TOSHIBA TMPZ84C00A

TMPZ84CO0AP-6 / TMPZ84CO00AM-6 / TMPZ84C0O0AT-6
TMPZ84CO0AP-8 / TMPZ84CO00AM-8 / TMPZ84CO0AT-8

TLCS-Z80 MPU : 8-BIT MICROPROCESSOR

1. OUTLINE AND FEATURES

The TMPZ84C00A is an 8-bit microprocessor (hereinafter referred to as MPU), which
provides low power operation and high performance.

Built into the TMPZ84C00A are bus control, memory control and timing control
circuits in addition to paired 6 general purpose registers, accumulator, flag registers and
an arithmetic-and-logic unit.

The TMPZ84CO00A is fabricated using Toshiba’s CMOS Silicon gate Technology.

The pricipal functions and features of the TMPZ84C00A are as follows.

Table 1.1 Operating Frequency and
" Supply Current

) Supply Current (TYP.)
Operating
Produce Name Frequency AT
ATRUN STAND BY

TMPZ84CO0AP- 6MHz 15mA 0.5uA
6/AM-6/AT-6

TMPZ84CO0AP- 8MHz 20mA 0.5nA
8/AM-8/AT-8

060489

(1) Commands compatible with the Zilog Z80 MPU.
(2) Low power consumption
(3) DC to 8MHz operation (at 5V £10%)
(4) Single 5V power supply (5V +10%)
(5) Operating temperature { —40°C to 85°C)
(6) Powerful set of 158 instrucitons available
(7) Powerful interrupt function
(a) Non-maskable interrupt terminal (NMI)
(b) Maskable interrupt terminal (INT)
The following 3 modes are selectable:

® 8080 compatible interrupt mode (interrupt by Non-Z80 family peripheral LSI)
(Mode 0)
® Restart interrupt (Mode 1)
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® Daisy chain structure interrupt using Z80 family peripheral LSI (Mode 2)

8
9
(10)
(11)
(12)

An auxiliary resister provided to each of general purpose registers
Two index registers

10 addressing modes

Built-in refresh circuit for dynamic memory

Molded in 40-pin DIP package (P), 40-pin SOP package (M) and 44-pin PLCC
package (T).

Further, in the following text and explanations for charts and tables, hexadecimal
numbers are directly used without giving an identification to explanation of
address, etc. to the extent not to cause confusions.

Note: Z80is a trademark of Zilog Inc., U.S.A.
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2. PIN ASSIGNMENT AND FUNCTIONS

The pin assignment and I/O pin names and brief functions of TMPZ84C00A are
shown below.

2.1 PIN ASSIGNMENT (TOP View)
The pin assignment of the TMPZ84C00A are as shown in Figure 2.1 and Figure 2.2.
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Figure 2.1 DIP, SOP Pin Assignment Figure 2.2 PLCC Package Pin Assignment
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2.2 PIN NAMES AND FUNCTIONS
I/0 pin names and functions are as shown Table 2.1.

Table 2.1 Pin names and Functions (1/2)

. Q'ty
Pin {(Number)

D0-D7 8 Input/output | The 8-bit bi-directional data bus.
3-state

AO-A15 16 Output The 16-bit address bus.

3-state These pins specify memory and I/O port
addresses. During a refresh cycle, the refresh
address is output.

Type Function

mi 1 Output The Machine Cycle 1signal.

In an operation code fetch cycle, this pin goes
“0" with the MREQ signal. At the execution of a
2-byte operation code, this pin goes “0" for each
operation code fetch. In a maskable interrupt
acknowledge cycle, this pin goes “0” with the
IORQ signal.

RD 1 Output The Read signal. it indicates thatthe MPU is
3-state ready for accepting data from memory or I/O
device. The data from the addressed memory or
170 devices is gated by this signal onto the MPU
data bus.

3
el

Output The Write signal. Thissignal is output when the
3-state data to be stored in the addressed memory or I/O
device ison the data bus.

<
2|
m
O

Output The Memory Request signal. When the

3-state execution address for memory access is on the
address bus, this pin goes "0” . During a memory
refresh cycle, this pin also goes “0” with RFSH
signal.

o
o)
O

Qutput The Input/Output Request signal. This pin goes
3-state “0" when the address for an I/0 read or write
operation is an the low-order 8 bits (A0 through
A7) of the address bus. The IORQ signal is also
output with the M1 signal at interrupt
acknowledge to tell an I/0 device that the
interrupt response vector can be placed on the
data bus.

CLK 1 Input The Single-phase Clock Input.

When the clock input is placed in the DC state
(continued “1" or “0” level), this pin stops
operating and holds the state of that time.

060489
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(2/2)

Q'ty
(Number)

Type

Function

1

Input

The Reset signal input.

RESET signal is used for initialization MPU and
must be keptin active state (*0" ) for a period of
at least 3 clocks.

Input

The Maskable Interruptsignal. An interruptis
caused by the peripheral LSI. Aninterruptis
acknowledged when the interrupt enable flip-
flop (IFF) is set to “1" by software.

The INT pin is normally wire-ORed and requires
an external pullup resistor for these applications.

|

E3
bd
3

input

The Wait Request signal. This signal indicates to
the MPU that the addressed memory or I/O
device is not ready for data transfer. Aslong as
thissignal is “0”, the MPU is in the Wait state.

BUSREQ

Input

The bus Request signal. The BUSREQ signal
forces the MPU address bus, data bus, and
control signals MREQ, IORQ, RD, and WR to be
placed in the high-impedance state. Thissignal is
normaily Wire-ORed and requires an external
pullup resistor for these applications.

BUSACK

Output

The Bus Acknowledge signal. In response to the
BUSREQ signal, the BUSACK signal indicates to
the requesting peripheral LS| thatthe MPU
address bus, data bus, and control signals MREQ,
TORQ, RD and WR have been putin the high-
impedance state.

HALT

Output

The Haltsignal. This pin goes “0” when the MPU
has executed a Halt instruction and is in the Halt
state.

Output

The refresh signal. When the dynamic memory
refresh address is on the low-order 8 bits of the
address bus, this signal goes “0” . Atthe same
time, the MREQ signal also goes active (“0").

|

z
ES

Input

The Non-maskable interrupt Request signal.

This interrupt request has a higher priority than
the maskable interrupt and is not dependent on
the interrupt enable flip-flop (IFF) state.

NC
(PLCC only)

Not connected internaly.
Please use by open.

Ve

power supply

+5V

Vss

power supply

oV

060489
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3. FUNCTIONAL DESCRIPTION

The system configuration, functions and basic operation of the TMPZ84C00A are
described here.

3.1 BLOCK DIAGRAM

The block diagram of the internal configuration is shown in Figure 3.1.
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Figure 3.1 Block Diagram
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3.2 SYSTEM CONFIGURATION

(1]

The MPU has the configuration shown in Figure 3.1. The address signal is put on the
address bus via the address buffer. The data bus is controlled for input or output by the
data bus interface. Both the address and data buses are put in the high-impedance state
by the BUSEQ signal input to make them available for other peripheral LSIs. The
Opcode read from memory via the data bus is written to the instruction register. This
Opcode is decoded by the instruction decoder. According to the result of the decoding,
control signals are sent to the relevant devices. Receiving these control signals, the
ALU performs arithmetic operations. The register array temporarily hold the
information required to perform operation.

The following describes the MPU’s main components and functions which the user
must understand to operate the TMPZ84C00A.

Internal Register Groups
The configuration of the internal register groups is as follows:
(1) Main registers
AFB,CD,E,H L
(2) Alternate registers
AR B,CLDLE R, L
(3) Special purpose registers
LR, IX,1Y,SP,PC

Figure 3.3 shows the configuration of the internal register groups. The register
groups, each being of a static RAM, consists of eighteen 8-bit registers and four 16-bit
registers. The following describes the function of each register:

(1) Mainregisters{A,F,B,C,D,E, H, L)
(a) Accumulator (A)

The accumulator is an 8-bit register used for arithmetic and data transfer
operations.

{b) Flag register (F) (see Fig. 3.2)

The flag register is an 8-bit register to hold the result of each arithmetic
operation. Actually, the 6 of the 8 bits are set (“1”)/reset (“0”) according to the
condition specified by an instruction.

MPUZ80-7



https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMPZ84C00A

MSB LSB
7 6 5 4 3 2 1 o] (* = Undefined)
(s lzl . InwlJewln]c]|
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Figure 3.2 Flag Register Configuration

The following 4 bits are directly available to the programmer for setting the jump,
call and return instruction conditions:

MsB LSB MSB LSB
7 07 0
Accumulator Flag reister
A F
Main register
B C
General-purpose
. D
register
H L
Accumulator Flag reister ]
A’ F
B’ c Alternate register
H’ L’
Interrupt vector Memory refresh ]
| R
MSB LSB
5 D | special register
Index register X
General-purpose Index register Y
register Stack pointer Sp
Program counter PC
060489
Figure 3.3 Flag Register Configuration
° Sign flag (S)

When the result of an operation is negative, the S flag is set to “1” . Actually,
the content of bit 7 of accumulator is stored in this flag.

. Zero flag (7)

When all bits turn out to be “0” s after operation, the Z flag is set to “1” .
Otherwise, it is set to “0”.
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With a block search instruction (CPI, CPIR, CPD or CPDR), the Z flag is set to
“1” if the source data and the accumulator data match.

With a block I/0 instruction (INI, IND, OUTI or OUTD), the Z flag is set to “1” if
the content of the B register used as the byte counter is “0” at the end of
comparison.

. Parity/overflow flag (P/V)

This flag has two functions. One is the parity flag (P) that indicates the result of
a logical operation (AND A, Betc.). The P flag is set to “1” if the parity iseven as a
result of the operation on signed values by two’s complement. It is reset to “0” if
the parity is odd. With a block search instruction (CPI, CPIR, CPD or CPDR) and a
block transfer instruction (LDI or LDD), the P flag indicates the state of the byte
counter (register pair B and C). It is set to *“1” if the byte counter is not “0” and
reset to “0” when the byte counter becomes “0” (at the end of comparison or data
transfer). The content of the interrupt enable flip-flop (IFF) is saved to the P flag
when the contents of the R register or [ register are transferred to the accumulator.

The other use of the P/V flag is the overflow flag (V) that indicates whether an
overflow has-occurred or not as a result of an arithmetic operation. The V flag is

set to “1” when the value in the accumulator gets out of a range of the maximum
value +127 and the minimum value —128 and therefore cannot be correctly
represented as a two’s complement notation.

Whether the P/V flag operates as the P flag or V flag is determined by the type
of the instruction executed.

[ ] Carry flag (C)

The C flag is set to “1” if a carry occurs from bit 7 of the accumulator or a borrow
occurs as a result of an operation.

The following two flags are not available to the programmer for the test and set
(“1")/reset (“0”) purposes. They are internally used by the MPU for BCD
arithmetic operations.

o Half carry flag (II)

The H flag is used for holding the carry or borrow from the low-order 4 bits of
a BCD operation result. When a DAA instruction (decimal adjust) is executed,
the MPU automatically uses the H flag to adjust the result of a decimal addition
or subtraction.

o Add/subtract flag (N)

In BCD operation, algorithm is different between addition and subtraction.
The N flag indicates whether the executed operation is addition or subtraction.
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(c)

@

(3)
(a)

For change of the flag state depending on the instruction, see 3.4
“TMPZ84C00A Instruction Set” .

General-purpose registers (B, C, D, E, H, L)

General-purpose registers consist of 8 bits each. They are used as 16-bit register
pairs (BC, DE, HL) as well as independent 8-bit registers to supplement the
accumulator. The B register and the register pair BC are used as counters when a
block /0, block transfer, or search instruction is executed. The register pair HL
has various memory addressing features as compared with the register pairs BC
and DE.

Alternate registers (A’, F', B’, C', D', E', H', L")

The configuration of the alternate registers is exactly the same as that of the
main registers. There is no instruction that handles the alternate registers
directly. The data in the alternate registers are processed by moving them into the
main registers by means of exchange instructions as shown below:

EX AF,AF’ (AoA’ FolF)
EXX {(BoB', CoC, DoD’, EoF’, HoH’, Lol

When a high-speed interrupt response has been requested within the system,
these instruction can be used to quickly move the contents of the accumulator, flag
registers, and general-purpose registers into the corresponding registers. This
eliminates the need for transferring the register contents to/from the external
stack during execution of the interrupt handling routine, thereby shortening the
interrupt servicing time greatly.

Special purpose registers (i, R, IX, 1Y, SP, PC)
Interrupt page address register (I)

The TMPZ84C00A provides two kinds of interrupts :maskable interrupt (INT)
and non-maskable interrupt (NMI). The maskable interrupt provides three modes
(0, 1, and 2) in which the interrupt is handled. These modes can be selected by
instructions IMO, IM1, and IM2 respectively. In Mode 2, any memory location can
be called indirectly depending on the interrupt. For this purpose, the I register
stores the high-order 8 bits of the indirect address. The low-order 8 bits are
supplied from the interrupting peripheral LSI. This scheme permits calling the
interrupt handling routine from any memory location in an extremely short access
time. For the details of interrupts, see [4] “Interrupt Capability”.
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(b)

(d)

Memory refresh register (R}

The R register is used as the memory refresh counter when the dynamic RAM is
used for memory. This permits using of the dynamic memory in the same manner
as the static memory. The Low-order 7 bits of this 8-bit register is automatically
incremented for each instruction fetch. While the MPU decodes and executes the
fetched instruction, the contents of the R register are synchronized with the
refresh signal to place the low-order 8 bits on the address bus. This operation is all
performed by the MPU and, therefore, dose not need a special processing by
program. The MPU operation is not delayed by this operation. During refresh, the
contents of the I register are placed on the high-order 8 bits of the address bus.

Index registers (IX, IY)

The two independent index registers IX and 1Y hold the 16-bit base address
when used in the index addressing mode. In this addressing mode, the memory
address obtained by adding the contents of an index register to the displacement
value (for example, LD IX+40H) is specified. This mode is convenient for using
data tables. Also these registers can be used separately for memory addressing
and data retaining registers.

Stack painter {SP)

The stack pointer is a 16-bit register to provide the start address information in
the stack area in the external RAM. The content of the stack pointer is
decremented at the execution of a CALL instruction or PUSH instruction or
interrupt handling and is incremented at the execution of a return instruction or
POP instruction. At the execution of a CALL instruction or interrupt handling,
the current content of the program counter is saved into the stack. At the
execution of a return instruction, the content is restored from the stack to the
program counter. These operations are all performed by the MPU automatically.
However, the other registers are not saved or restored automatically. For the
storing of the contents of these registers, an exchange instruction (EX or EXX) for
alternate register, a PUSH or a POP instructions must be used. When a PUSH
instruction is executed, the contents of the specified register are saved into the
stack. When a POP instruction is executed, the contents of the stack are moved to
the specified register.

These data are restored on a last-in, first-out basis. Use of the stack permits
processing of multiple-level interrupts, deep subroutine nestings, and various data
manipulation very easily. The stack pointer is not initialized in the hardware
approach. Therefore, it is required to allocate the stack area in RAM to specify
initialization (at the highest address of the stack area) in the initial program.
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(e)

(ex)
MEMORY The contents of the SP
MEMORY ADDRESS ; :
(HEX) ADDRESS INSTRUCTION befoz&:;fgfelgséguctlon
, B < (HEX) :
LOWER : S o 1230 CALL 1500H FFF1
: : + v : :
FFEB | CO | o pu : '
— © ! :
] FFEC 1 B2 | 5 © 1500 PUSH AF FFEF ; A=05, F=23
FFED | 23 | o s 1501 PUSH BC FFED ; B=B2, C=CO
FFEE [ 05 | = 2 ;
FFEF | 33 ©
FFFO | 12 ] : :
= f 1600 POP BC FFEB
HIGHER l 1601 POP  AF FFED

1602 RET FFEF

The foregoing example shows the stack pointer and stack operations in which
the instructions starting with the CALL at address 1230H and ending with the
RET at address 1602H have been executed. However, it is assumed that there is no
instruction or interrupt other than shown above that uses the stack during the
execution. When the value the stack pointer before executing the CALL
instruction at address 1230H indicates address FFF1H, address 1233H is stored at
addresses FFFOH and FFEFH because the CALL instruction consists of 3 bytes,
then the stack pointer is decremented. Similarly, the data are saved or restored
sequentially according to the instructions. These stack and stack pointer
operations are all performed automatically.

Program counter (PC)

The program counter holds, in 16 bits, the memory address of the instruction to
be executed next. The MPU fetches the instruction from the memory location
indicated by the program counter. When the content of the program counter is put
on the address bus, the program counter is incremented automatically. However, it
is not incremented with a jump instruction, a call instruction, or interrupt
processing. Instead, the specified new address is set on it. With a return
instruction, the content restored from the stack is set on the program counter.
These operations are all performed automatically and therefore, no care is
required for programming.
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(2]

(3]

Halt Capability

(M

2

When a HALT instruction has been executed, the MPU is put in the halt state. The
halt capability can be used to halt the MPU against the external interrupts, thereby
reducing the power dissipation. In the halt state the states of MPU'’s internal registers
are retained. The halt state is cleared by reset or when an interrupt is accepted. For the
details of halt operation, see [3] “Basic Timing”.

Halt operation

When a HALT instruction has been executed, the MPU sets the HALT signal to
“0” to indicate that the MPU is going to be put in the halt state. Actually, the
MPU in the halt state automatically continues executing NOP instructions if there
is the system clock input. However, the program counter is not incremented. This
keeps the refresh signal generated when the dynamic memory is used. During
halt, the MPU’s internal states are retained. By using TLCS-Z80’s clock
generator/controller (TMPZ84C60P or TMPZ84C61AP), the clock input control for
these halt operations is realized easily.

Releasing the halt state

The halt state is cleared by accepting an interrupt (the INT or NMI signal
input) or by reset (the RESET signal input). When an interrupt is accepted, the
halt state is cleared and the interrupt handling routine is executed. However, a
maskable interrupt (INT) cannot be accepted unless the interrupt enable flip-flop
(IFF) is set.

Note that when the halt state is cleared by the RESET signal, the MPU is reset
and the program counter is set to “0”.

RESET Signal

(1)
(2)
3)

Holding the RESET pin at the low level (“0”) under the following conditions, the
MPU'’s internal states are reset:

(1)

The supply voltage level is within the operational voltage range.
System clock stabilization.

Holding the RESET signal at the low level (“0”) for at least 3 full clock cycles.
When the RESET signal goes high (“1”), the MPU starts executing instructions
from address 0000H after at least 2T state dummy cycles.

When reset, the MPU performs the following processing:

Program counter

0000H is set.
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https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMPZ84C00A

[4]

(2) Interrupt

The interrupt enable flip-flop (IFF) is reset to “0” to disable the maskable
interrupt. For the maskable interrupt processing, mode 0 is specified.

(3) Control output

All control outputs are made inactive (“1”). Therefore, the halt state is also
cleared.

(4) Interrupt page address register (I register)
The content of the R register becomes 00H.
(5) Refresh register (R register)
The content of the R register becomes 00H.

The contents of the registers other than above and the external memory do not
change.
Therefore, they must be initialized as required.

Interrupt Capability

The interrupt capability is used to suspend the execution of the eurrent program and
execute the processing of the requested peripheral LSI. Normally, this interrupt
processing routine contains the data exchange and transfer of status and control
information between the MPU and the peripheral LSI. When this routine has been
completed, the MPU returns to the active state before the interrupt has been accepted.

The TMPZ84CO00A provides the non-maskable interrupt (NMI) and maskable
interrupt (INT) capabilities which are detected by the NMI and INT interrupt request
signals, respectively. A non-maskable interrupt, when caused by a peripheral LSI, is
accepted unconditionally. This interrupt is used to support critical functions such as the
protection of the system from unpredictable happening including power failure. A
maskable interrupt can be enabled or disabled by program. For example, if the timer is
used and, therefore, an interrupt is not desired, the system can be programmed to
disable the interrupt. Table 3.1 lists the pracessing by interrupt source.
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(M

Interrupt enable/disable

A non-maskable interrupt cannot be disabled by program, while a maskable
interrupt can be enabled or disabled by program. The MPU has the interrupt
enable flip-flop (IFF). A maskable interrupt can be enabled or disabled by setting
this flip-flop to “1” (set) or “0” (reset) through an EI instruction (enable) or a DI
instruction (disable) in program. Actually, the IFF consists of two flip-flops IFF1
and IFF2. IFF1 is used to select between the enable and disable of a maskable
interrupt. IFF2 holds the state of IFF1 before a maskable interrupt has been
accepted. Both IFF1 and IFF2 are reset to “0” when any of the following conditions
occurs, disabling an interrupt:

MPU reset
Execution of DI instruction
Acceptance of maskable interrupt

Both IFF1 and IFF2 are set to “1” when the the following condition occurs,
enabling an interrupt:

Execution of El instruction

Actually, the waiting maskable interrupt request is accepted after the
execution of the instruction that follows the EI instruction.
This delay by one instruction is caused by accepting an interrupt after completion
of the execution of a return instruction if the instruction following the EI
instruction is a return instruction.
In the above operation, the contents of IFF1 and IFF2 are the same.
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Table 3.1 Processing by Interrupt Source
Interrupt
Interrupt Source Priarity | Programmed condition Vector address _ return
instruction
Non-maskable interrupt 1 None Address 66H RETN
(the falling edge of NMI)
Instruction from
Maskable interrupt (INT 2 IFF=1 Mode 0 |peripheral LSI. {Note)
becomes “0” at Normally, CALL or RST RETI
instruction's last clock) instruction.
Mode 1 | Address 38H.
The address indicated by
the data table (memory)
Mode 2 | atthe address specified
by | register (high-order
8 bits) and data from
peripheral LS| (low-
order 8 bits, LSB = "0").

060489

Note: Mode 0 applies when the instruction from peripheral LSI is CALL or RST instruction.

Parity flag

(LDA,lorLD A,R)

1 (For holding IFF1)

Executed instruction
MPU reset

Dl instruction

INT acceptance

El instruction

RETN instruction
when IFF2 = 1.

NMI acceptance

060489

(RETN)
(Determination of | F
actual INT enable L FF1 l IFF2
/disable)
0 0
1 1
0 state of IFF1
before NM|
acceptance
Figure 3.4 Interrupt Enable Flip-Fiop (IFF)

MPUZ80-16


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMPZ84C00A

When a non-maskable interrupt has been accepted, IFF1 is reset to “0” (interrupt
disable) until an EI or RETN instruction is executed, so as to prevent from accepting the
next interrupt. For this purpose, the state (interrupt enable/disable) of IFF1
immediately before non-maskable interrupt acceptance must be stored. This state is
copied into IFF2 upon acceptance of a non-maskable interrupt. The content of IFF2 is
copied into the parity flag at the execution of the following instructions, so that the
copied data can be tested or stored:

. The load instruction (LD A, I) to load the contents of the I register into the
accumulator.

° The load instruction (LD A, R) to load the contents of the R register into the
accumulator.

When the return instruction (RETN) from the non-maskable interrupt is executed,
the contents of the current IFF2 are copied back to IFF1. If an operation which changes
the contents of IFF2 (due to the execution of EI or DI instruction, for example) has not
been performed during interrupt handling, IFF1 automatically returns to the state
immediately before the interrupt acceptance. Table 3.2 lists the states of IFF1 and IFF2
after execution of interrupt-related instructions.

Table 3.2 State of IFF1 and IFF2

Operation sequence IFF1 IFF2 Remarks

NPU reset Q 0

El 1 1

NI acceptance 0 1

LDA,I * * Parity flage«IFF2
RETN 1 1 IFF1e-IFF2
LDA,R * * Parity flageIFF2
INT acceptance 1] 0

RETI * *

El 1 1

NMl acceptance 0 1

DI 0 0

RETN * *

Note : *=no change 060489

(2) Interrupt processing

With a non-maskable interrupt, the internal NMI flip-flop is set to “1” on the
falling edge of the interrupt signal, NMI. The state of this flip-flop is sampled on
the rising edge of the last clock of each instruction to accept an interrupt. A
maskable interrupt is accepted if the interrupt signal INT is low (“0”) on the rising
edge of the last clock of each instruction and the interrupt enable state IFF=1 and
BUSREQ signal=inactive (“1”)) is on. The following is the processing to be
performed after a non-maskable interrupt and a maskable interrupt are accepted:
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(a)

Non-maskable interrupt (NMI)

When a non-maskable interrupt has been accepted, the MPU performs the
following processing:

The internal NMI flip-flop is reset to “0”.
IFF1 is reset to “0”, disabling the maskable interrupt.

The contents of the IFF1 immediately before the interrupt acceptance are copied
into the IFF2.

The contents of the current program counter are saved into the stack.

The instructions starting from non-maskable interrupt vector address 66 are
executed.

A non-maskable interrupt processing program terminates after executing the RETN

instruction. This return instruction performs the followings:

1
2

(b)

The contents of the current IFF2 are copied into IFF1.
The contents of the program counter are restored from the stack.

Acceptance of nan-maskable interrupt (NMI)

|

} Execution of ordinary program k

EL Service routine :I

Address 0066H Execution of RETN instruction

060489

Figure 3.5 Non-Maskable Interrupt Processing
Maskable interrupt (INT)

When a maskable interrupt has been accepted, the MPU performs the following
processings:

Both IFF1 and IFF2 are reset to “0”, disabling the maskable interrupts.
The contents of the current program counter are saved into the stack.

A maskable interrupt is serviced in one of the three modes 0, 1 and 2. A mode is
selected by executing the instruction IMO, IMlor IM2 before the interrupt is
serviced. The instructions are executed starting from the vector address
corresponding to the selected mode.
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[ Mode 0

In mode 0, the interrupting peripheral LSI puts a restart instruction (RST) or a
call instruetion (CALL) on the data bus and the MPU executes the interrupt
service routine according to that instruction. At reset, this mode is automatically
set.

Acceptance of interruptin mode 0

l

I Execution of ardinary program ]

Address specified by EI Service routine Execution of

CALL or RST instruction RETI instruction
from peripheral LSI.

060489

Figure 3.6 Interrupt Processing in Mode 0
(] Mode 1

When an interrupt is accepted in mode 1, restart is performed from address
0038H. Therefore, the service routine for this interrupt is programmed from the
address 0038H .

Interrupt in mode 1

l

[ Execution of ordinary programJ

l::l Service routine

Address 0038H Execution of RETI instruction

060489

Figure 3.7 Interrupt Processing in Mode 1
[ Mode 2

The interrupt processing in mode 2 requires a 16-bit pointer consisting of the
high-order 8 bits of the I register and the low-order 8 bits (with the LSB="0") of
the data fetched from the TLCS-Z80 family peripheral LSI. Therefore, the
necessary value must be loaded in the I register beforehand. This pointer is used to
specify the memory address in the table. The contents of the specified address and
the next address provide the start address of the service routine. Therefore, use of
this mode requires the table of the service routine’s start address (16 bits) to be set
at appropriate location under software control . This location can be anywhere in
memory.
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The LSB of the table pointer is set to “0” because a 2-byte data is needed to
specify the service routine start address in 16 bits and start that address from an
even-number address. In the table, the start address begins with the low-order
byte followed by the high-order byte as shown in Figure 3.8.

Interruptin mode 2

i

I Execution of ordinary program l

Table | t

L—rl Service routine }—J

Execution of

| sbits | 7o o |— e

RETI instruction

!

I register TLCS-280 family

e | |
T Higher J

byte

peripheral LS|

060489

Figure 3.8 Interrupt Processing in Mode 2

Mode 2 is used in the daisy chain interrupt processing using TLCS-Z80 family
LSI. TLCS-Z80 family peripheral LSIs all contain the interrupt priority controller
in daisy chain structure. In this interrupt structure, the interrupt request signals
are connected one after another and given priorities for processing when two or
more maskable interrupt requests occur at a time. Only the interrupt vector from
the peripheral LSI having the highest priority is put on the data bus. By receiving
the interrupt vector in mode 2, the processing for that peripheral LSI can be
performed. When an interrupt requested by a peripheral LSI having a priority
higher than that of the current peripheral LSI during the execution of the
interrupt processing routine, the higher priority interrupt can be enabled by the EI
instruction to form an interrupt nesting.

The maskable interrupt processing program terminates by executing an RETI
instruction. This return instruction performs the following processings:

® Restores the content of the program counter from the stack.

® Notifies the requesting peripheral LSI of the termination of interrupt
processing.
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3.3 MPU STATUS TRANSITION DIAGRAM AND BASIC TIMING

(1]

The following describes the MPU status transition and the basic timing of each MPU
operation.

Instruction Cycle

Each TMPZ84C00A instruction is executed by combining the basic operations of
memory read/write, input/output, bus request/acknowledge, and interrupt. These basic
operations are performed synchronizing with the system clock (the CLK signal).

One clock period is called a state (T). The smallest unit of each basic operation is
called a machine cycle (M). Each instruction consists of 1 to 6 machine cycles and each
machine cycle consists of 3 to 6 clock states basically. However, the number of clock
states in a machine cycle can be increased by the WAIT signal described later on. Figure
3.9 shows an example of the basic timing of a 3-machine-cycle instruction.

The first machine cycle (M1) of each instruction is the cycle in which the Opcode of
the instruction to be executed next is read (this is called the Opcode fetch cycle). The
Opcode fetch cycle basically consists of 4 to 6 clock states. In the machine cycle that
follows the Opcode fetch cycle, data is transferred between the MPU and the memory or
peripheral LSIs. This operation basically consists of 3 to 5 clock states.

T cycle

e a—

CLK —

T Ty

Maachine cycle

M : M3 ' M3
(Opcode fetch) (Memory read) (Memory write)

Cyde instruction
060489

Figure 3.9 Example of MPU Basic Timing (3-Machine-Cycle Instruction)
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[2] Status Transition Diagram

v ) RESET =0

#1  M1IMMEDIALELY AFTER ACCEPTING INT ?

NG
YES
T YES
M1=0
NO
YES
e
o TORQ =0 J
& \ =
W TW WAIT
TWWATL 1" o TW WAIT
. NO
3
1S M 3TSTATE ? YES
M1 CYCLE ? YES
HALT YES
NO INSTRUCTION 2
o AALT=0

m<

1S M 4T STATE ? YES

M1 CYCLE ? NO

- <

ISM ST STATE ? YES
6 { TX WAIT

060289

Figure 3.10 Status Transition Diagram
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(3]

Basic Timing

(1)

Opcode fetch cycle (M 1)

In the Opcode fetch cycle, MPU fetches an Opcode in the machine-language
codes in memory. This is also called the M1 cycle because it is the first machine
cycle to execute each instruction.

Figure 3.11 shows the basic timing of a basic Opcede fetch cycle.

In clock state T1, the content of the program counter is put on the address bus.
The M1 signal goes “0”, indicating"to the MPU that this is the Opcode fetch cycle.
At the same time, MREQ and RD signals go “0”. When the MREQ signal goes “0”,
the address signal has already been stabilized. Therefore, this signal can be used
for the memory chip enable signal. The RD signal indicates that the MPU is ready
to accept the data from memory. By these signals, the MPU accesses memory to
fetch the Opcode in the instruction register. The MPU samples the WAIT signal
on the falling edge of clock state T2. If the WAIT signal is “0” on the falling edge of
clock state T2 and the following wait state (TW), the next state becomes clock state
TW. Figure 3.12 shows the delay state of the Opcode fetch cycle caused by the
WAIT signal.

The data (Opcode) on the data bus is fetched on the rising edge of clock state T3
then, the MREQ, RD, and MT signals go “1”. In clock state T3, a memory refresh
address is put on the low-order 8 bits of the address bus and the RFSH signal goes
“0” and the MREQ signal goes “0” again. This signal indicates that the memory
refresh cycle is on. At this time, the contents of the I register are put on the high-
order 8 bits of the address bus and the 8 bits of the R register are put on the low-
order 8 bits of the address bus. By using the RFSH and MREQ signals, memory
refresh is performed in clock state T3 and T4. However, the RD signal remains “1”
because the contents of the memory refresh address are not put on the data bus.

In clock state T4, the MREQ signal returns to “1”. The refresh address is kept
output until the rising edge of the clock state T1 in the next machine cycle, keeping
the RFSH signal set to “0”. The cycle delay state caused by setting the WAIT
signal to “0” is the same in the memory read/write, input/output, and maskable
interrupt acknowledge cycles. The diagram of the cycle delay state caused by the
WAIT signal set to “0” is omitted in the following description.
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Hj

M1
T2

cycle
T3

Ta

a /__}\_//__\_//_\_//_\__
Ag~A1s Proagram counter Refresh address
WREQ |\ /7 \ VAR
s\ /
AT 7\
N /
Do~D7 @D
RFSH \ N
0604893
Figure 3.11 Opcode Fetch Timing
Micycle
T T2 Tw Tw T3 Ta
cL /A | T Y  x—a \ \_/
Ag~A1s X Program counter X Refreshaodress | X_
MREQ — |\ /\ /1
R T\ /
M T\ /
WAIT / N1 /1 / \
RFSH \ 'a

Figure 3.12 Opcode Fetch Timing Incliding Wait State

060489
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@)

CLK

Ag~Aqs

MREQ

Do~D7

WAIT

Memory read/write operations

Figure 3.13 shows the basic timing of memory read/write operations (except for
the Opcode fetch cycle) in the same diagram for convenience.

In each operation, the memory address signal to read/write data on the address
bus is output in clock clock state T1. The operation in which the WAIT signal is
sampled in clock state T2 and the following TW state is the same as the Opcode
fetch cycle.

In memory read, memory data is put on the data bus by the address, MREQ, and
RD signals. The MPU reads this data.

In memory write, the memory address signal is put on the address bus then the
MREQ signal is set to “0” to put the write data onto the data bus. When the data
bus has been stabilized, the WR signal is output in clock state T2. The WR signal
can be used as the memory write signal.

-~ For memory read cycle —|— For memory write cycle —_—
T T2 T3 T T2 T3
—/ n_/ T \ f _f TL
:X Memory address X Memory address x
o /
W IL Data output )-—

7\ 7

060489

Figure 3.13 Memory Read/Write Cycle Timing
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(3)

Input/output operations

Figure 3.14 shows the basic timing of input/output operations. The feature of
the I/O operation timing is that, regardless of the state of the WAIT signal in clock
state T2, the I/O cycle automatically goes in the wait state (TW*) after clock T2.
The WAIT signal is sampled on the falling edge of TW*. If the WAIT signal is “0”
on the falling edges of TW* and the following clock state, the I/0 operation enters
into clock state TW*. Clock state TW* is inserted because the JORQ signal goes
“0” in clock state T2, so that it is too late to sample the WAIT signal after decoding
the I/O port address. In each of input and output operations, the I/O port address is
put on the low-order 8 bits of the address bus in clock state T1. On the high-order 8
bits, the contents of the accumulator or B register are output. In clock state T2, the
TORQ signal goes “0” instead of the MREQ signal. The IORQ signal can be used as
the chip enable signal for a peripheral LSI.

In an input operation, the contents of the input port are read onto the data bus
by the address, JORQ, or RD signals. The MPU reads this data.

In an output operation, the output port address and the output data are
respectively put on the address bus and data bus in clock state Tl, then the JORQ
and WR signals go “0” in clock state T2. The WR signal can be used as the output
port write signal.

T T2 Tw* T3 T1

CLK /\/'\/T/\/\

Ag~A7 X Port address X

iORQ \

RN

Read cycle
(input)

F T
Do~D7 { Input >

WAIT / \

Write cycle
{output)

po~p; —— outout )-——-}

060489

Figure 3.14 /O Operating Timing
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@

BUSREQ

Bus request and bus acknowledge operations

Figure 3.15 shows the basic timing of bus request and bus acknowledge
operations.

The address bus (A0 through A15), data bus (DO through D7), MREQ, IORQ,
RD, and WR signals controlled by the MPU can be put in the high-impedance state
(floating) to electrically disconnect them from the MPU. This operation, after
sampling the BUSREQ signal on the rising edge of the last clock of each machine
cycle, starts on the rising edge of the next clock if this signal is found “0”.

Subsequently, these buses are controlled by external peripheral LSIs. For
example, data can be directly transferred between memory and these peripheral
LSls. This state is cleared if the BUSREQ signal is found “1” after sampling it on
the rising edge of each subsequent clock state (TX), and enters into the next
machine cycle. During the floating state, the BUSACK signal goes “0” to indicate
it to the peripheral LSIs.

In this state, however, no memory refresh is performed and, therefore, the
RFSH signal is set to “1”. Hence, to maintain this state for a long time with a
system using dynamic memory, memory refresh must be performed by the
external controller.

Note that, in the floating state, neither maskable interrupt (INT) nor non-
maskable interrupt (NMI) can be accepted.

Each machinecycle ], Busenablestate ___,|

LastT
state Tx Tx Tx 1

ax N
\ /

BUSACK \ /]

Floating state

Ag~Ais rmm— et e 'C

WIREG. TD Floating state

Do~D7 D St TF NPy SOpRpE —C

060483

Figure 3.15 Bus Request and Bus Acknowledge Timing
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5

Maskable interrupt acknowledge operation

Figure 3.16 shows the basic timing of the maskable interrupt acknowledge.

The MPU samples the maskable interrupt request signal (INT) on the rising
edge of the last clock of each instruction execution. If the INT signal is found “0”, a
maskable interrupt is accepted except in the following cases:

® The interrupt enable flip-flop is reset to “0”.
® The BUSREQ signal is “0”.

When a maskable interrupt has been accepted, a special Opcode fetch cycle is
generated. In this cycle, 2 clock states of wait state (TW*) is automatically
inserted after the clock state T2. The WAIT signal is sampled on the failing edges
of the second clock state TW* and the following clock state TW and, if the WAIT
signal is found “07, the instruction cycle enters in the next clock state TW. In this
Opcode fetch cycle, the TORQ signal goes “0” in the first TW* state instead of the
MREQ signal while, in a normal Opcode fetch cycle, the MREQ signal goes “0” in
clock state T1. This indicates to the maskable interrupt requesting LSI that the 8-
bit interrupt vector can be put on the data bus. The MPU reads this data to
perform interrupt processing. Therefore, the contents of the program counter put
on the address bus are not used. Unlike an ordinary I/O operation, the RD signal
does not go “0”.

In clock state T3, the memory refresh address signal is put on the address bus
for memory refresh like normal Opcode fetch cycle and the RFSH signal goes “0”.
In the subsequent machine cycles (M2 and M3) , the contents of the current
program counter are saved into the stack. In machine cycles M4 and M5, the
contents of the I register (the high-order 8 bits) and the contents of the address
indicated by the address of the vector (the low-order 8 bits) from the peripheral LSI
are fetched in the program counter.
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Figure 3.16 Maskable Interrupt Acknowledge Timing
(6) Non-maskabie interrupt acknowledge operation

Figure 3.17 shows the basic timing of non-maskable interrupt acknowledge.

When the non-maskable interrupt request signal (NMI) goes low, the internal
non-maskable flip-flop is set to “1”. The NMI signal is detected in any timing of
each instruction. However, the internal NMI flip-flop is sampled on the rising
edge of the last clock of each instruction. Therefore, the NMI signal should go low
by the last clock state of an instruction.

The Opcade fetch cycle for non-maskable interrupt request acknowledge is
generally the same as the ordinary Opcode fetch cycle. However, the Opcode on
the data bus at the time is ignored. The contents of the current program counter
are saved into the stack in the subsequent machine cycles (M2 and M3) . In the
following machine cycle, the operation jumps to address 0066H, the non-maskable
interrupt vector address. The machine cycles after these depend on the contents of
the fetched Opcode.
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Figure 3.17 Non-Maaskable Inpterrupt Acknowledge Timing
(7) Halt operation

When a HALT instruction is fetched in the Opcode fetch cycle, the MPU sets the
HALT signal to “0” synchronized with the falling edge of clock state T4 to indicate
it to the peripheral LSI and stops operating. If the system clock is kept supplied in
the halt state, the MPU continues executing NOP instructions. This is done to
output refresh signals when the dynamic memory is used. The NOP instruction
execution cycle is the same as the ordinary Opcode fetch cycle except the data on
the data bus are ignored.

The halt state is cleared when an interrupt is accepted or the RESET signal is
set to “0” to reset the MPU. Figure 3.18 shows the halt state clear operation by
interrupt acknowledge. An interrupt is sampled on the rising edge of the last clock
(clock state T4) of the NOP instruction. A maskable interrupt can be accepted
when the INT signal is “0”. A non-maskable interrupt is accepted when the
internal NMI flip-flop which is set on the falling edge of the NMI signal is set at
“1”. However, it is required that the interrupt enable flip-flop is set to “1” for a
maskable interrupt to be accepted. The interrupt processing for the accepted
interrupt starts from the next cycle.
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However, when the supply of the system clock has been stopped by the power
down operation, it is required to restart the supply of the system clock and input
the INT signal until the execution of one instruction is completed or the RESET
signal until 3 clocks are input. Figure 3.19 shows the timing of clearing the halt
state caused by power down. By using TLCS-Z80’s clock generator/controller
(TMPZ84C60P or TMPZ84C61AP), above-stated operation is realized easily.

For the reset operation, see (8) “Reset operation”. Note that the INT and NMI
signals are shown on the same diagram in Figures 3.18 and 3.19 for convenience.

(HALT instruction) {(NQP instruction)

—— M1 M1 M1 —
Ta Ty T2 T3 Ta T Tz

ak 4 N / /4 [\
R =

T \_ \ |/
(] S SN S S R (1 S
NMl e e e e - —_f————— e I
NMlIinternal m ol e e e e e I R A S U,
latch -
_——— e — —————

060489

Figure 3.18 Timing of Clearing Halt State Caused by Interrupt Acknowledge

External Clock Restarting clock supply
supply sto: NOP operation
| NOP instruction | P ® | )
| | | |
Ta Ty T2 T3 Ta T T2 Tz Ta T4 Tz

NMI internal
latch

INT

060489

Figure 3.19 Timing of Clearing Halt State Caused By Power Down
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(8) Resetoperation

Figure 3.20 shows the basic timing of reset operation.

To reset the MPU, the RESET signal must be kept at “0” for at least 3 clocks.
When the RESET signal goes “1”, instruction execution starts from address 0000H
after a dummy cycle of at least 2 clock states.

M1 of address 0
<« Dummycycle —»le————

e __}_\_./—\_/L_\_/_\_/_\_/—\_/_T\l_y_

060489

Figure 3.20 Reset Timing
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3.4 TMPZB4CO0A INSTRUCTION SET

This subsection lists the TMPZ84C0O0A instruction codes and their functions. The
table below lists the symbols and abbreviations used to describe the instruction set. The
symbols which require special attention are described in the locations in which they

appear.

° Symbols (1/2)

Classification Symbol Meaning
Register r.g Register B,C,D,E,H LA,
t Register pair BC, DE, HL
Stack pointer sp
q Register pair BC, DE, HL, AF
p Register pair BC, DE
Index register IX
Stack pointer sP
3 Register pair BC, DE
Index register Y
Stack pointer SP
tH Higher register of register pair
(B,D, H)
Higher 8 bits of stack pointer (SP)
qH Higher register of register pair
(B,D, H, A)
IXH Higher 8 bits of index register IX
M Higher 8 bits of index register IY
PCH Higher 8 bits of program counter (PC)
tL Lower register of register pair
(C,E.L)
Lower 8 bits of stack pointer (SP)
qL Lower register of register pair
(C,E,L,F)
IXp Lower 8 bits of index register IX
YL Lower 8 bits of index register |Y
PCL Lower 8 bits of program counter (PC)
rb Bit b {0-7) of register (B, C, D, E, H, L, A)

120489
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Symbols (2/2)

Classification Symbol Meaning
Memory mn Memory address represented in 16 bits.
m indicates higher 8 bits and n, lower 8 bits.
(HL)p Bit b (0-7) of the contents of the memory
address indicated by register pair HL.

(IX +d)p Bit b (0-7) of the contents of the memory
address indicated by the value obtained by
adding 8-bit data d to the content of index
register IX.

(1Y +d)p Bit b (0-7) of the contents of the memory
address indicated by the value obtained by
adding 8-bit data d to the content of index
register IY.

Ftag change symbol 0 Reset to "0” by operation.
1 Setto “1” by operation.
- No change
* Affected by operation
X Undefined
P Handied as parity flag.
P=0: odd parity
P=1: even parity
\ Handled as overflow flag.
V=0: Nooverflow
V=1: Overflow
Operator «— Transfer
P Exchange
+ Add
- Subtract
A Logical and between bits.
\% Logical or between bits.
® Exclusive or between bits
Others IFF Interrupt enable flip-flop
cY Carry flag
z Zero flag

120489
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TMPZ84C00A Instruction Set (1/9)

ITEMI Object code No. | No.
Lassi Assembler - ) Flag of | or
-FICA- mnemonic Binary Hex Function - - . . - . . cy- | sTa.
TIoN 76 543 210 Sz iHE ie/iNGC |ces|Tes
40+r x 8+g —
rlrer
91999
B | 000
c oot
46+rx8 o |o10
Ejo11
H | 100
46+rx 8 L[ 101
A1t
o
T 88.9dd e s s
o
o
-4
-
<
a
LD (1¥+d)en
.
@
N
Lo A(OE) oo ot oto 1A ATOE) i b X sl
Av{mn)
40
%3 t]tt
S mon mmw BC | 00
- DE |01
) HL {10
° 5P |11
Note : r,g meansany of the registers A,B,C, D, E,H, L.
IFFin "Flag” column indicates that the content of the interrupt enable flip-flop is copied inta the PV flag. 120489
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TMPZ84CO00A Instruction Set (2/9)

ITEM? Object code No. | No.
cLass Assembler . Flag of |or
-FICA- mnemonic Binary Hex Function S— cv- | sta-
Tion 76 543 210 Sizi iR P ¢ {aes|res
Lo 1¥,mn 11 111 101 FD IY+emn v - X - X - 4 f 14
00 100 001 21 ! : : : :
an ana nan n
{mn “efw
Le(mn) “BC|O0D
DE |01
H HL | 10
48+t x 10 tLe(mn) spl1t
. L L
. m
TR IX.(mn) ...... e IXH*—(mn+1) ............................
24 IX e(mn)
nn nan nnp n
6 b 0o O £ OO RO
< | LD7IY (mn) 11 111 101 [FD IYge(mn+1)
o 00 101 010 |24 IY e(mn)
e nn nan nnoa n
mm mmm mnn m
Z RTINS T [ R ¢ (mn+1)-—H ..............................
a nn nan enn n (mn el
[ om mmm - mnm m
e (mn).t ........ e T (mnH)‘-tH ..............................
a 01 tt0 011 |43+tx10 (mn et
; nn nan ann n
. mmmmm - mnm m
ot (mn),IX ...... o T e | (mn+1)‘-IXH ..........................
- 00 100 010 22 (mn }«IXg
an nna ann n
mm mmm mmm m
o (m").” ...... R Rl | (mn+1)»IYH ............................
00 100 010 22 (mn}eIYg
.8
10
10
|
BC | DO
15| DE |0t
HL [ 10
“15] AF |11
10
14
IYH(SP+1), IYL(SP) . ’ 14
SPe§P+2 P N
DEeHL 4
*1 B O
LA
4
Note : tis any of the register pairs BC, DE, HL, SP
q is any ot the register pairs AF, BC, DE, HL.
{PAIR},, (PAIR}, refer to high order and low arder eight bits of the register pair respectively. (Ex} BC = C, ARy = A.
*1 e EXCHANGE 120489
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TMPZB84CO0A Instruction Set (3/9)

nemy Object code No. | Ne.
CLASS) Assembler ) Flag of | oF
FICA mnemonic Binary Hex Function
TION 76 543 210
wo (B (s R T 00 011 s Ho(sPe) Lo(SP)
2 eX 7 T(sP),Ix 11 011 101 | DD IXye (SP+1)
Sl 100 011 fes o lixpe(sey
o 1EX (SP),IY 11 111 101 FO IYye (SP+1)
- 11 100 011 E3 IV (5P}
LDI 11 101 101 ED {DE}«(HL},DE«DE+1
10 100 090 AQ HLeHL+1,BC«BC-1
LBIR 11 101 101 ED {DE)«(HL},DE«DE+1 «[BC< >0]
10 110 000 BO HLeHL+1,BC«BC-1 Repeat until «[BC=0]
A P S N 8C-0
v oo 11 101 101 ED (OE)«(HL),DE«DE-1
v 10 101 000 A8 HL<HL-1,BC¢BC-1
2 |Loor 11 101 101 | ED {DE)«(HL),DE<DE~1 «[BC< >D]
o w i0 111 000 B8 HL#HL~1,BC+BC-1 Repeat until «[BC=0]
[
¥ M
vy
(o]
- A-(HL),HLeHL+1,BCeBC-1 «[BC< >0 &
oo Repeat until A< > (HL)]
~[BC=0 or
A= (HL)]
A-(HL) ,HL#HL-1,BC+BC-1 sleyixisixiegitio| 5|21 “[BC< >0 &
Repeat until A=(HL Jor BC=0 [ N HE 4] 18] A< > (HL]]
1 ~x[BC=0 or
A= (HL)]
r{rer
B | 000
- € |001
I [ 99,990 800 L e e e e e D o10
v AcA+(IY+d) 501191 € fo11
©
° H[100
b L T L b ) ..{ L]101
a J-AL AL Al
= AcA+n+CY 2 7 _
<
o 1.
- ACA+(IX+d)+CY 19
-
w
=
T frrmarrreeeee o S e
-
«
<«
-
=
©
ACA-(1Y+d)
10 010 110 96
dd ddd ddd d
Note : *M P/ flagis 0if the result of 8C— 1 =0, otherwise PV = 1.
*N Zflagis1if A=(HL), otherwise Z=0.
{ lindicates the total conditian of the number of cycles and states indicated by arrow.
rmeans any of the registers A,B,C, D, E, H, L. 120389
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TMPZ84C0O0A instruction Set (4/9)
ITEM/ Object code No. | No.
cLasst Assembler - Flag oF |oF
-FICA- mnemanic Binary Hex Function
TION 76 543 210
S8C A, 10 011 rrr 98+r AcA-r-CY rrr
000
001
SeC AL 10011 110 1Sk Aeh 010
SBC A, (IX4d) 11 011 101 DD Ach—( 011
10 011 110 9E 100
........................ dd ddd ddd 14 IR 101
SBC A, (IY+d) 11 111 101 FO AcA-(IY+d)-CY 111
=
<«
%)
©
Q
o
[
=z
<
9}
-
w
b3
e
-
IR PREE (1Y+d) ............................................ A‘-Av(IY+d) ......................................
<
—
o
©
(1Y+d) i11 101 A-(1Y+d)
111 110
ddd ddd
11 011 101 (IX+d)e(Ix+d)+1
00 110 100
dd ddd ddd d
Note r means any of the registers A, B,C,D,E, H, L. 120489
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TMPZB84C00A Instruction Set (5/9)

remy Object code No. | Na.
cLass Assembler Flag o |or
FICA- mnemonic Binary Hex Function oy | sta.
TION 76 543 210 CLES | TES
o |INC  (IY+d) 11 111 1061 | FD (IY+d)e(IV+d)+1 6] 23
: a0 110 100 34
w
b I A I SR Al S AR RALAALEAL AL AIARLEREIRLLEREE (AT RRE R T LL S ETE SLEE STCETTE-DISRTITETE] [PPERY PPN J—
T = LAy rjree
- 11 8 {000
JE ST R ET IR M ERPRPON] EAY RN bRy SRS IS oRPPPPRPRPPRYY (R Atet AV Sieod AUUCOUURNRPOUOY IO SO0 YA SURUE S S-SR SO U R Sl S B ¥
e — 23 c oot
< D [o10
(o]
o b b e e e 3 011
- (IV+Q)«(IV+d)~ 23| 4| 100
© a
> 2 L | 101
@© 4 Ajllt
4 Oecimal adjust accumulator
o f]
~
z
[o]
ot
N
o
=
w
=)
oz
a o
o
o v
a —
-
o w
j E Set interrupt mode 1
W
z —
W
O«
tftt
BC | 00
DE |01
k;l HL | 10
. sp {11
- =1
s -
T P PP
- IvelY+s BC [ 00
o DE | 0t
< [ IX |10
- INC X IXeIX+1 5P 11
@ o JO0I00 OLL 28 |
©
.................................................................. . Syt
)
s
<
8
& A
Note ss is any of the register pairs BC, DE, HL, SP. PP is any of the register pairs BC, DE, IX, SP.

rris any of the register pairs BC, DE, IY, SP. 120489
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TMPZ84CO00A Instruction Set (6/9)
TEM? Qbject code No. | No,
CLasSI A bl - . Flag oF |oF
-FICA mnemonic Binary Hex Function or- | sta-
TION 76 543 210
Z rrr
B | 000
C joo1
D |010
E | 011
- H | 100
" L (HL), (IX+d), (17+d) L |10t
O O I3 S . N N L U0 0 RN O S0 O S Al
T |RLC (1¥+d) 23
»
w
LT ROUURRRURTR ATt AR IS B SUUIIY IOPOTTOTIPIIOUIRPUPPROUSTPUTOIY IR FTUULSURURIPUPL FUPPICOTRPP SIS STPE FAFFU SRSV
< RL 8
-
LS s
e
W o
o (AL}, (1X+d), (1Y+d)
wic s ) e E .
11 001 01t |CB . (HL), (1X+d), (IY+d)
(Ix+d) N L LR R R I A N Y Y
i1 001 011 CB
dd ddd ddd d
00 011 110 1E
Note r means any of the registers A,B,C, D, E, H, L. 120489
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TMPZ84CO00A Instruction Set (7/9)

TEM/ Object code No. | No,
cLass! Assembler - ) Flag o |oF
FICA- mnemonic Binary Hex Function S . oy | sta-
10N 76 543 210 N D H CLES | TES
RR {IY+d) 11 111 101 |[FD . xioixi 6| 23
11 001 011 |cB ol
ddd ddd
I rer
B {000
C joot
D [010
E|011
BTN | 0o
T UHL), (TX3d), (1Y+d) L]101
A1t
—
w
T
“
w
.
4
-
[e]
S
r,{HL), (IX+d),{IY+d)
*1
1
b [ bbb
[ 0 | 000
[= 1001
a o 2 |o10
- g 46+bx8 | Z+(HD)p P O 3 o1
Yo I 4| 100
%
g~ 51101
6| 110
Note *1: Rotate digitleft and right between the accmulator and location (HL). AR
The content of the upper half of the accumulator is unaffected.
The notation (HL), indicates bit, (0 to 7) within the contents of the HL register pair
The notation ryindicates bity, (0 to 7) within the r register. 120489
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TMPZ84C00A Instruction Set (8/9)
TEM/ Gbject code No. | No.
CLAsSI Assembler flag o |or
-FICA- mnemonic Binary Hex Function
TiION 76 543 210
BIT b, (IX+d) [ 11 011 101 oD
i1 001 011 B
dd ddd ddd d
46+bx 8
-
w
w
- _l"— rer
o "B | 000
= C{oot
< D {010
Ejo11
- H 100
- Lot
w Aln
« b, (IY+d) -
e
- 0 |oo0
Al e Jeewes | 1 oo
21010
- 3011
T T TRy L S INE B e S R T TRy PSPPI PIOTPRORPIPRPRTROTENS (HRURS [PSRE SUSTVTRONS PSR SOTSPR TEPIRITTNI IIRIR VSN o 100
° 5 [101
...................................................................................................................... ¢ 110
AT
d
10 bbb 110 86+b x 8
e represents the
extension in the
relative
addressing
mode,a=e~-2.
o eisasigned
= continue two's
3 (PCeSre complement
number inthe
continue range of
i e <129
L, PCeS+e
c | ccc| Candition
Note: ® a=e-2intheOpcode pravides an effective address of PC + e as PCis incremented by 2 before the addition of e NZ| 000] Non-Zero
¢ $indicatesthe reference to the location counter value of the current segment. 21001 zero
® The notation (HL)y, (IX + d), indicates bit , (0 ta 7) within the contents of the register pair. ne| 010] No-carry
& The notationr, indicates bit, {0 to 7} within the r register. ¢| o011 carry
e a=e-2inthe op-code provides effective address of PC + e as PCisincremented by 2 prior to the addition of e. 70| 100] 0dd Parity
PE{ 101} Even Parity
P| 110} Sign Positive
M[ 111} Sign Negative

270489
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TMPZB4CO0A Instruction Set (9/9)

FTEN/ Object code No. | No.
CLass: Assembler Flag of | of
-FICA- mnemonic Binary Hex Function . o | sra-
TION 76 543 210 z H TPV CLES | TES

. |JP (Ix) 11 011 101 |OD PCe(IX)
= 11101 001 [EQ |
R (IY) ......... R R f"(‘I;—(IV) .
B 11 101 001 [3¢]

CALL  mn 11 001 101 |CD {SP-1)«PCy, (SP-2)«PC _ 3 | kkk
z nn nna o nan n PCemn 00H [ 000
o mm mmm - mmm m SPeSP-2 ) 08H | 001
2 eal em [ 11cce 100 | cavrcxs | if condition cismet, same as | 10H | 010
: nn nnn pon n CALLmn 18H | 01t
= 20H | 100

PCLe(SP), PCH+{SP+1) 28H | 101

o SPeSP+Z . 30H | 110
z ReT e 11 cee 000 Corexs | if condition c is met, same as RET, | - 38H | 111

Return from interrupt Processing

eturn from non-maskable

CALL
o
m
4
=

interrupt Processing routine

(SP-1)¢PCy, (SP-2)¢PCL
PCH+D,PCL*§,SPeSP-2

= r = mooal
=
E

N A.(n) 11 011 011 |DB Ac(n) 3|11 10t
________ nn onnnonnn n A0~ 111
)T e ror e TR e 21
. 01 rer 000 40+rk8 willbeaffected. |t
=
a
- «[B<O0]
=l «[B=0] *1
o
[ T R B R R R P Y R RS PPy Py PP P T OTE PP RPUR P S SO S SR DT ST
. {HL)«(C),B¢B~1,HLeHL~-1 21 «[BOO]
<« 10 111 010 BA Repeatuntil B=D 16| «[B=0]
.............................................................................................................. ]
—
> —
a
z
{C)e(HL),BeB-1,HLeHL+1 21| «BL<0]
Repeat until 16 «[B=0] "1
16
(Cye(HL 21 «[BO0)
10 111 010 BB Repeat until B=0 4 |16 § +[B=0]_ |
*1 (>A0-AT7 ¢ | cce | Condition
Note: e« *M IftheresultofB.—1|szero,theZﬂag|sset.otherW|se|t|sresetv BosAB~AL5 NZ] 000 | Non-Zero
® A0through A15 indicate the address bus. 7| 001 | zero
® [ ]indicates the total condition of the number of cycles and states NC| 010 | No-Carry
indicated by arrow. C| 011 | Carry

PO| 100 } Odd Parity
PE| 101 | Even Parity

P! 110 | Sign Positive
M| 111 | Sign negative

120489
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35

3.5.1

USAGE

Basic TMPZ84CO00A configurations using memory and peripheral LSIs are described
below.

Memory Address Assignment

When the memory is being accessed, the MPU outputs address and control signals.
These signals are used as the memory chip enable signals.

The MPU uses 16-bit address signals to specify the addresses for 64K (0-FFFF). With
systems having only one memory, memory addresses can be specified with these signals
alone. When there are several memories, however, the memories must be arranged so
that access is possible using 64K of space. Normally, several address buses are decoded
to create this arrangement, several address buses are developed for use as one memory
chip enable signal for all memories.

Example: The addresses for an 8K X 8-bit ROM and 8K X 8-bit RAM are arranged as
shown in Figure 3.21. Figure 3.22 shows am example using the MREQ signal, RD signal
and address signal A13 as the chip enable signals.

Address
0000
8K x 8bit ROM
1FFF
2000
8K x 8hit RAM
3FFF

060489

Figure 3.21 Address Assignment
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3.5.2 Connection with TLCS-Z80 family peripheral LSI

TMPZ84C00A can connect with peripheral LSI directly. A simple connecting
example of the TMPZ84C00A with peripheral LSI is shown in Figure 3.23.

TMPZ84CO0A
A0~A12 Address bus >
A13 I
MPU DO~D7 Data bus < >
MREQ
RD
WR
[E 4 7 Y L s <~
CE CE Dp~D7 Ag~Aq2 W/R CE2 CE1 Do~D7  Ap~A12

ROM (8K x 8 bits)

RAM (8K x 8 bits)

Figure 3.22 Example Connection with Memories

060489

MPUZ80-45


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMPZ84C00A

Clock generator/controller l TTMP284C60P CGC
o 9
g g
- XX o
— — i J
o= 2 %4 b
P-4 |§ £ O |x 3
TMPZ84C00A  MPU I |
RESET
HALT
CLK
AD~A15 [ORQ
MREQ
M1
—\ RD
D0~D7 WR —
- (—A/VV—O +
" " BUSREQ
2 5 BUSACK .
_ r~A/V»—O +
- NT
" s TMPZ84C30A  CTC_
N o RESET
© TMPZ84CA0A, 414, 42A, 43A | SIO
2 RESET
TMPZ84C20A | P10
po~p7  CLK
e
— B -
/D VE
- RD
QJ
o —_ —_—
° CE @ T INT
S oo
: l
TMPZ84C10A DMA
w CLK
IORQ
~A1
AD~ATS e
po~p7 M
= R
o WR
o CE
o BUSREQ
[a] N
INT
=S —
B - BAI
SR b

060489

Figure 3.23 Example Connection with TLCS-Z80 family peripheral LSls
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4. ELECTRICAL CHARACTERISTICS
4.1  ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vce Supply Voltage -05~+7 \
VIN Input Voltage -0.5~VCC+0.5 Y
PD Power Dissipation 250 mw

(TA =85°C)
TSOLDER Soldering 260 °C
Temperature (10sec)
TSTG Storage Temperature -65~150 °C
TOPR Operating Temprature -40~85 °C

060489

4.2 DCELECTRICLAL CHARACTERISTICS

DC Characteristics (1/2
Topr = —40°C~85°C, V=5V + 10%, VSS =0V

SYMBOL ITEM TEST CONDITION MIN. TYP. MAX. UNIT

VILC !_ow Level Clock -03 _ 0.6 v
input Voltage
High Level Clock _

VIHC input Voltage Vcc-0.6 Vee+0.3 \
Input Low Volitage

VIL -0. - . Y
(except CLK) 0.5 08
Input High Voltage

VIH 2.2 - V \Y
(except CLK) «

VOL Output Low Voltage IOL=2.0mA - - 0.4 Vv

VOH1 ?I“;p“t High Voltage | 51 _ 1 6ma 2.4 - - v

VOH2 8}‘;p“tH'9hV°'tage IOH =-250pA Vec-08( — - v

iLl Input Leak Current VssS VINS Ve - - +10 pA

<

ILo 3 state ‘Output current [Vss +0.4 = Vourt _ _ +10 pA

in Floating = Ve

060489
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DC Characteristics (2/2)

SYMBOL ITEM TEST CONDITION MIN. TYP. MAX. UNIT
Vee=5V AP-6
fCLK = (Note1)|/aM-6 - 15 22
VIHC=VIH |/AT-6
lec Supply Current
“¢ PPy ) =Vcc-0.2V |ApP-8 mA
(Operating) VILC=VIL  |amsl  — 20 25
=0.2V IAT-8
Vec=5V
(Note2) CLK =(Note2)
lec2 Supply Current VIHC = VIH = _ 05 10 uA
(Stand by} Vee-0.2V
VILC=VIL=0.2V
Note 1 foL.k=1/TcC (MIN.) 060489

Note 2 At T4 “LOW?” state after the halt instruciton fetch cycle.

4.3 ACELECTRICAL CHARACTERISTICS (1/3)
Topr= —40°C~85°C, Ve=5V110%, VSS=0V

AP-6/AM-6 AP-8/AM-8
/AT-6 /AT-8
NO. SYMBOL ITEM {6MHz) (8MHz) UNIT
MIN. | MAX. | MIN. | MAX
1 | TeC Clock Cycle Time 165 DC 125 DC ns
2 |TwcCh Clock Pulse Width {High) 65 DC 55 DC ns
3 | TwC1 Clock Pulse Width (Low) 65 DC 55 DC ns
4 |TfC Clock Fall Time - 20 - 10 ns
5 |TrC Clock Rise Time - 20 - 10 ns
6 |TdCr(A) Clock 1 to Address Valid Delay - 90 - 80 ns
7 | TdA (MREQf) Address Valid toWEQj, Delay 35 - 20 - ns
8 |TdCf(MREQT) Clock | to MREQ | Delay - 70 - 60 ns
9 {TdCr (MREQr) Clock T to MREQ 1 Delay - 70 - 60 ns
10 | TwWMREQh MREQ pulse Width (High) 65 - 45 - ns
11 | TWMREQ1 MREQ pulse Width (Low) 135 - 100 - ns
12 | TdCf (MREQr) Clock | to MREQ 7 Delay - 70 - 60 ns
13 | TdCf(RDf) Clock | to RD | Delay - 80 — 70 ns
14 | TdCr (RDr) Clock 1 to RD 1 Delay - 70 - 60 ns
15 | TsD(Cr) Data Setup Time to Clock T 30 — 30 - ns
16 {ThD (RDr) Data Hold Time to RD 1 0 - 0 - ns
17 | TsSWAIT (Cf) WATT Setup Time to Clock | 60 - 50 - ns

060489
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AC Electrical Characteristics (2/3)
AP-6/AM-6 AP-8/AM-8
/AT-6 /AT-8
NO. SYMBOL ITEM (6MHz) {8MHz) UNIT
MIN { MAX. | MIN | MAX.
1*8 ThWAIT (Cf) WAIT Hold Time after Clock |, 10 - 10 - ns
19 |TdCr (M1f) Clock 1 to M7 |, Delay - 80 - 70 ns
20 |TdCr (M1r) Clock Tto M1 1 Delay - 80 - 70 ns
21 { TdCr (RFSHf) Clock 1 to RFSH |, Delay - 110 - 95 ns
22 | TdCr (RFSHr) Clock 1 to RFSH 1 Delay - 100 - 85 ns
23 | TdCf(RDr) Clock | to RD 1 Delay - 70 - 60 ns
24 |TdCr (RDf) Clock 1 to RD |, Delay - 70 - 60 ns
Data Setup to Clock |, _ _
25 | TsD(ch) during M2, M3, M4 or M5 Cycles | ° 30 ns
26 | TdA (IORQf) Address Stable prior ta IORQ |, 110 - 75 - ns
27 | TdCr (IORQA) Clock Tto IORQ |, Delay - 65 - 55 ns
28 | TdCf (IORQr) Clock | to IORQ 1 Delay - 70 - 60 ns
29 |TdD (WRf) Data Stable Prior to WR |, 25 - 5 - ns
30 |TdCT(WRf) Clock |, to WR | Delay - 70 - 60 ns
31 | TwWR WR Pulse Width 135 - | 100 - ns
32 |TdCf(WRr) Clock | to WR 1 Delay - 70 - 60 ns
33 | TdD (WRf) Data Stable Prior to WR |, -55 - | -55 - ns
34 {TdCr(WRf) Clock Tto WR | Delay - 60 - 55 ns
35 | TdWRr (D) Data Stable from WR 1 30 ~ 15 - ns
36 |TdCf(HALT) Clock | to HALT Tor - | 260 | — | 225 | ns
37 | TwNMI NMI Pulse Width 70 - 60 - ns
38 | TsBUSREQ (Cr) BUSREQ Setup Time to Clock 1 50 - 40 - ns
3*9 ThBUSREQ(Cr) BUSREQ Hold Time after Clock 1 10 - 10 - ns
40 |TdCr(BUSACKf) {Clock T to BUSACK | Delay - 90 - 80 ns
41 {TdCf(BUSACKr) Clockt | to BUSACK 1 Delay - 90 - 80 ns
42 1TdCr(Dz) Clock 1 to Data Float Delay - 80 - 70 ns
Clock 1 to Control Qut-putsFloat} _ _
43 |Tdar(cTz) Delay(MREQ, IORQ, RD, and WR) 0 60 | ms
44 | TdCr(Az) Clock 1 to Address Float Delay - 80 - 70 ns

060489
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AC Electrical Characteristics (3/3)

AP-6/AM-6 AP-8/AM-8
/AT-6 /AT-8
NO. SYMBOL ITEM (6MHz) (8MHz) UNIT
MIN. { MAX. | MIN. | MAX.
MREQ, TORQ, RD, and WR to _ _
45 |TdCr(A) Address Hold Time 35 20 ns
46 | TSRESET(Cr) RESET to Clock 7 setup Time 60 - 45 - ns
4*7 ThRESET(Cr} RESET to Clock 7 Hold Time 10 - 10 - ns
48 | TsINTH{Cr) INT to Clock 7 Setup Time 70 - 55 - ns
4*9 TsINTr(Cr) INT to Clock 7 Hold Time 10 - 10 - ns
50 — I
. | TdM1f(IORQf) M1 | to IORQ | Delay 365 — 270 - ns
51 |TdCH{IORQT) Clock | to IORQ | Delay - 70 - 60 ns
52 | TdCr{IORQr) Clock 1 to IORQ 1 Delay — 70 - 60 ns
53 |TdCf(D) Clock |, to Data Valid Delay — 130 - 115 ns

060489
Notel AC Test Condition
VIH=2.4V,VIL=0.4V, VIHC=Vc—-0.6V, VILC=0.6V
VOH=2.2V,VOL=0.8V, CL=100PF
Note2 Items with an asterisk (*) are non-compatible with NMOS Z80.

4.4 CAPACITANCE

TA=25°C
SYMBOL ITEM TEST CONDITION MIN. TYP. MAX. UNIT
CCLOCK |[Clack input Capacitance f=1MHz — — 8 pF
- All pins except
CIN Input Capacitance measured are - - 6 pF
couT Output Capacitance connected to GND. - - 10 pF

060489
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4.5 TIMING DIAGRAM

Figure 4.1 to 4.8 show the basic timings of respective operations. Numbers shown in
the Figures correspond with those in the AC Electrical Characteristics Table in 4.3.

T4 @ T Tw T3 Ta
k7 0) 5*_’J'Z N / 7] \_/_\_71_\__
@ - = <—@
_61 L0 L0 @
AD~A15 Program :(Counter (J(' Refresh Address X
-
MREQ 4 I a N
- ——=®
RD . 3 et
@1 a1
WAIT i ‘\%‘
— i
W \ ’ g
> <— o« @ > <—
DO~D7 [—-——6“( (}: (:mputData_
RFSH S £ | \@ - =@
' 060489
Figure 4.1 Operation Code Fetch Cycle
Ty T2 Tw Tz
aK_ 7 " re/ s/ AL
® -~ ©® E
S £
A0~A15 ): Program [Coynter «
H <@ o— 2O~
MREQ @ U g /
> -~ — <— —
@—{L | O~ .
WATT \ i “’
= <—® -—x @ |
ﬁ o o
Read —3) |
Operation{ — <— « « @ > ‘:] "
DO~D7 I (((( g’ 441 Ay‘mmDma
- |-é—— ‘i’ (g}) (:) ]
wie [ TR . b G
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Figure 4.2 Memory Read/Write Cycle
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Figure 4.4 Interrupt Request/Acknowledge Cycle

MPUZ80-52


https://www.datasheetcrawler.com/
https://www.stockedmro.com/

TOSHIBA TMPZ84C00A

Final M Cycle

RFSH —

! 060489
Note: NMIis asynchoronous input but in order to assure the positive response in the following
cycle, NMI trailing edge signal must be generated keeping abreast of the leading edge of
the preceding TL state.

Figure 4.5 Non-maskable Interrupt Request Cycle
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Notel: TLis thefinal state of any machine cycle o608

Note2: TXisoptional clock used by requested peripheral LSL

Figure 4.6 Bus Request/Acknowledge Cycle
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HALT instruction’s
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Note: INT signal is also used for releasing from the halt state

Figure 4.7 Halt Acknowledge Cycle
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Figure 4.8 Reset Cycle
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5. PACKAGE DIMENSION
5.1 DIPPACKAGE

D1P40-P-600
Unit: mm
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1.22TYP
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270289

Notel : Thisdimensionismeasured at the center of bending points of leads.
Note2 : Eachlead pitch is 2.54mm, and all the leads are located within £0.25mm from their
theoretical positions with respect to No.1 and No.40 leads.
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5.2 SOPPACKAGE
SSOP40-P-450

Unit: mm
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Note: Package Width and length do not include Mold Protrusions.
Allowable Mold Protrusion is 0.15mm.
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5.3 PLCC PACKAGE
QFJ44-P-5650
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6.

CAUTIONS
Please observe the following cautions when using the TMPZ8400A.

oY)
(2)

(3)

4)

(5)

(6)

(N

(8)

9

10

The RESET signal input used for resetting must be held at “0” for at least 3 clocks.

When the MPU is not the bus master (BUSREQ=0), the memory is not
refreshed because the RFSH signal is “1” and address signals are at high
impedance. With systems using dynamic RAM, an external circuit is required for
memory refresh if this condition persists for any length of time.

Also, interrupts cannot be received when the MPU is not the bus master.

When exiting a power down operation with the MPU in hold status, supply the
prescribed stabilized clock.

Maskable interrupt mode 2 is only for use with Z80 family peripheral LSIs.

Only the program counter, interrupt enable flip-flop, internal NMI flip-flop, I
register and R register of the MPU are initialized. All other registers must be
initialized by program when necessary. Also, set the interrupt mode to mode 0.

The interrupt enable flip-flop is set to “1” by the instruction following the EI
instruction to enable receipt of maskable interrupts.

Only the program counter register is saved during interrupt processing. Save
and restore interrupt processing routines as necessary.

When using maskable interrupt mode 2, a data table for the vector addresses
must be created in the memory.

When periphral LSIs and memory are connected with the MPU on a PCB, use
wiring as large as possible and the shortest routing for connecting Vss (GND) and
Vec.

Caution is necessary because of the large spike currents which can occur when
signals change (0—1, 1—0) with high-speed versions.

As countermeasures for the above, connect a capacitor with good pulse response
between Vec and Vss (GND) of the MPU and other devices to absorb the pulse
current.
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