TOSHIBA TMPZB4C01/02A

TMPZ84C01F, TMPZ84C02AF-6

TLCS-Z80MPU : 8-BIT MICROPROCESSOR
CMOS 280 8-BIT MICROPROCESSOR

T. OUTLINE AND FEATURES

The TMPZ84C01F/02AF-6 is an 8-bit microprocessor (hereinafter referred to as
MPU) with a built-in clock generator/controller, which provides low power operation
and high performance.

Built into the TMPZ84C01F/02AF-6 are a contrel function and clock generator for the
standby function in addition to paired 6 general purpose registers, accumulator, flag
registers, an arithmetic-and-logic unit, bus control, memory control and timing control
circuits. TMPZ84C02AF-6 can insure duty 50% clock output easily with Internal
Oscillation Divider.

The TMPZ84C01F/02AF.6 is fabricated using Toshiba’s CMOS Silicon Gate Tech-
nology and molded in a 44-pin mini-flat package.

The principal functions and features of the TMPZ84C01F/02AF-6 are as follows.

(1) Instruction Set compatible with the Zilog’s Z80 MPU.
(2) Low power consumption

Table 1.1 Operation modes and Supply Current (Vcc =5v.TYPICAL)

Productname | HBETAIMI | RUNMODE | IDLE1 MODE | IDLE2 MODE | STOP MODE

fosc=4MHz

TMPZ84C0O1F fCLK =4MHz 15mA TmA 3mA 0.5pA
TMPZ84C02AF-6 | IZSIAMNZ | 20ma 1.5mA 4.5mA 0.5pA

170489

(3) DC to 6MHz operation (at 5V = 10%)
(4) Single 5V power supply (at 5V £10%)
(5) Operating temperature (—40°C to 85°C)

(6) On-chip clock generator
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(7)

(8)
(9)

(10)
(11)
(12)
(13)
(14)
(15)
(16)

In the HALT state, the following 4 modes are selectable:
L Run mode

L IDLE 1 mede

L IDLE 2 mede

L STOP mode

In the following explanation for the same content, IDLE1 Mode and IDLE2
Mode are referred to as IDLE1/2.

Powerful set of 158 instructions available
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 peripharal
LSI) (Mode 0)

* Restart interrupt (Mode 1)

® Daisy chain structure interrupt using Z80 family peripheral LSI (Mode 2)
An auxiliary register provided to each of general purpose registers.

Two index registers

10 addressing modes

Built-in refresh circuit for dynamic memory.

Molded in 44-pin mini flat package

Built-in clock divider for insuring duty 50% easily (TMPZ84C/02AF-6)

Low voltage oparation Vee=2.7V~5.5V (TMPZ84C01F)

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: Z80isatrademark of Zilog Inc., U.S.A.
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2. PIN CONNECTIONS AND PIN FUNCTIONS

The pin connections and I/O pin names and brief functions of the TMPZ84C01/02A
are shown below.

2.1 PIN CONNECTIONS
The pin connections of the TMPZ84C01/02A are as shown in Figure 2.1.
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Note: Connect Pin 39 and Pin 17 externally,

Figure 2.1 Pin Connections (Top View)
2.2 PINNAMES AND FUNCTIONS

[/O pin names and functions are as shown in Table 2.1.

Table 2.1 Pin Names and Functions (1/3)

Number Input/Qutput

Pin Name of Pin 3state Function
Output 16-bit address bus.
AQ~A1S 16 3-state Specify addresses of memaories and I/0O to be accessed. During the

refresh period, addresses for refreshing are autput.

Mode selection input.
MS1, MS2 2 input One of 4 modes (RUN, IDLE1/2, STOP} is selected according to the
state of these 2 pins.

060489
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Table 2.1 Pin Names and Functions {2/3)

) Number Input/Output .
Pin Name . Function
of Pin 3-state
/0 g
Do-b7 3 8-bit bidirectional data bus.
3-state
Maskabie interrupt request signali.
e Interrupt is generated by peripheral LSI. This signal is accepted if the
INT 1 Input interrupt enable flip-flop (IFF) isset at “1”,
INT is normally used on Wired-OR. In this case, a puil-up resistor is
externally connected.
Non-maskable interrupt request signal.
T This interrupt request has the higher priority than the maskable
NM| 1 Input . .
interrupt request and does not rely upon the state of the interrupt
enable flip-flop (IFF).
Haltsignal.
HALT 1 Output |[MPU execute HALT instruction and when the halt state is resulted.
"0" is output.
Output Memary request signal.
MREQ 1 3—st§te When an effective address for memory access is on the address bus,
“0" is output.
I/0 request signal.
When addresses for /O are on the iower 8 bits {(A0-A7) of the
TORQ ] Output |address bus in the I/O operation, “0" is output. In addition, IORQ
3-state |signal is output together with M7 signal at time of interrupt
acknowledge cycle to inform peripheral LS| of the state that the
interrupt response vector may be put on the data bus.
Read signal
“0" signal is output for a period when MPU can receive data from a
— Output . ) . e
RD 1 3.state memary or peripheral LSI. It is possible to put data from a specified
peripheral LSI or memory on the MPU data bus after gating by this
signal.
Output Write signal.
WR 1 3-st§te This signal is output when data to be stored in a specified memory
or peripheral LSi is on the MPU data bus.
Bus acknowledge signal.
e In response te BUSREQ signal, this signal informs a peripheral LS| of
BUSACK 1 t i il
USAC Output the fact that the address bus, data bus, MREQ, IORQ, RD and WR
signals have been placed in the high impedance state.
Wait signal.
WA 1 Inbut WAIT signal is a signal to inform MPU of specified memory or
P peripheral LS| which is not ready for data transfer. As long as WAIT
signal as at “0” level, MPU is continuously kept int the wait state.

060489
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Table 2.1 Pin Names and Functions (3/3)

. Number Input/Output B
Pin Name ) Functian
of Pin 3-state
Bus request signal.
BUSREQ signal is a signal requesting placement of the address bus ,
BUSREQ 1 Input data bus, MREQ, IORQ, RD and WR signals in the high impedance
state. BUSREQ signal is normally used on wired-OR. In this case, a
pull-up resistor is externally connected.
Reset signal.
RESET 1 input RESET signal is used for initialization MPU and must be kept in active
state (“0") for a period of at least 3 clocks.
Signal showing machine cycle 1.
“0" is output together with MREQ signal in the operation code fetch
cycle.
Ml 1 Output |This signal is output for every opcode fetch when 2byte opcode is
executed.
In the maskable interrupt acknowledge cycle, this signal is output
together with IORQ signal.
Crystal oscillator connecting terminal.
XTAL1 . . A
(XIN) Input Fgr 01F, connects an oscillator having the oscillation frequency as
XTAL 2 2 output high as the system clock (CLK) frequency. _
For 02AF/02AF-6, connects an oscillator having the oscillation
(XOUT) . .
frequency 2 times as high as the system clack {(CLK) frequency.
Single-phase clock output.
CLK 1 Output | When the HALT instruction in STOP Mode is executed, MPU stops its
operation and holds clock output at “0” level.
Vee (1), 2 Power +5
(2) supply Connent 39 pin and 17 pin externally.
Vss 1 Power ov
supply

060489
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3. FUNCTIONAL DESCRIPTION

The system configuration, functions and basic operation of the TMPZ84C01F/02AF-6
are described here.

3.1 BLOCK DIAGRAM

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

The TMPZ84C01F/02AF-6 has a built-in system clock generator for CMOS Z80 in
addition to the standard functions of the TMPZ84C00A CMOS Z80 MPU.

The explanation is provided here with emphases placed on the halt function relative
to the clock generator, which is an additional function. The internal register group,
reset and interrupt function are identical to those of the TMP84CO0A. For details please

refer to the data sheet for the TMPZ84C00A.
In this section, the following principal components and functions will be described,

(1) Generation of clock

(2) Operation mode

(3) Warming-up time at time of restart
3.2.1 Generating the system clock

The TMPZ84C01F/02AF-6 has a built-in oscillation circuit and required clock can be
easily generated by connecting an oscillator to the external terminals (XTAL1, XTALZ2).
For the TMPZ84CO01F, Clock in the same frequency as input oscillation frequency is
generated. As the TMPZ84C02AF-6 has a built-in divider, Clock in the half frequency
as input oscillation frequency is generated.

Examples of oscillator connection are shown in Figure 3.2.

XTAL1 [_| [ [xTaL2
— 1

CIN Cout

777 77 060489

Figure 3.2 Example of Oscillator Connection

Table 3.1 External connecting capacitance

S | v [cour | g
4MHz 22PF 33PF | TMPZ84C01F
8MHz 22PF 33PF | TMPZ84C02AF-6

12MHz 33PF 33PF | TMPZ84C02AF-6

170489
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In case of using Crystal oscillator, please use products with the following

characteristics or use the following maker’s products.

Cs Table 3.2 Crystal oscillator necessary characteristics
I Oscillati Application
Frequency cs Rs Poduct
AMHz under4PF | under50Q | TMPZ84CQ1F
N It vy 8MHz underdPF | under30Q | TMPZ84CO2AF-6
L C  Rs 12MHz | underdPF | under25( | TMPZ84C02AF-6

Figure 3.2 Crystal oscillator
equivalent circuit

3.2.2 Operation modes

There are 4 kinds of operations modes available for the TMPZ84C01F/02AF-6 in
connection with generation of clock ; RUN Mode, IDLE1/2 Modes and STOP Mode. One

Table 3.3 Crystal oscitlator of recommendation

?rségba;;(z; Product name Maker
4MHz MR4000-C20
aMIHz MRB000-C20 Tokyo DenpalInc.
12MHz MR12000-C20

170489

of these modes is selected by the mode select inputs (MS1, MS2).

The operation mode is effective when the halt instruction is executed and when the
halt instruction is not executed, clock is supplied continuously. Restart of MPU from the
stopped state under IDLE1/2 Mode or STOP Mode is effected by inputting either RESET

signal or interrupt signal (INT or NMI).
Operations of these modes in the halt state are shown in Table 3.4.

Table 3.4 Clock Generating Operation Modes

Operation | \1qq | ms2 Description at HALT State
Mode

RUN Mode 1 1 IVIPU. continues the operation and supplies clock to the outside
continuously.
The internai oscillator’s operation only is continued and clock (CLK)

IDLE1 Mode 0 0 coutput as well as internal operation are stopped at 0" level of T4
state in the halt instruction operation code fetch cycle.
The internal oscillator’s operation and clock (CLK) output are

IDLE2 Mode 0 1 continued but the internal operation are stopped at "0" level of T4
state in the hailt instruction operation code fetch cycle.
All operations of the internal oscillator, clock {CLK) output, and

STOP Mode 1 0 linternal operation are stopped at "0” level of T4 state in the halt
instruction operation code fetch eycle.

060489
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3.2.3 Warming-up time at time of restart (STOP Mode)

3.3

When MPU is released from the halt state by accepting an interrupt request,MPU,
then, will execute an interrupt service routine. Therefore, when an interrupt request is
accepted, MPU starts generation of internzla} system clock and clock output after a
warming-up time by the internal counter (2 +2.5) TcC (TcC ; Clock Cycle) to obtain a
stabilized oscillation for MPU operation.

Further, in case of the restart by RESET signal, the internal counter does not operate
for a quick operation at time of power ON.

STATUS CHANGE FLOWCHART AND BASIC TIMING

In this section, the status change and basic timing when the TMPZ84C01F/02AF-6 is
operating are explained.
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3.3.1 Status change flowchart
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Figure 3.4 (a) Status Change Flowchart
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( HALT START )

HALT=0
RUN MODE /MO$ STOP MODE
IDLE1 MODE IDLE2 MODE
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Figure 3.4 (b) Status Change Flowchart
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3.3.2 Basictiming

(1)

The basic timing is explained here with emphases placed on the halt function relative
to the clock generator. Except RFSH signal output, the following items are identical to
those for the TMPZ84C00A. Refer to the data sheet for the TMPZ84CO0A.

) Operation code fetch cycle

. Memory read/write operation

. Input/output operation

. Bus request/acknowledge operation

. Maskable interrupt request accepting operation

) Non-maskable interrupt request accepting operation
J Reset operation

Note that the TMPZ84C01F/02AF-6 dose not have the refresh terminal RFSH but
refresh address is output on the address bus in the operation code fetch cycle (M1) as in
the TMPZ84CO00A since the on-chip refresh control circuit is available.

Operation when HALT instruction is execution

When MPU fetches a halt instruction in the operation code fetch cycle, HALT signal
goes active (low level) in synchronous with falling edge of T4 state for the peripheral LSI
and MPU stops the operation. The system clock generating operation after this differs
depending upon the operation mode (RUN Mode, IDLE1/2 Mode or STOP Mode). If the
internal system clock is running, MPU continues to execute NOP instruction even in the
halt state.

(@) RUNMode(MS1=1,MS2=1)

Shown in Figure 3.6 is the basic timing when the halt instruction is executed in
RUN Mode.

In RUN Mode, system clock (@) in MPU and clock output (CLK) to the outside of
MPU are not stopped even after the halt instruction is executed. Therefore, until
the halt state is released by the interrupt signal (MNI OR INT) or RESET signal,
MPU continues to execute NOP instruction.
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060489
Figure 3.6 Timing of RUN Mode (at Halt Instruction Execution)
(b) IDLE1 Mode (ML1=0, MS2=0)

Shown in Figure 3.7 is the basic timing when the halt instruction is executed in

IDLE1 Mode.
In IDLE1 Mode, system clock (g) in MPU and clock output {(CLK) to the outside

of MPU are stopped and MPU stops its operation after the halt instruction is

executed.
However, the internal oscillator continues to operate.

T4

CLK I I i«
q’UNTERNAL_I'_"\ MPU OPERATION STOP
SYSTEM CLOCK) 2(,

HALT l %

VIl wqn

CODE FETCH CYCLE

HALT COMMAND OPERATION ‘
060489

Figure 3.7 IDLE1 Mode Timing {(at Halt Instruction Execution)

{c) IDLE2 Mode (MS1=0,MS2=1)

Shown in Figure 3.8 is the basic timing when the halt instruction is executed in

IDLE2 Mode.
In IDLE2 Mode, system clock (¢) in MPU is stopped and MPU stops its operation

after the halt instruction is executed.
However,the internal oscillator and clock output (CLK) to the outside of MPU

continues to operate.
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T4

ck | | [ - L | L | L

BINTERNAL MPU OPERATION STOP
SYSTEM CLOCK) #

HALT I‘ {

W u.l "

HALT INSTRUCTION OPERATION ‘

CODEFETCH CYCLE
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Figure 3.8 IDLE2 Mode timing {at Halt Instruction Execution)
(d) STOP Mode (MS1=1,MS2=0)

Shown in Figure 3.9 is the basic timing when the halt instruction is executed in
STOP Mode.

In STOP Mode, internal operation and internal oscillator are stopped after the
halt instruction is executed. Therefore, system clock (g) in MPU and clock output
(CLK) to the outside of MPU are stopped.

T1 T2 T3 T4

CLK l l ] I I I I_'I CLK GUTPUT STOP
D(INTERNAL I | MPU OPERATION STOP
SYSTEM CLOCK)—I I—] ’ l I

)

HALT

T | |

| HALT INSTRUCTION OPERATION CODE FETCH CYCLE |

Figure 3.9 STOP Mode Timing (at Halt Instruction Execution)
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2

Release from halt state

The halt state of MPU is released when “0” is input to RESET signal and MPU is
reset or an interrupt request is accepted. An interrupt request signal is sampled at the
leading edge of the last clock cycle (T4 state) of NOP instruction. In case of the maskable
interrupt, interrupt will be accepted by an active INT signal ( “0” level). In case of the
non-maskable interrupt, if the internal NMI F/F which is set at the leading edge of MNL
signal is set to “1”, the interrupt is accepted.

However, in case of the maskable interrupt, the interrupt enable flip-flop must have
been set to “1”. The accepted interrupt process is started from next cycle.

Further, when the internal system clock is stopped (IDLE1/2 Mode, STOP Mode), it is
necessary first to restart the internal system clock. The internal system clock is
restarted when RESET or interrupt signal (NMI or INT) is input.

(a) RUN Mode (MS1, MS2=1)

The halt release operation by acceptance of interrupt request in RUN Mode is
shown in Figure 3.10.

In RUN Mode the internal system clock is not stopped and therefore, if the
interruption signal is recognized at the rise of T4 state of the continued NOP
instruction, MPU will executes the interrupt process from next cycle.

The halt release operation by resetting MPU in RUN Mode is shown in Figure
3.11. After reset, MPU will execute an instruction starting from address 0000H.
However, in order to reset MPU it is necessary to keep RESET signal at “0” for at
least 3 clocks. In addition, if RESET signal becomes “1”, after the dummy cycle for
at least 2T states, MPU executes an instruction from address 0000H.
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EXECUTION PROCESS
} M1
T4 T1 T2 T T2 T3 T4 T1 T2
a T LML L L
@ (INTERNAL
SYSTEM CLOCK) mmm—

LATCH FOR NM|

HALT | « P
!
Wi | 1 — I
= i
N L] ____+___;*—MPUINTERNAL

I\

37

g

060489

Figure 3.10 Halt Release Operation Timing by Interrupt Request Signal in RUN Mode
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Figure 3.11 Halt Release Operation Timing by Reset in RUN Mode
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(b)

IDLE1 Mode (MS1=0, MS2 =0), IDLEZ Mode (MS1 =0, MS2 = 1)

The halt release operation by interrupt signal in IDLE1 Mode is shown in
Figure 3.12 (a) and in IDLE2 Mode in Figure 3.12 (b).

When receiving NMI or INT signal, MPU starts the internal system clock
operation . In IDLE1 Mode, MPU starts clock output to the outside at the same
time. The operation stop of MPU in IDLE1/2 Mode is taken place at “0” level
during T4 state in the halt instruction operation code fetch cycle. Therefore, after
restarted by the interruption signal, MPU executes one NOP instruction and
samples an interrupt signal at the rise of T4 state during the execution of this NOP
instruction, and executes the interrupt process from next cycle.
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Fig 3.12 (a) IDLE1 Mode
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Fig 3.12(b) IDLE2 Made
Fig.3.12Halt Release Operation Timing by Interrupt Request Signal in IDLE1/2 Mode
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If no interrupt signal is accepted during the execution of the first NOP

instruction after the internal system clock is restarted, MPU is not released from
the halt state and is placed in IDLE1/2 Mode again at “0” level during T4 state of
the NOP instruction, stopping the internal system clock. If INT signal is not at “0”

level at the rise of T4 state, no interrupt request is accepted.
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The halt release operation by resetting MPU in IDLE1 Mode is shown in Figure

3.13 (a) and that in IDLE2 Mode in Figure 3.13 (b).

When RESET signal at “0” level is input into MPU, the internal system clock is

restarted and MPU will execute an instruction stored in address 0000H.

At time of RESET signal input, it is necessary to take the same care as that in

resetting MPU in RUN Mode.

I EXECUTE INSTRUCTION
FROM ADDRESS 0000H

T1 T2 T3
e [ LT M rrirt
e i B S

SYSTEM CLOCK)
{9
HALT | | "
L \ !
M1 / | |

— 1 4]

Figure 3.13(a) IDLE1 Mode
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INSTRUCTION

<«—— FROM ADDRESS
0000H

™ T2 T3
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Figure 3.13(b) IDLEZ Mode
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(c)

SYSTEM CLOCK}

STOP Mode (MS1=1, M$2 =0)

The halt release operation by interrupt signal in STOP Mode is shown in Figure
3.14.

When MPU received an interrupt signal, the internal oscillator is restarted. In

order to obtain stabillized oscillation, the internal system clock and clock output to
the outside are started after a warming-up time of (2 +2.5) TceC (TeC : Clock
Cycle) by the internal counter passed.
MPU executes one NOP instruction after the internal system clock is restarted and
at the same time, sampling an interrupt signal at the rise of T4 state during the
execution of this NOP instruction. If the interrupt signal is accepted, MPU
executes the interrupt process operation from next cycle.

At time of interrupt signal input, it is necessary to take the same care as that in
the interrupt signal input in IDLE1/2 Mode. The halt release operation by MPU
resetting in STOP Mode is shown in Figure 3.15.

When RESET signal at “0” level is input into MPU, the internal oscillator is
restarted. However, since it performs a quick operation at time of power ON, the
internal counter does not operate. Therefore, the operation may not be carried out
properly due to unstable clock immediately after the internal oscillator is
restarted. To restart the clock by RESET signal in STOP Mode, it is necessary to
hold RESET signal at “0” level for sufficient time. When RESET signal becomes
“17, after the dummy cycle for at least 2T states, MPU starts to execute an
execution from address Q000H.

‘ LOPINSTRUCTION EXECUTION

T4 T, T3 Ta T
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T
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-
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—

|
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Figure 3.14 Halt Release Operation Timing by Interrupt Request Signal in STOP Mode
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Figure 3.15 Halt Release Operation Timing by Reset in STOP Mode

3.4 INSTRUCTION SET

Instruction set of the TMPZ84C01F/02AF-6 are the same as those for the
TMPZ84C00A. For details refer to the data sheet for the TMPZ84C00A.

3.5 METHOD OF USE

A connecting example of the TMPZ84C01F/02AF-6 with the TLCS-Z80 family
peripheral LSI's is shown in Figure 3.16. For the explanation and precautions for
connection, refer to Section 3.5 Method of use of the data sheet for the TMPZ84C0O0A.
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Figure 3.16 Example Connection with Z80 family peripheral LS|
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4. ELECTRICAL CHARACTERISTICS
4.1 ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
VvCC Supply Voltage -05to+7 Vv
VIN Input Vaoltabe -0.5toVec+0.5 vV
PD Power Dissipation (TA = 85°C) 250 mW
TSOLDER | Soldering Temperature (10sec) 260 °C
TSTG Storage Temperature -65t0 150 °C
TOPR Operating Temperature -40to 85 °C

060489

4.2 DCELECTRICAL CHARACTERISTICS
4.2.1 DC Chracteristics
Tp=10°C to +60°C (TMPZ84C01F @ Low voltage operation)

SYMBOL ITEM TESTCONDITION | MIN. | TYP. | MAX. | UNIT
VCC Supply Voltage 2.7 - 5.5 v
VIHC '(')‘(?r:tLT)igh Voltage veecoz2 | - |vec+03| v
ik '('Efc“;‘p':i)%r A\'Lﬂ')tage vee-02 | —  |vcc+03| v
VILC '&’;:tﬁ‘)’w Voltage 0.3 — 0.2 v
VIL Input Low Voltage 05 _ 0.2 v

(Except XTALT)

060489
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4.2.2 DC Chracteristics (I )
VCC=2.7V t0 5.5V, Tp=-40°C to +85°C (TMPZ84C01F @ Low voltage operation)

SYMBOL ITEM TEST CONDITION MIN. TYP. MAX. UNIT
ILI Input Leak Current VSS=VIN=VCC - - 10 pA
Lo 3 State Output Current | o< yin < vee ~ ~ | %10 pA
in Floating
Output High Current _ i _ _

IOH (Except XTAL2) VOH =VCC-0.2V 0.1 mA
Output Low Current

L=0.2 . - b

10L (Except XTAL2) VOL=0.2V 04 mA
Supply Current VCC =3V, f=1MHz _

e (@Run Mode) VIH = Vee, VIL =0V 2.5 >0 mA
Supply Current VCC =3V,

1CC2 - . 1

«c (@stop Mode) VIH = Vg, VIL = 0V 0.5 0 BA
Supply Current VCC =3V, f=1MHz

| - . . A

cc3 (@IDLET Mode) VIH = Vee, VIL = 0V 0.5 10 m
Supply Current VCC =3V, f=1MHz

1CC4 - . .

cc (@IDLE2 Mode) VIH =Vce, VIL =0V 1.0 2.0 mA

060489
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4.2.3 DC Chracteristics (11}
Ta=-40°C to 85°C, VCC=5V+10%, VSS=0V

SYMBOL ITEM TEST CONDITION VIIN. TYP. MAX. UNIT
VOLC Low Level Clock Output IOL = 2. 0mA _ _ 04 Y
Voltabe
High Level Clock
| =-2. -0. - -
VOHC Output Voltage OH 2.0mA Vee-0.6 \
VIL Input Low Voltage -05 - 0.8
VIH Input High Voltage 2.2 — VCC
Input High Voltage _ _
VIHR (RESET) Vee-0.0 VCC Vv
Input Low Voltage
L -0, — 4 A
VILR (RESET) 0.5 0.45
Output Low Voltage
V =2.0mA - - 0.4 A
ot {Except Clock) 0L =2.0m
Output High Voltage
IOH = - 1. 2.4 - —
VOHT D) (Except Clock) OH = ~1.6mA v
Output High Voltage
IOH= -~ -0. - -
VOH2 {IT) (Except Clock) 6] 250uA” VCC-0.8 Vv
ILI fnput Leak Current VSS= VIN=VCC - - 110 A
3 State Output VSS+0.4=VOUT= +
- - b A
Lo Currentin Floating VCC 10 K
VCC =5V,
Supply Current fclk = (Notet)y |OTF - 15 20
IcC (@ RUN Mode) VIHC = VIH mA
=VCC-02, 02AF _
VILC=VIL=0.2V |-6 20 24

170489
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SYMBOL ITEM TEST CONDITION MIN. TYP. MAX. UNIT
Supply Current VCC = 5V, fCLK = (Note2)
1CC2 VIHC = VIH = VCC - 0.2V — 0.5 10 BPA
(@STOP Mode) VILC=VIL=0.2V
VCC =5V,
fCLK = (Note1) 01F - 1.0 2.0
ICC3 Supply Current VIHC = VIH= mA
(@IDLE1 Mode) VCC- 0.2V
VILC=VIL= 02AF-6 - 1.5 3.0
0.2v
VCC=5Y,
fCiK = (Note1) 01F - 3.0 6.0
ICCa Supply Current VIHC=VIH =
mA
(@!DLE2 Mode) VCC- 0.2V
VILC= VIL= 02AF-6 - 4.5 7.5
0.2v

170485

Note 1: fCLK=1/Tcc (MIN)
Note 2: AtT4 “LOW?" state of the halt instruction fetch cycle.
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4.3 ACELECTRICAL CHARACTERISTICS
TOPR=-40C to85C,VCC=5V*10%, VSS=0V
(1/4)
01F 01F 02AF-6
(Vco=2.7V~5.5V
No. SYMBOL ITEM fCLK = bz | (FCLK=4MHZ) | (fCLK=6MH2) | T
MIN. | MAX. [ MIN. [ MAX. | MIN. | MAX.

1 |TeC Clock frequency 1000 | DC 250 DC 165 DC ns

2 | TwcCh High clock pulse width 400 | DC 110 DC 65 DC ns

3 {TwCl Low clock pulse width 400 | DC 110 DC 65 bC ns

4 |THC Clock falling time - 200 - 30 - 20 ns

5 |TrC Clock rising time — 200 — 30 - 20 ns

6 |Tdcr(a) Effective addrgss output| 400 _ 110 _ 90 ns
delay from clock rise
Address output definite _ _ _

7 {TdA (MREQf) time prior to MREQ 200 65 35 ns
Delay from clock fall to| _ _

8 |Tdcf (MREQH) REG = L» 300 85 70 | ns
Delay from clock rise to| _ _

9 | TdCr (MREQr) MREG = “H" 300 85 70 ns

10 | TwMREQh MREQ high level pulse width | 400 — | 110 | — 65 | — ns

11 |TwMREQI MREQ low level pulse width | 8001 ~— 220 - 135 - ns
Delay from clock fali to| _ _ _

12 | TdCf (MREQr) MREQ = “H* 300 85 70 ]

13 |TdCf (RDF) Delay from clock fall to|  _ | 35 | _ | 95| — | 80| ns
RD="L

14 |TdCr (RDr) Delay from clock rise to] | 505 | _ 85 | — 70 | ns
RD ="H

15 [TsD (Cr) :)[saeta set-up time for dock 180 — 35 _ 30 _ ns

16 |ThD (RDr) Data hold time for RD rise 0| — 0 - 0 - ns

17 | TSWAIT (CH) WAIT signal set-up time for 350 | — 70 _ 60 _ ns
clock fall

1*8 ThWAIT (Cf) :t,:ﬁ” hold time after clock 0] — 10 _ 10 _ ns

19 |TdCr(M1f) octay lrom clock rise to) | 400 | — |00 | — | 80| ns

170489
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{2/4)
01F 01F 02AF-6
(Vee = 2.7V~5.5V
No.| sYmBot ITEM (LK o 1My | (CLK=4MHZ) | (fCLK=6MHz) | N7
MIN, | MAX. | MIN. | MAX. | MIN. | MAX.
20 |TdCr(M1r) Delay from clock rise to| 4 400 | —~ | 100 | — | 80 | ns
M1="H
21 |Tdct (RO Delay from clock fall to| | 305 | — | a5 | — | 70 | ns
RD="H
22 |TdCr(RDf) Delay from clock rise to) | 350 | — | g5 | — | 70 | ns
RD ="L
Data set-up time for clock
23 | TsD(Cf) fall (at time of M2, M3, M4, | 250 - 50 - 40 — ns
M5 cycle)
Address definite time prior
— pa— ‘I —
24 1 TdA (IORQf) 1o TORO fall 550 180 10 ns
Delay from clock rise to| _ _ _
25 | TdCr (IORQT) ORQ = "H" 300 75 65 ns
Delay from clack fall to| _ _ _
26 |TdCi(ORQn) |l L0 300 85 70 ns
Data definit time prior to _ — _
27 | TdD (WRf) WE fall 200 80 25 ns
28 |Tact(wrpy  (Delay from clock fall to) ) 555 | — | g0 | — | 70 | ns
WR="L
29 | TwWwR WR pulse width 750 - 220 - 135 - ns
30 | TdCf (WRr) Delay from clock fall to| _ | 355 | _ | g9 | = | 70 | ns
WR="H
Data definit time prior to _ _ _ _
31 | TdD (WRf) WE fall 10 10 55 ns
32 | TdCr (WRf) Delay from clock rise to| _ | 555 | — | 65 | — | 60 | ns
WR="L
33 |TdWRr (D) Output data holding after| ,45 | _ | 60| — | 30| — | ns
WR="H
Delay from clock fall to| _ _ _
34 {TdCf (HALT) HALT = "L” or"H* 1000 300 260 ns
35 | TwNML NMI pulse width 360 - 80 — 70 - ns
36 |TsBUSREQ {Cr) Set-up time for clack rise 250 - 50 — 50 — ns
37 |TheusreQ(cy) |BYSREQ hold time after) 45\ _ | 49 | — | 0| = | ns
clock rise

170489
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(3/4)
01F 01F 02AF-6
{(Vcc=2.7V~5.5V
No. SYMBOL ITEM JCLK = Tz | (fCLK=4MHZ) | (fCLK=6MHz) | T
MIN. | MAX, | MIN. | MAX. | MIN. | MAX.
Time from clock rise to| _ _ _
38 |TdCr (BUSACKT) BUSATK = “L" 400 100 90 ns
Time from clock fall to
39 | TAC (BUSACKY) |grerer "t 0 100 9 | ns
40 |Tdcr(D2) Delay from clock rise to data| _ 350 _ 90 _ 80 ns
bus float state
Delay from clock rise to
41 1TdCr{CTz) control output float state| — 300 - 80 - 70 ns
{MREQ, IORQ, RD, WR)
Delay from clock rise to| _ _ _
42 |Tder(Az) address bus float state 350 %0 80 ns
Address holding time from _ _ _
43 |TdCr (A) MREQ, IORQ, RD or WR 200 80 35 ns
a4 |TsRESET (Cr) ';SE(?ET set-up time for clock) 3551 _ | 6o | - | 60| — | ns
4*5 ThRESET (Cr) ESEESET hold time for clock w0l - 10 _ 10 _ ns
46 | TsINTf (Cr) INT set-up time for clock rise 300 — 80 - 70 — ns
4*7 TsINTT (Cr) INT hold time after clock rise 0| — 16 - 10| - ns
48 M1 output (“L") definite
f {{OR R - - -
. | TdM1f{lORGH) time prior to TORD fall 2000 965 365 ns
Delay from clock fall to| _ _
49 | TdCf (IORQA) ORG = "L" 300 85 70 ns
Delay from clock rise to| _ _ _
50 | TdCr(iORQr) TORG = "H" 300 85 70 ns
51 |TdCf(D) Delay from clock fall to data| _ 550 _ 150 _ 150 ns
output

170489
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(4/4)
01F G1F 02AF-6
(Ve =2.7V~5.5V
No. |  SYMBOL ITEM feik= ey | (fCLK=aMH2) | (fCLK=6MH2) | T
MIN. { MAX. | MIN. | MAX. | MIN. | MAX.
(**) (**) (**)
Clock (CLK) restart time by| _ (214 _ (214 _ (214
2 | TRSTIS TNT (STOP mode) +2.5) +2.5) w25 "
xTeC xT¢cC xTcC
(**) (**) (**)
Clack (CLK) restart time by| (214 . (214 _ (214
53 |TRST2S NMI (STOP made) +2.5) +2.5) 25) ™
xTcC xTcC xT¢cC
Clack (CLK) restart time by| **y [ _ ** [ _ (**}
>4 | TRSTTI INT{IDLE1/2 mode) 2.5 TcC R.5Tcc R.5Tec ns
Clock {CLK) restart time by| _ (**) _ (**) _ (**)
55 | TRST2I NMI {{DLE1/2 mode) 2.5 TcC R.5TcC R.5TcC ns
170489
Note1: Testconditions (1) @VCC=5Vt10%
VIH=2.4V,VIL=0.4V, VIHC=VCC —-0.6V, VILC=0.6V,VOH=2.2V, VOL=0.8V
Test conditions (2) TMPZ84C01F @Low Voltage Operation
VIH=VCC-0.2V, VIL=0.2V, VIHC=VCC-0.2V, VILC=0.2V, VOH=VC(/2V,
VOL=VCCr2v
Note 2: Items with an asterisk (*) are non-compatible with NMOS Z80.
Note3d: **TYPICAL

4.4 CAPACITANCE

TA=25°C

SYMBOL ITEM TEST CONDITION MIN. | TYP. | MAX. | UNIT
CCLOCK CLOCK input capacitance f=1MHz - — 8 pF
CIN input capacitance All pins except measured — — 6 pF
CcouT output capacitance pin are connected to GND - - 10 pF

070489
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4.5 TIMING DIAGRAM

Figures 4.1 to 4.10 show the basic timings of respective operations. Numbers shown
in the figures correspond with those in the AC Electrical Characteristics Table in 4.3.

T @ T2 W T3
o 7 3 R e/ Al N/ ) 7\
- - (O I\ —RETT
AD~A15 "CGUNTER S‘, (’(’ A ADDRESS A
O]
O~ o
MREQ i 5 5 O
> ——=0 -
RD . i =5 4
@ [T T
WAIT ’
— |
M1 \ i« i ®
. - E ol -1—
DO~D7 h H (’:' ®)£ 2 X =
I A RATA o
070489
Figure 4.1 Operation Code Fetch Cycle
T1 T2 ™
) ) ® =
AD~A1S Y| PROGRAM (COUNTER || . Xi
L 4_ @ . F'-P|
MREQ @ £ 4
— -<— — -e—‘l’ — ‘I’
) —| e @"’1 il B
WAIT \L I N
> 4—@ [ ‘ 1 @ -
RD I | (9
READ - @ [ 1
OPERATION Sy 55 —i TP
DO~D7 ] ——6(-(—( 5 . DATA /
_ Sl oA e
WR 1’* ss § A1
WRITE e K
OPERATION ~@>~D~> i - al
DO~D7 o DATA QUTPUT

Figure 4.2 Memory Read/Write Cycle
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T T2 Tyy» Tyy Ty
o_F N N/ h /S A /S R T\
@ (l(l il(l-
AQ~A7 X Port Address « J K
- @ Y )Y Il -
TORG JHF i /
47
@ [<O@ =@
) W
WAIT \L . 7 i
- @ — @ -
RD \‘( -
input i 3 —={16]4—
Operation il BB (« ,: -
D0~D7 ( (\,{ J.-_’( ‘D nput Dat.
1} ) I
_ @ > @ 4
- ® QI
Qutput i @ - " v @
operation —i i
DO~D7 Data , Output i —
) 1)
Note : 1 wait state (TW*) is inserted automatically by MPU, 070489
Figure 4.3 Input/Cutput Cycle
) T T+ T2 Twe Ty Tw T3
@ VA WA (S
M/ /N . A
—g *_ (;(; ('('
INT
© . = ®
AQ~A15 ) Program Counter (:(: _‘:(: E
" X 5 s
—| @) = ®
IORQ i £ [{
I = i
®@ o~ O @
WAIT \ /'? d
) T
— <— . @ e ( - -
DO~D7 ( (‘( ( (;(‘ (:mpur Data -
Note 1 TL is the final state of the preceding instruction.
Note 2 2 wait state (TW*) is inserted automatically by MPU. 070489

Figure 4.4 Interrupt Request/Acknowledge Cycle
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FiNAL M CYCLE M1

Note: NMI is asynchronous input but in order to assure the positive response in the following
cycle, NMI triling edge signal cust be generated keeping abreast of the leading edge of the
preceding TL state.

070489

Figure 4.5 Non-maskable Interrupt Request Cycle

FINALM CYCLE ———

TL TX TX TX T
o — N N\ ./ \115\_/%
!—) be— @ -—»l @
BUSREQ \ } }]- -\
' " —@r
BUSACK .
-
- ‘— FLOATING - H—
AD~A15 ] $ 4
. ‘_. FLOATING — p
DO~D7 ] 4 L
FLOATING
VRS =0 i
' 1
IORQ
et § — J;

L
HALT ’(:REMAINS UNCHANGED

¥

Note :
1. TLis the final state of any machine cycle.

2. TX is optional clock used bv requested peripheral LSI. v70489

Figure 4.6 Bus Repuest/Acknowledge Cycle
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HALT CAMMAND'S
— M1 | M1 | M1

T4 T1 T2 T3 T4 T1 T2

S /S S S l‘p /T N/ \
@ -
HALT —\ 71@

L -(—a-@ *
NI J 4

Note: INT signalisalso used for releasing from the halt state.

070489

Figure 4.7 Halt Acknowledge Cycle

M1 ———erennes
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= - (@ @ ®
RESET .CZQ \__/
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N (( b ‘ID -
“ﬂ] /r by }
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1ORQ Y174 \
BUSACK
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Figure 4.8 Reset Cycle
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1)

(2)

T4 T1 T2 T3

CLK Y \_/ /S

e
e
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070439

Figure 4.9 Clock Restart Timing (STOP Mode)

CLK T1 T2 T3
(IDLE1 MODE) N/ ./
Ta 1 T2 T3
(IDLE2 MODE) / _/ \ @/ /S S
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NMI \ 4
€]
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(70489

Figure 4.10 Clock Restart Timing (IDLE1/2 Mode)

PRECAUTIONS

To reset MPU, it is necessary to hold RESET signal input at “0” level for ; least 3
clocks.
In particular, to release the HALT state by RESET signal in STOP Mode, hold RESET
signal at “0”level for sufficient time in order to stabilize output from the internal
oscillator.

In releasing MPU from the HALT state by interrupt signal in IDLE1/2 Mecde and
STOP Mode, MPU will not be released from the HALT state and the internal system
clock will stop again unless an interrupt signal is accepted during the execution of NOP
instruction even when the internal system clock is restarted by the interrupt signal
input. In particular, care must be taken when INT is used.

Other precautions are identical to those for the TMPZ84C00A except those for RFSH
terminal. Refer to the data sheet for the TMPZ84CO0A.
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6. OUTLINE DRAWING
QFP44-P-1414F
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Note: Package Width and Length do not include Mold Protrusions.
Allowable Mold Protrusion is 0.15mm.
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