
















































































































































































































































































































































































































TOSHIBA TMP90C840 

2. PIN ARRANGEMENT AND FUNCTIONS 

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

2.1 Pin Arrangement 
Fig. 2.1 shows where the input/output pins are located in the TMP90C840. 

VREF 1 Vee 
AGND 2 P37 (WAIT) 

(ANO) p50 3 62 P36 (WR) 

(ANI) PSI 4 P35 (RD) 

(AN2) p52 5 60 P34 (CTS) 

(AN3) P53 6 59 P33 (TxD) 

(AN4) P54 7 P32 (TxD/RTS/SCLK) 
(AN5) P55 8 P31 (RxD) 

(TOI/MOO) p60 9 56 P30 (RxD) 

(MOl) P61 10 55 EA 
(M02) P62 11 P43 (A19) 

(M03) P63 12 P42 (A18) 

(T03/MIO) P70 13 P41 (Al7) 

(MIl) P71 14 P40 (A16) 

(Ml2) P72 15 P27 �(�A�l�~�)� 

(Ml3) P73 16 P26 (A14) 
(INTO) P80 17 P25 (A13) 

(INTl/TI4) P81 18 P24 (A12) 
(INT2/TIS) P82 19 P23 (All) 

(T03/T04) P83 20 P22 (AIO) 

NMI 21 P21 (A9) 

RESET 22 P20 (AB) 

CLK 23 PI7 (A7) 

(DO) POO 24 P16 (A6) 

(Dl) POI 25 40 PIS (AS) 

(D2) P02 26 39 P14 (A4) 
(D3) P03 27 P13 (A3) 

(D4) P04 28 P12 (A2) 

(DS) P05 29 36 Pll (AI) 

(D6) P06 30 35 PIO (AO) 

(D7) P07 31 X2 

(GND) Vss 32 Xl 

Fig. 2.1-(1) Pin Arrangement (Shrink Dual Inline Package) 
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2.2 Pin Names and Functions 
The names of input/ output pins and their funct ions are summarized ~n 
Table 2.2. 

Table 2.2 Pin Names and Functions 

Function 

Port 0: 8-bit I/O port that allows selec­
tion of input/output on byte basis 

Data bus: Also functions as 8-bit bidirec­
tional data bus for external memory 
Port 1: 8-bit I/O port that allows selec­
tion on byte basis 

Address bus: The lower 8 bits function as 
address bus for external memory 
Port 2: 8-bit I/O port that allows selec-
tion on bit basis / 

--------------------------------------------1 
Address bus: The upper 8 bits function as / 
address bus for external memory 1 

Port 30: I-bit input port / 

/--------------------------------------------1 
1 Serial data receiving 1 

1 Port 31: I-bit input port / 

1--------------------------------------------/ 
1 Serial data receiving / 
1 Port 32: l-bit output port / 

1--------------------------------------------/ 
1 Serial data transmission / 

/--------------------------------------------/ 
/ Request serial data transmission 1 

/--------------------------------------------/ 
/ Serial clock output 1 

1 Port 33: I-bit output port 1 
1--------------------------------------------1 
1 Serial data transmission / 
/ Port 34: l-bit input port 1 

/--------------------------------------------1 
1 Ca able of serial data transmission / 

Port 35: I-bit output port 1 
1--------------------------------------------1 
1 Read: Generates strobe signal for reading 1 

1 external memory 1 

1 Port 36: l-bit output port 1 

/--------------------------------------------1 
1 Write: Generates strobe signal for writing 1 

1 into external memory 1 

1 Port 37: l-bit input port 1 

1--------------------------------------------1 
1 Wait: Input pin for connecting slow accessl 
1 memory or peripheral LSI 1 
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I I No. of I/O I 
Pin Name I Function 1 __ ~ ____ -+ __ p~1_'n~s __ ~~3 __ st_a_t~e_s-+I ________ ~~~ ________________________ __ 

I P40 - P431 4 Output I Port 4: 4-bit output port that allows 
I I I selection of port/address bus on bit basis I 
I/A16 - A191 �--------------------------------------------� 
I I I Address bus: Also functions as address busl 
I I I for external memory (4 bits of bank I 

I __ ~ __ ~~I __ ~--~--------~I--ad-d-r-e~s~s~)~~--~-----------------------1 
Ipso - PSSI 6 Input I Port 5: 6-bit input port I 
I I 1--------------------------------------------1 
llANO AN51 I Analog input: 6 points for analog input 
I I I to A/D converter 
I~VR~E~F~---+I--~l~~---------+I~In~p~u~t~o~f~r~ef~e~r~e~n-c-e--vo~lt-a-g-e--t-o-A-/~D~--------

I ________ -+I ______ -+ ________ -+I~co~n~v~e~r~t~e~r ______ ~-----------------------
I~AG~N~D~--~I--~l~~----~--_+I~Gr~o~u~n~d~p~i~n-f~o~r~A~/~D~c~on~v~e~r~t~e~r ________ ~----
I P60 - P631 4 I/O I Port 6: 4-bit I/O port that allows I/O 
I I I selection on bit basis 
I/MOO - M031 1--------------------------------------------
I/T01 I /Output I Stepping motor control port 0 
I 1 1--------------------------------------------
I I /Output I Timer output 1: Output of Timer 0 or 1 
I--P-70-----P-7-3+1----4--~--~I/~0~--+I--Po-r-t~7~:--~4--b-1~·t~I~/~O--p~or-t--t~h-a-t~a~I-lo-w-s~I~/~O----

I I I selection on bit basis 
I/M10 - M131 1--------------------------------------------
/T03 I /Output I Stepping motor control port 1 

P80 

/INTO 

P81 

/INT1 
/T14 

P82 

/INT2 
/T15 

P83 

I 1--------------------------------------------1 
1 /Output 1 Timer output 3: Output of Timer 2 or 3 
I 1 Input I Port 80: I-bit input port 
I 1--------------------------------------------
I I Interrupt request pin 0: interrupt request 
I I pin (Level/rising edge is programmable) 
I 1 Input I Port 81: I-bit input port 
I 1--------------------------------------------
I I Interrupt request pin 1: interrupt request 
I I pin (Level/falling edge is programmable) 
I 1--------------------------------------------
1 1 Timer input 4: Counter/capture trigger 
I 1 signal for Timer 4 
I 1 Input 1 Port 82: I-bit input port 
I 1--------------------------------------------
1 I Interrupt request pin 2: rising edge in-
I I terrupt request pin 
I 1--------------------------------------------
I I Timer input. 5: capture trigger signal for 
I I Timer 4 
1 1 Output 1 Port 83: I-bit output port 
I 1--------------------------------------------

/T03/T04 1 I Timer output 3/4: Output of Timer 3/4 
NMI I 1 Input I Non-maskable interrupt request pin: 

I 1 Falling edge interrupt request pin 
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Pin Name 
No. of 
pins 3 

CLK 1 

EA 1 

RESET 
Xl/X2 2 

Vcc 1 
Vss(GND) 1 

I/O 
states 

Output 

Input 

Input 
Input/ 
Output 

TMP90C840 

Function 

Clock output: Generates clock pulse at 1/4 
frequency of clock oscillation. It is a 
high-level while resetting. 
External access: Connects with Vcc pin in 
the TMP90C840 using internal ROM, and with 
GND pin in the TMP90C841 with no internal 
ROM. 
Reset 
Pin for quartz crystal oscillator 

Power supply pin (+5V) 
Ground pin (OV) 
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3 • OPERAT ION 

This chapter describes the functions and the basic operations of the 
TMP90C840 in every block. 

3.1 CPU 

The TMP90C840 incorporates a high-per formance 8-bi t CPU. This CPU 
improve~ its speed of processing, addressing and executing instructions 
compared to the conventional 8-bit versions. 
This section describes the CPU functions available to the programmer. 

3.1.1 Memory map 

The TMP90C840 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 OOOOOH to 
OFFFFH, while the data memory can be allocated to any address from 
OOOOOH to FFFFFH. 

(1) Internal ROM 
The TMP90C840 internally contains an 8K-byte ROM. The address space 
from OOOOH to lFFFH is provided to the ROM. The CPU starts executing 
a program from OOOOH by resetting. 
The addresses OOlOH to 007FH in this internal ROM area are used for 
the entry area for the interrupt processing. 

(2) Internal RAM 
The TMP90C840 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 FFlOH 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). 

(3) Internal I/O 
The TMP90C840 provides a 48-byte address space as an internal I/O 
area, whose addresses range from FFCOH to FFEFH. This I/O area can be 
accessed by the CPU using a short opcode in the "direct addressing 
mode". 

Fig. 3.1 (1) is a memory map indicating the areas accessible by the CPU 
in the respective addressing mode. 
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OOOOOH 

02000H 

OFECOH 
OFFOOH 

OFFCOH 

External Memory 
(56K byte) 

OFFFOH External Memory 
(16 byte) 

lOOOOH 

FFFFFH 

External Memory 
(960K byte) 

~--------------~ 

Program & Data Area 

(BC) 

(DE) 
(HL) 

(SP) 

(SP+d) 
(HL+A) 
(nn) 

I 
Direct Area 

(n) 

Fig. 3.1 (1) Memory Map 
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(IX) 
(IY) 
(IX+d) 
(IY+d) 
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3.1.2 Registers 

Fig. 3.1 (2) shows the configuration of registers. 

7 0 
I __ ~ __ -+-__ ~ __ I 
I I 
I I 
I I 

3 0 15 0 

Fig. 3.1 (2) Configuration of Registers 

Main registers 

Alternative 
registers 

Special purpose 
registers 

The TMP90C840 uses main registers, alternative registers and dedicated 
registers. The main registers and the alternative registers are 
allowed to be exchanged of their contents by a register exchange 
instruction. 

(1) Register A 
This is an 8-bit register used mainly for 8-bit arithmetic and logic 
operations. 

(2) Register F 
This is an 8-bit register that stores the status of operation results. 
Configuration of register F is shown in Fig. 3.1 (3). 

7 6 5 4 3 2 1 o 

MSB I S I Z IIFFI H I X Ip/vl N I C I LSB 

Fig. 3.1 (3) Configuration of Register F 

o Sign flag (S) 
The sign flag is set to "1" when the arithmetic result is negative. 
It stores the contents of the most significant bit (MSB) of the 
arithmetic and logic unit (ALU). 

o Zero flag (Z) 
Z flag is set to "I" when the all bits of the ALU after operation are 
"0". 
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o Parity/Overflow flag (P/V) 
This flag has two funct ions. One is to indicate the parity (p) 
resulted from a logical opepration (AND, OR, or XOR). It is set to 
"I" when the result is even, and "0" for odd parity. 
The other is to indicates the overflow (V) in an arithmetic operation 
(ADD, ADC, SUB, SBC, or CP). The flag is set to "I" when the result 
cannot be expressed by a signed integral number. 
The P/V flag selects either function according to the instruction. 

o Carry. flag (C) 
The flag is set to "I" if a carry or borrow has occurred on the MSB of 
the ALU. 

o Expansion carry flag (X) 
Like the carry flag (C), it is set to "I" when the MSB of the ALU 
involves a carry or borrow as a result of an operation except that it 
applies to a wider range of instructions (e.g., INC rr). 

o Half carry flag (H) 
It is set to "1" when a carry or borrow has occurred on the 4th bit of 
the lower side in the ALU. 

o Addition/Subtraction flag (N) 
This flag is set to "I" if the executed operation is a subtraction 
(SUB, SBC, CP, or DEC). 

o Interrupt enable flag (IFF) 
A maskab Ie interrupt is enab led or disab led by this flag. This flag 
is set to "I" by an EI instruction and "0" by an DI instruction. 

(Note) This flag is shared with the alternative register F'. 

(3) Registers B, C, D, E, Hand L 
All these registers have an 8-bit configuration. They function as 
16-bit register pairs (concatenated BC, DE and HL) as well as 
independent 8-bit register. Registers B or register pair BC is also 
used as a counter for the loop instruction (DJNZ). Register pair HL 
is used for 16-bit data processing including l6-bit arithmetic/logic 
operations. 

(4) Registers A', F', B', C', D', E', H' and L' 
These registers have the same structure as the main registers (A, F, 
B, C, D, E, Hand L). They are called alternat ive registers. There 
is no instruction that directly accesses these alternative registers, 
but its data can be processed by a register exchange instruction. 
Following are examples of register· exchange insturctions that allow 
the exchange of data between a main register and an alternative 
register: 

EX AF,AF' 
EXX 

(5) Registers IX, IY, BX and BY 
IX and IY are 16-bit independent registers called index registers. BX 
and BY are 4-bit independent registers and referred to as bank 
registers. 
These registers are used mainly for specifying memory addresses, and 
generate 20- bit addresses. IX and IY registers are also used for 
16-bit additions. 
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BX and BY registers are allocated to the memory addresses FFECH (BX 
register) and FFEDH (BY register) in the internal I/O address spaces. 
Only their lower four bits are effective, with the upper four bits 
being undefined. These undefined .bits are always set to "1" when reat 
out. By resetting, the lower four bits of BX and BY registers are 
initialized to "0". 

BX I - I - I - I - IBX3IBX2IBXlIBXOI R/W 
(FFECH) -------------------------------

BY I - I - I - I - IBY31BY21BYliBYOI R/W 
(FFECH) -------------------------------

(6) SP register 
SP register is a l6-bit register called a stack pointer (SP), that 
stores the start address of the memory stack area (Last in, first out 
basis). It is decremented when a CALL or PUSH instruction is executed 
or an interrupt is accepted. It is incremented by execution of RET 
instruction or a POP instruction. 

(7) PC register 
This is a l6-bit register called a program counter, and stores the 
memory address of the next instruction to be executed. 
It is initialized to OOOOH when the RESET pin becomes low. 

(8) Other 
By executing the data exchange instruction [EXX] between a main 
register and an alternative register, the EXF bit (exchange flag: Bit 
1 of memory address FFD2H) of the internal I/O register is inverted. 
This is a read-only bit, and is not initialized by resetting. 

3.1.3 Addressing modes 

Eight addressing modes are available for the TMP90C840. They are used 
in combination with various instructions to enhance the CPU's 
processing capabilities. 
They are: Register mode, immediate mode, register indirect mode, index 
mode, register index mode, extend mode, direct mode and relative mode. 
The first seven addressing modes are used most frequently. The 
relative addressing mode is only applicable to specific instructions. 

(1) Register addressing mode 
In the register addressing mode, the operand represents a specified 
register. 

Example: LD A, B 
The contents of Register B are loaded into Register A. 

(2) Immediate addressing mode 
In this mode, the operand is in the instruction. 

Example: LD A, 12H 
Immediate data "12H" are loaded into Register A. 
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(3) Register indirect addressing mode 
In the register indirect addressing mode, the operand is located in a 
memory address indicated by a register pair (SC, DE, ilL, IX, IY or 
SP). 

Example: LD A, (HL) 

Memory 
CPU 

I 
A 45 1<-1------

1 1 45 2000H 
1 
I 

HL 1 2 0 0 o 1 1 
1 

"45H" ~n the memory address 2000H is loaded into Register A. 

(4) Index addressing mode 
In the index addressing mode, the operand is located in a memory 
address specified by adding an 8-bit displacement value in the opcode 
to the contents of a specified register pair (IX, IY or SP). 

Example: LD A, (SP+2) 
Memory 

CPU 

I 
67 1<-1------
-- 1 1 

A 
67 3002H 

1 

1 

SP 1_3~_O __ O_O_1 1 
--------------------1 

"67H" in the memory address 3002H is loaded into Register A. The 
displacement value ranges from -128 to +127. 

(5) Register index addressing mode 
In this mode, the operand is located in a memory address specified by 
adding the displacement value of Register A to the contents of 
register pair HL. 

Exampl e: LD B, (HL+A) 
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Memory 
CPU 

I 
A 03 1 1 

1 1 89 2003H 
B 89 1<-1------

1 
HL 1 2 0 0 0 1 

1 

"89H" in the memory address 2003H is loaded into Register B. In this 
mode, the data in Register A are considered as 8-bit signed number, 
and the displacement value ranges from -128 to +127. 

(6) Extended addressing mode 
In this mode, the operand is accessed by 2-byte (16-bit) data in the 
opcode. 

Example: LD A, (2000H) 

Memory 
CPU 

1 

.-..,;.4.;;,...5 _I <-1------
1 1 

A 
45 2000H 

1 

I 
1 

-------------------1 

"45H" in the memory address 2000H is loaded into Register A. 

(7) Direct addressing mode 
The operand in this mode is located in a memory address from FFOOH to 
FFFFH specified by I-byte (8 bits) data in the opcode. Compared with 
the extended addressing mode, it saves both program memory and 
executing time. This mode allows the access to 256-byte addresses 
from FFOOH to FFFFH • 
• or the TMP90C840, this direct area is divided into the internal RAM 
(192 bytes from FFOOH to FFBFH) and the internal I/O area (48 bytes 
from FFCOH to FFEFH). 
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Example: LD A, (FFIOH) 

Memory 
CPU 

1 

~5...;..6 _I < -1------
1 1 

A 
56 FFIOH 

1 

1 

1 

--------------------1 

"56H" in the memory address FFlOH is loaded into Register A. 

(8) Relative addressing mode 
In the relative addressing mode, the operand is found at the address 
relat ive to the current inst ruction. This mode is applicable to 
instructions involving an 8-bit displacement value (JR and DJNZ) and a 
16-bit displacement value (LDAR, JRL and CALR). 

Example: JR 2034H 

Memory 

C8 
32 

2000H 
2001H 
2002H 

JR instruction 

In this example, the program execut ion jumps to the address 2034H. 
Since the program counter is already incremented by 2 at the time of 
address computation, the displacement is obtained by the following 
formula based on the "memory addres s of the JR inst ruc t ion + 2": 

Destination address (address of instruction being executed 
+ 2) 

In the example, the displacement "32H" is obtained by: 
2034H (2000H + 2) 

In any other instructions using the relative addressing mode (DJNZ, 
LDAR, JRL and CALR) , the displacement is always calculated based on 
the "address of the current instruction + 2". 

MPU90-15 



TOSHIBA TMP90C840 

(9) Addressing modes for extended data area 
The TMP90C840 provides up to 1M bytes of data. 
The addresses OOOOOH to OFFFFH can be accessed in a normal addressing 
mode. 
However, the addresses from IOOOOR to FFFFFH called an "extended data 
area" require a special addressing mode for access. 
Accessing the extended data area requires to select the addressing 
mode which uses the index register IX or IY for obtaining the address 
of the operand (the register indirect addressing mode or the index 
addressing mode). 

The following four special modes are available: 
(IX) 
(IY) 
(IX+d) 
( IY+d) 

In these modes, the extended data area is accessed by using a 20-bit 
address consisting of a 16-bit offset address (address bus AO to A15) 
and a bank address (address bus A16 to A19). 
The 16-bit offset address is obtained by the same way as in a normal 
address computation. The 4-bit bank address is specified by the bank 
register BX or BY. The register pair BX is selected when the index 
register IX is used, and BY is selected when IY is used. 

Example: LD A, (IX) 

Memory 
CPU 

1 
A 45 1<-1------

1 1 45 62000H 
1 

1 

BX 1 6 1 IX I 2 0 0 0 1 1 

---------------------------_1 

"45H" in the address 62000H is loaded into Register A. 
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In the index addressing mode, a carry resulted from calculating the 
16- bit offset address is ignored; i. e., it is not added to the bank 
address. 

Example: LD A, (IY+23H) 

Memory 
CPU 

1 
A 45 1<-1------

1 1 45 60013H 
1 

1 

BY 1 6 1 IY 1 F F F 0 1 1 

---------------------------1 

In this example, "45H" in the address 60013H is loaded into Register 
A. 
In any other addressing mode that accesses a non-extended data area 
(the index register IX or IY is not used for address computing of the 
operand), the 4-bit bank address (address bus A16 to A19) becomes "0", 
indicating that the access range is from OOOOOH to OFFFFH. 

(Note) Given "FFECH" to the IX value of (BX address) an instruction "LD 
(IX), x", the normal write cycle is not performed, making the 
result indefinite. 

3.1.4 Instructions 

The TMP90C840 supports a rich variety of addressing modes as well as 
powerful instruction sets. There are 163 basic instructions as 
categorized into the following nine groups: 

o 8-bit transfer instruciton 
o 16-bit transfer instruciton 
o Exchange, block transfer and search instructions 
o 8-bit arithmetic and logical operation instruction 
o Special operation and CPU control instructions 
o 16-bit arithmetic and logical operation instruciton 
o Rotate and shift instructions 
o Bit manipulation instruction 
o Jump, call and return instruction 

Table 3.1 (1) lists the 163 basic instructions. 
describes the mnemonics and their meaning. 

(1) 8-bit transfer instruction 

Table 3.1. (2) 

The 8-bit transfer instructions inclued those for transferring 8-bit 
data between registers, register and immediate address, register and 
memory, or memory and immediate address. 

MPU90-17 



TOSHIBA TMP90C840 

(2) I6-bit transfer instruction 
The I6-bit transfer instructions include those for transferring I6-bit 
data between registers, register and immediate address, register and 
memory, and memory and immediate address, PUSH and POP instructions 
using the stack, and LDA (Load Address) instruction that calculates an 
effective address and loads its value into a register. 

(3) Exchange, block transfer and search instructions 
The data exchange instructions are executed to exchange 16-bit data 
between registers, between memory and register, or between a main 
register and an alternative register. 
The block transfer instructions can transfer data in any memory block 
to other memory area. 
The block search instructions are executed to find out a particular 
8-bit character in a given memory block. LDIR, LDDR, CPIR and CPDR 
included in the block transfer and search instructions read the 
current instruction each time a I-byte memory is transferred or 
compared, thus making it possible to acknowledge an interrupt before 
reaching to the end of the block. 

(4) 8-bit arithmetic and logical operation instruction 
8-bit arithmetic and logical operation instructions perform 8-bit 
arithmetic and logical operations between Register A and another 
register, Register A and immediate address, Register A and memory, 
register and immediate address, and memory and immediate address (ADD, 
ADC, SUB, SBC, AND, OR XOR and CP), or increment/decrement the 
contents of register or memory by 1 (INC, DEC, INCX and DECX). 
The INCX (Increment if X) inst ruction increments the contents of a 
memory specified by the operand if the X flag is "1", and does nothing 
if not. The DECX instruction performs the same operation except that 
it decrements the data. These instructions are executed to increment 
or decrement the data with 20-bit width in the 20-bit address pointers 
(registers BX and IX or BY and IY) mainly to access an extended data 
area. 

Examples: 
INC IX 
INCX (FFECH) 
LD A, (IX) 

Increment Register IX 
Increment Register BX if X 
Load contents of memory into Register A 
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Table 3.1 (1) TMP90C840 Basic Instructions (163 types) 

10 r,r SBC r,n MUL HL,r RRCA 
LD r,n SBC mem,n MUL HL,n RRC r 
10 r,mem AND A,r MU1 HL,mem RRC mem 
10 mem,r AND A,n DIV H1,r RLA 
LO mem,n ANO A,mem DIV HL,n RL r 
10 rr,rr. AND r,n DIV H1,mem RL mem 
10 rr,nn AND mem,n ADD H1,rr RRA 
LO rr,mem OR A,r ADD HL,nn RR r 
10 mem,rr OR A,n ADD H1,mem RR mem 
LOW mem,nn OR A,mem ADC HL,rr SLAA 
PUSH qq OR r,n ADC H1,nn SLA r 
POP qq OR mem,n ADC HL,mem SLA mem 
LOA rr,mem XOR A,r SUB H1,rr SRAA 
EX DE,HL XOR A,n SUB H1,nn SRA r 
EX AF,AF' XOR A,mem SUB H1,mem SRA mem 
EXX XOR r,n SBC H1,rr SLLA 
EX mem,rr XOR mem,n SBC HL,nn S11 r 
101 CP A,r SBC HL,mem SLL mem 
10IR CP A,n AND HL,rr SRLA 
100 CP A,mem AND HL,nn SRL r 
LDDR CP r,n AND HL,mem SRL mem 
CPI CP mem,n OR H1,rr R1D mem 
CPIR INC r OR HL,nn RRD mem 
CPD INC mem OR H1,mem BIT b,r 
CPDR DEC r XOR HL,rr BIT b,mem 
ADO A,r DEC mem XOR HL,nn RES b,r 
ADD A,mem INCX (n) XOR HL,mem RES b,mem 
ADD r,n OECX (n) CP HL,rr SET/TSET b,r 
ADO mem,n OAA A CP HL,nn SET/TSET b,mem 
ADC A,r CPL A CP HL,mem JP cC,mem 
ADC A,mem NEG A ADD ix,rr JR cc,PC+d 
ADC r,n LDAR HL,PC+dd ADD ix,nn JRL PC+dd 
ADC mem,n CCF ADD ix,mem CALL cC,mem 
SUB A,r SCF INC rr CALR PC+dd 
SUB A,mem RCF INCW mem OJNZ [BC, ]PC+d 
SUB r,n NOP DEC rr RET cc 
SUB mem,n HALT DECW mem RETI 
SBC A,r DI RLCA 
SBC A,n EI RLC r 
SBC A,mem SWI RLC mem 
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Mne­
monic 
LD 
LDW 
PUSH 
POP 
LDA 
EX 
EXX 
LDI 
LDIR 
LDD 
LDDR 
CPI 
CPIR 

CPD 
CPDR 

ADD 
ADC 
SUB 
SBC 
AND 
OR 
XOR 
CP 
INC 
DEC 
INCX 
DECX 
DAA 
CPL 
NEG 
LDAR 
CCF 
SCF 
RCF 
NOP 
HALT 
DI 
EI 
SWI 

Table 3.1 (2) TMP90C840 Mnemonics and Their Meaning 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Load 
Load Word 
Push 
Pop 

Meaning 

Load Addres s 
Exchange 
Exchange X 
Load and Increment 
Load, Increment and Repeat 
Load and Decrement 
Load, Decrement and Repeat 
Compare and Increment 
Compare, Increment and 

Repeat 
Compare and Decrement 
Compare, Decrement and 

Repeat 
Add 
Add with Carry 
Subtract 
Subtract with Carry 
And 

I Or 
I Exclusive Or 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Compare 
Increment 
Decrement 
'Increment if X 
Decrement if X 
Decimal Adjust Accumulator 
Complement 
Negate 
Load Address Relative 
Complement Carry Flag 
Set Carry Flag 
Reset Carry Flag 
No Operation 
Halt 
Disable Interrupt 
Enable Interrupt 
Software Interrupt 

Mne- I 
monic I 
MUL 
DIV 
INCW 
DECW 
RLCA 

RLC 
RRCA 

RRC 
RLA 
RL 
RRA 
RR 
SLAA 

SLA 
SRAA 

SRA 
SLLA 

SLL 
SRLA 

SRL 
RLD 
RRD 
BIT 
RES 
SET 
TSET 
JP 
JR 
JRL 
CALL 
CALR 
DJNZ 

RET 
RETI 
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Meaning 

Multiply 
Divide 
Increment Word 
Decrement Word 
Rotate Left Circular 
Accumulator 

Rotate Left Circular 
Rotate Right Circular 

Ac cumulator 
Rotate Right Circular 
Rotate Left Accumulator 
Rotate Left 
Rotate Right Accumulator 
Rotate Right 
Shift Left Arithmetic 
Accumulator 

Shift Left Arithmetic 
Shift Right Arithmetic 

Accumulator 
Shift Right Arithmetic 
Shift left Logical 
Accumulator 

Shift Left Logical 
Shift Right Logical 

Accumulator 
Shift Right Logical 
Rotate Left Digit 
Rotate Right Digit 
Bit Test 
Reset Bit 
Set Bit 
Test and Set 
Jump 
Jump Relative 
Jump Relative Long 
Call 
Call Relat ive 
Decrement and Jump if Non 

Zero 
Return 
Return from Interrupt 
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(5) Special operation and CPU control instruction 
Special operations are used to control Register A (DAA, CPL and NEG), 
load the data in a relative address into a register (LDAR), control 
the carry flag (CCF, SCF and RCF) , mUltiply an 8-bit data by an 8-bit 
data and convert the result into a 16-bit representation (MUL) , divide 
a 16-bit data by an 8-bit divisor and obtain an 8-bit quotient with an 
8-bit residual (DIV), and to nothing (NOP). 
If a quotient cannot be represented by an 8-bit number (outside the 
0-255. range) or if the divisor is a (e. g. , "divide 1, 000 by 0" or 
"divide 5,000 by 0"), the overflow flag is set to "1". 
CPU control instructions are executed to suspend the CPU operation 
(HALT), enable/disable a maskable interrupt (El/DI), and to execute a 
software interrupt (SWI). 

(6) 16-bit arithmetic and logical operation instruction 
The 16-bit arithmetic and logical operation instructions perform 
16-bit arithmetic logical operations between the register pair HL and 
another register pair, the register pair HL and immediate address, and 
the register pair HL and memory (ADD, ADC, SUB, SBC, AND, OR, XOR and 
CP), perform an addition between the index registers IX and IY or 
Stack Pointer SP and a register pair, or immediate address and memory 
(ADD), or increment/decrement the contents of a register pair or 
memory by 1 (INC, INCW, DEC, and DECW). 
Note that "ADD HL,rr", "ADD ix,gg", "INC rr" and "DEC rr" result in a 
different flag status. 

(7) Rotate and shift instructions 

(8) 

The rotate and shift instructions use 8-bit data (RLC, RRC, RL, RR·, 
SLA, 8RA, SLL and SRL) or binary-coded decimal (BCD) data (RLD and 
RRD). 

Bit manipulation instruction 
The bit manipulation instructions perform testing, 
resetting a particular bit in a register or memory (BIT, 
A test and reset instruction (TSET) is als 0 avai lab Ie 
multiple tasks. 

setting and 
SET and RES). 
for execut ing 

(9) Jump, call and return instructions 
A jump instruction can be used, in addition to the register indirect, 
index, register index, and extended addressing modes, in the 8-bit and 
16-bit relat ive addressing modes. Note, however, that the 16-bit 
relative addressing mode can be used only for an unconditional jump 
instruction. 
A call instruction uses the 16-bit relative addressing mode, as well 
as the register indirect, index, register index, and extended 
addressing modes. Again, 16-bit relative addressing mode is only 
applicable to an unconditional call instruction. 
Return instructions contain unconditional return instruction, 
conditional return instruction and RETI instruction for return back 
from the interrupt processing. 
These instructions pop up the program counter PC and the register pair 
AF from the stack. 16 condition codes and over 16 mnemonics are used 
in these instructions, because certain flags have more than one 
meaning (e.g. Z and EQ, NZ and NE, PE and OV, PO and NOV). 
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In addition to the above instructions, "DJNZ PC+d" and "DJNZ BC,PC+d" 
may be used to control program loops. 
"DJNZ PC+d" decrements the contents of the Register B (8-bit) each 
time the instruction is executed, and executes a relative jump until 
it becomes zero. "DJNZ BC, PC+d" decrement s the contents of the 
regis ter pair BC (16- bit), and executes a relat ive jump unt i 1 it 
becomes zero. 
Appendix A lists the TMP90C840 machine instructions. The table 
includes the instruction groups, mnemonics, codes, functions, flag 
status and executing time. 
The execut ing time can be ca lculated us ing the value in the "T" 
column, which denotes the number of states. Time for one state is 
eq uiva lent to a time twice as long as the clock osci llat ion cycl e. 
For example, if the clock oscillation frequency is 10MHz, the time for 
one state is 200 ns. 
Execut ing "LD A, r" at the clock frequency of lOMHz requires two 
states, and thus takes 200ns x 2 = 400ns for the execution. 
Appendix B contains code maps. The TMP90C840 supports I-byte opcode 
instructions and 2-byte opcode instructions. The I-byte opcode 
instruction is formatted as follows: 

LD A,B Opcode 

LD A,n Opcode n 

LD HL,mn Opcode n m 

LD (w) ,n Opcode w n 

LDW (w),mn Opcode w n m 

JR PC+d Opcode d 

CALL ran Opcode n m 
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LO 

LO 

LO 

LO 

TMP90C840 

As shown in the code format, a I-byte opcode instruction has an opcode 
in the first byte and operand codes in the subsequent bytes. If there 
are two I-byte operand codes, the lower operand is placed before the 
upper operand. If both a source and a destination are included as 
operand codes, the destination is placed first. 
A 2-byte opcode instruction begins with the first opcode, followed by 
an operand code specified by the first opcode, then the second opcode 
and its operand code. For example, 

B,C I 1st °E Code I 2nd °E Code I 

B, (n) 11 st °E Codel n 12nd °E Code! 

B,(IX+d) lIst °E Codel d 12nd °E Code I 

B, (mn) 11 st °E Code! n m 12nd °E Codel 

ADO B,n lIst °E Code 12nd °E Code! n 

ADD (VW) ,n 11 st 0p Codel w v 12nd 0p Codel n 

In a 2-byte opcode instruction, the pos1t1on of the second opcode is 
determined by the first opcode. Basically, the first opcode in a 
2-byte opcode instruction provides data to select the mode of 
addressing the operand in the range of EOH to FER. The first operand 
code that follows the first opcode serves to specify the memory 
addressing mode. The second operand code that follows the second 
opcode specifies the immediate addressing mode. Their roles can be 
summarized as follows: 

I I I 
1st opcode 11 st operand codel 2nd opcode 2nd operand codel 

I I I 

I <Specify >1< Specify >1 < . f Spec1 y >1< Specify im- >1 

I addressing I memory I instruction I mediate ad- I 
mode addressing dress ing 
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3.2 Basic Timing 

Each instruction of the TMP90C840 is executed by combination of read, 
write and dummy cycles. These are basic cycles that synchronize with 
the system clock. 1/2 of the frequency of the clock oscillation is used 
as the sys tem clock; e. g., if the clock freq uency is 10 MHz, the 
frequency of the system clock is 5 MHz. The system clock cycle is also 
called a "state". 
The TME90C840 bus operation are basically synchronous, and each of 
memory read, memory write and dummy cycles is completed in two states, 
unless they are not requested to wait. 
The "CLK" pin generates a pulse at a frequency that further halves the 
frequency of the system clock. This CLK signal synchronizes with the 
bus cycles with no wait request. 

3.2.1 Read/Write cycles 

Fig. 3.2.(1) is a t~m~ng chart of external memory read/write cycles. 
The left side shows the bus operation timing with no wait request, and 
on the right side shows that with a 2-state wait request. 
Each wait consists of a mUltiple of two states, making a bus cycle 
wait for two, four, six, eight states, etc •..• 

State 
E ~ 

Xl 

CLK 

A¢ - 19 

[

RD 
Read 
Cycle 

D¢ - 7_ 

WAIT 

Fig. 3.2.(1) Timing of External Memory Read/Write Cycles 
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The TMP90C840 CPU has a wait control register (WAITC) that controls 
waits by using software. The configuration of this register is shown 
in Fig. 3.2 (2). 

P3CR 
(FFC7H) 

7 6 

WAITC 
I 

0 0 
0 1 
1 0 
1 1 

5 4 

RDE ODE 

2-state wait 
Normal wait 
No wait 
Reserved 

3 2 

TXDC 
I 

1 0 

RXDC 
I 

See "3.5.4 Port 3". 

Fig. 3.2 (2) Wait Control Register 

This register is assigned to the bits 6 and 7 of the memory address 
FFC7H in the internal I/O register area (the other bits are used for 
controlling other functions). It is reset. to "00", whereby the 
register is placed in the 2-state wait mode. 
In the "2-state wait mode", only the first wait in a bus cycle is 
sampled, and all subsequent waits are ignored. 
In the "normal wait mode", all wait requests are sampled. The "no 
wait mode" ignores all waits. 

3.2.2 Dummy cycles 

The timing of dummy cycles is shown in Fig. 3.2 (3). All through the 
dummy cycles, the level of both the RD andWR signals remains at "1" 
and wait requests are ignored, with the address bus being undefined. 
A dummy cycle is also called an "internal operating cycle". The bus 
cycle becomes the dummy cycle when the CPU reads or write the data 
from/to the internal memory or internal I/O area. 

Xl 

eLK 

At/; - 19 ~'--~_"""_-+-_-I\_ 

RD 

WR 

D¢ - 7 

WAIT 

Fig. 3.2 (3) Timing of Dummy Cycles 
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3.2.3 Interrupt Acknowledge Timing 

Fig. 3.2 (4) shows the basic tlmlng of interrupts being acknowledged. 
An interrupt request may be sampled by the CPU at the falling edge of 
the CLK signal in the last bus cycle of each instruction. Note, 
however, that the sampling of a non-maskable interrupt (NMI) is 
delayed a half the system clock cycle. 

Xl 

When an interrupt request is acknowledged, the CPU starts an interrupt 
response sequence that proceeds as follows: 1) A read cycle (In this 
cycle·, the read data is not used in the CPU because the pipel ine 
processing prefetches instructions. The pipeline processing is 
described in "3.2.6 Bus Operation for Executing Instructions".), 2) 
two dummy cycles (the CPU receives an interrupt vector from an 
internal interrupt controller), 3) out put 0 f the interrupt vec tor 
(OOOH for the upper address locations A8 to A19) and read out of the 
dummy cycle, 4) one dummy cycle, 5) saving the contents of the program 
counter PC and those of the register pair AF into the stack (four 
write cycles), and 6) the CPU resets the interrupt enable flag IFF to 
"0" (to disable interrupts) and jumps to the interrupt processing 
routine. 
If a "micro DMA processing" is specified as 
follows the sequence to be described in "3.3.2 

-, Jl Jl Jl L.n IJl Jl Jl Jl 

the interrupt, the CPU 
Micro Dt'1A processing". 

ir-1' Jl ir-1' Jl 'J 
CLK I ~ I \ I \ 

A¢ - 19 

RD 

WR 

D¢ - 7 

NMI 

INT¢ 
(Level) 

INT¢·1·2 
(Rising Edge) 

Internal INT 

-K - Last 

\ 

\ 

/ i\ 

I 

Last Instructlon 
Execution Cycle 

X 

I 

J 

- ---

Next + 1 ~ Dummy 

\ 

----

J 

---~ .. -- ---- ---
~ 

Interrupt Acknowledge 
Sequence 

Fig. 3.2 (4) Interrupt Acknoledge Timing 
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3.2.4 Reset 

Xl 

eLK 

RESET 

A¢ - 15 

A16 - 19 

RD 

WR 

D¢ - 7 

The basic timing of the reset operation is indicated in Fig. 3.2 (5). 
In order to reset the TMP90C840, the RESET input must be maintained at 
the "0" level for at least ten system clock cycles 00 states). When 
a reset req uest is accepted, all I/O ports (Port 0/ da ta bu.s DO to 07, 
Port l/address bus AO to A7, Port 2/address bus A8 to A15, Port 6 and 
Port n function as input ports (high impedance state). The RD, WR 
and CLK pins that always function as output ports turn to the "1" 
level, and the other input ports (P32, P33, Port 4/address bus A16 to 
A19 and P83) turn to the "0" level. The dedicated input ports remain 
unchanged. The registers and external memory 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 OOOOH. 

"'" Jl ...Jl Jl Jl Jl ...Jl ...Jl ~ 
I \ I 

\ 

-~ {undefined I}--- -
-K - ~Undef ined \ 

~ / 

~ j 

)---~-- ---

Fig. 3.2 (5) Reset Timing 
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3.2.5 System flowchart 

Fig. 3.2 (6) is a system flowchart of the TMP90C840. A normal 
operation repeats a loop between "Fetch instruction" and "Execute 
instruction". 
When an interrupt is acknowledged) the CPU proceeds to "Interrupt 
processing". Executing the return instruction RETI makes the CPU 
return to the address that follows the address of the SWI instruction 
in the same way as the SWI instruction is executed under software 
control. 
When a HALT instruction is executed, the CPU suspends the operation 
until an interrupt is requested. When the interrupt is acknowledged, 
the CPU starts the interrupt processing. However, when a maskab Ie 
interrupt is requested with the interrupt enable flag at "0" 
(interrupts are disabled), the CPU only releases the HALT state and 
starts executing an instruction that follows the HALT instruction. 
For det ails of the interrupt proces sing, refer to "3.3 Int errupt 
Function". The timing of releasing the HALT state is described in 
"3.4 Standby Function". 
By setting the RESET input level to "0", the CPU always returns to 
"RESET" start position without regard to its current position in the 
flowchart. 
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YES 

PC +- OOOOH 
IFF +- 0 
BX,BY +- 0 
I/O Initialize 

TMP90C840 

PC +- PC-l 

YES 

Instruction Interrupt 

Fig. 3.2 (6) TMP90C840 System Flowchart 
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3.2.6 Bus operation for executing instructions 

The TMP90C840 adopts a pipeline processing method in which it executes 
an instruction simultaneous with the next instruction fetch. The 
concept of this processing is illustrated in Fig. 3.2 (7). 

Address 100 101 

Fetch instruc- I Execute in­
tion in address I struction in 
100 I address 100 

102 

Fetch instruc- I Execute in­
tion in addressl strcution in 
101 I address 101 

Fetch instruc- I 
tion in address I 
102 I 

Fig. 3.2 (7) Pipeline Processing 

This pipeline processing allows the TMP90C840 to obtain a higher 
executing speed than the conventional method that fetches the next 
instruction after the previous instruction is executed. The bus 
operation for each instruction begins with "fetching a code in the 
address that follows the first instruction code", and not with 
"fetching the first instruction code". The first instruction code is 
fetched when the CPU is execut ing the previous instruction. An 
example of this processing is shown in Fig. 3.2 (8). 

Address I INC A I LD B,A I ADD A,n n DEC H 

Execute Execute I Execute I Execute Execute 
CPU INC A LD B,A I internal I ADD A,n DEC H 

I operation I 

I , 
>'< >'< >' I <INC A >'<LD B,A , ADD A,n , DEC H , 

Bus Bus Bus operation Bus 
operation operation operation 

Fig. 3.2 (8) Pipeline Processing and Bus Operation 
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Table 3.2 is a list of the bus operations for each instruction. Their 
cycles (read, write or dummy) are indicated by symbols in the table. 
Each bus cycle is represented by a single symbol (a character string 
with one to three characters length) and delimited by a colon ":". 
The bus operations should be read from the left to right. 
A capital letter denotes an effective bus cycle, and a small letter (n 
or d) denotes an invalid bus cycle. For example, data read out in the 
read cycle of the "n" bus operation have no effect on the CPU 
operation, and are ignored. The symbol "d" represents an internal 
operation cycle that involves no read or write of memory. 

Table 3.2 Bus Operations for Executing Instructions 

Meaning of symbols 

Symbol Data Bus Address Bus 
N Next Code Read Next Op Code Address 
n Next Code Read (dummy) Next Op Code Address 
1 1 st Code Read Jump/Call/Return Address 
2 2nd Code Read Op Code Address+1 
3 3rd Code Read Op Code Address+2 
4 4th Code Read Op Code Address+3 
5 5th Code Read Op Code Address+4 
6 6th Code Read Op Code Address+5 
d Dummy (No Read/Wri te) Undefined 
R 1st Data Read 1 st Data Address 
R+l 2nd Data Read 2nd Data Address 
W 1 st Data Write 1 st Data Address 
W+l 2nd Data Write 2nd Data Address 
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1. 8-BIT LOADS 
I Mnemonic I Bus Operation 
: LD A, r I N I 

I
I r, A I N I 

r, g 2: N i 
................ ~.' .. ~ .................. ~.:.~ ............................... , 

A, (n) 2: d: R: N 
r, (gg) 2:R:N 
r,(ix+d) 
r, (HL+A) 

2:d:3:R:N 
2:d:d:d:d:R:N 

r, (mn) 2:3:4:R:N 
r, (n) 2:3:R:N 

I":~~;~;T ~::::':w'l 
I Ux+d), r 12:d:3:N:W I 

\

' (HL+A)' r 12~d~d~d~d:N:W . 
(mn), r 12.3.4.N.W 

1·······+~H·n········T~·+~·}···················· 
I (Ix+d),n. 2:d:3:4:W:N I 

I I 
I (HL+A).n 12:d:d:d:d:3:W:N , 

(vw), n I 2: 3: 4 : 5 : W: N. . 
(w),n 2:d:3:W:N 

2. 16-BlT LOADS 
I Mnemonic Bus Operat ion 

LD HL,rr N:d 
1 rr,HL I N:d I 
I rr,gg 1 2: N: d I 
1··············~t·{~f······.l}n·:·R~·i":·ii············1 
I 

rr,(gg) 2:R:R+1:N I 
rr,(ix+d) 2:d:3:R:R+1:N I 

I rr,(HL+A) 2:d:d:d:d:R:R+1:N! 
rr, (mn) 12: 3: 4: R: R+ 1: N 
rr, (n) 2:3:R:R+l:N 

I
' ···· .. ~~~i~~:····n-:·~·:::·~:~·~·i····· 

(ix+d),rr '2:d:3:N:W:W+1 I 
I (H L + A) , r r I 2: d : d : d : d : N : W : W+ 11 
! (mn), rr 2:3:4:N:W:W+l 
. ( n), r r 2 : 3 : N : W : W+ 1 

TMP90C840 

16-BIT LOADS(Continued) 
I Mnemonic I Bus Operat ion \ 
i LDW (gg),mn 12:3:4:N:W:WT1 \ 

1 (ix+d),mn 12:d:3:4:5:N:W:W+11 

I (HL+A),mn 12:~:~~~:d:3:4:N: I 
, (vw),mn 2:3:4:5:6:N:W:W+1 

(w),mn 2:d:3:4:N:W:W+l 
PUSH QQ I N:d: (SP-1)~QQH: 

(SP-2) ~QQL 
POP QQ n: QQL ~ (SP) : 

QQHt- (SP+1): 
d:N 

I LOA rr, ix+d 12:d:3:N:d 
I rr,HL+A 12:d:d:d:d:N:d I 
I 

3. EXCHANGES, 
BLOCK TRANSFERS AND SEARCHES 

I Mnemonic I Bus Operation 

EX DE. H L I N I 
I EX AF,AF' N I 

.. ~~~ ............................... L~ .................................... 1 

EX (gg),rr 2:R:R+1: I 
d: W: W+1: N I 

(ix+d),rr 2:d:3:R:R+1: I 
d:W:W+1:N 

(HL+A)' rr 2:d:d:d:d:R:R+1: I 

(mn), rr 
d:W:W+1:N 

2:3:4:R:R+1: 
d:W:W+1:N 

(n),rr 2:3:R:R+1: 
d:W:W+1:N 

LDI/LDD 2:n:R:W:d:d:N 
LDIR/LDDR repeat 2:n:R:W:d:d:d:d:1 

end 2:n:R:W:d:d:N 
CPT/CPO 2:n:R:d:d:d:N 

I CPIR/CPDR repeat 12:n:R:d:d:d:d;d:1 
I end 2:n:R:d:d:d:N I 
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4. 8-BIT ARITHHETIC 
AND LOGIC OPERATIONS 
Hnemonic Bus Operation 

ADO/ ADC/SUB/SBC/ I 
AN D/OR/XOR 1 

A, g I 2: N 
A, n 12: N 
A, (gg) 12:R:N 
A, (ix+d) i 2:d:3:R:N 

I A, (HL+A) !2:d:d:d:d:R:N I 

1······::·~~~J···u.:~:·:·:~:~···· 
I 

g,n 1 2:3:N 

(gg),n 12:3:R:N:W I 
(ix+d),n 2:d:3:4:R:N:W I 

I 
(HL+A).n 12:d:d:d:d:3:R:N:~ 

I ( vw), n 2 : 3 : 4 : 5 : R : N : W I 
I (w), n ! 2:3:4:R:N:W ! 
I CP A, g I 2: N I 

A, n I 2:N 
A,(gg) 12:R:N 
A, (ix+d) !2:d:3:R:N 
A, (Hl+A) 12:d:d:d:d:R:N 
A, (mn) ! 2:3:4:R:N 

I A, (n) 12:d:R:N . ·································· .. ···1· .... ··· .. ·· .. ····· ..................... j 
g, n 12:3:N 
(gg),n 2:3:R:N 
(ix+d),n 2:d:3:4:R:N 
(HL+A),n 2:d:d:d:d:3:R:N 
(vw),n 2:3:4:5:R:N 
(w),n 2:3:4:R:N 

INC/DEC r N 
(gg) 2:R:N:W 
(ix+d) 2:d:3:R:N:W 
(Hl+A) 2:d:d:d:d:R:N:W 
(mn) 2:3:4:R:N:W 

I (n) 2:d:R:N:W : II Nexi DEcx . iii; !~~~ ~':'~'::: 'N:W' ....... ·········1 

5. SPECIAL FUNCTIONS 
I Hnemonic I Bus Operation 

DAA A N:d 
CPL/NEG A N 
LDAR HL,PC+cd 2:3:N:d 
CCF/SCF/RCF N 
NOP N 

! 
HALT I N:d 
DIIEl i N I 

1·······································1'············· .......................... : 
i SW I In: d : d : 1 : d : 

I 
(SP-1) .-PCH: 

I (SP-2) -PCl: 

I I (SP-3) .-A: 

I I :SP-4J<-F: I 

HU L/ D I V H L. g i 2: n: d : d : d: d : d: d : N' 
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HL,n 2:d:d:d:d:d:d:N 
HL. (gg) 2:R:d:d:d: 

d:d:d:N 
HL, (ix+d), 2:d:3:R:d:d:d: 

I d: d: d:N 
HL. (HL+A),. 2:d:d:d:d:R:d:d: 

d:d:d:d:N 
H l, (mn) I 2: 3: 4: R: d : d : d: , 

I 
d:d:d:N 

HL. (n) 2:3:R:d:d:d: 
I d:d:d:N 
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6. 16-BIT ARITHHETIC 
AND LOGIC OPERATIONS 

I Hnemonic I Bus Operation 
ADD/ADC/SUB/S~CI 
AND/OR/XOR/CP 

HL,gg 2:N:d:d 
HL,mn 2:3:N 
HL.(gg) 2:R:R+1:N 

HL, (ix+d) 12:d:3:R:R+1:N I 
HL. (HL+A) 2:d:d:d:d:R:R+1:NI 
HL. (mn) 12:3:4:R:R+1:N 
HL, (n) 2:d:R:R+1:N 

ADD iX,gg 2:N:d:d 
iX,mn 2:3:N 
ix, (gg) 2:R:R+1:N 

ix, (jx+d) 12:d:3:R:R+1:N I 
ix, (H L + A) 2: d: d : d: d: R: R+ 1 : N

' 
ix, (mn) 2:3:4:R:R+1:N 
iX,(n) 2:3:R:R+1:N 

IINC/DEC rr ·N:d 

1

'··IHc·w/D"E"C"w···fiiQ)······ ··2·~·R·:··R·~·i··:·····················1 

, N: W: W+1 . 

I 
(ix+d) 2:d:3:R:R+1: 

N:W:W+1 
(HL+A) 2:d:d:d:d:R:R+1: 

N:W:W+1 
(mn) 2:3:4:R:R+1: 

N:W:W+1 
(n) I 2: d: R: R+ 1 : 

IN: W: W+1 

7. ROTATES AND SHIFTS 
Hnemonic Bus Ope rat ion 

RLC/RRC/RlIRRI 
SLA/SRA/SLL/SRL 

A N 

I 
9 2:N 
(gg) 2:R:N:W 

I (ix+d) 2:d:3:R:N:W 
(HL+A) 12:d:d:d:d:R:N:W 
(mn) 2:3:4:R:N:W 
(n) 2:3:R:N:W 

RLD/RRD (gg) 2:R:d:d:N:W 
(i x+d) 2:d:3:R:d:d:N:W 
(HL+A) 2:d:d:d:d: 

I 
R:d:d:N:W 

(mn) 12:3:4:R:d:d:N:W 
(n) 12:3:R:d:d:N:W 

8. BIT OPERATIONS 
Mnemonic Bus Operation 

I BIT b,g 2:N 
I b, (gg) 2:R:N· 

b, (ix+d) 2:d:3:R:N 
b, (HL+A) 2:d:d:d:d:R:N 
b, (mn) \2:3:4:R:N 
b, (n) ,2:d:R:N 

SET/RES b,g 2:N 
I b, (gg) 2:R:N:d:W 
I b, (·i x + d) 2 : d : 3: R: N : d : W 
; b, (HL+A) 2:d:d:d:d: 
I R:N:d:W 
. b, (mn) 12:3:4:R:N:d:W 

b, (n) 12:d:R:N:d:W 
i TSET 
i 
i 
i 
I 
I 
I 
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b,g 2:N:d:d 
b, (gg) j 2:R:N:d:d:W 
b, (ix+d) ,2:d:3:R:N:d:d:W 
b, (HL+A) . 2:d:d:d:d: 

b, (mn) 
b, (n) 

R:N:d:d:W 
2:3:4:R:N:d:d:W 
2:3:R:N:d:d:W 
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9. JUMPS, CALLS AND RETURNS Hnemonic I Bus Operation 
Mnemonic Bus Operation 

JP cC,gg true 2:n:d:1 
DJNI PC+d tru~ 2:d:d:d:1 

falstJ 2:d:d:d:N 
false 2:N:d BC, PC+d t ru ~ 2: d : d : d : 1 

ce. i x+d true 2:d:3:n:d:1 fals~ 2:d:d:d:N 
false 2:d:3:N:d 

ec.HL+A true 2:d:d:d:d:n:d:l 
false 2:d:d:d:d:N:d 

RET I n: 
I PCl+-(SP): 
I PCH +- (SP+ 1) : 

ee,mn true 2:3:4:n:d:l I d:1 

-----------------------------!.~-!-~-~ 2:3:4:N:d ......................................... RET ec t ru~ 2: n: d: 
JR ee, PC+d true 2:n:d:l PCl- (SP) : 

---......... -...... -.--...... !.~-!.~.~ 2:N ............................................ PCH+- (SP+1): 
JP mn 2:3:d:l 
JRL PC+ed 2:3:d:d:l 

I d: 1 
false: 2:N:d ......................................... ......................................... 

CALL ee,gg truE 2:n:d:d: RET! n: 
(SP-l) +-PCH: F+-(SP): 
(SP-2) +-PCl: A+-(SP+1) : 
1 PCl+- (SP+2): 

false 2:N:d PCH +- (SP+3) : 
ee t ix+d truE 2:d:3:n:d:d: d: 1 

(SP-1) +-PCH: 
(S P -2) +- PC l : 
1 

fa I SE 2:d:3:N:d 
ee,Hl+A true 2:d:d:d:d:n:d:d: 

(SP-1) +-PCH: 
(SP-2) +-PCl: 
1 

false 2:d:d:d:d:N:d 
ce,mn true 2:3:4:n:d:d: 

(SP-1)+-PCH: 
(SP-2) +- PCl: 
1 

... -- .......... --.- ... -- .... -!.~-!-~-~ 2:3:4:N:d ....................................... 
CALL mn 2:3:d:d: 

(SP-1) (- PCH 
(S?-2) - PCl 
1 

CAlR PCTed 2:3:d:d:d: 
(~P-1) +- PCH 
(SP-2) +- PCl 
1 
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10. INTERRUPT 
HODE I Bus Operat ion 

NORHAL INTERRUPT n+1:d:d:1:d: 
(SP-1) +-PCH: 
(S P - 2) +- PC l : 
(SP-3) +-A: 
(SP-4)+-F: 

HICRO DHA 
1 

n+ 1: d: d: d: 
DSTl+-(FFOOH+V+1): 
DSTH+- (FFOOH+V+2): 
SRCl +- (FFOOH+V+3) : 
SRCH+-(FFOOH+V+4) : 
CHD +-(FFOOH+V+5): 
TEHP+- (SRC): 
(OS1) +-TEHP: 
TEHP+-(SRC+1) / d: 
(OST+1) +-TEHP / d: 
d: 
d: 
(FFOOH+V+4) +-SRCH': 
(FFOOH+V+3) +-SRCl': 
(FFOOH+V+2) +-OSTH': 
(FFOOH+V+1) +-OSTL': 
COUNT +- (FFOOH+V) : 
d: 
(FFOOH+V) +-COUNr: 
N ....................................................................................... 

if COUNT'=O d:d:d: 
t hen execute (SP-1) +- PCH: 

(SP-2)+-PCl: 
(SP-3) +-A: 
(SP-4)+-F: 
1 
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3.3 Interrupt Functions 

The TMP90C840 supports a general purpose interrupt processing mode to 
acknowledge internal and external interrupt requests, as well as a micro 
DMA processing mode that enables automatic data transfer by the cpu. 
Immediately 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 eoable register to be described later. 
Fig. 3.3 (1) is a flowchart of the interrupt response sequence. 

Interrupt Processing 

Reading of Interrupt Vector 'V' 

General-Purpose 
Interrupt Processing 

YES 

Micro-DMA 
Processing 

Fig. 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 processing the interrupt if it is a non-maskable or maskable 
interrupt requested in the EI state. However, a maskable interrupt 
requested in the DI state is ignored and acknowledged. 
Having acknowledged an interrupt, the CPU reads out the interrupt vector 
from the internal interrupt controller to find out the interrupt source. 
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 at that time results in dummy cycles. 

3.3~1 Normal interrupt processing 
A normal interrupt is processed as shown in Fig. 3.3. (2). 
The CPU stores the contents of the program counter PC and the register 
pair AF into the stack, and resets the interrupt enable flag IFF to 
"0" (disable interrupts). It then transfers the value of the 
interrupt vector "v" to the program counter, and the processing jumps 
to an interrupt processing program. 
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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-l) + PCH 
(SP-2) + peL 

(SP-3) + A 
(SP-4) + F 
SP + SP-4 
IFF + 0 

Fig. 3.3 (2) General Purpose Interrupt Processing Flowchart 

An interrupt 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. 
After the CPU reads out the interrupt vector, the source of an 
interrupt requested acknowledges that the CPU accepts the request, and 
clears the request. 
A non-maskable interrupt cannot be disabled by programming. A 
maskable interrupt, 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 dis,abled 
by setting IFF to "1" by the EI instruction or to t'o" 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 EI instruction is executed after the subsecuent instructions is 
executed. 
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Table 3.3 (1) lists the possible interrupt sources. 

Table 3.3 (1) Interrupt Sources 

I I 
IPriorityl 

I Start ad-I Start ad­
IVectorldress of Idress of 
Ivalue Igeneral IMico DMA order Type Interrupt source 

1 
2 
3 
4 
5 
6 
7 
7 
8 
9 

10 
11 
12 
13 

14 

Non SWI instruction 
maskablelNMI(Input from NMI pin) 

I INTWD (watchdog) 
I INTO (Externa 1 input 0) 
I INTTO (Timer 0) 
I INTTI (Timer 1) 
I INTT2 (Timer 2) 
I INTAD (AID Converter) 

Maskablel INTT3 (Timer 3) 
I INTT4 (Timer 4) 
I INTI (Externa 1 input 1) 

I INTT5 (Timer 5) 
I INT2 (External input 2) 
I INTRX (End of serial 
I receiving) 
I INTTX (End of serial 
I transmission) 

I I purpose Iprocessingl 
I I interrupt I parameter I 
I I process- I I 
I I ing I I 
I 10H I 001 OH I I 
I 18H I 0018H I I 
I 20H I 0020H I I 
I 28H I 0028H I FF28H I 
I 30H I 0030H I FF30H I 
I 38H I 0038H I FF38H I 
I 40H I 0040H I FF40H I 
I 40H I 0040H I FF40H I 
I 48H I 0048H I FF48H I 
I 50H I 0050H I FF50H I 
I 58H I 0058H I FF58H I 
I 60H I 0060H I FF60H I 
I 68H I 0068H I FF68H I 
I 70H I 0070H I FF70H I 
I I I I 
I 78H I 0078H I FF78H I 
I I I i 

(Note) Either INTT2 or INTAD is selected by software. 

The "priority order" in the table is the order of the interrupt source 
used by the CPU for accepting more than one interrupt 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 processing 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 priori ty of interrupt be ing executed with the one be ing 
requested. 

3.3.2 Micro DMA processing 

Fig. 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 accroding to these parameter, these parameters are 
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updated and saved by the CPU into the original locations. The CPU 
then decrements the number of transfers, and completes the micro LMA 
processing unless the result is "0". 
If the number of transfer becomes "0", the CPU {7roceeds to the general 
purpose interrupt handling described in the previous chapter. 

Micro DMA Processing 

Loading of Parameters 
DST ~ (FFOOH+V+l)W 
SRC ~ (FFOOH+V+3)W 
CMD ~ (FFOOH+V+S) 

Data Transfer between Memories 
(DST) ~ (SRC) 
DST ~ DST + 0/1/2 
SRC ..-- SRC ±0/1/2 

Saving of Update Parameters 
(FFOOH+V+3)W ~ SRC 
(FFOOH+V+l)W ~ DST 

Decremen t of No. of Transfer 
Count ~ (FFOOH+V) 
Count ~ Count-l 
(FFOH+V) ~ Count 

Yes 

General-purpose 
Interrupt Processing 

Fig. 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. 
Fig. 3.3.(4) shows the functions of parameters used in the micro DMA 
processing. 
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FFOOH+V+O I Number of transfer 

FFOOH+V+l I Destination address (Lower) 

FFOOH+V+2 I Destination address (Upper) 

FFOOH+V+3 I Source address (Lower) 

FFOOH+V+4 Source address (Upper) 

7 6 5 4 3 2 1 0 
FFOOH+V+5 (Transfer mode) 

x I x I x I x I x I 
I 
I 
I 0 0 Fix current destina-
I tion/source addresses 
I 0 1 Increment destination 
I address 
I 1 0 Increment source ad-
I dress 
I 1 1 Decrement source ad-
I dress 
I 
0 I-byte transfer 
1 2-byte transfer 

(Note) x don't care 

Fig. 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 "FFOOHH + interrupt vector value", from which a six 
bytes' space is used for the parameter. This space can be used for 
any other memory 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. !he 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 
limited to one or two bytes. Both the destination and source 
addresses are specified by 2-byte data. The address space available 
for the micro DMA processing ranges from OOOOH to FFFFH. 
Bit s 0 and 1 of the transfer mode indicates the mode updat ing the 
source and/or destination, and the bit 2 indicates the data length 
(one byte or two bytes). 
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Table 3.3 (2) shows the relation between the transfer mode and the 
result of updating the destination/source addresses. 

Table 3.3 (2) Addresses Updated by Micro DMA Processing 

Transfer 
mode 

Function \Destination\ Source \ 
\ address \ address \ 

000 I-byte transfer: Fix the current source/ \ 0 \ 0 

001 

010 

011 

100 

101 

110 

III 

destination addresses \ \ 
I-byte transfer: Increment the destination\ + 1 

address \ 
I-byte transfer: Increment the source 

address 
I-byte transfer: Decrement the source 

\ 

\ 

\ 

address \ 
2-byte transfer: Fix the current source/ \ 

destination addresses \ 
2-byte transfer: Increment the destination\ 

address \ 
2-byte transfer: Increment the source 

address 
2-byte transfer: Decrement the source 

address 

\ 

\ 

\ 

\ 

o 

o 

o 

+ 2 

o 

o 

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

(Destination address) 
(Destination address+l) 

<- (Source address) 
<- (Source address+l) 

o 

+ 1 

- 1 

o 

o 

+ 2 

- 2 

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

Fig. 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 FFOOH to FF06H. 
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Initial setting for serial receiving 

CALL 
SET 

SET 

LD 
LDW 
LDW 

LD 

EI 

SIOINIT 
1,(FFE6H) 

1,(FFE8H) 

(FF70H),7 
(FF71H) ,FFOOH 
(FF73H) ,FFEBH 

(FF75H),1 

ORG 0070H 

Enable an interrupt for serial data 
receiving. 
Set the micro DMA processing mode for the 
interrupt. 
Set the number of transfer = 7 
Set FFOOH for the destination address. 
Set FFEBH for the source (serial 
receiving buffer) address. 
Set the trans fer mode (I-byt e transfer: 
Increment destination address). 

Interrupt processing program 
after serial data receiving 

REETI 

Fig. 3.3 (5) Example of Micro DMA Processing 

The bus operation in the general purpose interrupt processing and the 
micro DMA processing is included in "Table 3.2 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 I-byte/2-byte 
transfer mode. 
Figure 3.3 (6) shows the interrupt processing flowchart. 
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General-Purpose 
Interrupt 

Processing 

Reading of 
Interrupt 
Vector 'V' 

PUSH PC 
PUSH AF 
IFF -+- 0 

Interrupt 
Processing 

Program 

Instr.llction 
of RETI 

POP AF 
POP PC 

END 

YES 

YES 

Data Transfer 
for Micro-DMA 

Fig. 3.3 (6) Interrupt Processing Flowchart 
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3.3.3 Interrupt controller 

Fig. 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 arid HALT release 
signal circuit (See "3.4 Standby Function" for the HALT operation). 
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 
inter~upt 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 a request to interrupt that channel (write 
"vector divided by 8" into the memory address FFC3H). For example, by 
executing 

LD (FFC3H), s8Hi8, 
the Interrupt Request Flip-flops for the interrupt channel "INTI" 
whose vector is 58H is reset to "0". 
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. Fig. 3.3 (7) 
illustrates the bit configuration indicating the status of Interrupt 
Request Flip-flops. 

IRFL � ____ ~/_IR~F~O~/~IR~F~T~O~I_IR~F_T~l~I ____ ~E~XT __ ~IP~I~C~R~1P~O~C __ R 
(FFC2H) 

I 
I See "3.5.2 Port 1". 
I 
I_R ___ > INTT 1 req ue s t flag 

________ R ___ > INTTO request flag 
______________ R ___ > INTO request flag 

IRFH IIRFT21IRFT31IRFT41IRFI /IRFT5IIRF2 I IRFRXI IRFTXI 
(FFC3H) 

I 
I ~> 

R > 
R > R > R > R > R > R > 

INTTX req uest flag 
INTRX request flag 
INT2 req uest flag 
INTTS req uest flag 
INTI request flag 
INTT4 req uest flag 
INTT3 req uest flag 
INTT2/INTAD request 
flag 

(Caution) Writing "vector divided by 8" into the memory address FFC3H 
clears the Flip-flop for the specified interrupt request. 

Fig. 3.3 (7) Configuration of Interrupt Request Flip-flops 
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Instruction 
of sIn ~-1--~r-------::v:-:=::-:;-lnO;)H 

NHI -..--+-----IJ.-_______ ..;.v_=--=.1.;;.8H~ 

INTWD---4------~------~M~ic-r-o~DMA~--~V-=--2-0~H~ 
Enable Flag 

Dn 3 Input OR 

11 Input OR 

DO 
01 

02 

D3 
D4 
05 

06 
07 

Read of 
Interrupt 
vector 

Non 
Maskable 
Interrupt 
Request 

Maskable 
Interrupt 
Request 

Interrupt Enable 
Flag of CPU 

Reset 

CPU 

Interrupt 
Request 
signal 

Halt Release 
Signal 
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The interrupt enable flags provided for all interrupt request channels 
are assigned to the memory address FFE7H or FFE8H. 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 FFE6H or FFE7H. The 
interrupt request for each channel is placed in the micro DMA 
processing mode by setting this flag to "I". This flag is initialized 
to "O~' (general purpose interrupt processing mode) by resetting. 
Fig. 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 AID converter (INTAD) use a 
common interrupt req uest channel. The interrupt controller firs t 
accepts INTT2 after a reset. IN TAD can be used by setting the 
"INTT2/INTAD selection bit" (ADIS: Bit 3 of memory address FFE7H) to 
"I". 

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

I INTO Level mode If INTO is not an edge-based interrupt, the 
I function of Interrupt Request Flip-flop is 
1 cancelled. Therefore the interrupt request 
1 signal must be held until the interrupt 
1 request is acknowledged by the CPU. A change 
1 in the mode (between edge and level) automat- 1 

1 1 ically clears the interrupt request flag. 1 
1--------------------1-----------------------------------------------1 
I INTAD' level mode I The Interrupt Req uest FI ip-flop can be cleared 1 

1 I only by resetting or reading the register thatl 
1 1 stores AID conversion value, and cannot be 1 
1 1 cleared by an instruction. A change in the 1 
1 I interrupt source (between INTAD and INTT2) 1 

I I automatically clears the interrupt request 1 

1 1 flag. I 

1--------------------1-----------------------------------------------1 
I INTRX level mode I The Interrupt Request Flip-flop is cleared 1 

1 1 only by resetting or reading the serial 1 
I I channel receiving buffer, and not by an I 
1 1 instruction. I 
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Interrupt enable flags 

INTEL I IET2 IIET3 I IET4 lEI I lETS I lE2 I IERX I IETX R/W 
(FFE6H) 

1 __ > INTTX interrupt 
enable flag 

____ > INTRX interrupt 
enable flag 

______ > INT2 interrupt 
enable flag 

_________ > INTTS interrupt 
enable flag 

___________ > INTI interrupt 
enable flag 

______________ > INTT4 interrupt 
enable flag 

________________ > INTT3 interrupt 
enable flag 

___________________ > INTT2 interrupt 
enable flag 

Interrupt and micro DMA enable flags 

INTER I "0" I DEO I DErO I DET1 I ADIS lEO IIETO I lET 1 I R/W 
(FFE7R) 

1 __ > INTTI interrupt 
enable flag 

___ > INTTO interrupt 
enable flag 

______ ) INTO interrupt 
enable flag 

_________ ) INTT2/INTAD selection 
* I 0 I INTT2 I 

I 1 I INTAD I 
___________ ) INTTl DMA enable flag 

______________ ) INTTO 1l1A enable flag 
________________ ) INTO DMA enable flag 

Write "0" 
* indicates the initial)value after reset. 

Micro DMA enable flags 

DMAEH IDET2 IDET3 IDET4 DEI IDETS DE2 IDERX IDETX 
(FFE8H) 

1--) 
---) 

------) 
----------) ----------------) -----------------) --------------------) -------------------------) 

R/W 

INTTX DMA enable 
INTRX 1l1A enable 
INT2 DMA enable 
INTTS DMA enable 
INTI DMA enable 
INTT4 DMA enable 
INTT3 DMA enable 
INTT2 DMA enable 

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

When a HALT instruction is executed, the TMP90C840 selects one of the 
following modes as determined by the halt mode set register: 

(1) RUN 

(2) IDLE.l 

(3) IDLE2 

(4) STOP 

Suspends only the CPU operation. 
remains unchanged. 

The power consump t ion 

Sus pends all interna 1 circui t s except the interna 1 
osc illator. In this mode, the power consumpt ion is les s 
than 1/10 of that in the normal operation. 

Operate only the internal oscillator and specific internal 
I/O devices. The power consumption is less than 1/ 3 of 
that in the normal operation. 

Suspends all internal 
oscillator. In this 
considerably reduced. 

circuits including the internal 
mode, the power consumption 1S 

The HALT mode set register (HALTM) 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. Either a non-maskable or maskable interrupt is acknowledged 
and processed if the CPU executes the EI (enable interrupt) instruction. 
However the CPU executes the DI (disable interrupt) instruction, a 
maskable interrupt may be accepted, and the CPU starts execut ing the 
instruction following the HALT instruction. 

7 6 5 4 3 2 1 0 

WDMOD IWDTE WDTOUT I WARM HALTM EXF IDRVE 
(FFD2H) I I I I I I 

See "3.10 Watchdog Timer" I I I I -) See "3.4.4 STOP mode II 
I I I 
I I I ) 

Exchange flag 
I I See "3.1.2 Registers" 
I I 

0 0 RUN 
0 1 STOP 
1 0 IDLE 1 
1 1 IDLE2 

Fig. 3.4 (1) HALT Mode Set Register 
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3.4.1 RUN Mode 

Fig. 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 interrupt request is sampled with 
the r.is ing edge of the "CLK" signa 1. 

Xl 
..., 
L.r Lr Lr L.r L.r Lr Ln.1MJ1 lJ1 lJ1 Lr Lr L.r 

V ~ II 
~ I 

1\ V ~ 
~ 

eLK 

If -
A¢ - 19 -~ Next ~ 

)I 

OC Next + 1 
" 
I' 

U 

C 
" I'r-~ J J' 

~ RD 

WR 

D¢ - 7 

NMI 

INT¢ 
(Level) 

INT¢'1'2 
(Rising Edge) 

Internal INT 

- 1---- ---

" I 

----~ -----1f----~ --- ---- ---

HALT 1nstruct10n 
Execution Sequence 

'c. 
II \ 

{~~ 
JI 

(C, 
H 

" 11" 

------ 1----~ 
~ 

r.--

Interrupt Acknowlec 
Sequence 

Fig. 3.4 (2) Timing Chart for Releasing the HALT State by 
Interrupts in RUN/IDLE 2 Modes 

MPU90-S0 



TOSHIBA TMP90C840 

3.4.2 IDLE 1 mode 

Xl 

eLK 

A¢ - 19 

RD 

WR 

D¢ - 7 

NMI 

INT¢ 
(Level) 

['¢·1·2 
Lsing Edge) 

Fig. 3.4 (3) illus trates the t lmlng for releas ing the HALT stat e by 
interrupts in the IDLE 1 mode. 
In the IDLE 1 mode, only the internal osci llator and the watchdog 
timer counter operate. The system clock in the MCU stops, and the CLK 
signal is fixed at the "1" level. 
In the HALT state, an instruction 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. 

"\ ~ 

-_rJ... 

- ~---

IJl Ul 'Jl lJl Jl LnJhJl lJl 
J( 

V 1\ I )J 

~ 
.( 

Next ~ 
JJ 

\ 

---

n 
(( 

j JI 

(( 

JJ 

r-::--, 
~----5f--------~ ---1--- ---

m HAL~ Instruct~on 

Exeqution Sequence 

tf 
}/ 

j{ J\ 
JJ 

(( 

JJ 

Jl L.n Ul Jl U 
V \ 

r-~ Next + 1 -
-

~ J 

~-- --- ---~ 
~ 

1--

Interrupt Acknowledge 
Sequence 

Fig. 3.4 (3) Timing Chart of HALT Released by 
Interrupts in IDLEI Mode 

3.4.3 IDLE 2 mode 

Fig. 3.4 (2) shows the timing of HALT release caused by interupts in 
the RUN/IDLE 2 mode. 

MPU90-51 



TOSHIBA TMP90C840 

In the IDLE2 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 sys tem clock is suppl ied to only 
specific internal I/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: 

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

3.4.4 STOP mode 

Fig. 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 summarizes the state of these pins in the STOP 
mode. Note, however, that the pre-halt state can be retained by 
setting the internal I/O register 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 s tabil ize the oscillation, the 
system clock starts its output after the time set by the warming up 
counter WARM (Warming up: Bit 4 of . memory address FFD2H) ha1tfassed16 
A warming-up time of either the clock oscillation time x 2 or 2 
can be set by setting this bit to either "0" or "1". This bit is 
initialized to "0" by resetting. 
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Xl """\ Lrtn LI' LI' L!l 
CLK V ~ 

Warming-up 
Time 

lJl~r-I~:Jl , 
r~--H---'{ JJ I~ 

" 

Jl 

TMP90C840 

.Jl lJl Jl IJ 
I \ 

Ar/; - 19 _OC Next OC ~--H---
,,- IJ 

OC Next + 1 ~ Il ..I' 

RD 

WR 

Dr/; - 7 

NMI 

INTr/; 
(Level) 

·1·2 
ing Edge) 

... 1---

, 
(( Jr--~ I ~-""'f---
JJ 

\ 
t, 

~-"5---
'I 7) 

Ir:--\. --~- p ~---- ~-~T--- ~J---- -- --- --1---~ 
~ --

If 
.J) 

(r.. 
JJ 

{G-
1/ 

HALT Instruct~on 
Execution Sequence 

\ rr 
) J 

" I J) 

rr r J 

~ 

Interrupt Acknowledge 
Sequence 

Fig. 3.4 (4) Timing Chart of HALT Released by 
Interrupt in STOP 2 Mode 

The internal oscillator can be also restarted by the input of the 
RESET signal at "0" to the CPU. In this case, however, the warming-up 
counter remains inactive because the power is turned on too quickly. 
As a result, the normal clock 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 "a' long enough to release the HALT state in the STOP mode. 
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Table 3.4 State of Pins in STOP Mode 
(DRVE bit is set to "0") 

1 Pin Name 1 State 1 
1--------------------1-------------------------1 

- P07/DO - 7 1 
P17 / AO - 7 1 
P27/A8 - 15 1 
P37 1 
P43/A16 - 191 

POO 
P10 
P20 
P30 
P40 
P50 
P60 
P70 
P80 
P81 
P82 
P83 
NMI 
CLK 
EA 
RESET 
Xl 
X2 

P55 1 
P63 1 
P73 1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

High impedance 
High impedance 
High impedance 
High impedance 
High impedance 
High impedance 
Pre-HALT state 
Pre-HALT state 
Ready for input 
High impedance (Note) 
High impedance (Note) 
High impedance 
Ready for input 
High impedance 
Ready for input 
Ready for input 
High impedance 

"1" 

(Note) P81 and P82 are pulled up slightly in the zero-cross 
detection mode. 

3.5 Functions of Ports 

The TMP90C840 contains total 54 bits 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 devices. Table 3.5 describes 
the functions of these ports. 
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Table 3.5 Functions of Ports 

Port I Pin name INa. ofl Direction IDirection set unitl Pin name for 
name I I pins I I I internal function 

Port 0 I POO - P071 8 I I/O I Byte I DO - D7 I 
------1----------1------1-----------1------------------1-------------------1 
Port 11 PIO - P171 8 I I/O I Byte I AO - A7 I 
------1----------1------1-----------1------------------1-------------------1 
Port 21 P20 - P271 8 1 I/O 1 Bit 1 A8 - AIS 1 
------1----------1------1-----------1------------------1-------------------1 
Port 31 P30 1 1 1 Input 1 RxD 1 

1 P31 1 I 1 Input 1 RxD 1 
1 P32 1 1 1 Output 1 TxD/RTS/SCLK 
1 P33 1 I 1 Output 1 TxD 
1 P34 1 1 1 Input 1 CTS 
1 P3S I I lOut put I RD 
1 P36 I I 1 Output 1 WR 
I P37 1 1 1 Input 1 WAIT 

------1----------1------1----------- ------------------1-------------------
1 Port 41 P40 - P431 4 1 Output 1 A16 - Al9 
1------1----------1------1----------- ------------------1-------------------
IPort SI PSO - PSSI 6 I Input I ANO - ANS 
1------1----------1------1----------- ------------------1-------------------
1 Port 61 P60 - P631 4 1 I/O Bit 1 MOO - M03/T01 
1------1----------1------1----------- ------------------1-------------------
1 Port .71 P70 - P731 4 1 I/O Bit 1 MIO - Ml3/T03 
1------1----------1------1----------- ------------------1-------------------1 
1 Port 81 P80 1 I 1 Input 1 INTO 1 
1 1 P81 1 1 1 Input 1 INTI/TI4 1 
1 1 p82 1 1 1 Input 1 INT2/TIS 1 
1 1 P83 1 I 1 Output 1 T03/T04 1 

These port pins function as the general-purpose input/output ports by 
reset t ing. The port pins, for wh ich 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 TMP90C841 functions in the same way as the TMP90C840 except: 

a Port 0 always functions as a data bus (DO to D7). 
a Port I always functions as Address bus (AO to A7). 
a Port 2 always functions as Address bus (A8 to AlS). 
a P3S, P36 and P37 of Port 3 always function as RD, WR and WAIT 

pins, respectively. 

3.S.1 Port 0 (POO - P07) 

Port 0 is an 8-bit general-purpose I/O port (PO: memory address FFCOH) 
whose I/O function is specified by the control register (POC: bit 0 of 
memory address FFC2H) for each 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. 
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In addition to the general-purpose I/O port function, it functions as 
a data bus (DO - 07). Access of an external memory makes it 
automatically function as a data bus. 

H 
:::l 
rT 
ro 
11 

Reset 

Write POCR 

:::l Port 0 
~ (POO - P07) 
o 
PJ 

~ Write PO 

g' 
Ul 

Read PO 

Fig. 3.5 (1) Port a 

3.5.2 Port I (PIO - PI7) 

Port 1 is an 8-bit general-purpose I/O port (PL: memory address FFCIH) 
whose I/O function is specified by the control register (PIC: bit 1 of 
memory address FFC2H) for each byte. All bits of the output latch and 
the control register are initialized to "0" by resetting, whereby Port 
I is put in the input mode. 
In addition to the general-purpose I/O port function, it functions as 
an address bus (AO - A7). The address bus function can be selected by 
setting the external extension control register (EXT: bit 2 of memory 
address FFC2H) to "1" regardless of the status of the above control 
register (p IC) . The EXT register is reset to "0" whereby Port land 
Port 2 turn to the general-purpose I/O mode. 
The EXT register of the TMP90C841 is always set to "1" so that Port 1 
functions as an address bus (AO - A7). 
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H 
!:l 
rt 
CD 
Ii 
!:l 
~~--~ 

o 
llJ 
rt 
llJ 

tI1 
C 
Ul 

Reset 

Read Pl 

Fig. 3.5 (2) Port 1 
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Port 0 Register 

PO 1 P07 1 P06 1 POS 1 P04 1 P03 1 P02 1 POI 1 POO 1 R/W 
(FFCOH) 

Port 1 Register 

PI 1 P17 1 P16 1 PIS 1 P14 1 P 13 1 P 12 1 Pll 1 PIO 1 R/W 
(FFCIH) 

Port 0/1 Control Register 

POICR 1 ____ ~I~I~RF_O~I~I=R_FT~O~I_I=R_FT_l~I~ __ ~1 _E_X_T~~P=l_C~_P_o_c_1 
(FFC2H) W 

R 
See "3.3.3 Interrupt controller"./ 

1 

1 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

1 __ > Set I/O of Port 0 

* 1 0 1 Input 1 
1---/----------/ 
1 1 / Output / 

W 
____ > Set I/O of Port I 

W 

* / 0 / Input / 
/---/----------/ 
/ I / Output / 

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

* / 0 / General- / 
/ 1 purpose / 
1 1 port / 
1---1----------1 
/ I / Address / 
/ / bus / 

* indicates initial 
value after reset. 

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

Port 2 is an B-bit general-purpose I/O port (P2: memory address FFC4H) 
whose I/O functionsis specified by the control register (P2CR : bit 1 
of memory address FFC5H) for each bit. All bits of the output latch 
and the control register are initialized to "0" by resetting , Whereby 
Port 2 turns to the input mode. 
In addition to the general-purpose I/O port function, it functions as 
an address bus (AB - A15). The address bus func t ion can be se lec ted 
by setting the EXT register (EXT: bit 2 of memory address FFC2H, 
shared with port 1) to "I" and set t ing the Port 2 control regis ter 
(P2CR) to the output mode. When the Port 2 control register is set to 
"0", Port 2 functions as an input port, regardless of the status of 
the EXT register. 
For the TMP90CB41, all bits of the EXT register and the control 
register are always set to "1", and Port 2 functions as an address bus 
(AB to A15). 

Reset 

Write 
H p2CR ~ 
rT 
CD 
ti 
~ Port 2 Pl ..... (P20-P27) 
0 
$lJ 
rT 
Pl Write 
to P2 c 
Ul 

Read P2 

Fig. 3.5 (4) Port 2 
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Port 2 Register 

P2 I P27 I P26 I P25 I P24 I P23 I P22 I P21 I P20 I R/W 
(FFC4H) 

Port 2 Control Register 

P2CR Ip27C Ip26C Ip25C Ip24C Ip23C Ip22C Ip2lC Ip20C I W 
(FFC5H) I I I I I I I I 

I I I I I I I I 
I I I I I I I I I 
I I I I I I I I I 
t t t t t -t t -t t 

* IEXI=OI 0 IInput IInput !Input IInput IInput IInput IInput IInput I 
IEXI=ol 1 IOutputlOutputl Output I Output I OutputlOutputlOutputlOutp uti 
IEXT=ll 0 I Input IInput IInput IInput IInput IInput IInput IInput I 
IEXT=ll 1 I Al5 I Al4 I Al3 I Al2 I All I AIO I A9 I A8 I 

* indicates initial value after reset. 

Fig. 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: memory address FFC6H) 
with fixed I/O function. All bits of the output latch are set to "1", 
and "1" is generated to the output port. 
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: memory address FFC7H). All bits of the 
control register are initialized to "0" by resetting, by which the 
port turns to the general-purpose I/O port mode. 
However, access of an external memorL makes P35 _-_P37 automat ically 
function as the memory control pins (RD, WR and WAIT), and access of 
an internal memory makes them function as general-purpose I/O ports. 
When an external memory is accessed , therefore, the output latch 
regis ters P35 eRD) and P36 (WR) shou ld be kept at "1" which is the 
initial value after the reset. 
The bit 5 (RDE) of the control r~gister is intended for a pseudostatic 
RAM. When set to "1", it always functions as an RD pin. It is set to 
"0" by reading the internal I/O unit. 

Reset 

Port 3 Output 
(P32, P33, P35, P36) 

H 
~ 
rT 

Write P3 CD 
I'i 
~ 
llJ 
I-' 

0 
llJ 
rT 
llJ 

tJ:l Read P3 
C 
Ul 

Port 3 Input 

t (P30, P31, P34, P37) 

Read P3 

Fig. 3.5 (6) Port 3 
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Port 3 Register 

P3 1 P37 P36 P35 P34 P33 P32 P31 P30 
(FFC6H) R R/W R/W R R/W R/W R R 

Port 3 Control Register 

P3CR 1 WAITC RDE ODE TXDC RXDC 
(FFC 7H) -----~----:....---:---~--.:....----.;..--

1_--:---- 1 R/W 
1 

1 See "3.8 Serial Channel". 
1 R/W 
1 ______ > Set port P33 to open drain output 

* 1 0 1 CMOS output 1 
1---1----------------------------1 
1 1 1 Open drain output 1 

R/W 

-----> Set port P35 to fixed RD mode 

* 1 0 1 General-purpose I/O port 1 
1---1----------------------------1 
1 1 1 Fixed as an pin 1 

R/W 
_________ > WAIT control 

* 1 001 2-state wait 1 

1---1----------------------------1 
* I 011 Normal wait I 

1---1----------------------------1 
* I 101 No wait I 

1---1----------------------------1 
I 1 I Reserve I 

* indicates initial value after reset. 

Fig. 3.5 (7) Register for Ports 3 

MPU90-62 



TOSHIBA TMP90C840 

3.5.5 Port 4 (P40 - P43) 

Port 4 is a 4-bit port (P4: memory address FFC8H) intended only for 
the output. All bits of the output latch are initialized to "0" by 
resetting, and "0" is generated from 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 (P4CR: memory address FFC9H). The output port or 
addre.ss bus function can be selected for each bit. All bits of the 
contro 1 regis ter are init ial ized to "0" by reset t ing, by wh ich the 
port turns to the output mode. 

H 
~ lti .-----1 
11 
~ 
Pl 
I-" 

t:I 
Pl 
rt 
Pl 

Write P4 

1l'1------< t---... 
c 
Ul 

Read P4 

Fig. 3.5 (8) Port 4 
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Port 4 Register 

P4 1 1 P43 1 P42 1 P41 I P40 I R/W 
(FFC8H) 

Port 4 Control Register 

P4CR I Ip43C Ip42C I P41C Ip40C I W 
(FFC9H) 

> Set output port/ 
address bus 

* 1 0 1 Output port 1 
1---1-------------1 
1 1 1 Address bus 1 

* indicates initial 
value after reset. 

Bank register BX 

BX 1 BX3 BX2 BXl BXO I R/W 
(FFECH) 

> Address bus 
A16 - A19 

Bank register BY 

BY 1 BY3 BY2 BYl BYO 1 R/W 
(FFEDH) 

> Address bus 
Al6 - Al9 

Fig. 3.5 (9) Registers for Port 4 
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3.5.6 Port 5 (P50 - P55) 

Port 5 is a 6-bit input port (P5: bit 0 - 5 of memory address FFCAH) 
and also used as an analog input pin (ANO - AN5). 
Writing data into Port 5 register is prohibited. 

P5 I 0 
(FFCAH) 

1 

6 Channel 
Analog 
Multi­
plexer 

Fig. 3.5 (10) Port 5 

Port 5 Register 

Port S 
(PSO - PSS/ANO - ANS) 

PS5 I P54 I P53 I PS2 I PSI I PSO I R 

Fig. 3.5 (11) Register for Port 5 
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3.5.7 Port 6 (P60 - P63) 

Port 6 is a 4-bit general-purpose I/O port (P6: memory address FFCCH) 
whose function is specified by the control register (P67CR: bits 0 - 3 
of memory address FFCEH) 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 
o (MOO - M03) , so either the general-purpose I/O or the stepping motor 
contrbl port can be selected by the control register (SMMOD: bits 0 
and 1 of memory address FFCBH). This port is served as the general­
purpose I/O port by resetting. 

Reset 

r-- • 
r-____________ ~------__ --~~IDirectionl 

LControl ,r----------T----~ 

writ! P67CR ~ ______ ~I FunctionL-
I Control ,-

Write tMMOD 

H 
~ 
rt 
CD 

Shift... • 
r-----------~----------~I output Ir---~----~--~~' 

~ Latch I >--...---i 

g SA6 
PI 
I--' 1-----41 Shift Alternate L 
~ l Register r----
lJ t_ 
~ ~-----------------. 
C 
Ul Write P6 

L,..-,-. -----+ -

~\..._-J-.... ----. 

Read p6 

Fig. 3.5 (12) Port 6 
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3.5.8 Port 7 (P70 - P73) 

r-"'" 

H 
::l 
rt 

Port 7 is a 4-bit general-purpose I/O port (P7: memory address FFCDH) 
whose I/O function is specified by the control register (P67CR: bits 4 
- 7 of memory address FFCEH). The control register is initialized to 
"a" by resetting, whereby Port 7 turns to the input mode. 
This port is also serviceable as a stepping motor control port channel 
I (MIa - MI3), so either the general-purpose I/O or the stepping motor 
control port can be selected by the control register (SMMOD: bits 4 
and 5 of memory address FFCBH). It is served as the general-purpose 
I/O port by resetting. 

Reset 

~ ____________ 4-__________ +--1IDirectionl~ ________ ~~ __ ~ 
IControl I 

writ! P67CR 

, 
r-______ ~IFunctionL-

I Control ,-

t 
Write SMMOD 

l 
1' ....... J Output I Port 7 Shift~ 

r-.f Latch I (P70-P73 
Output /MIO-M13) 
Buffer ~ ,w SA7 

::l 
PI I Shift Alternate 
I-' t-----I 
o I Register 

~ t~ ________________ ~ 
tl1 
C 
Ul 
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Port 6 Register 

P6 ISA63 ISA62 ISA6l ISA60 P63 1 P62 1 P61 1 P60 
(FFCCH) 

1 W R/W 

Stepping motor Port 6 
control port 
Channel 0 shifter 
alternate register 

Port 7 Register 

P7 I SA73 I SA72 I SA7l I SA70 P73 I P72 I P7l I P70 
(FFCDH) 

1 W R/W 

Stepping motor Port 7 
control port 
Channel 1 shifter 
alternate register 

Port 6 and 7 Register 

P67CR Ip73C Ip72C Ip7lC Ip70C Ip63C Ip62C Ip6lC Ip60C 
(FFCEH) 

I ________ ~--------~--------~---------
w 

TMP90C840 

________ ) Select input/output of 
port 6 

* 1 0 1 Input 1 

1----1-----------1 
1 1 1 Output 1 

w 
______________________________ ) Select input/output of 

port 7 

* 1 0 I Input 1 

1----1-----------1 
1 1 1 Output 1 

* indicates initial 
value after reset. 

Fig. 3.5 (l4a) Registers for Ports 6 and 7 
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Stepping motor mode register 

SMMOD / SM7M P70C SM6M P60C 
(FFCBH) ------~------~----~-------

See "3.7 Stepping motor control 
port". 

/------~--~--~----~--~--
/ 

/ 

/ R/W 

/_-> Select function of Port 6. 
(Port 6 Output Control) 

P63 P62 P61 P60 Shift / 
trigger / 

* /00/ IN/OUT / IN/OUT / IN/OUT / IN/OUT / / 
/--1--------/--------/--------/--------/-----------/ 
/01/ IN/OUT / IN/OUT / IN/OUT / IN/TOl / / 
/--1--------1--------1--------1--------/-----------/ 
/10 / / / / / / 
/--/ IN/M03 / IN/M02 1 IN/MallIN/MOO 1 Timer 0,1 / 
/11/ / / / / / 

Shift trigger signal output timer for ___ I 
stepping motor control 

R/W 
______________ > Select function of Port 7. 

(Port 7 Output Control) 

I P73 P72 P71 P70 Shift 
/ / / / I trigger / 

* /00/ IN/OUT / IN/OUT / IN/OUT / IN/OUT / / 
/--/--------/--------1--------/--------/-----------/ 
1011 IN/OUT I IN/OUT I IN/OUT 1 IN/T03 I I 
1--1--------1--------1--------1--------1-----------1 
110 I 1 1 1 1 Timer 2,3 1 
1--1 IN/M13 / IN/M12 1 IN/Mll 1 IN/MIa 1-----------1 
1111 I I I I Timer 4 I 

Shift trigger signal output timer for 
stepping motor control 

* indicates initial value after reset. 

(Note) SM6M and SM7M are included in Fig. 3.7. 

Fig. 3.5 (14b) Register for Port 6 and 7 
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3.5.9 Port 8 (P8D - P83) 

Port 8 is a 4-bit general-purpose I/O port (P8: memory address FFDOH), 
with P80 to P82 intended only for the input and P83 only for the 
output. The output latch of P83 is reset to "0", whereby the output 
level turns to "L". 
Port 8 also has the functions of interrupt request input, clock input 
for a timer/event counter, and timer output. 

(1) P80/INTO 
P80 is a general-purpose input port, also used as the external 
interrupt request input pin INTO. INTO allows the selection of either 
an "H" level interrupt or rising edge interrupt by using the control 
register (P8CR: Bit 0 of memory address FFDlH). 

H 
::l 
rt 
~ Read PS 
::l 
III 
t-' 

t::l 
III 
rt 
III 

tJj 
~ 
en 

(2) P8l/INTl/TI4 

PSCR 

Fig. 3.5 (15) Port P80/INTO 

PSO/INTO 

P8l is a general-purpose input port, also used as the external 
interrupt request input pin INTI and the clock input pin TI4 for the 
timer/event counter. 
This port incorporates a zero-eros s detec tion circuit, and enab les 
zero-cross detection by connecting an external capacitor. The zero­
cross detection can be disabled/enabled by using the control register 
(P8CR: Bit 1 of memory address FFDIH). This control register is reset 
to "0", making the zero-cross detection disabled. 

(3) P82/INT2/TI5 
Like P8l, P82 is a general-purpose input port, als a used as the 
external interrupt request input pin INT2 and the clock input pin TIS 
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 (P8CR: Bit 2 of memory address FFDIH). 
When this control register is reset, the zero-cross detection is 
disabled. 
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H 
::l 
rt 
<D 
t1 
::l 
III 
I-' 

o 
III 
rt 
III 

~ 
C 
til t------t 

Write p8CR 

TI4 
TIS) 

TMP90C840 

Capacitor 

P81/I~4 f\f'\v 
(P82/INT2/TIS) 

Fig. 3.5 (16) Port P81/INT1/TI4 and P82/INT2/TI5 

(4) P83/T03/T04 
P83 is a general-purpose output port, also used as the timer output 
pins T03/T04. Either function can be selected by using two control 
registers (P83C: bit 3 of memory address FFD1H; SMMODs 5 and 4: bits 5 
and 4 of FFCBH). 

1 P830C 1 SMMOD5,4 1 Function 1 
1-------1------------1-------------------1 

* 1 0 1 XX 1 p83 output port 1 * indicates initial 
1-------1------------1-------------------1 value after reset. 
1 1 1 OX 1 1 
1-------1------------1 T04 1 
1 1 1 10 1 1 
1-------1------------1-------------------1 
1 1 1 11 1 T03 1 

1-1 

~ P83/T03/T04 
CD 
11 
::l 
III 
I-' 

o 
III 
IT 
III 

g' T03 T04 
t1l 

Write peCR 

Fig. 3.5 (17) Port P83/T03/T04 
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Port 8 Register 

P8 1 P83 P8Z P81 P80 
(FFDOH) ----~----~--~----~~R~/W~~~R~~~R~~~R~ 

P8CR 1 Ip830clzCE2 IZCEI lEDGE 1 
(FFD 1 H) ----~----.:..--~---~-----'----:....---~---

w 

w 

I W 
1 __ > Control INTO 

* 1 0 I Interrupt by "H" 
I I level detection I 
1---1-------------------1 
I 1 I Interrupt by ris- I 
I I ind edge detection 1 

w 
> P81/INTl/TI4 zero-cross 

--- enable 

(Zerp-Cross Enable P81) 
* 1 0 I Disable I 

1---1-------------------1 
I 1 I Enable 1 

> P8Z/INTZ/TI5 zero-cross 
----- enable 

(Zerp-Cross Enable P8Z) 
* 1 0 1 Disable 1 

1---1-------------------1 
1 liEnable I 

________ > Select P83 function 

(P83 Output Control) 
* 1 0 I P83 I 

1---1-------------------1 
1 1 I T03/T04 1 

* indicates initial value 
after res et. 

FIG. 3.5 (18) Registers for Port 8 
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3.6 Timers 

The TMP90C840 incorporates four 8-bit timers and a 16-bit multi-function 
timer/event counter. 

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

o 8~bit interval timer mode (4 timers) 
o l6-bit interval timer mode (2 timers) 

and also function as 
The following four 

possible arrangements: 8-bit x 2 and 16-bit x 1, or 16-bit x 2 
o 8-bit programmable square wave (pulse) generation (pPG) mode (2 

timers) 
o 8-bit pulse width modulation (PWM) mode (2 timers) 

The 16-bit multi-function timer/event counter can operate 1n the 
following six modes: 

a 16-bit interval timer mode 
o l6-bit event counter mode 
o 16-bit programmable square wave (pulse) generation (pPG) mode 
o Frequency measurement mode 
a Pulse width measurement mode 
o Timer deviation measurement mode 

3.6.1 8-bit timers 

The TMP90C840 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. 
Fig. 3.6 (1) is a block diagram of the 8-bit timers (Timer 0 and Timer 
O. 
Timer 2 and 3 have the same circuit configuration as Timer 0 and Timer 
1 respectively. 
Each interval timer 
comparator and an 
(TFF1/TFF3) provided 
and Timer 3. 

is composed of an 8-bit up-counter, an 8-bit 
8-bit timer/register, with a Timer Flip-flop 
to each pair of Timer 0 and Timer 1 and Timer 2 

Internal clocks (~T1, ~T16 and ~T256), some of the input clock sources 
for the interval timers, are generated by the 9-bit prescaler shown in 
Fig. 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). 
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r--Timer 
I 
I ¢Tl 
I 
I ¢T16 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TRUNO 

L.. _______________ _ 

TFFCR3,2 

: ¢Tl 
Match : ¢T16 

I¢T256 
I 
I 
I 

INTTOi 

I 
I 
I 
I 
I 

set 

reset 

TRUNl 

~----------------
Interrial Data Bus 

:'0:' 

Trigger 

Fig. 3.6 (1) Block Diagram of 8-bit Timers (Timers 0 and 1) 
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<D Prescaler 
An 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, etc. 
For the 8-bit timers, three types of clock are generated (oT I, oT 16 
and oT256). 
The prescaler can be run or stopped by using the 5th bit TRUN5 (PRRUN) 
of th~ timer control register (TRUN). Set t ing TRUNS to "I" makes the 
prescaler count, and setting it to "0" clears the prescaler to stop. 
By resetting, TRUNS is initialized to "0", making the prescaler cleare 
and stop. 

Oscillator 
circuit 

B=¢l 
1/2 

¢2 

eLK 

fc/4 

¢Tl 

¢T4 

fc/4 

¢Tl ¢T4 ¢T16 ¢T64 ¢T256 

a 1 2 3 4 5 6 7 8 

9 Bit Prescaler 

run/stop & clear 
TRUN5 

Fig. 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 a and 2 is selected from ~T1, ~T16 and 
~T256 according to the setting of the TCLK register. 
However, ~T256 cannot be selected as the input clock pulse for these 
timers in the 16-bit timer mode (TMOD3,2=Ol/TMOD7,6=01). 

Example: When setting TCLKl, a "01", s6Tl is selected as the input 
clock pulse for Timer o. 

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, regardless of the setting of 
the TCLK register. 
In the other operating modes, the clock pulse is selected among the 
internal clocks s6T1, ~T16 and ¢T256, and the output of the Timer 0 and 
2 comparator (match signal). 

Example: If TMOD3,2 = 01, the overflow output of Timer 0 is selected 
as the input clock to Timer 1. 
If TMOD3,2 = 00 and TCLK3,2 = 01, ~Tl is selected as the 
input clock to Timer 1. 

The operating mode is selected by the TMOD register. This register is 
initia 1 ized to TMOD3, 2 =OO/TMOD7 ,6=00 by resett ing, where by the 
up-counter is placed in the 8-bit timer mode. 
The up-counter can control its functions, count, stop or clear, for 
each interval timer as selected by the timer control register TRUN. 
By resetting, all up-counters are cleared to stop the timers. 
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Timer 2, 3 Timer 0, 1 
I 7 6 5 4 3 2 1 a 
I 

TMOD I T23M PWM3 TOIM PWMI 
(FFDAH) I 

I 
I 
I R/W 
1_> Select PWM 1 cycle 

("Don't care" in non-PWM modes) 

* 1001 I 
1--1------------------------------1 
lOll 26 -1 I 
1--1------------------------------1 
1101 27 - 1 I 
1--1------------------------------1 
I 11 I 2

8 
- 1 I 

R/W 
____ > Set operating mode of Timer a and 1. 

* 1001 8-bit timer x 2 I 
1--1------------------------------1 
lOll 16-bit timer I 
1--1------------------------------1 
1101 8-bit PPG output I 
1--1------------------------------1 
1111 8-bit PWM output (Timer 1) I 
I I +8-bit timer (Timer 0) I 

R/W 
________ > Select PWM 3 cycle 

("Don I t care" in non-PWM modes) 

* 1001 I 
1--1------------------------------1 
1011 2

6 
- 1 I 

1--1------------------------------1 
110 I 2

7 
- 1 I 

1--1------------------------------1 
III I 2

8 
- 1 I 

R/W 
___________ > Set operating mode of Timer 2 and 3. 

* 1001 8-bit timer x 2 I 
1--1------------------------------1 
lOll 16-bit timer I 
1--1------------------------------1 
1101 8-bit PPG output I 
1--1------------------------------1 
1111 8-bit PWM output (Timer 3) I 
I I +8-bit timer (Timer 2) I 

(Note) * indicates initial value after reset. 
R/W denotes that read or write is possible. 

Fig. 3.5 (3) 8-bit Timer Mode register (TMOD) 
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Timer 3 Timer 2 Timer 1 Timer a 
I 7 6 I 5 4 I 3 2 I 1 a I 

I 
TCLK I T3CLK T2CLK TICLK TOCLK 

(F FD 8H ) I ___ :...---.,;..._~-.;._--=--_~_ 

R/W 

R/W 

I 
I 
I 
I 
I I I 
I * 1001 
I 
I 
I 
I 
I 
I 
I 

1011 
1101 
1111 

R/W 

I I 
* 1001 

I I 
1011 
1101 
1111 

I I 
* 1001 

1011 
1101 
111\ 

I I 
* 1001 

I I 
1011 
1101 
1111 

I 
IR/w 
I -> Timer a input 

TMOD3,2 01 

Internal clock 0T1 
" ¢T16 
" ¢T256 

> Timer 1 input 

TMOD3,2 = 01 
Timer a comparator 
outEut 
Internal clock ¢T1 

" q}T16 
" q}T256 

> Timer 2 input 

TMOD7,6 01 

Internal clock ~T1 
" ¢T16 
" q}T256 

> Timer 3 input 

TMOD7,6 = 01 
Timer 2 comparator 
outEut 
Internal clock ~T1 

" ¢T16 
" ¢T256 

(Note) * indicates initial value after reset. 

TMP90C840 

clock 

TMOD3,2 = 01 

Internal clock ~T1 
" ~T16 

Not used 

clock 

TMOD3,2 = 01 

Timer a overflow 
output 

clock 

TMOD7,6 = 01 

Internal clock ¢T1 
" ¢T16 

Not used 

clock 

TMOD7,6 = 01 

Timer 2 overflow 
output 

Fig. 3.6 (4) 8-bit Timer Clock Control Register (TCLK) 
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7 6 
16-bit timers 8-bit timers 
5143210 

1 1 1 1 1 1 1 1 

TMP90C840 

TRUN 1 BRATE 1 PRRUNI T4RUNIT3RUNIT2RUNITIRUNITORUNI 
(F FD BH ) 1 1 1 1 1 1 1 1 

--------~----~----~--~----~--~----

R/W 

R/W 

R/W 

R/W 

1 

1 1 

1 1 R/W 
1 1 __ > Select Timer 0 operation 
1 

1 

1 

1 R/W 

* 1 0 1 Stop and clear 
1 1 1 Count 

1 __ > Select Timer operation 

R/W 

* 1 0 1 Stop and clear 
1 1 1 Count 

______ > Select Timer 2 operation 

* 1 0 / Stop and clear 
1 1 1 Count 

_____________ > Select Timer 3 operat ion 

* 1 0 / Stop and clear 
/ 1 1 Count 

______________ > Select 16-bit timer 
(Timer 4) operation 

* 1 0 1 Stop and clear 
/ 1 / Count 

____________________ > Select prescaler operation 

* / 0 / Stop and clear 
I 1 / Count 

_________________ > Select transfer speed of serial I/O 
baud rate generator (fc=9.8304MHz) 

(Note) * indicates initial value after reset. 

II SC1,0=01 
* /00/ 300 baud 

101/ 1200 baud 
/101 4800 baud 
111/19200 

R/W denotes that read or write is possible 

I SC 1,0=11 
I 150 baud 
1 600 baud 
12400 baud 
/9600. baud 

Fig. 3.6 (5) Timer/Serial Channel Control Registers (TRUN) 
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I 
I 

TFFCR I 
(FFD9H)I 

I 

TFF3 
7 6 5 4 I 

I I I 
FF3C IFF3IEIFF3IS1 

I I I 
I I 

3 

FFlC 

TFFl 
2 1 0 I 

I I I 
IFF 1 IE I FF 1 IS I 
I I I 

_-:--_1 I 
I 
I 
I 
I 
I 

TMP90C840 

__________ ~------~----~~--~~I 
1 __ > Select inverse signal of timer flip-flop TFFI 

I TMOD3,zl 00 I 01 10 11 I 
I FFI IS I I I 

* I 0 18-bit timer I I 
I Imode (Timer 0) I I 
I 1 18-bit timer I 16-bit timer modelPPG mode IpWM mode I 
I lmode (Timer 1) I (Timers 0 & 1) I (Timer 1) I (Timer 1) I 

R/W 
___ > Invert timer flip-flop TFFI 

* I 0 Disable 
1--~1~--~-E-n-a~b-l-e-------------------------------------

W 
________ > Control timer flip-flop TFFI 

00 Clear TFF1 to "0" 
01 Set TFF1 to "1" 
10 Invert value of TFFI (Software inversion) 
11 Don't care (Always se t at "11" when re ad out) 

R/W 
_______ > Select inverse signal of timer flip-flop TFF3 

I TMOD7,61 00 I 01 10 I 11 
I FF3IS I I I 

* I 0 18-bit timer I I 
I Imode (Timer 2) I I 
I 1 18-bit timer I 16-bit timer modelPPG mode I PWM mode I 
I Imode (Timer 3) I (Timers 2 & 3) I (Timer 3) I (Timer 3) I 

R/W 
______ ) Invert timer flip-flop TFF3 

o Disable 
1 Enable 

W 
_________ ) Control timer flip-flop TFF3 

00 Clear TFF3 to "0" 
01 Set TFF3 to "1" 
10 Invert value of.TFF3 (Software inversion) 
11 Don't care (Always set at "11" when re ad out) 

Fig. 3.6 (6) 8-Bit Timer Flip-Flop Control Register (TFFCR) 
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CD Timer registers 

® 

8-bi t regi s ter s are provided to se t the interva I time. When the se t 
value of a timer register matches that of an up-counter, the match 
signal of their comparators turn to the active mode. If "OOH" is set, 
this signal becomes active when the up-counter overflows. 

Comparators 
A comparator compares the values in an up-counter and a timer 
register. When they matches, the comparator clears the up-counter to 
"0", . and generates an interrupt signa I (INTTn) . If the timer 
flip-flop inversion is enabled by the Timer Flip-Flop control 
register, the comparator inverts the Timer Flip-flop. 

CD Timer flip-flops (Timer F/Fs) 
The status of the Timer Flip-flop 1.5 inverted by the match signal 
(output by comparator). Its status can be output to the timer output 
pin TOI (also used as P60) and T03 (used as P70 or P80). 
A Timer F/F is provided to each of the timer pairs Timer a - Timer 1 
and Timern 2 - Timer 3, and is called TFFI and TFF3, respectively. 
The status of TFFI is output to Tal, and that of TFF3 to T03. T03 has 
2 pins (P70 and P83). P83 is selected only when the port 7 is used as 
a stepping motor control port. 
The Timer F/Fs are controlled by a timer flip-flop control register 
(TFFCR) . 

In the case of TFFI (timer F/F for the Timer a and Timer 1), the 
flip-flop operation is described as follows: 
TFFCRO (FFIIS) selects the signal for inversion of TFFI. In the 8-bit 
timer mode, inversion is enabled by the match signal from Timer a if 
this bit is set to "1", or by the signal from Timer 1 if set to "0". 
In any other mode, FFIIS must be always set to "1". It is initialized 
to "0" by resetting. 
TFFCRI (FFIIE) controls the inversion of TFFI. Setting this bit to 
"1" enables the inversion and setting it to "0" disable. 
FFIIE is initialized to "0" by resetting. 
The bits TFFCR3 and TFFCR2 (FFIC) are used to set/reset TFFI or enable 
its inversion by software. TFFI is reset by writing "00", set by "01" 
and inverted by "10". 
Similarly, TFF3 is controlled by TFFCR7 - 4. 

The 8-bit timers operate as follows: 

(1) 8-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. 

aD Generating interrupts at specified intervals 
Periodic interrup~s 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 TREGI 
enable INTT1, and start the counting of Timer 1. 
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Example: 

TRUN 
TMOD 
TCLK 

TREG1 
INTER 
IRUN -
(Note) 

TMP90CB40 

To generate Timer 1 interrupt every 4.0us at fc=10 MHz, the 
registers should be set as follows: 

MSB 
7 6 5 4 3 

<- - - - - -
<- - - 0 
<- - - 0 

<- 0 0 1 1 0 
<- - - -
<- - - 1 - -

x: Don't 

LSB 
2 1 0 
- 0 -
0 x x 
1 

0 1 0 
- - 1 
- 1 -

care 

Stop Timer 1, and clear it to "0". 
Set the B-bit timer mode. 
Select OT1 (O.Bus @fc=10 MHz) as the 
input clock. 
Set the timer register at 40us/Tl = 50. 
Enable INTT l. 
Start Timer 1. 

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 
O.Bus - 204us 

l2.Bus - 3.264ms 
204.Bus - 52.429ms 

Caution for using Timer 2 

Resolution 
O.Bus 

l2.Bus 
204.Bus 

Input clock 
0Tl 
~16 
¢T256 

Interrupts generated by Timer 2 (INTT2) uses the same interrupt mask 
flag (INTEL 7) as used for those of the AID converter (INTAD). To 
select either interrupt, another flag INTEH3 is provided. Setting 
this flag to "0" enables interrupts by Timer 2 and disables those by 
the AID converter. 

[2] Generating pulse at 50% duty 
The Timer Flip-flop is inverted at specified intervals, and its status 
is output to a timer output pin (TOl or T03). 

Example: To output pulse from TOI at fc=10 MHz every 4.Bus, the 
registers should be set as follows: 
This example uses Timer I, but the same operation can be 
effected by using Timer O. 

TRUN 
TMOD 
TCLK 
TREGI 
TFFCR 

7 6 543 2 1 0 
<- - - - - 0 -
<- - 0 0 x x 
<- - - 0 1 
<- 0 0 0 0 0 0 1 0 
<- - 0 0 1 1 

SMMOD <­
P67CR <­
TRUN <­
(Note) x: 

- x x 0 1 
1 

1 - 1 -
Don't care 

Stop Timer 1, and clear it to "0". 
Set the B-bit timer mode. 
Select ~T1 as the input clock. 
Set the timer register at 4.8usl¢T1/2=3. 
Clear TFF1 to "Oil, and set to invert by 
the match signal from Timer 1. 
Select P60 as TOI pin. 
Select P60 as TOI pin. 
Start Timer 1. 

No change 
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~Jp-

¢Tl 

TRUNl .--J¢2 

BIT7 ~ 2 

COt;:1ter 
BITl ___ --+_~...,..~ 

BITO 0 

Cor.:?arator 
"':'ir::ing 

Comparator Output 
(Match signal) --------------f....I 

INTTl 

UC Clear 

TFFl ~l--------------~r---
TOl 

I 
11 

2.4 )Js @fc = 1011Hz 
~'--_-_---...JI 
I 

.. : 

Fig. 3.6 (7) Pulse Output (50% duty) Timing Chart 

CD Making Timer 1 count up by match signal from Timer a comparator. 
Select the S-bit timer mode, and the set output of Timer a comparator 
as the input clock to Timer 1. 

Timer a n n 
Comparator Match Signal ----- '------------' ... -------
Up-Counter of 
Timer 0 
(TREGO = 5) 

Up-Counter of ---------'""X X 
Timer 1 1 2 1 
(TREGI = 2) '-_______ ..J '-------

Match Signal 
from Timer 1 

______________________ ~n~ ______ _ 
Fig. 3.6 (S) 

® Software inversion 
The timer flip-flops can be inverted by software independent of the 
timer operation. 
Writing "10" into the bits TFFCR3 and TFFCR2 inverts TFFl, and writing 
the same into TFFCR7 and TFFCR6 inverts TFF3. 

CD Initial setting of Timer Flip-Flops 
The Timer Flip-flops can be initialized to either "011 or "1" without 
regard to the timer operation. 
TFFI is initialized to "a" by writing "00" into TFFCR3 and TFFCR2, and 
"I" by writing "01" into these bits. 

(Note) Reading the data from the Timer Flip-flops and timer registers is 
prohibited. 
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(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 
o and Timer 1 is discussed. 
Cascade connection of Timer 0 and Timer to use them as a l6-bit 
interval timer requires to set the bits 3 and 2 of the mode register 
TMOD to "01". 
By selecting the l6-bit timer mode, the overflow output of Timer 0 1S 

automatically selected as the input clock to Timer 1, regardless of 
the set value of the clock control register TCLK. The input clock to 
Timer 0 is se lec ted by TCLK. Note, however, that SJST256 cannot be 
selected in the l6-bit timer mode. Table 3.6 (2) shows the 
combinations of timer (interrupt) cycle and input clock. 

Table 3.6 (2) l6-bit timer (interrupt) cycle and input clock 

Timer (interrupt) cycle 
@fc=lO MHz 

l2.8~s - 52.43ms 
l2.8~s - 838.86ms 

Resolution 

0.8~s 

12.8~s 

Input clock 
to Timer a 

g>Tl 
~Tl6 

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

Example: To generate interrupts INTTl at fc=8MHz every 1 second, the 
timer registers TREGO and TREGl should be set as follows: 
As ¢Tl6 (=16us @8MHz) is selected as the input clock, 

1 sec/l6~s = 62500 = F424H 
Therefore, 

TREGl F4H 
TREGO 24H 

The match signal is generated by Timer 0 comparator each time the 
up-counter UCO matches TREGO. In this case, the up-counter UCO is not 
cleared, and the interrupt INTTO is not generated. 
Timer 1 comparator a Iso generates the match signa I each time the 
up-counter UC I match TREGl. When the match signal is generated 
simultaneously from comparators of Timer a and Timer 1, the 
up-counters UCO and UCl are cleared to "0", and the interrupt INTTl is 
generated. If the Timer Flip-flop inversion is enabled by the Timer 
Flip-flop control register, the timer flip-flop TFFl is inverted at 
the same time. 
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Example: Given TREGI 04H and TREGO 80H, 

value of 
Up-Counter 0400H 
(UC1, UCO) OOOOH0080H 0180H 0280H 0380H 0480H 

Timer 0 J n n n L 
Comparator Match Signal ----- ... ___ ...... i.-___ -' : 

Timer 1 .nn 
Comparator Match J~L----
Signal I 

Interrupt INTTl n-----
I 
I 
I 
I 

Timer Output TOl ________________________________ ~~rt Signal 

Fig. 3.6 (9) 

(3) 8-bit PPG (Programmable pulse generation) mode 

Pulse can be generated at any frequency and duty rate by Timer I or 
Timer 3. The output pulse may be either low- or high-active. 
In this mode, Timers 0 and Timer 2 are not be used. 
If Timer I is used, pulse is output to TOI (also used as P60), and the 
use of Timer 3 results in the output to T03 (also used as P70/P83). 

Following is the t1m1ng of Timer 1 (The operation is the same as when 
Timer 3 is selected): 

TREGO = UCl 

TREGl = UCl 

TOl 
TREGO 

TREGl 

In the 8-bit PPG mode, programmable pulse is generated by the 
inversion of the timer output each time the 8-bit up-counter I (ucl) 
matches the timer register TREGO or TREGI. 
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Note that the set value of TREGO must be smaller than that of TREGI. 
In this mode, the up-counter UCO of Timer 0 is disabled (Set TRUN 0 
0, and stop and clear Timer 0). 
The PPG mode can be illustrated as follows: 

¢Tl 

¢T16 

TMOD3 , 2 TCLK3, 2 f. 00 
= 10 

Internal Data Bus 

Fig. 3.6 (10) Block Diagram of8-bit PPG Mode 

Example: Generate pulse at 50kHz and 1/4 duty rate (@fc 

.sL.JL---ILJ 
W 

t = 1/50 (ms) 

o Calculate the set values of the timer registers. 

TFFCRl 
= 1 

8MHz) 

To obtain the frequency of 50kHz, the pulse cycle t should be: 
1150kHz = 20lls. 
Given oTl = Ills (@8MHz), 

20lls/ Ills = 20 
Conseq uent ly, the timer register 1 (TREGl) shou ld be set to 20 
14H. 
Given a 1/4 duty, t x 1/4 = 20 x 1/4 = 5 llS 

5 llS / 1 llS = 5 
As a result, the timer register 0 (TREGO) should be set to 5' = 05H. 
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TRUN <-- - 0 0 Stop Timer 0 and Timer 1, and clear them 
to "0". 

TCLK <- - - 0 1 x x Select ~Tl as the input clock. 
lOx x Set 8-bit PPG mode. TMOD <­

TFFCR <- - - - - 0 0 1 1 Clear the output, and enable the inver-
I I s ion by Timer 1. 

Writing "01" provides negative logic pulse 
TREGO <- 0 0 0 0 0 I 0 1 Write "SH". 
TREGI <- 0 0 0 1 0 1 0 0 Write "14H". 
SMMOD <- - x x 0 1 Select P60 as the TOI pin. 
P67CR <- - - - - - 1 
TRUN <- 1 1 0 Start Timer 1. 

(Note) x: Don't care No change 

(4) 8-bit PWM (pulse width modulation) mode 

This mode is only available for Timer 1 and Timer 3, and generates two 
types of 8-bit resolution PWM (PWMI and PWM3). 
Pulse width modulation is output to TOI pin (also used as P60) when 
us ing Timer 1, and to T03 p in (a Iso used as P70 or P83) when us ing 
Timer 3. 
Timer 0 and Timer 2 can be also used as 8-bit timers. 
Following is the timing of Timer 1 (PWMl) (The operation is the same 
as when Timer 3 is selected): 
The inversion of the timer output occurs when the up-counter (UC!) 
matches the set value of the timer register TREGl, as well as when an 
overflow of 2n - 1 (n = 6, 7 or 8 selected by TMODI or TMODO) occurred 
at the counter. The up-counter UCI is cleared by the occurrence of an 
overflow of 2n - 1. 
The following condition must be obtained in this PWM mode: 

(Set value of timer register) < (set overflow value of 2n - 1 counter) 

Match signal 
from Comparator 

2n _l 
Overflow 

TOI 

I .. tpwM .1 
The PWM mode can be illustrated as follows: 
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TRUN5 TRUNl 

Comparator Output 
of Timer 0 ,----'---.. 

¢Tl 
¢T16 

¢T256 

Up-Counter UCl 
Clear 

TCLK3,2 TMOD3,2 = 11 

TlI,OD1,0 
(n = 6, 7 or 8) 

TOl 

Internal Data Bus 

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

Example: Generate the following PWM to the T01 pin at fc=10MHz. 

I.. ...1 
50.4]15 

Assuming the PWM cycle is 50.4 ~s when ~Tl 0.8 us and @fc 
10MHz, 6 

50.4~s/0.8~s = 63 = 2 - 1 
Consequently, n should be set at 6 (TMODl,O = 01). 
Given the "H" level period of 36~s, setting ~Tl=0.8~s results: 

36us/0.8~s = 45 = 2DH 
As a result, TREGI should be set at 2DH. 

TRUN <­
TCLl< <-­
TMOD <­
TFFCR <­
TREG1 <- 0 0 
SMMOD <­
P67CR <­
TRUN <-

- 0 -
- 0 I 

I 101 
- - 0 0 1 1 
I 0 1 101 

x x 0 iJ 
1 1 -

(Note) x: Don't care 

Stop Timer 1. 
Select 0T~ as the input clock. 
Set the 2 - 1 cycle in the PWM mode. 
Set the initial output to 0 (ilL" level). 
Write "2DH ". 
Select P60 as the TOI pin. 

Start Timer 1. 

No change 
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Table 3.6 (3) PWM Cycle and Selection of 2n_ 1 counter 

PWM cycle (@fc = 10MHz) 1 

1 1 ¢Tl 1 ,T16 1 ¢T256 1 
1--6----1---------1----------1----------1 
1 2 - 1 1 50.4~s 1 806.4~s 1 l2.9ms 1 
1--]----1---------1----------1----------1 
1 2 - 1 1 101.6~s 1 1625.6~s 1 26.Oms 1 
1--8----1---------1----------1----------1 
1 2 - 1 1 204.0~s 1 3264.0~s 1 52.2ms 1 

3.6.2 Multi-function 16-bit timer/event counter (Timer 4) 

'ITFl 

1'14 

TIS 

The TMP90C840 incorporates a multi-function 16-bit timer/event counter 
that functions in the following operating modes: 

o 16- bit time r 
o 16-bit event counter 
o 16-bit PPG mode 
o Frequency measurement 
o Pulse width measurement 
o Time deviation measurement 

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

INTl 
Interrupt 

IN1'2 
Interrupt 

In ternal Data Bus 

Fig. 3.6 (12) Block Diagram of l6-bit Timer/Event counter (Timer 4) 
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T4MOD 
(FFE4H) 

TMP90C840 

The timer/event 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 
(T4MOD, T4FFCR, TRUN, and P8CR). The TRUN register also controls the 
8-bit timers. For details, refer to Fig. 3.6 (5). 
The P8CR register is the control register for the port P8. 

7 6 5 4 3 2 1 a 
I CAP IN I CAPMM CLEI T4CLKK 
I I I 
I I I 

I 
I R/W 
I -) Timer 4 input clocks 

* 1001 Externa 1 clock (T14) 
1011 Internal clock ~Tl 
1101 Interna 1 clock ~T16 
1111 Not used 

R/W 
) Clear up-counter UC16 

* 01 Clear disable 
11 Clear if equal to TREGS 

R/W 
) Control capture/interrupt INTI 

I I Capture control I INTI contra 1 

* 1001 Cap ture disable I Interrupt occurs at 
1011 CAP 1 at TI4 rise I rising edge of TI4 
I I CAP 2 at TIS rise I input 
110 I CAP 1 at TI4 fall I Interrupt occurs at 
I I CAP 2 at TIS fall I falling edge of TI4 
I I I input 
1111 CAP 1 at TFF1 risel Interrupt occurs at 
I I CAP 2 at TFF1 falll falling edge of TI4 
I I I input 

W 
_________________ ) Trigger software capture 

(Note) * indicates initial 
value after reset. 

* I 01 
I I 

Capture up-counter value into CAP1 
(Softwre capture) 

I 11 Always set at "1" when read out 
a R/W denotes either 

reading or writing is possible. 

Fig. 3.6 (13) 16-Bit Timer/Event counter (Timer 4) Control Mode registers 
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T4FFCR 
(FFE5H) 

7 6 

TMP90CB40 

S 4 3 2 1 o 

1 
ICAP2TE:CAPITE:EQSTE :EQ4TE T4FFC 
1 

CAP2TE: 
CAPITE: 
EQSTE 
EQ4TE : 

1 W 
1 ____ > Control of Timer Flip-flop 4 (TFF4) 

R/W 

1 00 1 Clear TFF4 to "0" 1 
1----1------------------------1 
1 01 1 Se t TFF4 to "1" 1 
1----1------------------------1 
1 10 1 Invert TFF4 value 1 
1 1 (software inversion) 1 
1----1------------------------1 
1 11 1 Don't care (Always set 1 
1 1 at "11" when read out) 1 

> Trigger inversion of Timer Flip­
--- flop 4 (TFF4) 

* 1 0 1 Disable trigger 1 
1----1------------------------1 
1 liEnable trigger 1 

When capturing up-counter value into CAP2 
When capturing up-counter value into CAPl 
When equalizing up-counter with TREG5 
When equalizing up-counter with TREG4 

Fig. 3.6 (14) l6-bit Timer/Event Counter Timer Flip-Flop 4 Control Registers 

1 Up-counter (UC16) 
UC16 is a l6-bit binary counter that counts up by the input clock 
specified by the register T4MOD (T4CLK) (bits 1 ans 0). 
Its input clock is selected from the internal clocks ¢II and I1JT16 
generated by the 9-bit prescaler (also used as the B-bit timer), or 
the external clock from the T14 pin (also used as PBl/ INTI) . By 
resetting, the bits 0 and 1 of T4MOD are initialized to "00", whereby 
T14 is selected as the input clock to this up-counter. 
The Timer Control Register TRUN 4 (T4RUN) controls the counter to 
start, stop or clear. 
Clearing the up-counter UC 16 is controlled by the bi t 2 of T4MOD2 
register (CLE). The up-counter UC16 is cleared to "0" when matching 
the timer register TREG5. 

2 Timer registers (TREG4 and TREGS) 
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 
UC16, the match signal of the comparator becomes active. 
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Data for the timer registers TREG4 and TREGS are provided by a 2-byte 
data load instruction or two I-byte data load instructions, from the 
lower eight bits followed by the upper eight bits. 

TREG4 TREGS 

Upper a bits Lower 8 bits Upper a bits Lower a bits 

FFEIH FFEOH FFE3H FFE2H 

Capture registers (CAPl and CAP2) 
CAPI and CAP2 are 16-bit registers that hold 
up-counter UCI6. 

the values of the 

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

CAP 1 CAP2 

Upper a bits Lower a bits Upper a bits Lower a bits 

FFDDH FFDCH FFDFH FFDEH 

4 Capture input control circuit 
This circuit controls the timing that the capture registers (CAPI and 
CAP2) latch the UC16 up-counter value. 
The latch timing is set by the register T4MOD4,3 (CAPM). 

o If T4MOD4,3 = 00, 
The capture function is disabled. Theese bits are initialized to 
this mode by resetting. 

o If T4MOD4,3 = 01, 
The up-counter value is latched into CAPI at the rising edge of the 
TI4 (also used as pal/INTI) input, and into CAP2 at the rising edge 
of TIS (also used as P82/INT2) input. 

o If T4MOD4,3 = 10, 
The up-counter value is latched into CAPI at the rising edge of the 
TI4 input, and by CAP2 at its falling edge. Only in this mode, the 
interrupt INTI occurs at the falling edge. 

o If T4MOD4,3 = 11, 
The up-counter value is latched into CAPI at the r1s1ng edge of the 
timer flip-flop TFFl, and into CAP2 at its falling edge. 

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 CAPI each time "a" is written into the T4MODS (CAPIN) register. 

MPU90-92 



TOSHIBA 

® 

(1) 

(2) 

T~P90C840 

Comparators (CP4 and CPS) 
The 16-bit comparators detect the match of the up-counter UC16 and the 
timer register TREG4 or TREG5. 
When the up-counter matches registers TREG4 or GREGS, the interrupt 
INTT4 or INTT5 occurs, respectively. The up-counter is cleared only 
when it matches TREGS (the clear operation can be disabled if 
neces sary) . 

Timer Flip-flop (TFF4) 
This Timer Flip-flop is inverted by the match signal from the 
comparators (CP4 and CPS) and the latch signal to the capture 
registers (CAPI and CAP2). 
It is pos sib Ie to enab lei di sab Ie the invers ion for each of these 
sources by using TRFFCR5-2. 
Also TFF4 can be inverted, cleared to "0" and set to "1" under 
software control. 

Its value can be output to the timer output pin T04 also used as P83 
or T03. Either pin function may be selected by the registers P8CR and 
SMMOD. T04 is selected by setting P8CR3 = 1 and SMMODS,4 = 11. 

16-bit timer mode 
In this mode, the interval time 
generate the interrupt INTT5. 

TRLJN <- - a 
INTEL <- - - a - 1 
T4FFCR<- x x a a 0 0 1 I 
T4MOD <- x x 1 0 0 1 * * 

(**=01,10,11) 
TREG5 <- **** **** **** **** 
TRLJN <- - - 1 1 - - - -

(Note) x: Don't care 

16-bit event counter mode 

is set in the timer register TREG5 to 

Stop Timer 4. 
Enable INTT5 and disable INTT4. 
Disable trigger. 
Se 1ec t interna 1 clock for input, and 
disable the capture function. 
Set the interval time (16 bits). 
Start Timer 4. 

No change 

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). 
The counter counts up at the rising edge of the TI4 input clock. 
The TI4 pin is also used as P81 or INTI. 

TRLJN 
P8CR 

<- - - - 0 
<- - - - - -

INTEL <- - - 0 0 1 

- * -

T4FFCR<- x x 0 0 0 a 1 1 
T4MOD <- x x 1 0 0 1 0 0 
TREG5 <- **** **** **** **** 
TRLJN <- - - 1 1 -

Stop Timer 4. 
*=0; TI4 is square wave. 
*=1; TI4 is sign (zero-cross) wave 
Enable INTT5 and disable INTT4 and 
INTI. 
Disable trigger. 
Select TI4 as the input clock. 
Set the number of counts (16 bits). 
Start Timer 4. 
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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 S and output it to T04 (also used as P83/T03). In this mode 
the following condition must be satisfied. 

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

TRUN <- - - - 0 -
TREG4 <- **** **** **** **** 
TREG S < - *-1:** **** **** **** 
T4FFCR<- x x ° ° 1 1 ° ° 

T4MOD <- x x 1 ° 0 1 *-I~ 

(**=01,10,11) 
SMMOD <- - - * * - - - -

(**=00,01,10) 
P8CR <- - 1 
TRUN <- - - 1 1 --
(Note) x: Don 't care 

Stop Timer 4. 
Set the duty rate. 
Set the cycle. 
Set the TFF4 inversion to be effected 
by match with TREG4 or S. 
Initialize TFF4 to "0". 
Select the internal clock for the 
input,and disable the capture function. 

Select P83 as the T04 pin. 

Start Timer 4. 

No change 

Match with TREG4 ~ 
Match with TREG5 ~ 

T04 

Fig. 3.6 (15) Programmable Pulse Output 

(4) Application examples of capture function 

Loading the up-counter (UC16) value into CAPI or CAP 2 , the Timer Flip­
flop TFF4 inversion by the match signa 1 from CP4 or CPS, and the 
output of the TFF4 status to T04 pin can be enabled or disabled. 
Various applications are available by combining with the interrupt 
function: 

CD One-shot pulse output by using external trigger pulse. 
(2) Frequency measurement. 
CD Pulse width measurement. 
@) Time deviation measurement. 

CD One-shot pulse output from the rising edge of external trigger pulse. 
Keep the up-counter (UC16) counting (free-running) with by the 
interna 1 clock input by set ting T4RUN of the TRUN register to "1". 
The input an external trigger pulse through the TI4 pin, and also load 
the up-counter value into the capture register CAPI at the rising edge 
of TI4 (T4MOD4,3 = 01). 

MPU90-94 



TOSHIBA TMP90C840 

When the interrupt INTI is generated at the r1s1ng edge of TI4 input, 
set the CAPI value (c) plus a delay time Cd) to TREG4, and set the 
above set value (c+d) plus a one-shot pulse width (p) to TREG5. When 
the interrupt INTI occurs the register T4TRG is selected that the TFF4 
inversion is enabled only when the up-counter value matches TREG4 or 
5. When interrupt INTT5 occurs, the inver3ion is disabled. 

~ Keep counting (Free-Running) 

Count Clock n n n n n n J1JlJlllJl- J1J1Jlll JlJlJUl 
(Internal Clock) -1 U U U U U L_______ -- ---. ---

C c+d c+d+p 

Input of TI4 Load the up-counter value into Capture 
(External Trigger Pulse) Resister 1 (CAP1) 

INTl 
Match with TREG4 

Inversion 
Enable 

Match with TREGS 

Inversion 
disable 

Timer Output T04 
, , , , 
, Delay Time Pulse Width , ,- (d) 

.. ,~ 
(p) 

.. , 
Fig. 3.6 (16) One-Shot Pulse Output (with delay) 

Example: Generate a 2ms one-shot pulse with a 3ms delay from the rising 
edge of an external trigger pulse ("H" level width: IOms -
30ns) 

Main setting 

-T4MOD <- x x I 0 I , , 

,--> , ,-> 
, I-I 
00 1 

Keep counting (Free-running) 
Count with oTl. 

T ___________ > Load the up-counter value into CAPI at 
th~ rising edge of TI4 input. 

T4FFCR<- x x a a a a 0 a 

, '" , T ___ > 
, > ::0 :~ !*:~o~ ,:~,~~)} 

INTEL <- 0 I 0 -
TRUN <- 1 1 -

Clear TFF4 to "0". 
Disable TFF4 inversion. 

Select P83 as the T04 pin. 

Enable INTI, and disable INTT4 and INTTS. 
Start Timer 4. 
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Setting of INTI 

-TREG4 <- CAPl+3ms/~Tl 
TREGs <- TREG4+2ms/~1 
T4FFCR<- x x - - 1 1 

I I 

TMP90C840 

T > Enable TFF4 inversion when the up-counter 
------ value matches TREG4 or 5. 

INTEL <- - - - - 1 -

Setting of INTS 

-T4FFCR<- x x - - 0 0 
I I 

Enable INTTS. 

T ______ > Disable TFF4 inversion when the up-
counter value matches TREG4 or 5. 
Dis a b I e INTT 5 • INTEL <- - 0 -

(Note) x' Don't care No change 

When no delay time is required, invert the TFF4 when the up-counter 
value is loaded into CAPl, and set the CAPI value (c) plus the 
one-shot pulse width (p) to TREGs when the interrupt INTI occurs. The 
TFF4 inversion should be enabled when the up-counter (UC16) value 
matches TREGs, and disabled when generating the interrupt INTTs. 

Count Clock 
(Internal Clock) .JlJ11l.fUUL ___ JlJlJllL ___ _ __ JlJlJ1Jl.fL 
Input of TI4 
(External 
Tr igger Pulse) 

Match with TREGS 

Timer output T04 

C c+p 

Loading the up-counter 
value into 

INTi ./' INTTS 

:\ 
: Loading the up-counter 
I value into Capture 

Inversion 
Enable 

: Register 2 (CAP2) 
-------------------~-------

Inversion Enable / : ..... ~ ______ ~ 
(p) 

Inversion Disable 

Pulse width 

Fig. 3.6 (17) One-Shot Pulse Output (with no delay) 
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@ Freq uency 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 calculated by 
using the 8-bit timers (Timer 0 and Timer 1) and the 16-bit 
timer/event counter (Timer 4); 
The frequency of the external clock ~s calculated by using the 
frequency of the input clock to Timer 4 (TI4). 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 CAPI and 
CAP2 when the interrupt (INTTO or INTTl) is generated by either 8-bit 
timer. 

Count Clock 
(Input of TI4) -1lI11lJlJ1Jl__ _ _ __ JUlJ1JL __ _ 

CI C2 

TFFI 

Loading UCl6 into CI CI 
CAPI--~~ ~--------------~--------------~~--------------~-----

Loading UCl6 into 
CAP2--~~~--------------~ 

C2 

INTTO/INTTI 

Fig. 3.6 (18) Frequency Measurement 

CD Pulse width measuremnt 
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 CAPl and CAP2 at the rising edge and falling edge of the external 
trigger pulse respec t ive ly. The interrupt INTI occ urs at the fa 11 ing 
edge of TI4. 
The pulse width is obtained from the difference between the values of 
CAPI and CAP2 and the internal clock cycle. 

Count Clock 
(Internal Clock) 

JUlJUlll __ 
CI --~--C2 

TI4 
(External Pulse) 

Loading UCl6 into 
CAP I 

Loading UCl6 into 
CAP2 

INTI 

CI CI 

c2 

Fig. 3.6 (19) Pulse Width Measurement 
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(Note) The external interrupt INTI occurs at the falling edge of TI4 only 
in this pulse width measurement mode (T4MOD4,3 = 10). 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 CI when the second INTI interrupt is 
generated. 

QD Time Qifference measurement 
This mode is used to measure the difference in time between the rising 
edges of external pulses input through TI4 and TIS. 
Keep the I6-bit timer/event counter (Timer 4) counting (free-running) 
with the internal clock, and load the UC16 value into CAP 1 at the 
rising edge of the input pulse to TI4. Then the interrupt INTI is 
generated. 
Similarly, the UC16 value is loaded into CAP2 at the rising edge of 
the input pulse to TIS, 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 CAPI and 
CAP2. 

Count Clock JUlJlJlJL 
(Internal Clock) -- -_JlllJlJllL __ _ 

Cl (;2 

Input TI4 

Input TIS 

Loading UC16 into 
CAP 1 

Loading UC16 into 
CAP 2 

INTl 

INT2 

Time Difference .' 
Fig. 3.6 (20) Time Difference measurement 

3.7 Stepping Motor control ports (P6 and pn 
The TMP90C840 has two 4-bit hardware stepping motor control ports (SMC 
ports MO and Ml) that synchronize with the (8-bit/16-bit) timers. These 
SMC ports MO and MI are also used as the I/O ports P6 and P7. 
The channel 0 (MO) synchronizes with the trigger signal of the Timer 
Flip-flop TFFI, and the channel I (Ml) is synchronous with that of the 
Timer Flip-flop TFF3 or TFF4, for output. 
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The SMC ports are controlled by three control registers (P67CR, SMMOD, 
and SMCR) , and allow the selection of driving method: 1) 4-phase 
I-step/2-step excitation and 2) 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 (not for readout). 

(2) Stepping motor control port mode register (SMMOD) 
Ports 6 and 7 also function as SMC Ports (MO and Ml) or Timer Output 
Ports (TOI and T03), as selected by SMMODl, 0 or SMMODS, 4. 
When Port 6 is used as SMC Port (MO), SMMODl, 0 should be set to 10 or 
II. 
When Port 7 is used as SMC Port (Ml), SMMODS, 4 should be set to 10 to 
make it synchronize with the trigger pulse of the timer flip-flop TFF3 
and set at 11 to make it synchronize with the trigger pulse of the 
Timer Flip-flop TFF4. P83 (also used as T03 and T04) can function as 
T03 only when SMMODS, 4 are set at 11. 
SMMOD2 and SMMOD6 serve to select the excitation method. With "0" the 
full-step Cl-step/2-step) excitation is selected and with "1" tht~ 
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. 
SMMOD3 and SMMOD7 allow to set the number of phases. 

(3) Stepping motor control port rotating direction control register (SMCR) 
This register controls the rotating direction. The direction of the 
channel 0 (MO) is set by SMCRO (CCW6) and that of the channel 1 (M1) 
is set by SMCR4 (CCW7). 
"a" denotes normal rotation and "I" denotes reverse rotation. 

(4) Port 6 
This is a 4-bit I/O port allocated to the address FFCCH. 
The lower four bits are assigned as Port 6, while the upper four bits 
function as the shifter alternate register (SA6) for driving the 
stepping motor with the half-step (1 - 2) excitation. 

(5) Port 7 
This is a 4-bit I/O port allocated to the address FFCDH. 
The lower four bits are assigned as Port 7, while the upper four bits 
function as the shifter alternate register (SA7) for driving the 
stepping motor with the half-step (1 - 2) excitation. 
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P7 P6 
1 7 6 5 413 2 1 o 

1 1 1 
P67CR Ip73C:P72C:P71C:P70clp63C:P62C:P61C:P60cl 
(FFCEH) 1 1 1 

1 

1 W 
1 ___ > 

TMP90C840 

Select Port 6 I/O 
(On bit basis) 

1 

1 

1 

1 

1 * 1 0 1 Input 1 
1 

1 

1 

1 w 
1 _______________________ > 

(Note) *: initial value after reset. 
w: write only. 

1---1--------------------1 
1 1 1 Output 1 

Select Port 7 I/O 
(On bit basis) 

* 1 0 1 Input 1 
1---1--------------------1 
1 1 1 Output 1 

Fig. 3.7 (1) Ports 6 and 7 I/O Selection Registers 
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P7 P6 
7 6 5 4 3 2 1 o 

/ 

SMMOD / SM7M P70C SM6M P60C 
(FFCBH) / 

--------~------~~----~---R-/~W---

R/W 

Select Port 6 function (On bit basis) 

/ P63 / P62 / P61 P60 SMC / 
/ / / / /Trigger signal/ 

* 00 /IN/OUT/IN/OUT/IN/OUT/IN/OUT/ / 

R/W 

01 / IN/OUT / IN/OUT / IN/OUT / IN/TOI/ / 
10 / IN/M03/ IN/M02i IN/MOI/IN/MOO/TFFI (Timer 0 / 
11 / / / / / or Timer 1) / 

IN Input port Out Output port 
TOI Timer output port 
MOO-3: Stepping motor control port 0 

_____ > Stepping motor control port 0 mode 
(excitation) 

* I 0 / 1 or 2 excitation (Full-step) / 
/----/------------------------------------------/ 
/ .1 / 1-2 Excitation (Half-step) / 

---------> Stepping motor control port 0 mode 
(Phase) 

* / 0 / 1 

1----/------------------------------------------/ 
1 1 / 4-phase / 

Fig. 3.7 (2a) Stepping Motor Control Port Mode Registers 
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P7 P6 
7 6 5 4 3 2 1 o 

I 
SMMOD I SM7M 
(FFCBH)I 

P70C SM6M P60C 

R/W 

R/W 
I 
1 ___ > Select Port 6 function (On bit basis) 

I P73 I P72 I P71 I P70 I P83 SMC 
I I I I I I I Trigger signa 11 

* I 00 I IN/OUT I IN/OUT I IN/OUT I IN/OUT I I I 
I 01 I IN/OUT I IN/OUT I IN/OUT I IN/T0310UT/T041 I 
I I I I I I I TFF3 I 
I 10 I IN / M13 I IN / M12 I IN / Mll I IN / Ml 0 I I (Timer 2 and I 
I I I I I I I Timer 3 I 
I 11 I I I I IOUT/T031 TFF4 I 
I I I I I I I (Timer 4) I 

IN Input port OUT Output port 
T03,T04 Timer output port 
MI0-3: Stepping motor control port 1 

R/W 
________ > Stepping motor control port 1 mode 

(excitation) 

* I 0 I 1 or 2 excitation (Full-step) I 
I----I--------------------------~---------------I 
I 1 I 1 - 2 excitation (Half-step) I 

__________ > Stepping motor control port 1 mode 
(Phase) 

* I 0 I I 
I--~-I------------------------------------------I 
I 1 I 4-phase I 

Fig. 3.7 (2b) Stepping Motor Control Port Mode Registers 
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P7(Ml) P6(MO) 
7 654 3 2 1 o 

1 1 1 1 1 
SMCR 1 - 1 C CW7 1 - 1 C CW6 1 

(FFCFH) 1 _____ ...:.1--,-----:..1 _____ ..;..1 __ 1 
1 

1 

1 

1 

R/W 

1 

1 

1 

1 

1 

1 R/W 
1_> 

Stepping motor control port 0 rotating 
direction 

* 1 0 1 Normal rotation 1 
1---1--------------------------------------1 
1 1 1 Reverse rotation 1 

Stepping motor control port 1 rotating 
direction 

* 1 0 1 Normal rotation 1 
1---1--------------------------------------1 
1 1 1 Reverse rotation 1 

Fig. 3.7 (3) Stepping Motor Control Port Rotating Direction Control Registers 

7 6 5 4 3 2 1 o 

1 1 1 1 1 
P6 ISA63:SA62:SA61IsA601 P63: P62: P611 P601 

( F FC CH ) 1 1 1 1 1 

W 
_R;;.,;;/:..,.W __ > Port 6 

---------------> Shifter alternate register 0 for 
stepping motor control 

7 6 5 4 3 2 1 o 

1 1 1 1 I 
P7 ISA73:SA72:SA71IsA701 P73: P72: P711 P701 

(FFCDH)1 1 1 1 1 

W 

----------------> 

Fig. 3.7 (4) 

R/W ------> Port 7 

Shifter alternate register 1 for 
stepping motor control 

Ports 6 and 7 
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3.7.2 4-phase I-step/2-step excitation 

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

Sets circle by using TIMER-O or TIMER-l 

Trigger of·TFFl ~ 
I "---~ n n n n n 
I 

MOO (P60) IbO b3 , Ib2 Ibl bO 
, 

b3 MOl (P61) lbl bO 
~i ----------------~ 

Ib2 I bl 
I 

bO b3 M02(P62) ~bl 
, ~----------------~ 

I b2 
, 

M03 (P63) ~02 Ibl bO b3 

t 
Initial Value 
P6 + xxxx0100 

(Note) "bn" is Internal Value 
p6 + xxxxb3b2blbO . 

(2) Normal rotation 

Trigger of TFFl ~ n n n n n 
, 

MOO (P60) IbO bl 
I 

Ib2 Ib3 bO 

I 

Ib3 MOl (P6l) l£L.Jb2 bO bl 
, 

M02(P62) ib2lb3 , bO bl Ib2 
I 

M03 (P63) 'b3 I bO bl I b2 I b3 

t 
Initial Value p6 + xxxx0100 

@ Reverse rotation 

L-
L 
r-

L-
L 

I 

Fig. 3.7 (5) Output Waveforms of 4-phase I-step Excitation 
(Normal Rotation and Reverse Rotation) 
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Trigger of TFFI ~ n n n n n rL 
I L MOO (P60) ~b3 b2 \bl bO 

I I b3 Ibl MOl (P61) Ibl bO b2 
I 

M02(P62) ~bl bO 
I 

Ib3 b2 I 
I 

M03 (P63) ;b3 b2 Ibl bO Ib3 

t 
Initial Value p6 -+- xxxxllOO 

Fig. 3.7 (6) Output Waveforms of 4-phase I-step Excitation 
(Normal Rotation) 

When Channel a is selected, for example, the stepping motor control 
port is controlled as follows: 
The output latch of MO (also used as P6) rotates at the rising edge of 
the TFFl trigger pulse (that inverts the value of TFF!) and is out put 
to the port. 
The rotating direction is selected by SMCRO (CCW6). Setting SMCRO to 
"0" selects the normal rotation (MOO -) Mal -) MOZ -) M03) , and 
setting it to "1" results in the reverse rotation (MOO <- Mal <- MOZ 
<- M03). The 4-phase I-step excitation can be obtained by 
initializing anyone bit of Port 6 to "1", and setting two succeeding 
bits to "1" produces the 4-phase Z-step excitation. 
Fig. 3.7 (7) is a block diagram of the two excitations. 

Sifter Alternate 
Register 

Output Latch 

H 
:l 

b~----------------~~ ., 
:l !:J 
'""'1----.1 
C !:J .... 
!:Jr-----------------~~ 

M03(P63) 

M02(P62) 

~ ~--~--~ 
MOL (P61) 

U:I--_~ 

MOO (P60) 

Jl is showing to shift 
the signal at the 
Rising-Edge of TFFl-tigger pulse 

Fig. 3.7 (7) Block Diagram of 4-phase l-step/Z-step Excitation 
(Normal Rotation) 
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3.7.3 4-phase 1-2 step excitation 

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

Trigger of TFF1--II n n n n n L 
I 

MOO (P60) :bO b4 Ib3 b7 b2 Ib6 bl b5 
I 
I 

Ib3 l£L MOl (P6l) Ibl b5 bO b4 b7 b2 
I 

M02 (P62) /b2lb6 bl b5 bO b4 Ib3 b7 
I 
I 

Ib6 M03 (P63) Ib3 b7 b2 bl b5 bO b4 

+ 
Initial Value (Note) The Ibn' is initial value. 
P6 +- 10001100 p6 +- b7b6b5b4b3b2blbO. 

(1) Normal rotation 

Trigger of TFFl J n n 
I n n n L 
I 

MOO (P60) IbO b5 bl b6 fb2 b7 b3 l£L I 
I 
I 

Ib2 MOl (P6l) Ibl b6 b7 b3 Ib4 bO b5 I 
I 

M02 (P62) ib2 I b7 b3 
I 

I b4 bO b5 bl b6 

M03 (P63) 
twrb4 Ib2 bO b5 bl b6 b7 

t 
Initial Value P6 +- 10001100 

~ Reverse rotation 

Fig. 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 bl bO I initialially 
arranged as I b3 b7 b2 b6 bl b5 bO b2 I, set three succeeding 
bits to "1", and the other bits to "0" (Positive logic). 
For example, initializing b3, b7 and b2 to "1" provides the initial 
value "10001100", which produces the waveforms in Fig. 3.7 (8). 
To obtain the negative logic output, the above initial value of Port 6 
should be inverted. 
That is, the waveforms in Fig. 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 morot control 
port is controlled as follows: 
The output latch of MO (also used as P6) and the stepping motor 
control shifter alternate register (SA6) rotate at the rising edge of 
the TFF 1 trigger pu lse and are output to the port. The rot at ing 
direction is selected by SMCRO (CCW6). 
Fig. 3.7 (9) is a block diagram of this excitation. 

output 
Sifter Alternate Latch 
Register 

b3 
M03 (P63) 

Jl.. 
SL 

b2 
H M02(P62) 
::l 
rt 
(i) 

Ii SL ::l 
III 
I-' 11 0 
III 
rt bl 
III MOl (P61) 
to 
C 
en 

.fL 
SL 

bO 
MOO(P60) 

Jl 

Fig. 3.7 (9) Block Diagram of 4~phase 1-2 step Excitation 
(Normal Rotation) 
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Example: 

TRUN 
TMOD 
TCLK 
TREGO 
TFFCR 

SMMOD 
SMCR 

<-
<-
<-
<-
<-

TMP90C840 

The registers should be set as follows to drive Channel 0 
(MO) with the 4-phase 1-2 step excitation (normal rotation) 
when Timer 0 is selected: 

7 6 5 4 3 
- - -

- - 0 
- - -
* * * * * - - 0 

2 1 0 
- - 0 
0 x x 

- 0 1 

* * * 
0 1 0 

Stop Timer 0, and clear it to "0". 
Set the 8-bit timer mode. 
Select ~T1 as the input clock. 
Set the cycle in Timer register. 
Clear TFFI to "0", and enable inversion 
trigger- by Timer 0 

<- - 1 1 1 x Select 4-phase 1-2 step excitation mode. 
Select normal rotation. <- - - 0 

P67CR <- - - 1 1 1 1 Set all P6 bits to the output mode. 
Initialize the P6 bits. P6 <- 1 o 0 0 1 1 0 0 

TRUN <- - - 1 - - - - 1 Start Timer O. 

(Note) x: Don't care No change 
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3.8 Serial Channel 

The TMP90C840 incorporates a serial I/O channel for full-duplex 
asynchronous transmission (UART) and I/O expansion. 
The serial channel has the following operating modes: 

o I/O interface mode --- Mode 0: Transmit/receive I/O data for 
expand I/O and transmit its 
synchronous signals (SCLK) 

o Asynchronous transmission (UART) mode 
/ / Mode 1 7-bit data 
---------/-- Mode 2 8-bit data 

/ Mode 3 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). 
Fig. 3.8 (1) shows the data format (I-frame data) in each mode. 

· Mode 0 (I/O Interface Model 

~ Transfer direction 

• Mode 1 

• Mode 2 (8-bit UART Mode) 

• Mode 

\ I 

When Bit 8 = Address (select code) is denoted. 
When Bit 8 = 0 Data.is denoted. 

Fig. 3.8 (1) Data Formats 
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Data received and transmitted are stored 
buffer registers to allow independent 
(Full-duplex). 

temporarily 
tr an smis s ion 

into 
and 

TMP90C840 

separate 
receiving 

In the I/O interface 
to the single SCLK 

mode, however, the data transfer is half-duplex due 
(serial clock) pin is used for transmisison and 

receiving. 
Two pins are provided for receiving (RxD, also used as P30 and P3l) and 
transmission (TxD, also used as P32 and P33), which allows two serial 
transmi~ison/receiving using the time-sharing technique. The pin 
function is selected by the P3CR registers. For example, P30 can be 
used as the RxD pin by setting P3CR1, 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 store~he receive data is read by the CPU. 
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 func t ion is added not to s tart 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. 
~nen 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 (SCCR4, 3 or 2) accordingly. 
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3.B.l Control Registers 

SCMOD 
(FFE9H) 

The ser ia 1 channe 1 is controlled by four contro 1 regis ters (SCMOD l 

SCCR, TRUN, and P3CR). The received/transmitted data are stored into 
SCBUF. 

7 

TBB 

6 5 4 

a RXE WU 

R/W 

R/W 

R/W 

3 2 1 a 

SM SC 

I R/W 
I -> Serial transfer clock 

I I UART mode I I/O interface 
* 1001 Timer 2 match I 

I I signa 1 I 
1--1----------------------1 
1011 Baud rate genetator I fc/8 
1--1----------------------1 
1101 Internal clock 01 I 
1--1----------------------1 
1111 Bauda rate generator I 
I I 1/2 clock I 

R/W > Serial transfer mode 

* 1001 I/O interface mode 
1011 I 7- bit data 

I 
I 

1--1 1---------------1 
1101 UART mode I B-bit data I 
1--1 1---------------1 
1111 I 9- bit data I 

> Wake-up function 

I I 9-bit UART Other modes 
* I 01 Interrupt if data I 

I I are received. I 
1--1----------------------1 don't care 
I 11 Interrupt only if I 
I I RBB = 1. I 

> Enable receiving data 

* I 01 Disable 
I 11 Enable 

> Transmission data bit B 

Fig. 3.B (2) Serial Channel Mode Register 
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7 6 S 4 3 2 I o 

I I I I I I I I 
I CTSE I 

I 
seCR IRBB I EVEN I PE IOERRlpERRIFERRI 

(FFEAH) I I I I I I 1/ 

R 

R/W 

I 
I 
I 
I 
I 
I 
I 
I 
I R 

R 
1 __ > 

R 
-----> 

-------> 
R/W 

I 
I R/W 
1 __ > Enable hand-shake function 

* I 0 I Disable (always transmitt-I 
I I able) I 
1---1---------------------------1 
I I I Enable I 

Framing error flag 

Parity error flag 

Overrun error flag 

Always 
cleared to 
"0" when 
read out 

_______________________ > Enable parity addition 

* I 0 I Disable I 
1---1---------------------------1 
I I I Enable I 

______________________________ > Add/check even parity 

* I 0 I Odd parity I 
1---1---------------------------1 
I I I Even parity I 

______________________________ > Rec ei ving da t a bi t B (S RB ) 

(Caution) Since all error flags are cleared after readout, avoid testing 
for only one bit by using a bit-testing instruction. 

SCBUF 
(FFEBH) 

Fig. 3.B (3) Serial Channel Control Register 

7 6 S 4 3 2 I 0 
I I 
ITB7:TB6:TBS:TB4:TB3:TB2:TBI:TBOI (Transmisison) 
I I 

7 6 S 4 3 2 I 0 
I I 
I RB 7: RB6: RBS: RB4: RB3: RB2: RBI: RBO I (Rece iving) 
I I 

Fig. 3.B (4) Serial Transmission/Receiving Buffer Registers 
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TRUN 
(FFDBH) 

7 6 

BRATE 

R/W 

TMP90C840 

5 4 3 2 1 o 

I I I I I I I 
I PRRUNI T4RUN/T3RUNIT2RUNITIRUNITORUNI 
I I / I I / / 

R/W 
____ ) Timer 2 funct ion 

* I 0 / St op & clear 1 
1---1-------------------------1 
I 1 I Count / 

R/W 
___________ ) Prescaler function 

* I 0 I Stop & clear 1 

/---/-------------------------1 
I 1 1 Count / 

---------------------) Select transfer speed of serial 
I/O baud rate generator 

I I SCMODl,O=Ol 1 SCMODl,O=ll I 

1---1-----------/-------------/ 
* I 00/ 300 baud / 150 baud / 

1---/-----------/-------------/ 
I all 1200 baud I 600 baud / 
1---1-----------1-------------/ 
/ la/ 4800 baud / 2400 ~aud / 
1---1-----------/-------------1 
I 11119200 baud / 9600 baud / 

@fc = 9.8304MHz 
(Note) Also refer to Fig. 3.6 (5) 

Fig. 3.8.(5) Timer/Serial Channel Operation Control Register 
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P3CR 
(FFC7H) 

7 6 

WAITC 

5 4 3 

RDE ODE 

R/W 

TXDC 

2 

I 
I 
I R/W 

1 

TMP90C840 

a 

RXDC 

1 __ > Select P30 and P31 functions 

* I I P31 I P30 I 

1---1--------------1--------------1 
I 001 Input port I Input port I 

1---1--------------1--------------1 
I all Input port I RxD pin I 

1---1--------------1--------------1 
I 101 RxD pin I Input port I 

1---1-------------- --------------1 
I 11 I No t us e d I 

R/W 
___ ) Select P32 and P33 functions 

* I I P33 I P32 I 

1---1--------------1--------------1 
I 001 Output port I Output port I 

1---1--------------1--------------1 
I all Output port I RxD pin I 

1---1--------------1--------------1 
I 101 RxD pin I Output port I 

1---1--------------1--------------1 
1 111 TxD pin I RTS/SCLK pin I 

___ > Select P33 CMOS/Open-drain output 

* 1 a I CMOS output I 
1---1----------------------------1 
I 1 I Open-drain output 1 

Fig. 3.8.(6) Port 3 Control Register 
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3.8.2 Architecture 

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

r-- Se~ial Clock Circuit--------------------j 
I I 
I TRUN7. 6 T02TRG (Timer2 Comparator Output) I 
I - : 
I I 

I ¢T4 : 
¢T16 'SIOCLK 

¢T64 : 
I 
I 
I 
I 
I 
I 

01 : 
I 
I 
I 
I 

I I/O Interface : 
~ _____________________ l2.0~~ _____________ J 

RTS/O~----------~ r'P-----G CTS 

SCLK ~~----~ 

(P32) 

Internal Data Bus 

Fig. 3.8 (7) Block Diagram of Serial Channel 
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Q) 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, ~T16, ~T64 or ~T256 is 
generated by the 9-bit prescaler. One of these input clocks is 
selected by the timer/serial channel control register TRUN7, 6 
(BRATE). 
Also,. either no frequency division or 1/2 division can be selected by 
the serial channel mode register SCMOD1, 0 (SC1, 0). 
Tab Ie 3.8 (1) shows the baud-rate wh'en fc = 9.8304 MHz. 

Table 3.8 (1) Baud Rate Selection 

1 BRATE 1 Input clock 1 No division(SC1,0=0l) 1 1/2 division(SCl,O=ll) 1 
1---------1-------------1-----------------------1------------------------1 
1 00 1 ¢T256 1 300 bps 1 150 bps 1 
1---------1-------------1-----------------------1------------------------1 
1 01 1 ¢T64 1 1200 bps 1 600 bps 1 
1---------1-------------1"-----------------------1------------------------1 
1 10 1 ¢T16 1 4800 bps \ 2400 bps 1 
\---------\-------------\-----------------------\------------------------1 
\ 11 \ ¢T4 \ 19200 bps \ 9600 bps \ 

@fc = 9.8304 MHz 

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

1) In case of I/O interface mode 
It generates a clock at a 1/8 frequency of the system clock (fc). 
This clock is output from the SCLK pin (also used as P32/RTS). 

2) In case of asynchronous commumication (UART) mode 
A basic clock is generated based on the above baud rate generator 
clock, the internal clock 01, or the match signal from Timer 2, as 
selected by bits 1 and 0 of SCMOD register (SC). 

CD 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 recieved data is evaluated as "1". 
The sampled data "0", "0" and "1" is evaluated that the received data 
is "0". 

~ Receiving control 
1) In case of I/O interface mode 

The RxD signa 1 is sampled on the rising edge of the shi ft clock 
which is output to the SCLK pin. 
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2) In case of 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. 

CD 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 B bits data are stored in 
the Receiving bufter 1, the stored data 1.S 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 may be 
stored into the Receiving buffer 1 before the CPU reads out the 
Receiving buffer 2 (SCBUF). Note, however, that an overrun occurs 
unle ss the CPU reads out the Rece iving buf fer 2 (SCBUF) be fore the 
Receiving buffer 1 receives all bits of th~ next data. When an 
overrun occurred, the data in the buffer 2 and RBB are not lost, 
however, that in the buffer 1 are lost. 
SeCR7 (RBB) stores the parity bit in the case adding parity in the 
B-bit UART mode and the MSB in the 9-bit UART mode. 
In the 9-bit UART mode, setting SCMOD4 CWU) to "1" enables the wake-up 
function of the slave controllers, and the interrupt INTRX occurs only 
if RBB=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 

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

ill 
15 16 'II 2 3 

TXDCLK lJ 
CD Transmission control 

1) I/O interface mode 
Data in the transmission buffer are output to the TxD pin for each 
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 TMP90CB40 supports a hand-shake function, by which the 
connection of crs of one TMP90CB40 and RTS of the other TMP90CB40 
allows receiving/transmitting data on a frame basis to prevent 
overrun errors. This function is enabled or disabled by the control 
register SCCRO (CTSE). 
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SIOCLK 

RxD 

Sampling 
Timing 

IRFRX 

RTS 

TMP90C840 

When the last bit (parity bit or MSB) of l-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 CPU is placed 
in ~he standby mode. 
When the received data are read by the receiving unit, the RTS pin 
returns to the "L" leve 1 , req ue sting that the transmis s ion is 
restarted. 

TMP90C840 TMP90C840 

\.J \.J 

TxD RxD 

-- --
CTS RTS 

Transmission unit Receiving unit 

Fig. 3.8 (8) Hand-shake Function 

1 234 5 6 7 8 9 10 11 12 13 14 15 16 1 2 

=>< ____________ E_n_d __ B_i_t ______ ~~--~~--------------------------.J)(stoP bit 

(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 •• 

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

MPU90-118 



TOSHIBA TMP90C840 

Data write timing --fLs\ If 
I 

~\ C""'" jStopped H Transmission 
13 14 16 1 2 14 15 16 1 2 3 

SIOCLK T --., 
I 
I 

TXDCLK 
""""5 

n H n 
TxD --.,] 

\start bit A bit 0 
51 

(Note) 1) Keep the CTS signal at the "H" level until data are written into 
the transmission buffer (SCBUF). 
A fa 11 of the CTS signa 1 halts the transmis ison 0 f the next 
data. 

2) The transmission is restarted from the first fall of TXDCLK 
after a fall of the CTS signal. 

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

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

GD Parity control circuit 

3.8.3 
(1) 

Setting the serial channel control register SCCRS (PE: Parity enable) 
to "1" allows the addition of a parity bit in transmitting/receiving 
data, only in the 7-bit DART or 8-bit DART mode. Either even or odd 
parity can be selected by the SCCR6 (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 7th bit (TB7) of SCBUF in the 7-bit DART mode or into 
TB8 in the 8-bit DART mode for transmission. PE and EVEN should be 
designated before writing data into the transmission buffer. 
In the receiving mode, the parity is generated from data shifted into 
the receiving buffer 1 and transferred to the receiving buffer 2 
(SCBUF). A parity error is detected and the PERR flag is set if the 
parity status mismatches the 7th bit (RB7) of'SCBOF in the 7-bit DART 
mode or RB8 in the 8-bit DART mode. 

Operation 
Mode 0 (I/O interface mode) 
This mode is used to increase the number of I/O pins of the TMP90C840 
for transmitting/receiving data and supplying a synchronous clock 
(SCLK) to an external shift register. 

MPU90-1l9 



TOSHIBA TMP90C840 

Output Port Expansion Input Port Expansion 

Shift 
TMP90C840 Register 

A 

B 

Shift A TMP90C840 Register 
B 

TxD SI C RxD QH C 

D D 
SCLl< SCK E SCI<" ~ CLOCK E 

F F 

Port RCK G Port ----. S/I G 

H H 

TC74HC595 TC74HC166 

Fig. 3.8 (11) I/O Interface Mode 

CD Transmission 
Each time the CPU writes data into the transmisison buffer, 8-bit data 
are output from TxD pin. When all data are output, IRFTX is set, and 
the interrupt INTTX occurs. 

CLK 

':'X Data 
;'lriting 
Tir:ing 

SCLK 

TxD 

TXDSFT 

234 

I 
1 

4 1 

-----x' ,-----'-i. 
.. bit 

4 

I 
I 

bit bt±*: bit 6 
I I 

----________________ -u ~ ____ ~!~ : 

I 
I 

I I 

-b-i-t-7~! *= 

IP2TX ____________________________________ ~{( 

(INTTX Interrupt Flag) )JI-------------------...J 

Fig 3.8 (12) Transmitting Operation (I/O Interface Mode) 

@ Receiving 
Each time the CPU reads the receiving data and clears the receiving 
interrupt flag 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 rece~v~ng data, the receiving enable state is previously set 
(RxE=l) . 
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¢2 
IRFRX 

(INTRX 
interrupt 

SCLK 

RxD 

I 
I 

TMP90C840 

~~ 
I 

I 

I : \ I : I 

-----b-i-t--O------)d~'-b-i-t--l-~tJk--b-it--6~)(~-b-i-t--7~jr~-----

I 

Transfer timing to ____________________________________________________ ~~ 
receiving buffer 2 

Fig 3.8 (13) Receiving Operation (I/O Interface Mode) 

(2) Mode 1 (7-bit UART mode) 
The 7-bit UART mode is obtained by setting the serial channel mode 
register SCMOD3 2 (SM) to "01". 
This mode allows the addition of a parity bit, which is enabled or 
disabled by the serial channel control register SCCRS (PE). When PE = 
1 (enable), even or odd parity can be selected by SCCR6 (EVEN). 

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

(Baud Rates 2400 baud @fc = 9.8304 MHz) 

• Transfer direction 

P3CR <- - a 1 Select P32 as the TxD pin. 
SCMOD <- x a - x 0 1 1 1 Set the transfer speed at 2,400 bps in 
TRUN <- I 0 1 the 7-bit UART mode. 
SCCR <- x 1 1 x x x x 0 Add an even parity. 
INTEL <- I Enable INTTX interrupt. 
SCBUF <- * * * * * * * * Set data for transmission. 

(Note) x: Don't care No change 
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(3) Mode 2 (8-bit UART mode) 
The 8-bit UART mode is obtained by setting SCMOD3 and SCMOD2 (SM) to 
"10". This mode a Iso allows the addition of a parity bit, as enabled 
or disabled by SCCRS (PE). When PE = 1 (enable), even or odd parity 
can be selected by SCCR6 (EVEN). 

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

odd 

(Baud Rates 9600 bps @fc = 9.8304 MHz) 

~.~---------Transfer direction 

Main setting: 

- P3CR (- - 0 1 Select P30 as the RxD pin. 
SCCR (- x 0 1 x x x x 0 Add an odd parity. 
TRUN (- 1 1 1 - Set the transfer speed at 9,600 bps in 
SCMOD (- - 0 1 x 1 0 1 1 the 8-bit UART mode. 
INTEL (- - - - - 1 - Enable INTTX interrupt. 

INTRX processing 

I Ace (- SCCR 00011100 Check errors. 
I If Acc = a then erro 
I_Acc (- SCBUF Read out the received data. 

(Note) x; Don't care No change 

(4) Mode 3 (9-bit UART mode) 
The 9-bit UART mode is obtained by setting SCMOD3, 2 (SM) = "11". The 
addition of a parity bit is disabled in this mode. 
The MSB (9th bit) is written into TB8 for transmission, and into RB8 
for receiving. Writing into or reading from the buffer must begin 
with the MSB followed by SCBUF. 

Wake-up function 

In the 9-bit UART mode, setting SCMOD4 (WU) to "1" allows the wake-up 
operation of the slave controllers. The interrupt INTRX occurs only 
when RB8 = 1. 
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T 
t ~ ! j ! ! • 
TxD RxD TxD RxD TxD RxD TxD RxD 

(P33) (P33) (P33) 

Master Slave 1 Slave 2 Slave 3 

TMP90C840 TMP90C840 TMP90C840 TMP90C840 

(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. 

Fig. 3.8 (14) Serial Link Using Wake-up Function MPU90-137 

IProtocoll 

Select the 9-bit UART mode for the master and slave controllers. 
Set the WU bit of each slave controller to "1" to enable data 
receiving. 
The master controller transmits I-frame data including the 8-bit 
select code for the slave controllers. The MSB (bit 8) is set to "1". 

select code of slave controller. "1" 

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

CD The master controller transmits data to the specified slave controller 
(whose WU bit is cleared to "0"). At the same time, the MSB (bit 8) 
is clea~ed to "0". 

Data "0" 
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® The other slave controllers (with the WU bit remalnlng at "I ") ignore 
the receiving data because their MSBs (bit S or RBS) are set to "0" to 
disable the interrupt INTRX. 
When the WU bit is cleared to "a", the interrupt INTRX occurs, making 
it possible to read the receiving data. 
Only when WU = 0, the slave controllers can transmit data to the 
master controller, including those indicating the end of data 
receiving. 

Example: Link two slave controllers serially with the master 
controller, and use the internal clock 01 as the transfer 
clock. 

t , 

TxD RxD 

Haster 

o Set the master control 

Main 

P3CR <- - 0 0 1 1 0 
INTEL <- - 1 1 
SCCR (- x x x x x x x a 
SCMOD (- 1 0 1 all 1 a 

SCBUF <- a 0 a a a 0 o 1 

INTTX interrupt 

I-SCMOD (- a 
I_SCBUF <- * * * * * * * * 

o Set the slave controller 2 

Main 

I-P3CR <-­
I INTEL <­

1 1 a 1 a 
1 1 

x x x x x x x a 
a a 1 1 1 1 1 a 

I SCCR <­
I_SCMOD <-

AA 

~ ~ ,~ ~ 
TxD RxD TxD RxD 

Slave 1 Slave 2 

Select Code Select Code 
00000001 00001010 

Select P32 as TxD and P31 as RxD. 
Enable INTRX and INTTX. 
Disable the hand-shake function. 
Select 01 as the transfer clock in the 
9-bit UART mode. 
Set the select code for the slave con-
troller 1. 

Set TBS to "a". 
Set data for transmission. 

Select P33 as TxD and P3l as RxD. 
Enable INTRX and INTTX. 
Disable the hand-shake function. 
Set WU to 1 in the 9-bit UART mode 
(transfer clock: 01) • 
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INTRX interrupt 

Acc (- SCBUF 
I if Acc = Select code 
I then SCMOD (- - - - 0 - - - - Clear WU to "0". 

(Note) x: Don't care No change 

3.9 Analog/Digital Converter 

The TMP90C840 incorporates a high-speed and high-precision analogi 
digital converter (A/D converter) with six analog input channels that 
features f8-bit sequential comparison. 
Fig. 3.9 (1) is a block diagram of A/D converter. The 6-channel analog 
input pin (AN5 - ANa) is also used as the input port P5. 

Internal Data Bus 

AID Converter 
Mode Register (ADMOD) 

r------- --- - -------------------, 
I I 
I I 
I ADCH2_0 EOCF ADB ADCS ADS I 

1..-----1-1- ---~~ b~~--lspeedsEart-..J r--____ f _____ INTAD 

AID Converter Interrupt 
Analog 

ANS Controller 

AN4 

ANO 

VREFLr----------~ 

AGNDLr----------~ 

Fig. 3.9 (1) 

DIA Converter 

AID Conversion Result 
Register (ADREG) 

Block Diagram of A/D Converter 
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3.9.1 Control Registers 

ADMOD 
(FFEFH) 

7 6 5 4 

:EOCF I ADBF I ADCS I 
1 1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 
1 1 
1 1 

1 1 

3 2 1 

1 
ADS 1 

1 
1 

R/w 

0 

ADCH 

R/w 
___ > Analog input channel select 

* 1 000 
1 001 
1 010 
1 011 
1 100 
1 101 
1 110 
IlTl 

ANO 
ANI 
AN2 
AN3 
AN4 
ANS 

Not used 

_____________ > AID conversion start 

* 1 0 1 1 

1-----1---------------------------1 
1 1 1 Start AID conversion 1 

(Note) Always cleared to "0" when read out 

1 1 R/w 
1 1 

1 1 

______________ > AID conversion speed selection 

1 1 * 1 0 1 95 states (1911s) 1 
1 1 1-----1---------------------------1 
1 1 1 1 1 190 states (3811s) 1 

1 1 

1 1 (Note) Conversion speed calculated at fc=lOMHz 
1 1 R 
1 1 __________ > AID conversion busy flag 
1 

1 * 1 0 1 AID conversion not busy 1 
1 1-----1---------------------------1 
1 1 1 1 AID conversion busy 1 
1 

1 R 
l End of conversion flag -------------------------> 

* 1 1 AID conversion not ended 
1 0 1 nor started 1 
1-----1---------------------------1 
1 1 1 AID conversion ended 1 

Fig. 3.9 (2) AID Converter Mode Register 

MPU90-126 



TOSHIBA 

ADREG 
(FFEEH) 

MSB 
7 6 5 4 3 2 

LSB 
o 

AID conversion result register (Read only) 

Fig. 3.9 (3) AID Conversion Result Register 

TMP90C840 

3.9.2 Operation 

(1) 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 2S6 by 
connecting ladder resistance, and compared with the analog input 
voltage for AID conversion. 

(2) Analog input channels 
For the AI D convers ion, one of the six ana log input channe Is (ANO 
(PSO) to &~S (PSS» is selected by the register ADMOD2-0 (ADCH). 
ADCH is initialized to "000" by resetting, whereby the ANO pin 18 

selected. 
The pins not used for the analog input can be used for ordinary input 
(PS). 

(3) Selection of AID conversion speed 
Normally, the AID converter is used in the high-speed conversion mode 
that completes the operation in 95 states (19 ~s @fc=lOMHz). 
When using an oscillation frequency of more than 10MHz, set the 
register ADMOD4 (ADes) to "1" and obtain the conversion speed of 190 
states (38 ~s, @fc=10MHz). 
ADCS is initialized to "0" by resetting, by which the AID converter 
turns to the high-speed conversion mode. 

(4) Starting AID conversion 
The AID conversion is started by writing "1" into the register ADMOD3 
(ADS). When the AID conversion is started, the ADMODS (ADBF) flag is 
set to "1", indicating that the conversion is in progress. 

(S) AID conversion end and interrupt 
When the AID conversion is completed, the ADMOD6 (EOCF) flag is set to 
"1", indicating that the AID conversion is completed. Then the ADBF 
flag is cleared to "0" to generate the interrupt INTAD. 
INTAD (interrupt by the AID converter) is controlled by the interrupt 
enab Ie flag INTEL 7 (IET2), also used for INTT2 (interrupt by Timer 
2). Either INTAD or INTT2 is selected by the INTER3 (ADIS) flag. 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 flag. 
When IN TAD is latched, the INTAD status cannot be cleared by software. 
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(6) Reading AID conversion results 
The results of AID conversion are stored into the ADREG register. 
By reading the contents of the ADREG register, EOCF flag is cleared to 
"0". 
When the contents of the ADREG register is read while the AID 
conversion is performed, the AID conversion results become undefined. 
AID conversion is stopped by a HALT instruction except in the RUN 
mode, by which the AID conversion results also become undefined. 
In th~ RUN mode, AID conversion is not stopped by a HALT instruction. 

Example: [1] Analog input vo ltage 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 
FFIOH by using AID interrupt IN TAD service routine. 

Main setting 

INTEH (- - 1 
INTEL (- 1 - - - - -
ADMOD (- x x x a 1 0 1 1 

Set INTADE to "1". 
Enable INTT2 
Select AN3 as the analog input channel, 
and start the AID conversion in the high­
speed conversion mode. 

AID interrupt service routine 

I A (- ADREG Load the contents of ADREG into the ac-. 
cumulator. Store the accumulator value 
into the memory address FFIOH. 

I (FFIOH) (- A 
I 

Example: [2] 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 (- x x x 0 1 0 1 0 

loop: 
if EOCF o then loop 

Select AN2 as the analog input channel, 
and start the AID conversion in the high­
speed conversion mode. 

else A (- ADREG 

(Note) x· Don't care No change 

3.10 Watchdog timers (Runaway detecting timer) 

When the mulfunction (runaway) of the CPU occurs due to any cause such 
as noise, the watchdog timer (WDT) detec ts it to return to the normal 
sate. When WDT has detected malfunction, a non-maskable interrupt is 
generated to indicate it to the CPU. 
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3.10.1 Architecture 

Fig. 3.10 (1) is a block diagram of the watchdog timer (WDT). 
The watchdog timer consists of a 20-stage binary counter (input clock: 
o @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. 

INTWD Interrupt 

Selector enable 

¢ 
(fc/2) 

Twenty-stage Binary 
Counter for Watch Dog 
Timer 

Reset 

Under Execution --------~ 
of HALT Instruction 

(stop Mode) 
Write 
'4EH' 

Watch Dog Timer 
control Register 

(WDCR) 

Internal Data Bus 

R 

Q 

F/F 

Reset 
'-----'"-........ :- WDTE 

Fig. 3.10 (1) Block Diagram of Watchdog Timer 

3.10.2 Control Registers 

WDT is controlled by two control registers (WDMOD and WDCR). 

(1) Watchdog timer mode register (WDMOD) 
1 Set the detecting time of watchdog timer (WDTP) 

The WDT interrupt period is set by this 2-bit flag. WDTP is 
i~!tialized to "00" by resetting, providing the initial set value of 
2 /fc (sec.) (approx. 8,192 states). 
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(i) WDT enable/ disable control (WDTE) 
WDTE is initialized to "I" by resetting, which enables the watchdog 
timer function. 
To disab Ie the func t ion, the bi t shou ld be cleared to "a" and the 
disable code "BlH" should be written into the WDCR register. 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 by setting the 
WOTE bit to "I". 
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WDMOD 
(FFD2H) 

TMP90C840 

7 6 5 4 3 2 1 0 , , , , 
1 1 

! WDTE! WDTP 'WARM' HALTM EXFIDRVEI , , 
I , 

R/W 

R/W 

, 
I 

R/W 

R/W 

, 1 

I I~> See "3.4.4 STOP Mode". 
1 R 
1 __ > Invert at each EXX instruc­

tion execution. 

_____ > Se lee t standby mode by HALT 
instruction (HALT mode) 

* 00 RUN Mode 
01 STOP Mode 
10 IDLEI Mode 
11 IDLE2 Mode 

_________ > Selec t warming-up time "("hen 
returned from stop mode. 

* 1 1 
214/fc , 0 1 (Approx. 1.6 !Ds) 

1 1 , 
1 

216/fc , 1 1 (Approx. 6.6 rns) 
1 

, 
( Note) fc = 10 MHz 

> 
Select detecting period of 
watchdog timer (WDTP). 

* , 1 
214/fc 1 00 , (Approx. 1.6 ms) 

1 I 
I 1 

216/fc 1 01 I (Approx. 6.6 ms) , I 
I I 

218/fc I 10 I (Approx. 26.2 ms) 
I I 
I I 

22O/fc I 11 I (Approx. 105 rns) 

I I 
(Note) fc = 10 MHz 

____________ > Watchdog timer enable/disable control 

I 0 I Disable (Interac t ive with WDCR) I 
* I 1 I Enable I 

(Note) To disable the WDT func t ion, the disable code shou Id be writ ten 
into the WDCR register. 

Fig. 3.10 (2) Watchdog Timer Mode Register 
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(2) Watchdog timer control register (WDCR) 

WDCR 
(FFD3H) 

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

o Disable WDT 
The watchdog timer can be 
(WDTE) to "0", writing the 
register. 

disabled by, 
disable code 

Clear WDTE to "0". 

after 
(B1H) 

WPMOD 
WDCR 

<- O-----XX 
<- 10110001 Write disable code (B1H). 

clearing WDMOD7 
into this WDCR 

o Clear binary counter 

7 

The binary counter can be cleared and resume counting by writing 
the clear code (4EH) into the WDCR register. 

WDCR 

6 

<- 01001110 

5 4 3 

1 

Iw 

Write clear code (4EH). 

2 1 o 

1 ______ > Disable/clear watchdog timer. 

B1H 1 Disable code 
4EH"1 Clear code 

Other I 

Fig. 3.10 (3) Watchdog Timer Control Register 

MPU90-132 



TOSHIBA TMP90C840 

3.10.3 Operation 
The watchdog timer generates INTWD (watchdog timer interrupt) after a 
time specified by the register WDMOD6, 5 (WDTP). 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 binary counter, the counter will overflow and 
the watchdog timer interrupt INTWD occurs. The CPU detects the 
malfu~ction (runaway) by this interrupt. 
The watchdog timer starts its operation as soon as the reset state is 
cleared. 
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 
selecting any of these modes. 

Example: (1) Clear the binary counter. 
WDCR <- 01001110 Write clear code (4ER) 

(2) Set 2
16

/fc for the detecting time of watchdog timer. 
WDMOD <- 101---XX 

(3) Disable the watchdog timer. 
WDMOD <- O-----XX Clear WDTE to "0" 
WDCR <- 10110001 Write disable code (BIR) 

(4) Select the IDLE 2 mode. 
WDMOD <- 0---11XX Disable WDT and set IDLE 2 mode 
WDCR <- 10110001 Select the standby mode 
Execute HALT instruction 

(5) Select the STOP mode (Warming-up time: 2
16

/fc) 
WDMOD <- ---101XX Select STOP mode 
Execute HALT instruction 

Select the standby mode 
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4. ELECTRICAL CHARACTERISTICS 

TMP90C840N/TMP90C840F/TMP90841N 

4.1 Absolute maximum ratings 

S~bol I Parameter Rating IUnitl 
VCC I Supply voltage -0.5 - +7 I V I 
VIN I InEut voltage -0.5 - Vcc +0.5 I V I 

PD I Power dissi~ation (Ta=85' C) 250 I mV I 
TSOLDERI Soldering temEerature 260 I ·c I 

TSTG I Storage temEerature -65 - 150 I ·C I 
TOPR I °Eerating temEerature -40 - 85 I ·C I 

4.2 DC characteristics 
TA=-40 - 8S'C Vce=sV±lO% 

I Symbol I Parameter I Min. Max. IUnitl Test I 
I I I I I I Condition I 
I VIL I InEut Low Voltage (PO) 1-0.3 10.2Vcc-0.ll V I I 
I VILI I Pl,P2,P3,P4,PS zP6,P7,P8 1-0.3 10.3Vce I V I I 
I VIL2 I/RESET,INTO,/NMI,xl,x2 1-0.3 10.2sVcc I V I I 
I VIL3 IlEA 1-0.3 10.3 I V I I 
I VIH I InEut High Voltage (PO) 10.2Vcc+l.lIVcc+0.3 I V I I 
I VIRI I Pl,P2,P3~P4,PSzP6,P7,P8 IO.7Vce I Vcc+0.3 I V I I 
I VIH2 I/RESET,INTO,/NMI,xl,x2 10.7sVcc IVcc+0.3 I V I I 
I VIH3 IlEA I Vcc-O. 3 IVcc+0.3 I V I I 
I VOL 10utEut Low Voltage I 10.45 I V I IOL=1.6mA I 
I VOR 10utput High Voltage 12.4 I I V I IOR=-400UA I 
I VORl I 10.7sVcc I I V IIOH=-100UA I 
I VOR2 I 10.9Vcc I I V I IOH=-20UA I 
I I DAR IDarlington Drive Current 1-1.0 1-5.0 I rnA I VEXT=1.SV I 
I 1(81/0 Eins) I I I I REXT=I.lkn I 
I ILL I Input Leakage Current I I±S I UA 10.2<Vin<Vcc I 
I I I I I 1-0.2 I 
I ILO 10utput Leakage Current I I ±10 I UA 10.2 <Vin<Vcc I 
I I I I I 1-0.2 I 
I ICC 10perating Current (RUN) I 140 I rnA Itosc=10MHz I 
I I Idle 1 I I 5 I rnA I I 
I I Idle 2 I 115 I rnA I I 
I I STOP I ITBD I UA 10.2<Vin<Vcc I 
I I I I I 1-0.2 I 
Iv sTOplPower Down Voltage ITBD I 6 I V I Vce MIN: RAMI 
I I I I I I BACK UP I 
IR REST I IRESET Pull UE Register 150 1150 I Kohml I 
I CIO IPin Capacitance I 110 I PF Itestfreq= I 
I I I I I 11MHz I 
I VIH I Schmitt width/RESET,/NMI, 10.4 I I V I I 
I I INTO I I I I I 
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4.3 AC power characteristics 
TA=-40 - 8S·C Vcc=SV±10% 
CL=50PF 

/ Symbo 1/ Parameter /10MHz Clock / Variable I Units 
I / Min. Max. / Min. Max. / 

tOSC /OSC. Period=x I 100 / 100 1000 / ns 
tCYC ,CLK Period I 400 , 4x 4x , ns 
tWL , CLK .Low width / 160 , 2x-40 , ns 
tWH ,CLK High width , 160 I 2x-40 / ns 
tAC 'Address SetuE to /RD, /WR / 50 / x-50 / ns 
tRR / /RD Low width / 210 / 3x-90 / ns 
tCA IAddress Hold Time After/RD./WR / 30 / 30 / ns 
tAD IAddress to Valid Data In I 240 / 4x-1601 ns 
tRD '/RD to Valid Data In / 170 / 3x-130' ns 
tDR ,Data SetuE to/RD , 40 I 40 , ns 
tHR I InEut Data Hold After /RD , 0 , 0 , ns 
tWW '/WR Low width , 210 I 3x-90 , ns 
tDW ,Data SetuE to /WR , ISO , 2x-SO , ns 
tWO ,Data Hold After /WR , 30 90 / 30 x-IO , ns 
tCWA ,/RD,/WR to Valid /WAIT , 50 I 2x-ISO , ns 
tAWA 'Address to Valid /WAIT , 120 , 3x-180 , ns 
tWAS //WAIT SetuE to CLK / 70 , 70 , ns 
tWAH '/WAIT Hold After CLK , 0 / 0 , ns 
tRV 'Recoverx: Time / 90 , x-IO I ns 
tCPW ,CLK to Port Data OutEut / 300 , x+200/ ns 
tPRC /Port Data SetuE to CLK / 200 , 2x , ns 
tCRP /Port Data Hold After CLK / 100 / x / ns 

0 AC output level High 2.2V / Low 0.8V 
0 AC input level High 2.4V / Low 0.4SV (DO-0.7) 

High 0.8Vcc/ Low 0.2Vcc (excluding DO-D7) 
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4.4 A/D conversion characteristics 
TA=-40 - 8S'C Vcc=SV±lO% 

I I 
I Symbol Parameter I Min. TYP. Max. Unit 

� ______ ~~----~--------------_+I--~~~----~------r_---IVREF Analog reference voltage IVCC-l.S VCC VCC 
IAGND Analog reference voltage I VSS VSS O.S 
IVREF-AGND Allowable analog reference I 2.S v 
I voltage I 
I-VA--IN------+-A-ll-o-w~a~b-l-e--a-na-l-o-g-·~i-n-p-u-t-v-o-l-t-a-g-e+l--v-S-s---+------~---VC-C---

IIREF Supply current for analog I 0.5 1.0 rnA 

I ________ -+~r~e~fe~r~e~n~c~e~vo~lt~g~e~ __________ _+I------_+------~------~------
I Nonlinear error I TBD 
I Zero error I TBD LSB 
I Full-scale error I TBD 
1 ________ ~_T~ot_a_l~e_r_r_o_r ________________ ~I ______ ~ ______ ~ ___ TB_D __ ~ ____ __ 

4.5 Zero-cross characteristics 
TA=-40 - 8S'C Vcc=5V±10% 

I I I I I 
I Symbol I Parameter I Condition MIN. I Max. I Unit 
I I I I I I 
I Vzx I Zero-cross detection in2utiAC connection C=O.l~FI 1 I TBD I VAC 2-21 
I Azx I Zero-cross accurac,l ISO/60Hz sine wave I TBD ! mV I 
I Fzx IZero-cross detection input I 0.041 1 I KHz I 
I I fr eg uenc,l I I I I 
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4.6 Timing chart 

CLK 

AO-19 X 
RO 
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Read Oat .a 
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Write 
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tput 

put 
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5. OUTSIDE DIMENSIONS 

5. 1 DIP pac kage 

64 33 

1 32 

·x 

57.7~AX !j 
1.0+0.2 

N 

Note) Lead pitch: 1.78 

I 

1.1 

TMP90C840 

Unit: mm 

19. 05±0. 15 

.. 11.O. 25±0.1 

Tolerance: ±O.2S to the theoretical center of each lead 
obtained as based on the No. 1 and No. 64 pins. 
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5.2 Mini-flat package 
Unit: mm 

1.0 0 35 

52 J -II- 33 ... ... ,.. ... ... ,. 

~ I- l-

I 

13 

32 
I 

a \.0 

~ a 
r-! N 

64 0 20 

L. L. l-

I 19 
20.0 

26.6 
---

1.7 
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6. CAUTIONS 

Followings are some important cautions for the user of the TMP90C840: 

(1) An undefined or write-only bit of the internal I/O register is always 
set to "1" when read out. 

(2) The write-only bit is always calculated as "1" when internal I/O 
regis~er conta~n~ng the write-only bit is accessed by using a 
read-modify-write instruction (operation between memory and immediate 
address, bit set/rese·t instruction, etc.). 

(3) The system adopts the pipeline processing in which it pre fetches a 1 
byte instruction. Thus a jump instruction may cause the system to 
fetch the instruction that follows the jump instruction. This may 
also occur for call or return instruction. 

(4) If an undefined code is executed, no subsequent operation will be 
guaranteed. 

(5) The internal watchdog timer is returnd to the "enable" mode by 
resetting. If this function is not required, the watchdog timer 
should be placed in the "disable" mode. 

(6) After the power is turned on, no internal device can be reset until 
the oscillator starts its operation, placing the output and I/O ports 
in the undefined state. In order to define their status, a separate 
external circuit is required. 
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TOSHIBA Appendix A Table of Machine Instructions 

Appendix A Table of Machine Instructions (1/11) 

1. 8-bit transfer 

I Instructionl Mnemonic I Code I Function I SZIHXVNCI T 
I ILD A,r 120+r IA<-r \--------1 2 
ILD r,r ILD r,A 128+r Ir<-A 1--------1 2 
I I LD r,g I F8+g:30+r I r<-g 1--------1 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ILD r,n LD r,n 130+r:n Ir<-n 1--------141 
1----------- ---------------1--------------1-------------------------------1--------1-----1 
I LD A,(n) 127:n IA<-(n) 1--------18 
I LD r,(gg) IEO+gg:28+r Ir<-(gg) 1--------1 6 
ILD r,mem LD r,(ix+d) IFO+ix:d:28+r Ir<-(ix+d) 1--------110 
I ILD r,(HL+A) 1F3:28+r Ir<-(HL+A) 1--------1 14 
I ILD r,(mn) IE3:n:m:28+r Ir<-(mn) 1--------1 10 
I ILD r,(n) IEF:n:28+r Ir<-(n) 1--------181 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I ILD (n),A 12F:n I(n)<-A 1--------181 
I I LD (gg) , r I E8+gg: 20+r I (gg)<-r 1--------1 6 I 
ILD mem,r ILD (ix+d),r IF4+ix:d:20+r I (ix+d)<-r 1--------1 10 I 
I ILD (HL+A),r IF7:20+r I (HL+A)<-r 1--------114 I 
I ILD (mn),r IEB:n:m:20+r I (mn)<-r 1--------1 10 I 
I ILD (n),r IEF:n:20+r I (n)<-r 1--------181 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I ILD (gg),n IE8+gg:37:n I (gg)<-n 1--------1 8 I 
I ILD (ix+d),n IF4+ix:d:37:n I (ix+d)<-n 1--------112 I 
ILD mem,n ILD (HL+A),n IF7:37:n I (HL+A)<-n 1--------116 I 
I ILD (vw),n IEB:w:v:37:n I (vw)<-n 1--------112 I 
I ILD (w),r 137:w:n I (w)<-n 1--------110 I 

2. 16-bit transfer 

I Instructionl Mnemonic I Code I Function I SZIHXVNC I T 
I I LD HL, rr 140+rr I HL<-rr 1--------1 4 
ILD rr,rr ILD rr,HL 148+rr I rr<-HL 1--------1 4 
I ILD rr,gg IF8+gg:38+rr Irr<-gg 1--------1 6 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
110 rr,nn ILD rr,mn 138+rr:n:m /rr<-mn 1--------1 6 I 
1-----------1---------------1--------------/-------------------------------1--------1-----1 
I ILD HL,(n) 147:n IHL(-(n)W /--------110 I 
I ILD rr,(gg) I EO+gg:48+rr /rr(-(gg)W /--------1 8 I 
ILD rr,mem ILD rr,(ix+d)IFO+ix:d:48+rr /rr<-(ix+d)W /--------1 12 I 
I ILD rr,(HL+A)IF3:48+rr Irr(-(HL+A)W /--------116 I 
I ILD rr,(mn) IE3:n:m:48+rr Irr<-(mn)W 1--------1 12 I 
I ILD rr,(n) IE7:n:48+rr Irr(-(n)W 1--------110 I 
1-----------1---------------1--------------1-------------------------------1--------1-----/ 
I ILD (n) ,HL 14F:n I (n)W(-HL 1--------1 10 I 
I ILD (gg),rr IE8+gg:40+rr I (gg)W<-rr 1--------1 8 I 
ILD mem,rr 110 (ix+d),rrIF4+ix:d:40+rr /(ix+d)W<-rr 1--------1 12 I 
I ILD (HL+A),rrIF7:40+rr I (HL+A)W<-rr 1--------1 16 I 
I ILD (mn),rr IEB:n:m:40+rr I (mn)W<-rr 1--------1 12 I 
I ILD (n),rr IEF:n:40+rr I (n)W<-rr 1--------1 10 I 
1-----------1---------------1--------------1-------------------------------1--------1-----/ 
I ILDW (gg),mn IE8+gg:3F:n:m l(gg)W<-mn 1--------112 I 
I ILDW (ix+d) ,mnIF4+ix:d:3F:n:ml (ix+d)W<-mn 1--------1 16 I 
ILDW mem,nn ILDW (HL+A),mnIF7:3F:n:m I (HL+A)W<-mn 1--------1 20 I 
I ": I10W (vw),mn IEB:w:v:3F:n:m l(vw)W<-mn 1--------116 I 
I ILOW (w),mn 13F:w:n:m I (w)W<-mn 1--------114 I 
I PUSH I PUSH qq Iso+qq 1 SP<-SP-2, (SP)W<-qq 1--------1 8 I 
I POP Ipop qq IS8+qq Iqq<-(SP)W,SP<-SP+2 1--------110 I 
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Appendix A Table of Machine Instructions (2/11) 

I Instructionl Mnemonic 
ILDA rr,mem ILDA rr,ix+d 
I ILDA rr,HL+A 

I Code I 
IF4+ix:d:3B+rr Irr<-ix+d 
IF7:3B+rr Irr<-HL+A 

Function I SZIHXVNC I T 
1--------1 10 
1--------1 14 

3. Exchange, block transfer and search 

I Instruction I Mnemonic I Code I Function 1 SZIHXVNC I T 
I I EX DE,RL 108 IDE<->RL 1--------1 2 
lEX rr,rr lEX AF,AF' 109 IAF<-->AF' 1--------1 2 
I IEXX lOA I BC/DE/HL<->BC'/DE'/HL' 1--------1 2 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 

EX (gg),rr IEO+gg:50+rr I (gg)W<-->rr 1--------114 I 
EX (ix+d),rr IFO+ix:d:50+rr l(ix+d)W<-->rr 1--------1 IB I 

EX mem,rr EX (HL+A),rr IF3:50+rr 1 (HL+A)W<-->rr 1--------1 22 I 
EX (mn),rr IE3:n:m:50+rr I (mn)W<-->rr 1--------1 18 I 
EX (n),rr IE7:n:50+rr 1 (n)W<-->rr 1--------116 1 

----------- ---------------1--------------1-------------------------------1--------1-----1 
LDI LDI IFE:5B I (DE)<-(HL) 1---0-MO-114 I 

I I DE<-DE+l I I I 
I I HL<-RL+l I I I 
I I BC<-BC-l I I I 

----------- ---------------1--------------1-------------------------------1--------1-----1 
LDIR LDIR IFE:59 I (DE)<-(RL) 1---0-00-118/141 <- repe 

I I DE<-DE+l I I I /no rep 
I IHL<-HL+l I I I 

I I I BC<-BC-l, Repeat until BC-O. I I I 
-----------1---------------1--------------1-------------------------------1--------1-----1 
LDD I LDD I FE: 5A I (DE )<- (HL) I---O-MO-I 14 I 

I I IDE<-DE-l I I I 
I I IHL<-RL-l I I I 
I I I BC<-BC-l 1 I I 

-----------1---------------1--------------1-------------------------------1--------1-----1 
LDDR ILDDR IFE:5B I (DE)<-(RL) 1---0-00-IIB/141 <- repe 

I I I IDE<-DE-l I I I /no rep 
I I I IHL<-HL-l I I I 
I I I I BC<-BC-l, Repeat until BC=O. 1 I I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ICPI ICPI IFE:5C IA-(HL) I*N-**MI-1 14 I 
I I I IRL<-HL+l I I I 
I I I I BC<-BC-l I I I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I CPIR I CPIR I FE: 5D I A- (HL) I *N-**MI-118/ 141 <- repe 
I I I IRL<-HL+l I 1 I /no re~ 
I I I I BC<-BC-l I I I 
I I I I Repeat until A=(RL) or BC=O. I I I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ICPD ICPD IFE:5E IA-(RL) I*N-**MI-1 14 I 
I I I I HL<-RL-l I I I 
I I I I BC<-BC-l I I I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ICPDR ICPDR IFE:5F IA-(RL) I*N-**MI-IIB/141 <- repe 
I I I I HL<-RL-l I I I /no rep 
I I I I BC<-BC-l I I I 
I I I I Repeat until A=(RL) or BC-O. I I I 

(Note) Flag M: If BC=O after execution, P/V flag is 0, and otherwise 1. 
Flag N: If A=(RL), Z flag is I, and otherwise o. 
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Appendix A Table of Machine Instructions (3/11) 

4. 8-bit arithmetic operation 

I Instructionl Mnemonic Code Function ISZIHXVNCI T 
I ADD A, r I ADD A,g I F8+g:60 I A <-A+g I**-**VO*I 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I ADD A,n IADD A,n 168:n IA <-A+n I**-**vo*! 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I IADD A,(gg) IEO+gg:60 IA <-A+(gg) 1**-**vo*1 6 I 
I IADD A,(ix+d) IFO+ix:d:60 IA <-A+(ix+d) 1**-**vo*1 10 I 
I ADD A,mem IADD .A,(HL+A) 1F3:60 IA <-A+(HL+A) 1**-**vO*114 I 
I IADD A,(mn) IE3:n:m:60 IA <-A+(mn) !**-**vo*1 10 I 
I IADD A,(n) 160:n IA <-A+(n) I**-**VO*I 8 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I ADD r,n I ADD g,n I FB+g:6B:n I g <-g+n I **-**VO* I 6 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I I ADD (gg) ,n I EB+gg:68:n I (gg)<- (gg)+n 1**-**vO*1 10 I 
I I ADD (ix+d) ,n I F4+ix:d:68:n I (ix+d)<-(ix+d)+n 1**-**vo*1 14 I 
IADD mem,n I ADD (HL+A),n IF7:68:n I (HL+A)<-(HL+A)+n 1**-**vO*118 I 
I I ADD (vw),n IEB:w:v:68:n I (vw)<-(vw)+n I **-**VO* I 14 I 
I I ADD (w),n IEF:w:68:n I (w)<-(w)+n 1**-**vo*1 12 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
IADC A,r IADC A,g IF8+g:6l IA <-A+g+CY I**-**VO*I 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I ADC A,n I ADC A,n 169:n IA <-A+n+CY 1**-**vO*1 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I IADC A,(gg) IEO+gg:61 IA <-A+(gg)+CY I **-**VO* I 6 I 
I IADC A,(ix+d) IFO+ix:d:61 IA <-A+(ix+d)+CY 1**-**vo*1 10 I 
IADC A,mem IADC A, (HL+A) IF3:61 IA <-A+(HL+A)+CY 1**-**vo*1 14 I 
I IADC A,(mn) IE3:n:m:61 IA <-A+(mn)+CY 1**-**vo*110 I 
I I ADD A, (n) 161:n IA <-A+(n)+CY 1**-**vO*1 8 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
IADC r,n IADC g,n IF8+g:69:n Ig <-g+n+CY 1**-**vo*1 6 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I IADC (gg),n IEB+gg:69:n !(gg)<-(gg)+n+CY 1**-**vo*1 10 I 
I IADC (ix+d) ,n I F4+ix:d:69':n I (ix+d)<-(ix+d)+n+CY I **-**vO* I 14 I 
IADC mem,n IADC (HL+A),n IF7:69:n I (HL+A)<-(HL+A)+n+CY 1**-**vo*1 IB I 
I IADC (vw),n IEB:w:v:69:n l(vw)<-(vw)+n+CY 1**-**vo*114 I 
I IADC (w),n IEF:w:69:n I (w)<-(w)+n+CY 1**-**vo*112 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I SUB A,r ISUB A,g IFB+g:62 IA <-A-g 1**-**V1*1 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I SUB A,n I SUB A,n 16A:n IA <-A-n 1**-**Vl*1 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I I SUB A, (gg) IEO+gg:62 IA <-A-(gg) 1**-**Vl*1 6 I 
I ISUB A,(ix+d) IFO+ix:d:62 IA <-A-(ix+d) 1**-**Vl*1 10 I 
ISUBA,mem ISUB A,(HL+A) IF3:62 IA<-A-(HL+A) 1**-**Vl*114 I 
I ISUB A,(mn) IE3:n:m:62 IA <-A-(mn) 1**-**Vl*110 I 
I ISUB A,(n) 162:n IA <-A-(n) 1**-**Vl*1 8 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ISUB r,n ISUB g,n IFB+g:6A:n Ig <-g-n 1**-**Vl*1 6 I 
I-----------I---------------I--------------I-~-----------------------------1--------1-----1 
I I SUB (gg),n IEB+gg:6A:n I (gg)<-(gg)-n 1**-**Vl*1 10 I 
I ISUB (ix+d),n IF4+ix:d:6A:n I (ix+d)<-(ix+d)-n 1**-**Vl*114 I 
I SUB mem,n I SUB (HL+A),n IF7:6A:n I (HL+A)<-(HL+A)-n 1**-**Vl*1 IB I 
I I SUB (vw) ,n I EB :101: v:6A:n I (vw )<-(vw)-n I**-**Vl* I 14 I 
I I SUB (101) ,n IEF:w:6A:n I (w)<-(w)-n 1**-**Vl*1 12 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I SBC A,r I SBC A,g I FB+g:63 IA <-A-g-CY 1**-**Vl*1 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ISBC A,n ISBC A,n 16B:n IA <-A-n-CY 1**-**vl*1 4 I 
1-----------1---------------/--------------1-------------------------------1--------1-----1 
I I SBC A, (gg) IEO+gg:63 IA <-A-(gg)-CY 1**-**Vl*1 6 I 
I I SBC A, (ix+d) IFO+ix:d:63 IA <-A-(ix+d)-CY 1**-**Vl*1 10 I 
I SBC A,mem I SBC A, (HL+A) IF3:63 IA <-A-(HL+A)-CY 1**-**vl*1 14 I 
I I SBC A, (1111) IE3:n:m:63 IA <-A-(mn)-CY I **-**V1* I 10 I 
I I SBC A, (n) 163:n IA <-A-(n)-CY 1**-**Vl*1 8 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ISBC r,n ISBC g,n IFB+g:6B:n Ig <-g-n-CY 1**-**Vl*1 6 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I I SBC (gg) ,n I EB+gg:6B:n I (gg)<-(gg)-n-CY 1**-**Vl*1 10 I 
I ISBC (ix+d) ,n I F4+ix:d:68:n I (ix+d)<-(ix+d)-n-CY 1**-**Vl*1 14 I 
ISBC mem,n ISBC (HL+A),n IF7:6B:n I (HL+A)<-(HL+A)-n-CY 1**-**Vl*1 IB I 
I ISBC (vw),n IEB:w:v:6B:n I(vw)<-(vw)-n-CY I **-**V1* I 14 I 
I ISBC (w),n IEF:w:6B:n I (w)<-(w)-n-CY 1**-**Vl*112 I 

Appendix-3 



TOSHIBA Appendix A Table of Machine Instructions 

Appendix A Table of Machine Instructions (4/11) 

I Instructionl Mnemonic Code Function \ SZIHXVNCI T 
lAND A,r lAND A,g IFB+g:64 IA <-A AND g \**-10POOI 4 I 
1-----------1---------------1-------------- 1--------.-----------------------1-------- 1-----1 
lAND A,n lAND A,n 16C:n IA <-A ,AND n 1**-10pool 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I lAND A,(gg) IEO+gg:64 IA <-A AND (gg) 1**-10pool 6 I 
I I AND A, (ix+d) I FO+ix: d: 64 I A <-A AND (ix+d) 1**-lOPOO I 10 I 
lAND A,mem lAND A,(HL+A) IF3:64 IA <-A AND (HL+A) 1**-10POOI 14 I 
I lAND A,(mn) IE3:n:m:64 IA <-A AND (mn) 1**-10pool 10 I 
I lAND A,(n) 164:n IA<-AAND(n) 1**-10pool B I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
lAND r,n lAND g,n IFB+g:6C:n Ig <-g AND 0 1**-10pool 6 I 
I-----------I---------------I----------~---I-------------------------------1--------1-----1 
I lAND (gg) ,n I EB+gg:6C:n I (gg)<-(gg) AND n 1**-10POOI 10 I 
I lAND (ix+d),n IF4+ix:d:6C:n I (ix+d)<-(ix+d) AND n 1**-10pool 14 I 
lAND mem,n lAND (HL+A),n IF7:6C:n I(HL+A)<-(HL+A) AND n 1**-10pool IB I 
I lAND (vw),n IEB:w:v:6C:n I(vw)<-(vw) AND n 1**-10pool 14 I 
I lAND (w),n IEF:w:6C:n I(w)<-(w) AND n 1**-10pooI12 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
lOR A,r lOR A,g IF8+g:66 IA <-A OR g I **-OOPOO I 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
lOR A,n lOR A,n 16E:n IA <-A OR n I **-OOPOO I 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I lOR A,(gg) I EO+gg: 66 IA<-AOR(gg) I **-OOPOO I 6 I 
I lOR A,(ix+d) IFO+ix:d:66 IA <-A OR (ix+d) I**-oopool 10 I 
lOR A,mem lOR A,(HL+A) IF3:66 IA <-A OR (HL+A) I**-OOPOOI 14 I 
I lOR A,(am) IE3:n:m:66 IA <-A OR (mn) I**-OOPOOI 10 I 
I lOR A,(n) 166:n IA <-A OR (n) I**-oopool 8 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
lOR r,o lOR g,n IFB+g:6E:n Ig <-g OR n I**-OOPOOI 6 I 
1-----------1---------------1--------------1-------------------------------\--------1-----1 
I lOR (gg),n I EB+gg: 6E:n I (gg)<-(gg) OR n \**-OOPOO I 10 \ 
I lOR (ix+d),n IF4+ix:d:6E:n I (ix+d)<-(ix+d) OR n 1**-oOPOOI14 I 
lOR mem,n lOR (HL+A),n IF7:6E:n I (HL+A)<-(HL+A) OR n I**-oopool 18 I 
I lOR (vw),n IEB:w:v:6E:n l(vw)<-(vw)ORn 1**-00POOI14 I 
I lOR (w),n IEF:w:6E:n I (w)<-(w) OR n 1**-00POOI12 I 
1-----------1---------------1--------------1-------------------------------\--------1-----1 
IXOR A,r IXOR A,g IFB+g:65 IA <-A XOR g \**-OOPOOI 4 I 
1-----------1---------------1--------------\-------------------------------\--------1-----1 
IXORA,n IXOR A,n 16D:n IA<-AXORn 1**-00POOI4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I IXOR A,(gg) IEO+gg:65 IA <-A XOR (gg) I**-oopool 6 I 
I IXOR A,(ix+d) IFO+ix:d:65 IA <-A XOR (ix+d) 1**-oOPOOI 10 I 
IXOR A,mem IXOR A,(HL+A) IF3:65 \A <-A XOR (HL+A) I**-OOPOOI 14 I 
I IXOR A,(mn) \E3:n:m:65 IA <-A XOR (m) 1**-oOPOOI 10 I 
I IXOR A, (n) 165:n IA <-A XOR (n) I**-OOPOOI 8 I 
1-----------1---------------1--------------1-------------------------------1--------\-----1 
IXOR r,n IXOR g,n IFB+g:6D:n \g <-g XOR n 1**-oOPOOI 6 I 
1-----------1---------------1--------------\-------------------------------\--------\-----\ 
I IXOR (gg),n IE8+gg:6D:n 1 (gg)<-(gg) XOR 0 1**-oOPOOI 10 \ 
I IXOR (ix+d),n IF4+ix:d:6D:n \ (ix+d)<-(ix+d) XOR n I**-oopool 14 I 
IXOR mem,n IXOR (HL+A),n IF7:6D:n \(HL+A)<-(HL+A) XOR n \**-OOPOOI 18 1 
I IXOR (vw),n \ EB:w:v:6D:n \ (vw)<-(vw) XOR 0 \**-OOPOO I 14 \ 
1 IXOR (w) ,n 1 EF:w:6D:n 1 (w)<-(w) XOR 0 \**-OOPOOI 12 1 
1-----------1---------------1--------------1-------------------------------\--------1-----1 
Icp A,r Icp A,g IF8+g:67 IA-g \**-**vl*14 1 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
Icp A,n Icp A,n 16F:n IA-n 1**-**Vl*1 4 1 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I Icp A,(gg) IEO+gg:67 IA-(gg) 1**-**Vl*1 6 I 
I Icp A,(ix+d) IFO+ix:d:67 IA-(ix+d) 1**-**Vl*110 I 
Icp A,mem Icp A, (HL+A) IF3:67 IA-(HL+A) I**-**Vl*\ 14 I 
I Icp A,(mn) IE3:n:m:67 IA-(mn) \**-**vl*1 10 I 
I Icp A,(n) 167:n IA-(n) \**-**Vl*1 8 \ 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
Icp r,n Icp g,n IFB+g:6F:n Ig-n \**-**vl*1 6 I 
1-----------1---------------1--------------1-------------------------------\--------1-----1 
I Icp (gg),n IEB+gg:6F:n I(gg)-n 1**-**Vl*1 8 \ 
I Icp (ix+d),n IF4+ix:d:6F:n I(ix+d)-n 1**-**Vl*112 I 
Icp mem,n Icp (HL+A),n IF7:6F:n 1 (HL+A)-n 1**-**Vl*1 16 1 
I Icp (vw),n IEB:w:v:6F:n I (vw)-n \**-**Vl*112 I 
I Icp (w),n IEF:w:6F:n I(w)-n 1**-**Vl*110 I 
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TOSHIBA Appendix A Table of Machine Instructions 

Appendix A Table of Machine Instructions (Sill) 

I Instructionl Mnemonic Code I Function ISZIHXVNCI T I 
I INC r I INC r IBO+r I r (-r+l I **-**vO-1 2 I 
1----------- ---------------1--------------1-------------------------------1--------1-----1 

INC (gg) IEO+gg:B7 I (gg)<;-(gg)+l I**-**vo-I B I 
INC (ix+d) IFO+ix:d:B7 I (ix+d)(-(ix+dhl I**-**vo-I 12 I 

INC mem INC (HL+A) IF3:B7 I (HL+A)<-(HL+A)+l I**-**vo-I 16 I 
IINC (mn) IE3:n:m:B7 I (mn)(-(mn)+l 1**-**vO-112 I 

1 I INC (n) IB7:n I (n)<-(n)+1 I**-**vo-I 10 I 
I-----------I--~------------I--------------I-------------------------------1--------1-----
I DEC r I DEC r IBB+r I r (-r-l I **-**vI-1 2 
1-----------1---------------1--------------1-------------------------------1--------1-----
I I DEC (gg) I EO+gg: BF I (gg)(-(gg)-l 1**-**VI-1 B 
I DEC (ix+d) IFO+ix:d:BF I (ix+d)(-(ix+d)-1 1**-**VI-112 
I DEC mem DEC (HL+A) I F3:BF I (HL+A)(-(HL+A)-l 1**-**VI-1 16 

DEC (mn) IE3:n:m:BF I (mn)<-(mn)-1 1**-**VI-1 12 
DEC (n) IBF:n I (n)<-(n)-1 1**-**VI-1 10 I 

----------- ---------------1--------------1-------------------------------1--------1-----1 
INCX INCX (n) 107:n I If X=I, (n) (- (n)+1 I**-**vo-I 6/101 (- X=O/I 

1----------- ---------------1--------------1-------------------------------1--------1-----1 
IDECX IDECX (n) 10F:n I If X=I, (n) (- (n)-1 1**-**VI-1 6/101 <- X=O/I 

(Note) If X=O in INCX and DECX instructions, all flags remain unchanged. 

5. Special operation and CPU control 

I Ins t ruc t ion I Mnemonic I Code I Func t ion I SZIHXVNC 1 T I 
IA register IDAA A lOB IDecimal adjust accumulator I **-**P-* I 4 I 
I operation ICPL A 110 IA <- A 1---1--1-1 2 I 
I I NEG A III I A < -O-A I **-**V 1 * I 2 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ILDAR ILDAR HL,PC+cd 117:d:c IHL(-PC+cd 1--------1 B I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ICY flag ICCF 10E ICY<- CY I---x*-O*I 2 1 
I operat ion I SCF 10D I CY<-l 1---01-011 2 I 
I I RCF 10C I CY(-O 1---00-00 I 2 I 
1-----------)---------------1--------------1-------------------------------1--------1-----1 

NOP I NOP 100 I No opera t ion 1--------1 2 I 
-----------1---------------1--------------1-------------------------------1--------1-----1 
HALT I HALT 101 I Halt CPU 1--------1 4 I 
-----------1---------------1--------------1-------------------------------1--------1-----1 
Interrupt I DI 102 I Interrupt disable (IFF (- 0) 1--0-----1 2 I 
operation lEI 103 I Interrupt enable (IFF <- 1) 1--1-----1 2 I 

ISWI IFF I Software interrupt 1--0-----1 20 I 
I I I (PC <- 0010H) I I I 

-----------1---------------1--------------1-------------------------------1--------1-----1 
MUL HL,r IMUL HL,g IF8+g:12 IHL<-Lxg 1--------1 18 I 
-----------1---------------1--------------1-------------------------------1--------1-----1 
MUL HL,n IMUL HL,n 112:n IHL<-Lxn 1--------1 16 I 
-----------1---------------1--------------1-------------------------------1--------1-----1 

IMUL HL, (gg) I EO+gg: 12 I HL(-Lx(gg) 1--------1 18 1 
IMUL HL,(ix+d) IFO+ix:d:12 IHL<-Lx(ix+d) 1--------1 22 I 

MUL HL,mem IMUL HL,(HL+A) 1F3:12 IHL<-Lx(HL+A) 1--------1 26 I 
IMUL HL,(mn) IE3:n:m:12 IHL<-Lx(mn) 1--------122 I 
IMUL HL,(n) IE7:n:12 IHL<-Lx(n) 1--------1 20 I 

-----------1---------------1--------------1-------------------------------1--------1-----1 
DIV HL,r IDIV HL,g IF8+g:13 IL(-HL-g ,H<- Remainder 1--------1 18 I 
-----------1---------------1--------------1-------------------------------1--------1-----1 
DIV HL,n IDIV HL,n 113:n IL<-HL-n ,H<- Remainder 1--------1 16 I 
-----------1---------------1--------------1-------------------------------1--------1-----1 

IDIV HL,(gg) IEO+gg:13 IL<-HL-(gg) ,H<- Remainder I-----v--I 18 I 
IDIV HL,(ix+d) IFO+ix:d:13 IL<-HL-(ix+dJ.H<- Remainder 1-----v--122 I 

IDIV HL,mem IDIV HL,(HL+A) 1F3:13 IL<-HL-(HL+d),H<- Remainder 1-----v--126 I 
I IDIV HL,(mn) IE3:n:m:13 IL<-HL-(mn) ,H<- Remainder I-----v--I 22 I 
I IDIV HL,(n) IE7:n:13 IL<-HL-(n) ,H<- Remainder 1-----v--120 I 
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App~ndix A Table of Machine Instructions (6/11) 

6. 16-bit arithmetic operation 

I Instruction I Mnemonic Code I Function I SZIHXVNC I T 
I ADD HL,rr IADD HL,gg IF8+gg:70 IHL<-HL+gg I---x*-O*I 8 I 
�-----------�---------------�--------------�-------------------------------1--------1-----1 
I ADD HL,nn IADD HL,mn 178:n:m IHL<-HL+om 1**-x*vO*1 6 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I IADD HL,(gg) IEO+gg:70 IHL<-HL+(gg)W 1**-x*vO*1 8 I 
I IADD HL,(ix+d) IFO+ix:d:70 IHL<-HL+(ix+d)W 1**-x*vo*1 12 I 
IADD HL,mem IADD HL,(HL+A) IF3:70 IHL<-HL+(HL+A)W 1**-x*vO*1 16 I 
I I ADD HL,(mn) IE3:n:-m:70 IHL<-HL+(mn)W 1**-x*vo*1 12 1 
I IADD HL,(n) 170:n IHL<-HL+(n)W 1**-x*vO*1 10 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
IADC HL,rr IADC HL,gg IF8+gg:71 IHL<-HL+gg+CY 1**-x*vO*1 8 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
IADC HL,nn IADC HL,ma 179:n:m IHL<-HL+un+CY 1**-x*vo*1 6 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I IADC HL,(gg) IEO+gg:71 IHL<-HL+(gg)W+CY 1**-x*vo*1 8 I 
I IADC tiL, (ix+d) I FO+ix:d:71 IHL<-HL+(ix+d)W+CY 1**-x*vo*1 12 I 
IADC HL, mem I ADC HL, (HL+A) I F3:71 I HL<-HL+ (HL+A) W+CY I**-x*vo* I 16 I 
I IADC tiL,(mn) IE3:n:m:71 IHL<-HL+(mn)W+CY 1**-x*vo*1 12 I 
I IADC HL,(n) 171:n IHL<-HL+(n)W+CY 1**-x*vO*1 10 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ISUB HL,rr ISUB HL,gg IF8+gg:72 IHL<-HL-gg 1**-X*V1*1 8 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ISUB HL,nn ISUB HL,mn 17A:n:m IHL<-HL-om 1**-X*V1*1 6 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I ISUB HL,(gg) IEO+gg:72 IHL<-HL~(gg)W 1**-x*v1*1 8 I 
I ISUB HL,(ix+d) IFO+ix:d:72 IHL<-HL-(ix+d)W 1**-X*V1*1 12 I 
ISUB HL,mem ISUB HL,(HL+A) IF3:72 IHL<-HL-(HL+A)W 1**-X*V1*1 16 1 
I ISUBHL,(un) IE3:n:m:72 IHL<-HL-(mn)W 1**-X*Vl*1 12 I 
I ISUB aL,(n) 172:n IHL<-HL-(n)W 1**-x*v1*1 10 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ISBC HL,rr Issc HL,gg IF8+gg:73 IHL<-HL-gg-CY 1**-X*V1*1 8 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ISBC HL,nn ISBC -HL,ma 17B:n:m IHL<-HL-on-CY 1**-x*v1*1 6 I 
I-----------I------------~--I--------------I-------------------------------1--------1-----1 
I ISBC HL, (gg) IEO+gg:73 IHL<-HL-(gg)W-CY 1**-X*V1*1 8 I 
I I SBC HL, (ix+d) I FO+ix:d:73 IHL<-HL-(ix+d)W-CY 1**-X*V1*1 12 I 
ISBC HL,mem ISBC HL,(HL+A) IF3:73 IHL<-HL-(HL+A)W-CY 1**-X*V1*1 16 I 
I I SBC HL, (11111) IE3:n:m:73 IHL<-HL-(mn)W-CY 1**-X*V1*1 12 I 
I ISBC HL,(n) 173:n IHL<-HL-(n)W-CY 1**-X*V1*110 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
lAND HL,rr lAND HL,gg IF8+gg:74 IHL<-HL AND gg 1**-lOXOOI 8 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
lAND HL,nn lAND HL,ma 17C:n:m IHL<-HL AND om 1**-10xool 6 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I lAND HL,(gg) IEO+gg:74 IHL<-HL AND (gg)W 1**-10xool 8 I 
I lAND HL,(ix+d) IFO+ix:d:74 IHL<-HL AND (ix+d)W 1**-lOXool 12 I 
lAND HL,mem lAND HL,(HL+A) IF3:74 IHL<-HL AND (HL+A)W 1**-10XOol 16 I 
I lAND HL, (on) IE3:n:m:74 IHL<-HL AND (on)W 1**-lOXOol 12 I 
I lAND HL,(n) 174:n IHL<-HL AND (n)W 1**-10XOol 10 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 

I~~--~:~~~--\~~---~:~~~-----\:~:~~~:~------~~~=~:-~~-~~-------------------I::=~~~~I--~--I 
lOR HL,nn lOR HL,ma 17E:n:m IHL<-HL OR om I**-OOXOOI 6 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I lOR HL,(gg) IEO+gg:76 IHL<-HL OR (gg)W I**-ooxool 8 I 
I lOR HL,(ix+d) IFO+ix:d:76 IHL<-HL OR (ix+d)W I **-OOXOO I 12 I 
lOR HL,mem lOR HL,(HL+A) IF3:76 IHL<-HL OR (HL+A)W I**-ooxool 16 I 
I lOR HL,(on) IE3:n:m:76 IHL<-HL OR (mn)W I**-ooxool 12 I 
I lOR HL,(n) 176:n IHL<-HL OR (n)W I**-ooxool 10 I 
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Appendix A Table of Machine Instructions (7/11) 

I Instructionl Mnemonic Code Function ISZIHXVNCI T 
IXOR HL,rr IXOR HL,gg IF8+gg:75 IHL<-HL XOR gg I**-ooxool 8 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
IXOR HL,nn IXOR HL,mn 17D:n:m IHL<-HL XOR mn I**-OOXOOI 6 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I IXOR HL,(gg) IEO+gg:75 IHL<-HL XOR (gg)W I**-OOXOOI 8 I 
I IXOR HL,(ix+d) IFO+ix:d:75 IHL<-HL XOR (ix+d)W I**-OOXOOI 12 I 
IXOR HL,mem IXOR HL,(HL+A) IF3:75 IHL<-HL XOR (HL+A)W 1**-oOXOOI 16 I 
I IXOR HL,(mn) IE3:n:m:75 IHL<-HL XOR (mn)W I**-ooxool 12 I 
I IXOR HL,(n) 175:n IHL<-HL XOR (n)W 1**-00XOOII0 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
Icp HL,rr Icp HL,gg IF8+gg:77 IHL-gg 1**-X*Vl*1 8 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
Icp HL,nn Icp HL,mn 17F:n:m IHL-mn 1**-X*Vl*1 6 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I Icp HL,(gg) IEO+gg:77 IHL-(gg)W 1**-X*Vl*1 8 I 
I Icp HL,(ix+d) IFO+ix:d:77 IHL-(ix+d)W 1**-X*Vl*1 12 I 
Icp HL,mem lep HL,(HL+A) 1F3:77 IHL-(HL+A)W 1**-X*Vl*1 16 I 
I lep HL,(mn) IE3:n:m:77 IHL-(mn}\ol 1**-X*Vl*112 I 
I lep HL,(n) 177:n IHL-(n)W I **-X*Vl* I 10 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
IADD iX,rr I ADD ix,gg IF8+gg:14+ix lix<-ix+gg 1---x*-o*1 8 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
IADD ix,nn I ADD ix,mn 114+ix:n:m lix<-ix+mn 1**-x*xo*1 6 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I I ADD ix,(gg) IEO+gg:14+ix lix<-ix+(gg)W 1**-x*xo*1 8 I 
I IADD ix,(jx+d) IFO+jx:d:14+ix lix<-ix+(jx+d)W 1**-x*xo*112 I 
IADD ix,mem IADD ix,(HL+A) 1F3:14+ix lix<-ix+(H.L+A)W 1**-x*xo*1 16 I 
I IADD ix,(mn) IE3:n:m:14+ix lix<-ix+(mn)W 1**-x*xo*1 12 I 
1 I ADD iX,(n) IE7:n:14+ix lix<-ix+(n)W 1 **-X*XO* I 10 1 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I INC rr I INC rr 190+rr I rr<-rr+l 1----*---1 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
1 IINCW (gg) 1 EO+gg: 97 I (gg)W <-gg)W+l I**-x*vo-I 12 I 
I IINCW (ix+d) IFO+ix:d:97 I (ix+d)W <-(ix+d)W+l I**-x*vo-I 16 I 
IINCWmem IINCW (HL+A) IF3:97 1 (HL+A)W <-(HL+A)W+l 1**-x*vo-120 I 
1 IINCW (mn) IE3:n:m:97 I (mn)W <-(mn)W+l 1**-x*vO-1 16 I 
I IINew (n) 197:n l(n)W <-(n)W+l 1**-x*vo-114 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
1 DEC rr 1 DEC rr 198+rr I rr<-rr-l 1----*---1 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
1 IDECW (gg) I EO+gg:9F I(gg)w <-gg)W-l 1**-X*VI-1 12 I 
1 IDECW (ix+d) IFO+ix:d~9F I (ix+d)W <-(ix+d)W-l 1**-X*VI-1 16 I 
IDECW mem IDEeW (HL+A) IF3:9F 1 (HL+A)W <-(HL+A)W-l 1**-X*VI-1 20 I 
1 IDEeW (mn) I E3: n:m: 9F 1 (mn)W <-(mn)W-l 1**-X*VI-1 16 I 
1 IDEeW (n) 19F:n 1 (n)W <-(n)W-l 1**-X*VI-1 14 1 
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Appendix A Table of Machine Instructions (8/11) 

7. Rotate, Shift 

1 Ins t ruc t ion 1 Mnemonic 1 Code Func tion 1 SZIHXVNC I T I 
1 RLC r 1 RLCA 1 AO I---ox-O* 1 2 1 
1 1 RLC g 1 F8+g: AO 1 1 **-OXPO* I 4 1 
1-----------1---------------1--------------1 1 I 1--------1-----1 
1 IRLC (gg) IEO+gg:AO I I ------------ 11**-OXPO*1 8 I 
1 IRLC (ix+d) IFO+ix:d:AO I I CY I (-- I 7 <-- 0 1-- I **-OXPO* I 12 I 
IRLC mem IRLC (HL+A) IF3:AO I ------------ 1**-OXPo*1 16 I 
I IRLe (mn) IE3:n:m:AO I 1**-OXPO*112 I 
I IRLC (n) IE7:n:AO I 1**-OXPo*110 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I RRCr I RRCA I Al I I---ox-O* I 2 I 
I I RRC g I F8+g:A1 I I**-OXPO*I 4 I 
1-----------1---------------1--------------1 I I 1--------1-----1 
I IRRC (gg) IEO+gg:A1 I I ------------ I I**-OXPO*I 8 I 
I IRRC (ix+d) IFO+ix:d:A1 I --17 --> 0 I -> I Cy I I**-OXPO*I 12 I 
IRRC mem IRRC (HL+A) 1F3:A1 I ------------ 1**-OXPO*1 16 I 
I IRRC (mn) IE3:n:m:A1 I 1**-OXPO*112 I 
I IRRC (n) IE7:n:A1 I 1**-oxpo*110 I 
-----------1---------------1--------------1-------------------------------1--------1-----1 
RL r I RLA I A2 I I---ox-O* I 2 I 

IRL g IF8+g:A2 I I**-OXPO*I 4 I 
-----------1---------------1--------------1 I I 1--------1-----1 

I RL (gg) I EO+ gg: A2 I I ------------ I 1 **-OXPO* I 8 I 
IRL (ix+d) IFO+ix:d:A2 I --I Cy 1<--1 7 (-- 0 1-- I**-OXPO*I 12 I 

RL mem IRL (HL+A) IF3:A2 I ------------ 1**-OXPo*1 16 I 
IRL (mn) IE3:n:m:A2 I I**-OXPO*I 12 I 
IRL (n) IE7:n:A2 I 1**-OXPo*110 I 

-----------1---------------1--------------1-------------------------------1--------1-----1 
RR r I RRA I A3 I I---ox-O* I 2 I 

IRR g IF8+g:A3 I 1**-OXPO*14 I 
-----------1---------------1--------------1 I 1 1--------1-----1 

IRR (gg) I EO+gg:A3 I I ------------ I 1**-oxpo*1 8 I 
IRR (ix+d) IFO+ix:d:A3 I --I 7 --> 0 1-->1 CY 1-- I**-OXPO*I 12 I 

RR mem IRR (HL+A) IF3:A3 I ------------ 1**-OXPo*1 16 I 
I IRR (mn) IE3:n:m:A3 I I**-OXPO*I 12 I 
I IRR (n) IE7:n:A3 I 1**-oxpo*110 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ISLA r I SLAA I A4 I I---ox-O*I 2 I 
1 ISLA g I F8+g:A4 I 1**-oXPO*1 4 I 
1-----------1---------------1--------------1 1--------1-----1 
I ISLA (gg) I EO+gg:A4 I ----------- 1**-oXPO*1 8 I 
I ISLA (ix+d) I FO+ix:d:A4 I I Cy I (- I 7 (- 0 I <- 0 I**-OXPO*I 12 I 
ISLA mem ISLA (HL+A) I F3:A4 I ----------- 1*.*-oXPO*1 16 I 
I ISLA (mn) IE3:n:m:A4 I I **-OXPO* I 12 I 
I ISLA (n) I E7:n:A4 I I**-OXPO*I 10 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ISRA r ISRAA lAS I I---ox-O*I 2 I 
I I SRA g I F8+g:AS I 1**-oxpo*1 4 I 
1-----------1---------------1--------------1 1--------1-----1 
I ISRA (gg) I EO+gg:AS I ------------- I **-OXPO* I 8 I 
I ISRA (ix+d) IFO+ix:d:AS I --I 7 --> 0 I --> I CY I 1**-oXPO*1 12 I 
ISRA mem ISRA (HL+A) IF3:AS I I ------------- I **-OXPO* I 16 I 
I I SRA (mn) I E3: n:m:AS I I 1**-oXPO*1 12 I 
I I SRA (n) I E7: n:A5 I I**-oxpo* I 10 I 
I-----------I--~------------I--------------I-------------------------------1--------1-----1 
I SLL r I SLLA I A6 I I---ox-O*I 2 I 
I I RLL g I F8+g: A6 I I**-oxpo* I 4 I 
1-----------1---------------1--------------1 1--------1-----1 
I I SLL (gg) IEO+gg:A6 I ----------- 1**-oxpo*1 8 I 
I ISLL (ix+d) IFO+ix:d:A6 I I Cy I (- I 7 <- 0 I <-0 1**-oxpo*112 I 
I SLL mem I SLL (HL+A) I F3: A6 I ----------- I **-OXPO* I 16 I 
I 1 SLL (mn) IE3:n:m:A6 I 1**-oXPO*1 12 I 
I ISLL (n) IE7:n:A6 1 1**-oxpo*110 1 
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TOSHIBA Appendix A Table of Machine Instructions 

Appendix A Table of Machine Instructions (9/11) 

I Instructionl Mnemonic I Code Function ISZIIiXVNCI T 
I SRL r I SRLA I A7 I---ox-O* I 2 
I ISRL g IF8+g:A7 I 1**-oXPO*1 4 I 
1-----------1---------------1--------------1 1--------1-----1 
I SRL (gg) IEO+gg:A7 I ------------- I**-OXPO*I 8 I 
I SRL (ix+d) IFO+ix:d:A7 10 -> 17 --> 0 1->1 CY I 1**-oxpo*1 12 I 
ISRL mem SRL (HL+A) 1F3:A7 1 ------------- I**-OXPO*I 16 I 
I SRL (mn) IE3:n:m:A7 I 1**-oxpo*112 I 
I SRt (n) IE7:n:A7 I I**-OXPO*I 10 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I IRLD (gg) IEO+gg:I0 I Areg memory I**-OOPO-I 12 I 
I I RLD (ix+d) I FO+ix: d: 10 I ________ r_-__ ------_--__ -_--__ -_-l__ I **-oopo-I 16 I 
IRLD mem IRLD (HL+A) IF3:10 I 1**-oOPO-120 I 
I IRLD (mn) IE3:n:m:10 117 413 01 17 413 01 1**-oopo-116 I 
I I RLD (n) IE 7: n: 10 I ----------- 1----------- I **-oopo-I 14 I 
I I I I tit I I I I 
1-----------1---------------1--------------1----------=======----=====-----1--------1-----1 
I IRRD (gg) IEO+gg:ll I Areg memory 1**-OOPo-1 12 I 
I IRRD (ix+d) IFO+ix:d:ll I _______ l_--_------_-_-_-_-_-_-__ l ___ 1**-oOPO-1 16 I 
IRRD mem IRRD (HL+A) IF3:11 I i I**-oopo-I 20 I 
I IRRD (mu) IE3:n:m:ll 117 413 01 17 413 01 I**-OOPO-I 16 I 
I IRRD (n) IE7:n:ll I ----------- 1----------- I**-oopo-I 14 I 
I I I I __ t 1 __ + I I I 
I I 1 I 1 1 I 

8. Bit manipulation 

I Instructionl Mnemonic Code I Function I SZIHXVNCI T I 
IBIT b,r IBIT b,g IF8+g:A8+b I Z (-"I.g.b IX*-IXXO-1 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I IBIT b,(gg) IEO+gg:A8+b I Z (-"I. (gg).b IX*-1XXO-1 6 I 
I IBIT b,(ix+d) IFO+ix:d:A8+b I Z (_"I. (ix+d).b IX*-IXXo-110 I 
IBIT b,mem IBIT b,(HL+A) 1F3+A8+b I Z (-"I. (HL+A).b IX*-IXXO-II4 I 
I IBIT b,(m) IE3:n:m:A8+b I Z (-"I. (m).b IX*-1xxo-1 10 I 
I IBIT b,(n) IA8+b:n I Z (-"I. (n).b IX*-IXXO-1 8 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ISET b,r ISET b,g IF8+g:B8+b I g.b (- 1 1--------1 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I ISET b,(gg) IEO+gg:B8+b I(gg).b (- 1 1--------110 I 
I ISET b,(ix+d) IFO+ix:d:B8+b ICix+d).b (- 1 1--------1 14 I 
ISET b,mem ISET b,(HL+A) IF3+B8+b I (HL+A).b (- 1 1--------1 18 I 
I ISET b,(m[d IE3:n:m:B8+b I (un).b (- 1 1--------1 14 I 
I ISET b,(n) IB8+b:n I(n).b (- 1 1--------112 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
IRES b,r IRES b,g IFB+g:BO+b I g.b (- 0 1--------1 4 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I IRES b,(gg) IEo+gg:BO+b I(gg).b (- 0 1--------1 10 I 
I IRES b,(ix+d) IFO+ix:d:BO+b ICix+d).b (- 0 1--------1 14 I 
I RES b, mem I RES b, (HL+A) I F3+BO+b I (HL+A). b (- 0 1--------1 IB I 
I IRES b,(un) IE3:n:m:BO+b I(un).b (- 0 1--------1 14 I 
I IRES b,(n) IBO+b:n I(n).b <- 0 1--------112 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
ITEST b,r ITEST b,g IFB+g:18+b I ... (-"I. g.b :g.b <-1 IX*-1xXO-1 B I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I ITEST b,(gg) IEO+gg:IB+b I Z (-"I. (gg).b : (gg).b (-I IX*-IXXO-1 12 I 
I ITEST b,(ix+d) IFO+ix:d:18+b I Z (-"I. (ix+d).b:(ix+d).b (-I IX*-IXXo-1 16 I 
ITEST b,mem ITEST b,(HL+A) IF3+18+b I Z (-"I. (HL+A).b:(HL+A).b (-I IX*-1xXO-120 I 
I ITEST b,(un) IE3:n:m:1B+b I Z (-"I. (un).b :(un).b (-1 IX*-IXXO-116 I 
I ITEST b,(n) IE7:n:18+b I Z (-"I. (nLb :(n).b <-1 IX*-IXXo-1 14 I 
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Appendix A T~ble of Machine Instructions (10/11) 

9. Jump, call and return 

I Instructionl Mnemonic I Code Function ISZIHXVNCI T 
I IJP cc,gg IE8+gg:CO+cc IIf ce, PC (- gg 1--------16/8 I (- FIT 
I IJP cc,ix+d IF4+ix:d:CO+cc IIf cc, PC (- ix+d 1--------110/121 <- FIT 
IJP cc,memlJP cc,HL+A IF7:CO+cc IIf cc, PC (- HL+A 1--------114/161 <- FIT 
I I JP cc ,mn I EB :n:m:CO+cc I If cc, PC <- mn 1--------110/121 <- FIT 
I IJR cc,PC+d ICO+cc:d IIf cc, PC <- PC+d 1--------1418 I <- F/T 
I 1---------------1--------------1-------------------------------1--------1-----1 
I IJP mn 11A: n:m I PC <- mn 1--------1 8 I 
I IJRL PC+cd 11B:d:c Ipc <- PC+cd 1--------1 10 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I ICALL cc,gg IE8+gg:DO+cc IIf cc, PUSH PC,PC <- gg 1--------1 6/141 (- F/T 
I ICALL cc,ix+d IF4+ix:d:DO+cc IIf cc, PUSH PC,PC <- ix+d 1--------110/181 <- F/T 
I CALL cc,memlCALL cc,HL+A IF7:DO+cc IIf cc, PUSH PC,PC <- HL+A 1--------114/221 <- FIT 
I I CALL cC,mn IEB:n:m:DO+cc IIf cc, PUSH PC,PC <- mn 1--------110/181 <- F/T 
I 1---------------1--------------1-------------------------------1--------1-----1 
I I CALL mn 11C: n:m I PUSH PC ,PC <- am 1--------1 14 1 
1 ICALL PC+cd 11D:d:c IpUSH PC,PC (- PC+cd 1--------1 16 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
IOJNZ IDJNZ PC+d 118:d IB <-B-1, if B( )0, PC(-PC+d 1--------1 10 I 
1 IDJNZ BC,PC+d 119:d 1 BC<-BC-l, if BC< )0, PC<-PC+d 1--------1 10 I 
1-----------1---------------1--------------1-------------------------------1--------1-----1 
I I RET lIE I POP PC 1--------1 10 I 
I RET I RET cc I FE: DO+cc I If cc. POP PC 1--------1 6/141 <- F /T 
I IRETI 11F Ipop AF, POP PC 1--------1 14 I 

Condition codes rcc~ 

I Symbol I Meaning Flag value Code 
I F I Always false 0 I 
I (None) I Always true I I 8 I 
1----------1------------------------------------1------------------------------1----------1 
I Z I Zero I Z = 1 1 6 I 
I NZ I Not Zero 1 z .. OlE I 
1----------1------------------------------------1------------------------------1----------1 
I C I Carry I C .. 1 I 7 I 
I NC 1 No carry I c .. 0 I F I 
1----------1------------------------------------1------------------------------1----------1 
I PL or P I Plus 1 s" 0 1 0 1 
1 MI or M 1 Minus 1 S" 1 1 5 1 
1----------1------------------------------------1------------------------------1----------1 
I NE I No t eq ua liz .. OlE I 
I EQ 1 Equal 1 z .. 1 I 6 1 
1----------1------------------------------------1------------------------------1----------1 
1 ov lOver flow 1 p/v" 1 1 4 1 
1 NOV I No overflow 1 p/V· 0 I C I 
1----------1------------------------------------1------------------------------1----------1 
I PE I Parity is even I p/v .. 1 1 4 1 
1 PO 1 Parity is odd 1 p/V" 0 I c I 
1----------1------------------------------------1------------------------------1----------1 
1 GE I Greater than or equal (signed) I (5 XOR p/v) = 0 1 9 I 

1----::----I-~~~-:~~~-2~~~~~~:-----------------f--~~-~~~_:~~2_:_~ _____________ 1-----~----1 
I GT I Greater than (s igned) 1 [Z OR (S XOR p/ V») .. 0 I A I 
I LE 1 Less than or equal (signed) I [Z OR (S XOR p/V») ,. 1 I 2 1 
1----------1------------------------------------1------------------------------1----------1 
I UGE I Unsigned greater than or equal 1 c .. 0 I F I 
I ULT 1 Unsigned less than I C .. 1 I 7 1 
1----------1------------------------------------1------------------------------1----------1 
I UGT I Uns igned greater than I (C OR Z) .. 0 1 B 1 
I ULE I Unsigned less than or equal I (C OR Z) .. 1 I 3 I 
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Appendix A Table of Machine Instructions (11/11) 

10. Meaning of symbols 

Category I Symbo 1 Meaning I 
1 r, g Register A,B,C,D,E,H,L 1 
1 rr, gg Register pair BC,DE,HL,IX,IY,SP 1 
1 gg Register pair BC,DE,HL,IX,IY,AF 1 
1 ix, jx Register pair IX,IY,SP 1 
1 n 8-bit constant OOH - FFH I 
I mn 16-bit constant OOOOH - FFFFH 1 
1 d 8-bit displacement -128 - +127 1 
1 cd 16-bit displacement -32768 - +32767 1 

Operand 1 b Bit number 0 - 7 1 
1 cc Condition code 1 
I (gg) Register indirect:(BC),(DE),(HL),(IX),(IY),(SP)1 
1 (ix+d),(jx+d) Index (IX+d),(IY+d),(SP+d) 1 
I (HL+A) Register index A=-128 - +127 I 
1 (mn), (vw) Extend (OOOOH) - (FFFFH) 1 
1 (n),(w) Direct (FFOOH) - (FFFFH) 1 
1 (x)W 2-byte memory data I 
1 S Signed flag. Set MSB according to operation 1 
1 result. 1 
1 Z Zero flag. Set to 1 if operation result is 1 
1 zero. I 
1 I Interrupt enable flag "IFF" I 

Flag 1 H Half carry flag 1 
1 X Expansion carry flag I 
1 V Parity/overflow flag (p/V) 1 
I N Addition/subtraction flag I 

lie 1 Carry flag 1 
1----------/---------------1------------------------------------------------1 
1 1 0 1 Reset to 0 according to operation 1 
1 1 1 I Reset to 1 according to operation , 
'Flag 1 - , No change , 
1 Status 1 * , Subject to operation result 1 
1 , X , Undefined 1 
lip , Treated as parity flag , 
1 , V , Treated as overflow flag 1 
I Time 1 T , Number of states indicating executing time 1 
, 1 1 (1 state = 200 ns @10MHz) , 

(Note) The value of displacement object code in the relative addressing mode 
is calculated with respect to the address "The s tart address plus 2". 

r,g Code rr,gg Code 99 Code 1 ix,jx Code b Code' 
A 6 BC 0 Be 0 1 IX 0 0 0 1 
B 0 DE 1 DE 1 1 IY 1 1 1 1 
C 1 HL 2 HL 2 1 SP 2 2 2 1 
D 2 IX 4 IX 4 3 3 1 
E 3 IY 5 IY 5 4 4 1 
H 4 SP 6 AF 6 5 5 1 
L 5 6 6 , 

7 7 1 
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Appendix B Table of Machine Instruction Codes (1/4) 

I-byte opcode instruction 

H\L 

o 

2 

3 

4 

5 

6 

8 

o 

NOP 

CPL 
A 

LD 

2 
I 

HALT I 01 

I 
I 

NEG I 
A I 

LD 

MUL 
HL,n 

LD 

3 I 4 
I 

El I 
I 
I 

DIV I ADD 
HL,nllX,nn 

5 6 I 7 I 8 9 A 

I I 
I INCX I EX EX EXX 
I (n) IDE,HL AF,AF' 
I I I 

ADD ADD I 10AR IDJNZ DJNZ I JP 
lY,nn SP,nnl HL,ddl d BC,d I nn 

B 

DAA 
A 

JRL 
dd 

I C 
I 
I RCF 
I 
I 
I CALL 
I nn 

D 

SCF 

CALR 
dd 

E I 
I 

CCF IDE 
I ( 

RET RE 

I I I 
LO 10 LD 10 ILD ILD 10 10 10 10 10 10 IL 

A,B A,C A,O A,E A,H A,L A,A I A,(n)1 B,A C,A D,A E,A H,A L,A A,A I(n 
I I I I 

10 LD LD LO LD LD LD 110 ILD LD LD I 110 LD LD IL 
B,n C,n D,n E,n H,n L,n A,n I (n)n IBC,nn DE,nn HL,nnl 11X,nn IY,nn SP,nnl (n 

I 
LD LD LD I 
HL,BC HL,OE HL,HLI 

I 
PUSH PUSH PUSH I 

BC DE HL I 

I 
I LD LD 
I HL , IX HL, IY 
I 
IpUSH 
I IX 

I I I I I 
PUSH PUSH I I pop POP POP I I POP POP POP I 

IY AF I I BC DE HL I I IX IY AF I 
I 

ADD ADC SUB sac AND XOR OR CP I ADD ADC SUB SBC AND XOR OR C 
A,(n) A,(n) A,(n) A,(n) A,(n) A,(n) A,(n) A,(n) I A,n A,n A,n A,n A,n A,n A,n A 

I 
OR CP I ADD ADC SUB sac AND XOR OR 

HL(n) HL(n) IHL,~n HL,nn HL,nn HL,nn HL,nn HL,nn HL,nn HL 
ADD ADC SUB sac AND XOR 
HL(n) HL(n) HL(n) HL(n) HL(n) HL(n) 

C 

I I I 
INC 
B 

INC INC INC INC INC INC I INC I DEC DEC DEC DEC DEC DEC DEC I D 
C D E H L A I (n) I BCD E H L A I 

I I I 
9 I INC 

I BC 
INC 
DE 

INC 
HL 

INC INC INC I INCW I DEC DEC DEC DEC DEC DEC I D 
IX IY SP I (n) I BC DE HL IX IY SP I 

I I 
A I RLC 

I A 
I 

B I 
I 

RRC 
A 

RL 
A 

RR 
A 

SLA 
A 

SRA 
A 

SLL 
A 

SRL I BIT BIT BIT BIT BIT BIT BIT E 
A 10,(n) l,(n) 2,(n) 3,(n) 4,(n) 5,(n) 6,(n) 7, 

I 

I 

RES RES RES RES RES RES RES RES I SET SET SET SET SET SET SET S 
O,(n) l,(n) 2,(n) 3,(n) 4,(n) 5,(n) 6,(n) 7,(n)IO,(n) l,(n) 2,(n) 3,(n) 4,(n) 5,(n) 6,(n) 7, 

C I JR JR JR JR JR JR JR JR 
I F,d LT,d LE,d ULE,d PE,d M,d Z,d C,d 
I 

o I 
I 
I I 

JR 
d 

E I src src arc arc src src src src Idst 
I (BC) (DE) (HL) (nn) (IX) (IY) (SP) (n) I(BC) 
I I I 

F I src src arc src I dst dst dst dst Ireg 
I (IX+d )(IY+d)( SP+d )(HL+A) I (IX+d)(IY+d)( SP+d)(HL+A) I BI BC 

JR JR JR JR 
GE,d GT,d UGT,d PO,d 

dst 
(DE) 

dst 
(HL) 

dat dst 
(nn) (IX) 

JR 
P,d 

dst 
(lY) 

JR J 
NZ,d NC 

dst 
(SP) 

reg reg 
CIDE D/HL 

reg 
E 

reg reg reg 
'dIIX LilY A/SP 

(Note) Codes located in "EOH to FEH" are part of 2-byte opcode instructions. 
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~ndix B Table of Machine Instruction Codes ( 2/4) 

byte opcode F8H - FER: reg g/gg 

.1 0 2 4 5 6 7 8 9 A B C D E F 

I 
1 
I 
I I I I 
I MUL DIV I ADD ADD ADD I ITSET TSET TSET TSET TSET TSET TSET TSET 
I HLzg HLzgIIXzg~ IY,g~ SPzlia~ I I Ozg 1 z g 2 zg 3 zg 4 zg 5,g 6 zg 7 d~ 
I 
1 
I 
I I I I 
I LO LO LO LO LD LO LD I LO LD LD I I LD LD LD I 
I B,g Czg O,g E,g Hig Lzg Azg IBC,gg OEzgg HLzSg/ /IXzgg IYzU SPzggl 
/ 

I 
I 
I (NOTE) 
I LDI LDIR LDD LODR CPI CPIR CPO CPOR 
I 
/ 

/ ADO ADC SUB sac ~D XOR OR CP ADD ADC SUB SBC AND XOR OR CP 
I 
/ 

Al8 A,g Azg A,8 Az& Az8 AI8 Az& gzn gzn Sin Sin gin gin gin Sin 

/ ADO ACC SUB SBC AND XOR OR CP 
/ 

I 
HL,gg HL,g8 HL,gg HL,gg HLlgg HL,gg HL Ig8 HLz8& 

/ 

I 
I 
I 
I 
I 
I RLC RRC RL RR SLA SRA SLL SRL BIT BIT BIT BIT BIT BIT BIT BIT 
I S g & 
I 

g g g g g °lg 1 ,g 2,g 3 1g 4 1g Szg 6,g 7 ,g 

I RES RES RES RES RES RES RES RES SET SET St:T SET SET SET SET SET 
I 
I 

0 1& 1,& 2,g 3,g 41s 5 18 6 zg 7,g D,g llg 2 1g 3,& 4,g Szg 6 1g 7,g 

/ 

/ 

I (NOTE) 
I RET RET RET Rt:T RET RET RET RET RET RET RET RET RET RET RET RET 
I F LT LE ULE PE M Z. C GE GT UGT PO P NZ NC 
I 
I 
/ 

I 
/ 

I 

te) The first byte of block transfer instructions (LOI, LOIR, LDO and LDOR) , block search 
ins t ruc t ions (CPI, CPIR, CPO and CPOR) and a conditional return instruction (RET cc) must be 
"FEH". 
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Appendix B Table of Machine Instruction Codes (3/4) 

1st byte code EOH - E7H/FOH - F3H: arc (x) 

IH\LI 0 2 3 4 5 6 7 8 9 A B C D E 
I 

0 I 
I 
I I I I I 
I RLD RRD I MUL DIV I ADD ADD ADD I ITSET ISET TEST TSE'f TSET TSET TSET TS 
I (x) (x). I HL (x) HL{x)IIX{x) IY{x) SP{x) I 10 1 (x) l z{x) 21(x) 31(x) 4 z(x) 5 1{x) 6 1(x) 71 
I I I 

2 I ILD LD LD LD LD LD LD I 
I I B I (x) CI (x) D, (x) EI (x) HI (x) LI (x) A, (x) I 
I 

3 I 
I 
I I I I I 

4 I I LD LD LD I ILD LD LD I 
I IBC(x) DE(x) HL(x) I I IX (x) IY(x) SP(x) I 
I I I I 

5 I EX EX EX I I EX EX EX I 
I (x)BC (x)DE (x)HLI I (x)Ix (x)IY (x)Spl 
I I 

6 I ADD ADC SUB SBe AND XOR OR CP I 
I AI (x) AI (x) AI (x) AI (x) AI (x) AI (x) AI (x) AI (x) I 
I I 

7 I ADD ADC SUB SSC AND XOR OR CP I 
I HL(x) HL(x) HL{x) HL{x) HL(x) HL{x) HL{x) HL{x) I 
I I I 

8 I I INC I D 
I I (x) I { 

I I I 
9 I I INCW IDE 

I (x) I ( 

A RLC RRC RL RR SLA SRA SLL SRL BIT BIT BIT BIT SIT BIT BIT S 
(x) (x) (x) (x) (x) (x) ( x) (x) 0 1 (x) 11 (x) 21 (x) 31 (x) 41 (x) 51 (x) 6 z(x) 71 

B RES RES RES RES RES RES RES RES I SET SET SET SET SET SET SET S 
01 (x) 11 (x) 2! (x) 31(x) 41 (x) 51 (x) 6 1 (x) 71 (x) 10 1 (x) I I (x) 2 z (x) 31 (x) 4 z (x) 51 (x) 6 1 (x) 7 I 

C 

D 

E 

F I 
I 
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-endix S Table of Machine Instruction Codes (4/4) 

byte code E8H - EFA/F4H - F7H: dst (x) 

LI 0 2 3 4 5 6 8 9 A S C D E F I 
I 1 

1 1 

I I 
I I 
I I 
1 1 

I I I 
1 LO LO LO LO LD LD LO I 1 

I (x) I B (x) IC ex) 10 ex) IE (x) IH ex) IL ex) IA I I 
I I I I 

I LO LO LD LD I LO LD LD I LOW 1 

I (x)n Isclx OElx HLzx IIXzx IYlx SPlx I (x)nnl 
I I I I 

LO LO LO I 1 LO LD LD I 1 

(x)BC (x }OE (x)HLI 1 (x) IX (x) IY (x)spi I 
I 
I 
I 

I I 
I ADO ADC SUB SBC ANO XOR OR CP I 
I (x) In (x) In (x) In (x),n (x) In (x) In (x) In (x) In 1 

I I 
I I 
I I 
I I 
I I 
I 
I 

I I 
I 
I 

, I 
I 
I 

I I 
I 
I 
I JP J1' JP JP JP JP JP JP JP JP JP JP JP JP JP JP 
I FIx LTlx LE,x ULE,x PE,x Mzx Zzx Czx X GE,x GT,x UGTlx PO,x PIx NZ,x NC z x 
I 

) I CALL CALL CALL CALL CALL CALL CALL CALL CALL CALL CALL CALL CALL CALL CALL CALL 
I FIX LTzx LEzx 
I 

ULE,x PE1x MIX Za x • Clx x GE1x GTzx UGTlx PQlx Pzx NZ1x NC1x 

I 
I 
I 
I 
I 
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Appendix C 

Table of Special Function Registers 

The special function registers include the I/O ports, peripheral control 
regisers and bank registers (BX and BY) allocated to the 48-byte 
addresses from FFCOH OFFEFH. 

(1) . I/O port 

(2) I/O port control 

(3) Stepping motor control 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 1 o 
-> bit Symbol 
-> Read/Write 
-> Initial value after reset 
-> Remarks 
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,) I/O Port 

MSB LSB 
i~mbol' Name 'Address' 7 6 5 4 3 2 1 0 

I I I P07 P06 P05 P04 P03 P02 POI POO 
PO I Port 0 OFFCOH , R/W , , Ineut mode 

I I Pl7 Pl6 PIS Pl4 Pl3 Pl2 Pll PlO 
PI I Port OFFCIH I R/W , , Ineut mode 

I I P27 P26 P25 P24 P23 P22 P21 P20 
P2 I Port 2 OFFC4H , R/W , , Ineut mode 

I I P37 P36 P3S P34 P33 P32 P31 P30 
P3 I Port 3 OFFC6H I R R/W R/W R R/W R/W R R 

I I Ineut 1 1 InEut I I Ineut Ineut 
I I I P43 P42 P41 P40 

P4 I Port 4 IOFFC8H I R/W 
I , I 0 0 0 0 , , , 0 PSS PS4 PS3 PS2 P51 PSO 
I I I R 

PS I Port 5 10FFCAH , Ineut onl~ 
I I I : Shared with analog input pin (ANO - ANS) 
I , , 
I I I SA63 SA62 SA61 SA60 P63 P62 P61 P60 , I W R/W 

P6 Port 6 , OF~CCH I Undefined InEut mode 
I I Stepping motor control POl't 0 Shared with stepping motor 
I I shifter alternate reg. control eort o (MO) 
I I SA73 SA72 SAll SA70 P73 P72 P7l P70 
I I W R/W 

P7 Port 7 10FFCDH , Undefined Ineut mode 
I I Stepping motor control Port Shared with stepping motor 
I I shifter alternate reg. control eort I (M!) 
I I P83 P82 P8l p80 

p8 Port 8 IOFFDOH I R/W R R R 
I , 0 Ineut mode 

(Note) Read/Write 
R/W Either read or write is possible. 
R Only read is possible. 
W Only write is possible. 
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(2) I/O Port control 

I Symbol! Name I Address 
I I I 
I POI CR I Port 0/1 IOFFC2H 
I (IRFL) Control Reg.1 
I I 
I I 
I I 
I I 
I I I 
I I I 
I I I 
I I I P27C 
Ip2CR I Port 2 10FFCSH 
I I Control Reg.1 o 

6 5 4 
IRFO IRFTO IRFTl 

R 
o 0 o 

Interrupt Request Flag 
1. Interrupt being 

requested 

P26C P25C P24C 

o o 0 
W 

I I I 0: In 1: Out (I/O selected bit 
I I I WAITC1 WAITCO ROE ODE 
I I I R/W R/W R/W 

I I o o o 0 
I I Wait control :RD :P33 

P3CR I Port 3 IOFFC7H 00: 2 state wait:control :control 
I Control Reg.1 01: normal wait :0: RD :0: CMOS 
I I 10: non wait: for only: 1: Open 
I I 11: reserved : external: drain: 

I I I :access 
I I I : 1: Al-

3 2 o 
EXT PIC POC 
W W W 
o o o 

:PI-P2 :P1 :PO 
:control :control :control 

0: I/O 
Port: 

1: 0: In 
Address: 1: Out 
bus 

P23C P22C 

o 0 
by bit) 

TXDC 1: TXDCO 
R/W 

o 0 
P33 P32 

OO:Out Out 
01: Out TxD 
10: TxD Out 
11:TxD iTS/: 

P21C 

o 

RXDCl 

o 
P31 

OO:In 
01: In 
10:RxD 
11: 

R/W 

SCLK: Not used 

0: In 
1: Out 

P20C 

o 

RXDCO 

o 
P30 
In 
RxD 
In 

� ____ ~I----------_I~----~--------------~:~w~ay~s~R~D~------~--~~--~~~~~~~ __ ~~~ 
I I I P43C P42C P41C P40C 
Ip4CR I Port 4 IOFFC9H W 
I I Control Reg. I o o o o 
1 ____ ~I----------~I~----~~~--~~~~~~~--~~~--~~O~:~Ou~t~(~p~o~r~t~)~l~:~A~d~dr~e~s~s~o~u~tp~u~t~ 
I I I P73C P72C P71C P70C P63C P62C P61C P60C 
Ip67CR I Port 6/7 10FFCEH W W 

o I I Control Reg. I 0 0 0 0 0 0 
1 ____ ~I----------~I~----~--~O~:~I~n~--------~I~:~O~u~t------~~~O~:~In~~~~--~~l~:~O~u~t~~~--
I I I P830C ZCE2 ZCE1 EDGE 
Ip8CR I Port 8 IOFFD1H W W W W 
I IControl Reg.1 0 0 0 0 
I I I :p83 : INT2/TI5: INTl/TI4: INTO 
I I I : contro 1 : contro 1 : contro 1 : cont ro 1 
I I I 0: P83 1: ZCD : 1: ZCD :0: levell 
I I I 1: T03/: enable: enable:1: I I 
1 ____ ~I __________ ~I ______ ~ ____ ~ ______ ~ ______ ~ ______ ~ __ ~TO~4~: ______ ~ ______ ~ __ ~ed~g~e~ 

Symbol in denotes another name. 
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{3) Stepping motor control port control 

I Symbol I Name I Address I 7 6 5 4 3 2 1 0 I 
I I I I SM7MI : SM7MO P70Cl P70CO SM6Ml SM6MO P60Cl P60CO I 
I I I I R/W 
I I Stepping I I 0 0 

R/W 
0 0 

____ ~~ ______ ~ ____ ~~~--~~~-R~/~W~~--~~--~R~/~W~~--I 

: SMMOD I Motor IOFFCBH I :O:l-step: 00: IN/OUT 
__ ~ __ ~~~ __ ~~~~~~ __ ~ ___ O ____ ~~O __ ~ __ ~O~~~~O~ __ I 

:O:I-step: 00: IN/OUT I 
: /2-step: 01: IN/OUT,TOI I I I Mode Reg. I I : /2-step: 01: IN/OUT,T03 

I I 10: 3- : excita-: 10: IN/Ml : 0: 3- : excita-: IX: IN/MO I 
I I I phase : tion (Timer 2, phase: tion (Timer 0, I 
I I 11: 4- :1:1-2 Timer 3) : 1: 4- : 1: 1-2 Timer 1) I 
I I I phase step 11: " (Timer 4): phase step I 
I I I excita-: excita-: I 
I I I tion 
I I I 

tion I 
----~----------+-----~------~~~--~--------~C~~7~~------~~~~--------~C~~~6~1 

I I I R/w R/w I 
I Stepping I I o 0 I 

SMCR I Motor IOFFCFH I :O:Normal: :O:Normall 
I Control Reg. I I :rotation: :rotation/ 
I I I : 1: Re- : 1: Re- I 
I I I :verse :verse I 
I I I :rotation: :rotationl 

Also refer to P67CR, P6 and P7 registers. 

:4) Watchdog timer control 

MSB LSB 
51mboll Name IAddressi 7 6 5 4 3 2 0 

I I I WDTE WDTPI WDTPO WARM HALTMI HALTMO EXF DRVE 
I I I R/W R/W R/W R/W R R/W 
I I I 1 0 0 0 0 0 Un- O 
I Watchdog I I defined: 

WDMOD I Timer IOFFD2H I Detecting time : Warming-: Standby mode : Invert : 1: 
I Mode Reg. I I 14 :up time : 00: RUN mode :each : to drive I 
I I I 1 : WDT 00: 2l6 /fc : 14 : 01: STOP mode :time EXX:pin in I 
I I I Enable: 01: 2IS/fc :0:2 16/fc: 10: IDLEI mode : instruc-: STOP I 
I I I 10: 220/ fc :1:2 Ifc: 11 : IDLE2 mode :tion is :mode. I 
I I I 11: 2 /fc :executed: I 

WDCR I Watchdog IOFFD3H I I 
I Timer I I W I 
I Control Reg.1 I I 
I I I BlH: WDT Disable code 4EH: WDT Clear code I 
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(5) Timer/event counter control 

I 51mbol Name I Address I 6 5 4 2 0 
I 8-bit Timer I I 
I TREGO Register 0 IOFFD4H I W 
I I I Undefined 
I 8-bit Timer I I 
ITREGI Register 1 IOFFD5H I W 

I I I Undefined 
I 8-bit Timer I I 
ITREG2 Register 2 IOFFD6H I W 
I I I Undefined 
I 8-bit Timer I I 
I TREG3 Register 3 IOFFD7H I W 
I I I Undefined 
I I I nCLKI : T3CLKO T2CLKI : T2CLKO TlCLKI : TlCLKO TOCLKI : TOCLKO 
I I R/W R/W R/W R/W 
I 8-bit Timer I 0 0 0 0 0 0 0 0 
ITCLl( ISource cloc~loFFD8H 8-bit 00: 8-bit 00: 
I I Control Reg. I 00: T02TRG 01: ~Tl 00: TOOTRG 01: ~Tl 

I I I 01: tiT 1 10: ~Tl6 01: \fITl 10: ~Tl6 

I I I 10: .Tl6 11: .T256 10: t>Tl6 11: ~T256 

I I I 11: ~T256 :(8-bit mode onll): 11: ~T256 : (8- bi t mode onl:z 
I I I TFF3C 1 : TFF3CO TFF3IE : TFFJIS TFFIC 1 : TFFICO TFFUE : TFFlIS 
I I I W R/W W R/W 
I I 8-bit Timer I 0 0 0 0 
ITFFCR I Flip-Flop IOFFD9H 00: Clear TFF3 : 1: TFF3 :0: 00: Clear TFFl : 1: TFFI :0: 
I IControl Reg.1 01: Set TFFJ Invert : Invert 01: Set TFFl Invert : Invert 
I I 10: Invert TFFJ Enable : by 8-bit: 10: Invert TFFl Enable :by 8-bi 
I I 11: Don't care : timer 2 11: Don't care :timer C 
I I T23Ml : T23MO TWM21 : PWM20 TI0Ml : TlOMO PWMOI PWMOC 
I I R/W R/W R/W R/W 
I 8-bit Timerl 0 0 0 0 0 0 0 0 
ITHOD Mode Reg. IOFFDAH 00: 8-bit Timer PWM Freq uency 00: 8-bit Timer PWM Frequency 
I I 01: 16-bit Timer: 00: 

2
6 

-1 
01: 16-bit Timer: 00: 

2
6 

-1 I I 10: 8-bit PPG 01: 10: 8-bit PPG 01: 
I I 11: 8-bit PWM 10: 27 -1 11: 8-bit PWM 10: 27 -1 

I I 11: 2
8 

-1 11: 2
8 

-1 
I I 
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I Symbol I Name I Address I 6 5 4 3 2 0 
I I I I BRATE1 BRATEO PRRUN T4RUN T3RUN T2RUN T1 RUN TORU~ 
I 18-bit Timer/I I---~~-R~/W~~~~~~----~~--~~~--R~/~W~~----~~~--~~--

I 1 Serial 1 1 0 0 0 0 0 0 0 0 
1 TRUN 1 Channel IOFFDBH 1-0~0~:~3~0~0~/~15~0~b-a-ud~:~~P~r-es-c-a~l-e-r~&~T~i~m~e-r~Ru~n-/~S~t~o-p-C~o~n-t-r-o~1--~--~--~----
1 1 Baud Rate 1 1 01:1200/600 
I 1 Control Reg.1 1 10:4800/2400 
I 1 1 1 11: 19200/9600 
I 116-bit Timerl 1 

0: Stop & Clear 
1: Run (Count up) 

iCAPIL I/Event IOFFDCH �--------------------------------R-------------------------------

1 Counter 1 ______ ~I--------------------------~Un~d~e~f~i~n~e~d---------------------------1 Capture I 1 _____________________________________________________________ __ 

CAPIH 1 Register IOFFDDH I __________________________ ~~~R~~---------------------------
1 1 I Undefined 
'16-bit Timerl , ____________________________________________________________ _ 

CAP2L I/Event IOFFDEH I __________________________ ~~~R~~---------------------------
I Counter 1 _______ ~,--------------------------~Un-d-e~f~i~n~e-d---------------------------'Capture I , ____________________________________________________________ _ 

CAP2H 1 Regi s t er 2 1 OFFDFH I ___________________________ ~R~---------------------------
1 1 1 Undefined 
1 1 1 

TREG4LI16-bit TimerlOFFEOH I----------------------------~W~----------------------------

I/Event 1 _____ ~I-------------------------~Un~d~e~f~i~n~e~d--------------------------
1 Counter 1 I ______________________________ ~------------------------------

TRE~HI Register 4 IOFFEIH I _________________________ ~~~W~~------------------------
1 1 1 Undefined 
I 1 , __________________________________________________ ___ 

TREG5LI16-bit TimeriOFFE2H I __________________________ ~~~W~~--------------------------
I/Event 1 ______ ~I--------------------------~U-nd-e~f~i~n~e~d---------------------------I Counter 1 1 _________________________________________________________ _ 

TREG5HI Register IOFFE3H I ___________________________ ~~W~~-------------------------_ 
1 1 1 . Undefined 
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7 6 5' 4 3 2 1 0 
CAPlIN CAPMl CAPMO CLE T4CLKl T4CLKO 

I Symbo 11 Name I Address 
I I I 
I I I W R/W R/W R/W 
I I I 0 0 0 0 0 
I I 16-bit Timer I Capture timing Timer 4 source 
I T4MOD 1/ Event IOFFE4H clock 
I I Counter I :0: Soft-: 00: Disable 1: 00: T14 
I I Mode Reg. I : ware 01 : T14 t TI5 UC16 01: ..e-Tl 
I I I : Capture: 10: TI4 + T14 ~ Clear 10: .e-Tl6 
I I I : 1: Don't: 11: TFF! t TFF! ~ : Enable: 11: 
I I I care 

I I CAP2TE CAPITE : EQ5TE EQ4TE TFF4Cl TFF4CO 
I I R/W. W 
I 16-bit Timer I 0 0 0 0 

T4FFCRIFIip-Flop 4 IOFFE5H TFF 4 inversion trigger 
I IControl Reg.1 0: Disable trigger 00: Clear TFF4 
I I I 01 : Set TFF4 
I I I 1 : Enab Ie trigger 10: Invert TFF4 
I I I 11: Don't care 

(6) Serial channel control 

IS~bol Name I Address I 7 6 5 4 3 2 0 
I I I !BS : Fixed at: RXE WU SMI SMO SCI SCO 
~ I I "0" 
I I I R/W 
I Serial I I Undefined 0 0 0 0 0 0 0 
ISCMOD Channel IOFFE9H I Trans- : 1: : 1: 00:1/0 interface: 00: T02TRG U 

Mode Reg. I Imission Receive: Wake up: 01: UART 7-bit 01: BR A 
I IBit-8 Enable Enable 10: UART 8-bit 10: 01 R 
I I data in 11: UART 9-bit 11: BR 1/2 T 
I 19-bit 
I IUART 
I I RBS EVEN PE OERR PERR FERR CTSE 

Serial I I R R/W R(Cleared to "0" bI reading) R/W 
SCCR Channel 10FFEAH I Undefined 0 0 0 0 0 0 

Control I I Receiv- : Parity : 1: 1: Error : 1: CTS 
Register I ling Bit-: 0: Odd : Parity ---------------------------- Enable . . 

I 18 data 1 : Even: Enable Overrun: ParitI : Flaming 
Serial I I RB7 RB6 RB5 RB4 RB3 RB2 RBI RBO 

SCBUF Channel 10FFEBH I TB7 TB6 TB5 TB4 TB3 TB2 IBl IBO 
Buffer I I R (Receiving)/W (Transmission) 
Register I I Undefined 

Also refer to P3CR, TRUN register. (Note) BR: Baud Rate Generator 
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.7) AID Converter control 
MSB LSB 

Symbol 1 Name 1 Address 1 7 6 5 4 3 2 o 
1 

1 

ADMOD 1 
1 

1 , 
ADREG 1 

1 

AID 
Converter 
Mode Reg. 

A/D Result 
Register 

1 1 ______ ~ __ E~0~C_F __ ~~AD~B-F----~AD~C-S----~AD~S~----AD-C-H~2~--A~D~C~H~l----A~D-C~H~O--
1 1 R R/W R/w R/W 
10FFEFH I------~--~O--~~-O----~~O~~--~O~--~~O~----~O~----~O~--

1 1 1: END 1: Busy: 0: 95s :1: Start: Analog Input Channel 
1 , 1:190s Select 
1 , 
'OFFEEH I--------------------------R----------------------------------

1 1 

8) Interrupt control 

Symbol I Name 1 Address 1 6 5 4 3 2 0 
1 1 ' __ *_I~E~T~2~ __ I~E~T~3 _____ I~E_T~4 _____ I~E~1~~~I-ET~5~----IE~2~ ____ I_E~RX ______ I_E~T~X __ 

INTEL 1 Interrupt IOFFE6H I ____________________________ ~R~/~W __ ~------~------------------
1 Enable 1 I __ ~O~ __ ~~O~ __ ~~O ____ ~~O __ ~ __ ~O __ ~~-O~--~~O~--~~O~--
1 Mask Reg. 1 ______ +I __________ ~l~:~E~na~b~l~e~~--~~~--~~O~:~D~i~s~a~b~le~----~~----~~--
1 '1 __________ D_E~O __ ~~D~E-T~O-----D-E-T~l-----A-DI-S------IE-O--~~-IE-T~O _____ I_E~T~l __ 

INTEH 1 ............ loFFE7H I ____________ ~R~/~W ____________ ~ __ ~------~~R~/~W------------~ 
(DMA 1 1 I_...;;O_~~~O-~-...;;O~~-:--~O~.--.;;-....;O~..,......;~_:O~--.;-....;O~-.:~-O~--

EL)' Mic ro DMA , ______ +1 __ ~~1_: ~En;.:.;a;;.;b~l~e----~~O~: ~D~i~s~a~b.;;.le~~--=-~~l~:--.;;;E~n~ab~l~e----~~O~:~D.;;..is~a;;.;b~l~e~ 
-----I Enable I 1 __ ~D~E~T~2 __ ~D_E~T~3 ____ ~D~E_T_4 _____ D~E~1~~~D-ET.;;..5----~DE-2~ ____ D_E~RX~~ __ D_E_T_X __ 
DMAEH 1 Register IOFFE8H' R/W 

, 'I--~O---~O~--~O~---~O~---~O~--~O~--~O~----O~--

1 1 1 1: Enable 0: Disable 
1 I 1 ________ ~I_R~FO _____ IR~F~T~O ____ I_R_FT~l~ __________ E~XT~----~P~lC-R--~~P_O_C_R __ 
1 1 , ____ ~ ____ ~R~ ______ ~ ____ ~ __ ~W~~ _____ ~W~ __ ___ 
, I' 0 0 0 0 0 0 

IRFL I IOFFC2H 1------~--I~n~t-e-r-ru~p-t~R-e-q-ue~s~t~F.;;.I-ag--~------~-P~l~.P~2--~P~1~--~-P~0~~ 

(P01-' Interrupt 1 I :Controls: Control: Controll 
CR)I Request 1 1: Interrupt being re- 0:1/0 0: In 0: In 1 

, Flag 0: I quested port: 1: Out 1: Out I 
, IRF' 1: Ad- : , 
I Clear' dress:' 
, I ______ +I __ ~--~ __ -=----~~----~~--~------~ __ b~u~s~~~----~--__ --I 
, "IRFT2 IRFT3: IRFT4 IRFl IRFT5 IRF2 IRFRX IRFTX' 
I I' R (Only IRF Clear code can be used to write.) 1 

IRFH I IOFFC3H 1 0 0 0 0 0 0 0 I 
I "1: Interrupt being requested (IRF is cleared to "0" by writing I 
I " IRF Clear code.) , 

Symbol in ) denotes another name. * Share with lEAD (If ADIS=l. use as INTAD Mask Reg.) 

9) Bank register 

Symbol 1 
BX I 

I 
I 

BY I 
I 
I 

Name IAddress' 7 6 5 4 3 2 0 

:::~ster X \OFFECH \=======~=======~=======~======~~=~B:X3~==~==:BX:2~=~R~/~W=B:X~l~==~==B:X:O~== 
I I 0 0 0 0 

:::~ster Y \OFFEDH :=======================:==========~:3:======~~2:=~RZ/~W=B=Y;l======B~Y~O=~ 
I I 0 0 0 0 
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