms)
Note: fe=10MHz
> Watchdog timer enable/disable control
0 | Disable (Interactive with WDCR} (Note)
1 |Enable
. Note: Todisable, it is necessary to also write the disable code to the WDCR
register. Disabling is not possible by writing to this register alone.
Watchdog timer control register
7 6 5 i a 3 i 2 i o1 i 0
wbDcr  [bit Symbol
(FFD3H) |read/write w
Resetting
Value —
Function B1H: WDT Disable code 4EH : WDT Clear code

L Disable/clear watchdog timer

B1H Disable code
4EH Clear code
Other —

Figure 3.10(2) Registers for Watchdog Timer

200990
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3.10.3 Operation
(1) Watchdog Timer Mode Register (WDMOQOD)
@ The register of detecting period of watchdog timer: WDMOD < WDTP1, 0>

The WDT interrupt period is set by this 2-bit registers. <WDTP1, 0> is initial-

ized to “00” by resetting, providing the initial set value of 2 /fc (s.) (approx. 8,192
states).

Here, the interrupt vector address of INTWD is “0020H”.
@ The WDT enable/disable control register: WDMOD < WDTE >

To disable the function, the bit should be cleared nd th able code “B1H”
should be written into the Watchdog timer control register WDCR. By using this
dual procedure, it becomes hard to disable the WDT even if the malfunction occurs.

The disable state can be returned to the enable state easily by setting <WDTE>
to “1”.
(2) Watchdog Timer Control Register (WDCR)

This is the register to control the disabling and clearing of the watchdog timer.

(D Disabling the watchdog timer

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

@ Clearing the watchdog timer

To clear the watchdog timer, write 4EH in WDCR.
During reset operation, or while the HALT command is being executed after being
set to the STOP mode, the CLEAR signal already exists in the watchdog timer, and

the timer is already reset.
Example: (D Clear the Watchdog timer.
WDCR « 01001110 Write clear code (4EH)

16
@ Set2 (fcfor the detecting time of watchdog timer,
WOMOD ¢« 101 ---XX

@ Disable the watchdog timer.

WDMOD « 0 - - - - - XX Clear WDTE to “0”

WDCR ¢ 10110001 Write disable code (B1H)
@ Select the IDLE 2 mode.

WOMOD « 0 - - - 11XX Disable WDT and set IDLE 2 mode
WOCR «10110001

Execute HALT instruction . Falling into the standby mode.
16
® Select the STOP mode (Warming-up time: 2 /fc)

WOMOD « - ~--101XX Select STOP mode
Execute HALT instruction. Falling into the standby mode.

MCU90-121
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4. ELECTRICAL CHARACTERISTICS
TMP90C840AN/TMPI0C840AF/TMP90C841 AN/TMP90C841AF
4.1 Absolute Maximum Ratings
Symbol Parameter Rating Unit
Ve Supply voltage -0.5~4+7 v
VIN Input voltage ~0.5~Vcc+0.5 v
Pp Power dissipation (Ta = 85°C) F 500 mw
N 600
Tsowper | Soldering temperature (10's) ~ 260 T
TstG Storage temperature -65~150 T
TopPr Operating temperature -40 ~ 85 T
210689
4.2 DCCharacteristics Vec=5V£10% TA = —40~85°C (1~10MHz)
TA = -20~70°C (1~12.5MHz)
Typical Values are for TA =25°C Vg =5V.
Symbol Parameter Min Max Unit Test Conditions
ViL Input Low Vcltage (PO) -0.3 0.2Vec - 0.1 \'
Vi1 P1, P2, P3, P4, P5, P6, P7, P8 -0.3 0.3Vcc v
ViLz RESET, INTO (P80), NMI -03 0.25Vcc v
Vilz EA -03 0.3 v
ViLa X1 -0.3 0.2Vce Vv
VIH Input High Voltage (PO) 0.2Vcc+ 1.1 |Vee+0.3 vV
ViH1 P1, P2, P3, P4, P5, P6, P7, P8 0.7Vcc Vee+0.3 Vv
VH2 RESET, INTO (P80), NMI 0.75Vce Vee +0.3 Vv
Vi3 EA ‘ Vee=-0.3 Vee+0.3 Vv
ViHa X1 0.8Vcc Vee+0.3 Vv
Vor Output Low Voltage 0.45 v loL= 1.6mA
VoH Qutput High Voltage 24 ' lon = -400.A
VOH1 0.75Vce v loh = = 100A
Vor2 0.9Vec Y, lgH= -~ 20uA
N e RN R
Iu Input Leakage Current 0.02 (Typ) +5 LA 0.0 Vin s Ve
ILo Output Leakage Current 0.05 (Typ) | 110 uA  [0.22Vin SVee-0.2
lec Operating Current (RUN) 20 (Typ) 40 mA  |tosc=10MHz
idle 1 1.5 (Typ) 5 mA (25%Up @12.5MHz)
Idle 2 8 (Typ) 15 mA
STOP (TA= —-40~85°C) |0.2 (Typ) 50 A [0.2=2Vin € Ve~ 0.2
STOP(TA =0~50°C) 10 HA
VsTtop Power Down Voltage (@STOP) |2 6 Vv ViLz = 0.2V,
RAM BACK UP ViHz =0.8Vcc
Rrst RESET Pull Up Registor 50 150 ko
clo Pin Capacitance 10 pF  |testfreq=1MHz
VTH Schmitt width RESET, NMI, INT0[0.4 1.0 (Typ) v
‘Note: IpaRis guaranteed for a total of up to 8 optional ports. 280890
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4.3 AC Characteristics
Vee=5V £10% TA = -40~85°C (1~10MHz)

CL =50pF TA=-20~70°C(1~12.5MHz)
Symbol Parameter Variable 10MHz Clock [12.5MHz Clock Unit
Min Max Min [ Max | Min | Max
tosc OSC. Period =x 80 1000 100 80 ns
tcyce CLK Period 4x ax 400 320 ns
tw CLK Low width 2x~-40 160 120 ns
twH CLK High width 2x - 40 160 120 ns
tac Address Setup to RD, WR x~45 55 35 ns
trR RD Low width 2.5x-40 210 160 ns
tca Address Hold Time After RD, WR |0.5x - 30 20 10 ns
taD Address to Valid Data In 3.5x-95 255 185 ns
RO RD to Valid Data In 2.5x - 80 170 120 | ns
tHR Input Data Hold After RD 0 0 0 ns
tww WR Low width ' 2.5x-40 210 160 ns
tow Data Setup to WR 2%x-50 150 110 ns
two Data Hold After WR 30 90 30 90 30 90 | ns
tcwa  JRD, WR to Vvalid WAIT 1.5x - 100 50 20 | ns
tawa | Address to Vaild WAIT 2.5x - 130 120 70 | ns
twas WAIT Setup to CLK 70 70 70 ns
twan | WAIT Hold After CLK 0 0 0 ns
Ry RD, WR Recovery Time 1.5x-35 115 85 ns
topwy CLX to Port Data Output x+ 200 300 280 ns
tpre Port Data Setup to CLK 200 200 200 ns
tcpr Port Data Hold After CLK 100 100 100 ns
tcHc,  |RD/WR Hold After CLK x-60 40 20 ns
tcLe RD/WR Setup to CLK " [1.5x-50 100 70 ns
tctHa | Address Hold After CLK 1.5x-80 70 40 ns
tacL Address Setup to CLK 2.5x - 80 170 120 ns
tcio | Data Setup to CLK X - 50 50 30 ns

280890
¢ ACoutput level High 2.2V/Low 0.8V
¢ ACinputlevel High 2.4V/Low 0.45V (DO - D7)
High 0.8Vcc/Low 0.2Vee (excluding DO - D7)

MCUS0-123
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4.4 A/D Conversion Characteristics

Vec=5V +10% TA = -40~85°C {t~10MHz)
TA = - 20~70°C {1~12.5MHz)

45 Zero- Cross Characteristics

Symbol Parameter Min Typ Max Unit
VREF Analog reference voltage Vee-1.5 Vce Vee
AGND Analog reference voltage Vg5 Vss Vss v
VAN Allowable analog input voltage Vgs Vee
- . 33&82 current for analog reference ' 0.5 1.0 mA
Total error 10
Error (TA =25°C, Vee = Vrer = 5.0V) LSB
Total error 2.5
2808390

Vee=5V £10% TA= -40~85°C (1~10MHz)
TA = = 20~70°C (1~12.5MHz)

Symbol Parameter Condition Min Max Unit
Vzx Zero- crass detection input AC coupling C=0.14F 1 1.8 VACp-p
Azx Zero- cross accuracy 50/60Hz sine wave 135 mV
Fzx Zero- cross detection input 0.04 . kHz

frequency

280890

4.6 Serial Channel Timing - /O Interface Mode

Vec=5V £10% TA = -40~85°C(1~10MHz)

B 9097249 0040580 933 W

CL =50pF TA = - 20~70°C(1~12.5MHz)
Variable 10MHz 12.5MHz
Symbol Parameter Clock Clock Units
Min Max | Min | Max | Min | Max
tscy |Serial Port Clock Cycle Time 8x 800 640 ns
toss | Output Data Setup SCLK Rising Edge 6x- 150 450 330 ns
tous |Output Data Hold After SCLK Rising Edge [2x-120 80 40 ns
tusr | Input Data Hold After SCLK Rising Edge 0 0 0 ns
tsgp | SCLK Rising Edge to Input DATA Valid 6x — 150 450 3301 ns
280890
MCU90-124
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4.7 16-bit Event Counter
Vee=5V +10% TA= - 40~85°C (1~10MHz)
TA= -20~70°C (1~12.5MHz)

Variable 10MHz Clock [12.5MHz Clock
Symbol Parameter Units

Min Max | Min | Max | Min | Max
tvck T4 clock cycle Bx + 100 900 740 ng
tyckL T14 Low clock pulse width Ax + 40 440 360 ns
tvCkH Ti4 High clock pulse width 4x + 40 440 360 ns

280890

4.8 Interrupt Operation

Vee=5V110% TA=-40~85C (1~10MHz)
TA = ~20~70T (1~12.5MHz)

Variable 10MHz Clack [12.5MHz Clock
Symbol Parameter Units
Min Max [ Min | Max { Min | Max
UNTAL [ NML, INTO Low level pulse width { 7 [ ) 4x 400 320 ns
untar [NMI, INTO High level pulse width { ) Ax 400 320 ns
UnteL |INT1, INT2 Low level pulse width ( [T ) Bx+ 100 900 740 ns
Unten  [INT1, INT2 High level pulse width ( ) Bx+ 100 900 740 ns

2800890

{Reference) Definition of Ipag

020289
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TOSHIBA

I/0 Interface Mode Timing Chart

49
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410 Timing Chart

tcve >
y—\
CLK Ml iy —]\
- tact teiHa
" \!
A0-19 >( X
N /
tcLe > teHeL
— L=
RD g taR . tea N
tap
~—1aCc —| [=—tpp < try >
y
Read Data <\
tHR
NS T N\ y— \
WR
N tww g \
o b b e twp
e DWW —
. y—
Write Data 4
- towa "|
tawa twas
WAIT \Lz ~— twan
- topw —
Port Output
Portinput
-« tpRC —>|e—
tcrr
210689
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4.11 Typical Characteristics

Vee=5V, Ta=25°C, unless otherwise noted.

Vee (V) icc (mA)
6 20 /
5
4 : 10 /
7
3 /‘/
. /
2
> 0 " fosc (MHz) 3 10 :‘gsc {MHz)

Figure 4.1 (1) Vcc - fosc TYPICAL CURVE

Figure 4.11(2}) fosc-lcc TYPICAL CURVE

Icc (mA)
30
f05C= 12.5MHz
A 10MHz
10 "
[
fosc: 1MHz
)
3 4 5 6
Vee (V)
Figure 4.11 (3) Icc - Ve TYPICAL CURVE
loL (mA) 0 1 2 3 4 5 Vour V)
a0
30 -10 //
20 -0 —
/f _______/
0 /] -30
0
1 2 3 4 5 Vour (V) lon(mA)
Figure 4.11(4) Vout-loL TYPICAL CURVE Figure 4.11(5) VouTt -ioH TYPICAL CURVE
200990
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5. TABLE OF SPECIAL FUNCTION REGISTERS

The special function registers include the I/O ports, peripheral control registers and

bank registers (BX and BY) allocated to the 48-byte addresses from OFFCOH to
O0FFEFH.

(1) 1/0 port

(2) 1/O port control

(3)  Stepping motor port control
(4) Watchdog timer control

(5) Timer/event counter control
(6) Serial channel control

(7)  A/D converter control

(8) Interrupt control

(9) Bank register

Format of table

Symbol Name Address |7 | 6 i // 1 0
| : lk —bit Symbol
\\ —Read/Write
1L —Resetting Value
/Z —Function
280890
MCU90-129
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(1) IO Port
MSB LSB
Symbol { Name | Address 7 6 5 4 3 2 1 0
PQ7 POB POS PO4 P03 PO2 P01 PO
PO Port0 OFFCOH RAW
Input mode
P17 P16 P15 f P14 i P13 P12 P11 P10
P1 Port 1 OFFCiH RW
Input mode
P27 P26 P25 P24 P23 P22 P21 P20
P2 Port2 OFFC4H Riwv
Input mode
P37 P36 P35 i P34 | P33 P32 3 P30
P3 | Port3 | OFFCEH R RAW RW { R RIW RW | R R
Input 1 1 : Input 1 1 Input Input
' ' PA3 . P4z | P4l PAO
Pa Portd | OFFC8H RAW
0 o i 0 0
0 P55 P54 P53 : P52 P51 P50
R
Ps Port5 OFFCAH 0 Input only
Shared with analog input pin (ANO-AN5)
SA63 SAB2 SA61 SA60 : P63 i P62 [ P61 P60
w RIW
P& Port & OFFCCH Undefined Input mode
prohibit Stepping motor control Port0 Shared with stepping motar
RMW Shifter alternate req. control port 0 (M0)
SA73 | SA72 i SAT1 i SA70 P73 P72 i P71 P70
w RIW
P7 Port7 OFFCDH Undefined Input mode
. prohibit Stepping motor control Port 1 Shared with stepping motor
RMW Shifter alternate reg. control port 1{M1)
: : P83 | P82 i P8l P8O
P8 Port® | OFFDOH RW | R R R~
i} Input mode
210689
Note: Read/Write
R/W Either read or write is possible.
R Only read is possible.
w : Only write is possible.
prohibit RMW :  Prohibit Read Modify Write (Prohibit RES/SET Instruction ete.)

MCU90-130
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(2) /O Port Control
MSB LSB
Symbol Name | Address 7 6 5 4 3 2 1 0
© IRFO © IRFTO IRFT1 EXT PIC POC
PO1CR |Port 0/ 1 OFFC2H :
(IRFL) |Control R w w W
Reg. o . 0 i «q o i o0 0
Int R i PLPZ : P1 0]
nLerrupt Request Hag i control | control control
1: Interrupt being requested . L. .
prohibit : 0:1/0 Port ;O.In 0:ln
RMW : 1:Address [ 1:0ut i 1:Qut
S bus i :
P27C P26C P25C P24C P23C p22C P21C P20C
P2CR | Port2 QFFCS5H
Control i ]
Reg. o 0o i 0 S T 0 0o i 0 0
prohibit : : : : : :
RMW 0:ln 1:0ut  {I/O selected bit by bit)
WAITCI | WAITCO RDE | ODE | TXDC) | TXDCO | RXDC1 : RXDCO
RIW LR RIW RAW » RIW
o i o i o i o 0 o i 0o i o
PIGR |Port3  |oprcyy | Waitcontrol {RD tp33 P33 P32 1 p3y P30
Control . rcontrol
Reg. 00 : 2state wait ; 0:AD : control 00 : Out Qut 00:In In
01 : normal wait for only 0:CMOS 01: Cut TxD 01:1n RxD
10:non  wait external 1:0pen 10: TxD Out 10 : RxD In
i access : ) __
11 : reserved : drain 11:TxD RTS/ 11: Notused
: 1:Always
‘RD SCLK
P43C pa2c | PAIC P4OC
PACR | Portd OFFCIH w
Control : :
Reg. o : 0 : 0 5 0 : 0
prohibit ;
RIVMIW : 0:Out{Port}) 1:Addressoutput
P73C P72C P71C P70C P63C P62C : P&1C P60C
P67CR | Porté/7 | OFFCEH w w
Control :
Reg. prohibit 0 0 0 : 0 0 o 0 i 0
RMwW 0:ln 1:0ut 0:ln 1:0ut
: P830C ZCE2 ZCE1 | EDGE
P8CR | Port8 OFFD1H W woonow w
Reg. 0 o | o i o
P83 INTZTI5S i*INTUTI4 i INTO
contral | control control controi
0:P83 1:2C0 1:ZCD 10 level
prohibit . g
RMW 1:TO3/ enable enable : 1: Tedge
TO4 :
210689
Symbolin{ )dcnetes another name. *: Refer T4AMOD register of 16 Bit Timer.
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(3) Stepping Motor Control Port Control
MsB LsB

Symbeol Name Address 7 6 5 4 3 2 1 V]

— 1 SM7MO : P7OCI i P7OCO i — i SMBMO : P6OCI : PBOCO

RW RIW i RW RIW

SMMOD| Stepping | OFFCBH

Motor o : o0 i 0 : i 0 10 P00

Mode Reg. {0:1step ; 00:IN/OUT {0:1-step i 00:INOUT

istep L 01:INfOUT,TO3 | if2step i 01:INOUT,TOT
Lexcitation ; 10: IN/MT  excitation | 1X:IN/MO
1:1-2step (Timer2, Timer3) 1:1-2step (Timer 0,

: excitation 11 2 (Timerd) gexcitation Timer 1)

cow? | oo i CCWE

SMCR | Stepping | OFFCFH : : : 0 H : ;
Motor 4 ! . : : : 0

Ezgtm' ;»O:Normal :0:Normal
irotation | rotation

: t:Reverse | ! 1:Reverse

Lrotation : rotation

280890
Also refer to PE7CR, P6 and P7 registers.

(4) Watchdog Timer Control
M5B LSB

Symbol | Name | Address 7 i e i s ioa b3 b2 b1 i
WDTE | WDTP1 i WDTPO | WARM : HALTM1 | HALTMO | EXF | DRVE
RW | RW PoRwW RW PR i RW

WOMOD; Watch OFFD2H
Dog Timer|
Mode
Reg.

1 i o0 i o i o i 0 i 0 iUndefinedi 0
1:WDT §WDT Detecting time éWarming Standby mode Elnvert 1
Enable 00:214% | uptime | OO:RUN mode |eachtime :todrive

: 01:206c | 0:2Wfc | O1:STOP mode  iEXXinst- ipinin
10: 218/f¢ 1: 216/¢ 10: IDLE1 mode gructionis ESTOP
11 220/f¢ 11: IDLEZ mode éexecuted émode.

WDCR |Watch OFFD3H
Dog Times
Control

Reg. prohibit

RMW BiH : WDT Disable code 4EH : WDT Clear code

210689
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(5) Timer/event Counter Control
MSB LSB
Symbol Name Address 7 6 5 4 3 2 i 0
TREGO | 8bit Timer | OFFD4H
Register . w
PRt Undefined
TREG1 | 8bit Timer | OFFD3H
Register 1 . w
pao“;\{;\allt Undefined
TREG2 | 8bit Timer | OFFD6H
Register 2 - w
profibit Undefined
TREG3 | 8bit Timer | OFFD7H
Register 3 o W
pa?\;‘:,?,lt Undefined
TICLKT  T3CLKO | T2CLK1 | T2CLKO i TICLKT . TICLKO : TOCLK1 | TOCLKO
TCLK | 8bit Timer | OFFD8H o 0 0 0 0 0 0 0
Source 8-bit 0: — . B-bit 00: —
ggg_‘“" 00: TO2TRG 01:¢T 00 : TOOTRG 01: 4T
Q1: 4T 10: ¢4T16 0:gM 10: 4T16
10: 4T16 11: 47256 10: 4T16 11: 47256
11: 47256 © 11 g4T256
TFF3C1 TEF3CO TFF3IE : TFF3IS TFF1C1 : TFF1CO TFF1IE TFE1S
w R/W w R/W
— N — o i 0
TFFCR ?ﬁg_];lig“per OFFDIH | 00 : Clear TFF3 1:TFF3 : 0: | 00:Clear TFF1 1:TFF1 0
g:ntrol 01:Set TFF3 Invert Invert © 01:Set  TFFI Invert Invert
g Enable by 8bit Enable by 8bit
10 D InvertTFF3 timer2 : 10: InvertTFF1 timer 0
11:Don't care 1: { 11:Don't care 1:
invert ! Invert
by 8bit by 8 bit
: Timer 3 : : i Timeri
TI2MT D TIZMO G PwM21 PWM20 | TiOM1 © TIOMO | PWMO1 : PWMOO
RAW RAW ' RAW ' RAW
o i 0 0 o i o ¢ o 0 0
T™MoD ri\iﬂbé?;?;egr_ OFFDAH 00 : 8bit Timer PWM Frequency 00 : 8bit Timer PWM Frequency
01: 16bit Timer 00: — 01: 16bit Timer 00:—
10 : 8bit PPG 01: 26-1 10: 8bit PPG 01: 2641
11 : Bbit PWM 10: 271 11: Bbhit PWM 10: 27 -1
11: 281 11: 2841
280890
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MSB Ls8
Symbol| Name | Address A - R R 2 i 0
BRATE! : BRATEQ | PRRUN : T4RUN : T3RUN { T2RUN : TIRUN | TORUN
RW : RW
TRUN | 8bit OFFDBH 0 : 0 o i 0 i 0 0 0 0
gg:}:{l 00: 300/150 bps Prescaler & Timer RunfStop Control
Chane! 01 : 1200/600
Sl 10 : 4800/2400 0: Stop & Clear
11:19200/9600 i: Run{Count up)
CAP1L OFFDCH -
16bit R
RT:{/ Undefined
Counter
Capture _
CAP1H| Register 1 | OFFDDH R
Undefined
CAP2ZL OFFDEH
16bit R
E:In;re‘{I Undefined
Counter
Capture _
CAP2H | Register 2 | OFFDFH 2
Undefined
TREG4L| OFFEOH
16bit - w
R@ﬁtﬂ paﬁ{z:t Undefined
Counter
Register 4 -
TREGAH; OFFE1TH
w
P rR?\m,E.'t Undefined
TREGSH OFFE2H
16bit N w
Rg‘:{/ er?a\',?{'t Undefined
Counter _
Register 5
TREGSH QFFE3H
w
p&m{,t\’,'t Undefined
280890
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TOSHIBA

TMP90C840A/841A
MSB LSB
Symbol | Name | Address 7 6 | s ' T
: CAPIIN | CAPM1 : CAPMO CLE T4CLK1 i TACLKO
w R/W : RAW RIW
TAMOD | 16bit OFFE4H — o o 0 o ¢ o
Timer/ : L .
Event : : Capture timing ‘ Timer 4 source clock
i Ho: L 00: Diseble At 00 : Ti4
: T :
: Software ! ucie 01:4T1
0174 ¢ TS5 1 _
iCapture INTI £ Clear 10: ¢T16
1: dOn‘,t 10: T4 1\ Ti4 l Enable 11—
 care INTI Ty
: 1 TFF1 T TRF1 )
INT1 £
CAP2TE CAPITE EQSTE EQ4TE TFFACH TFFACO
RAV w
T4FFCR | 16bit OFFESH :
Timer ; 0 0 : 0 : 0 —
Flip-Flopd : ; i i
Control © TFF4 inversion trigger
reg. :
9 0 : Disable trigger 00 : Clear TFF4
01: Set TFF4
1: Enable trigger 10 : Invert TFF4
11: Don't care

210689
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TOSHIBA TMP90C840A/841A
{6) Serial Channel Control
MSB LSB
Symbol | Name | Address 7 6 5 4 3 2 1 Y
TB8  (Fixedat™0" RXE i WU i SM1 i SMO i sCi $Co
_ RIW
Undefined: o i o. : o i o i o i 0 0
SCMOD | Serial OFFESH ; : : :
Channel Trans- { Write il i1 i 00: /Ointerface : 00; TO2TRG u
Mode Reg. mission 0" Receive EWake up i 01:UART 7bit 501 :BR A
Bit-8data | {Enable  Enable i 10: UARTBbit 10 1 R
ingbit |  11: UART Obit t11:BR12 T
UART. : _ :
RB8 i EVEN PE i OERR PERR FERR CTSE
. R RIW ! R(Cleared to "0" by reading) R/W
SCCR | serial OFFEAH ; : i . .
Channel Undefined ! ~ 0 S0 o i 0 0 0
Control : : ; . :
Register Receiving : Parity i1 1:Error 1:CTS
Bit-8 0:Odd Parity Gverrun Parity Flaming Enable
data 1: Even Enable : : :
SCBUF | serial OFFEBH RB7 i RB6 i RBS RB4 i RB3 [ RB2 RB1 RBO
Channel T7 : TB6 i Tes : T4 i TB3 i TB2 : TB1 T8O
Buffer : : : : : :
Register prohibit R (Receiving)/W (Transmission}
RMW Undefined
210689
Also refer to PICR, TRUN register. Note: BR:Baud Rate Generalor

MCU90-136

BN 9097249 0040592 LG5 WM.




TOSHIBA

TMPI0C840A/841TA
(7) A/D Converyter Control
MsB LSB
Symbol Name Address 7 6 5 4 3 2 1 0
ADRPT EOQOCF ¢ ADBF ADCS ADS ADCH2 : ADCH1 ADCHO
ADMOD| A/D OFFEFH : '
Converter ; R : RAW RIW RW
mode Reg i o o i o 0 o i 0 0
0:Repeat 1:End 1:Busy 50:955tate 1: Start Analog Input
1:Single ‘ E1:1905tate : Channel Select
ADREG |A/D OFFEEH
Result R
Register —_
210689
(8) Interrupt Control
MSB LSB
Symbol | Name | Address 7 6 5 4 3 2 ] 0
*IET2 | IET3 IET4 IET i IETS IE2 IERX IETX
INTEL | MEMTUPL | Geeeeyy RW
Enable :
Mask Reg. 0 0 : [ : 0 0 . 0 0 0
1:Enable 0:Disable
0 . DEO i DETO DET1 ADIS | IE0 i IETO IET1
INTEH || OFFE7H . W R
(DMAEL) 0 5 0 ] i 0 . 0 ;0 : 0 N
Micro DMA 1: Enable 0 : Disable {1:INTAD | 1:Enable  0: Disable
Enable » : : - g
Register DET2 DET3 DET4 DE1 : DETS DE2 DERX DETX
DMAEH OFFESH ‘ R
0 0 S0 0 g . 0 0 0
1:Enable 0:Disable
IRFO IRFTO IRFT1 LOEXT PICR i POCR
R W W
IRFL OFFCZH 0 : 0 : 0 ; o 0 ; °
{PO1CR) :::;ﬂgft §|nterrupt Request Flag P1, P2 §P1 gPO
Flag & 1: Interrupt being requested : Controls ;Contruls SControIs
IRF Clear : {0:WOport (0:In {0:in
prohibit . 1. “1: Out
RMW : 1:Address : 1:Qut ? 1 Ou
bus ;
IRFT2 IRFT3 ) IRFT4 {RF1 IRFTS IRF2 IRFRX IRFTX
(RFH OFFC3H . R(Only !R.F Clear codeican be used .to write)
. 0 1 0 : 0 0 0 oo 0
prohibit : . ; : : . i
RMWV 1: Interrupt being requested (IRF is cleared to “0” by writing IRF Clear code).
280830
Symbel in( } denotes another name.  * Share with IEAD (If ADIS =1, use as INTAD Mask Reg.)
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TOSHIBA TMP90CB40A/841A
(9) Bank Register
MSB Ls8
Symbol [ Name | Address 7 6 5 4 3 2 : i : 0
‘ i BX3 BX2 | BX1 i BX0
Bank ' .
BX Register X OFFECH RIW
0 o i 0 ;0
BY3 BY2 | BY! | BYD
Bank :
BY Register Y OFFEDH R/AW
0 o i 0 Po
210689
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TOSHIBA TMP90C840A/841A

6. PORT SECTION EQUIVALENT CIRCUIT DIAGRAM
® Reading The Circuit Diagram

Basically, the gate singles written are the same as those used for the standard
CMOS logic IC [74HCXX] series.

The dedicated signal is described below.

STOP : This signal becomes active “1” when the hold mode setting register is
set to the STOP mode and the CPU executes the HALT instruction.
When the drive enable bit [DRIVE] is set to “17, however, STP remains
at “0,’.

® The input protection resistans ranges from several tens of ochms to several hundreds
of ohms.

M PO (DO~D7)

Output Data _TD_ﬂ P-ch

Output enable —— ~ N-ch

Input Data Wy D INFOUT

Input enable
(PO Read + DO~7 Read)
Delete at 90C041,90C141 210689

M P1, P2, P6, P7

Output Data _b_—ﬁ|30_| P-ch

Output enable —— < N-ch
! Input Data ; —{ ] vout
o sTOP !
\ Delete at 90C041, 90C141 - AQ~15 (P1-P2) 210689
MCU90-139
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TOSHIBA TMP90C840A/841A

W CLK
VCC VCC
{nternal CLK -» P'Ch% 4;
[~] out
STOP ) D—
N-ch
Internal Reset ——4 o -
- W
(For Test)
210689
W X1, X2
oscillation circuit___ VCC%

. : AN }i ] =1

210689

Delete at 91P640, 91PM40

K Delete at 90C041, 90C141 031090
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TOSHIBA TMPO0C840A/841A

B P80, NMI
VCC
Input Data IN
Schmitt
210689
I P81, P82
STOP [>o LTI
! Self Bias Circuit
Zero-Cross ; for Zero-Cross
enable :
:
Input Data D IN
STOP 210689

B VREF, AGND

VREF
% ~IRee =0.5mA typ.
]
% ] AGND
Note: IREFr continues to flow even during standby, 210689
B RESET
100kQ veC
typ-\
IN
Schmitt
210689
MCU90-141
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TOSHIBA TMP90C840A/841A

W P30, P31, P34, P37
vCC

STOP

InputData<——<><}—°G_J A ; DIN
Input i

Buffer
210689

B P32, P35, P36, P4, P83

Output Data -~ P-ch
' : out

STOP 210689

H P33
Output Data _,_.,_%:)O_' p-ch
A ouT
Open Drain enable — _Do—-l <« N-ch
STOP 210689
mPs
vCC

Analog select ""————|>°—l Pch %
Analog Input = ] i [T]IN

T N-ch
Input Buffer

Input Data
Input enable (P5 Read)

210689
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