Product Specification

Z284C01 Z80® CPU with
Clock Generator/Controlier

FEATURES:
»  Commands compatlible with the Zilog Z80 MPU m Powerful set of 158 instructions
a  Low power consumption a Powerful interrupt function
40mA Typ (5V, 10 MHz under RUN mode) Non-maskable interrupt terminal (NMI)
2mA Typ (5V, 10 MHz under IDLE1 mode) Maskable interrrupt terminal (INT)
10mA Typ (5V, 10 MHz under IDLE2 mode) .
5pA Typ (5V under STOP moda) The following three modes are selectable:
. 8080 compatible interrupt mode (interrupt
m  DC to 10 MHz operation (at 5V+10%) by Non-Z80 family peripheral LSI) (Mode 0)

Restart interrupt (Mode 1)
Daisy-chain structure interrupt using Z80
m Operating temperature (0°C to 70° C) family peripheral LS| (Mode 2)

s Single 5V power supply (at 5V+10%)

™ On_chip clock generator a An auxiliary register provided to each of

general purpose registers.
In the HALT state, the following 4 modes are

selectable: w2 index registers
RUN mode 10 addressing modes
IDLE 1 mede
IDLE 2 mode w  Built-in refresh circuit for dynamic memory
STOP mode o
® 44-Pin PLCC or QFP Package
GENERAL DESCRIPTION:

The Z84C01 is an 8-bit microprocessor (hereinafter re- The Z84C01 is fabricated with Zilog CMOS technology
ferred to as MPU) with a built-in clock generator/control- and molded in a 44-pin PLCC or QFP packages.

fer, which provides low power operation and high perform- ) ) )
ance. Further, in the following text and explanations for charts

and tables, hexadecimal numbers are directly used with-
Buill into the Z84CO01 is a control function and clock Out giving anidentification to explanation of address, etc.
generator for the standby function in addition to: sixpaired S0 as not to cause confusions.
general purpose registers, accumulator, flag registers, an
arithmetic-and-logic unit, bus contro!, memeory control
and timing control circuits.
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PIN CONNECTIONS AND PIN FUNCTIONS:

The pin connections and /O pin names and brief func-  Pin Names and Functions. 1/0 pin names and functions
tions of the Z84C01 are shown below. are as shown in Table 1.

Pin Connections. The pin conneclions of the Z84C01
are as shown in Fig. t.
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Figure 1. PIn Connections {Top View)

Table 1 Pin Names and Functions

Pin Name Number Input/Qutput Function
of Pin 3-state
AD - A15 16 Output 16-bit address bus.
3-slate Specify addresses of memories and I/O to be

accessed. During the refresh period, addresses
for refreshing are output.

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

Do - D7 8 /O 8-bit bidirectional data bus.
3-state
INT 1 input Maskable interrupt request signal.

Interrupt is generated by peripheral LSI. This signal is
accepted if the interrupt enable flip-flop (IFF) is set at "1".
INT is normally wired-OR and requires an external pull up
for these applications.
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Table 1 Pin Names and Functions (continued)

Pin Name Number Input/Output Function
of Pin 3-state
NMI 1 Input Non-maskable interrupt request signal. This interrupt

request has the higher priority than the maskable interrupt
request and does not rely upeon the state of the interrupt
enable flip-flop (IFF).

HALT 1 Output Halt signal.
Indicates that the CPU has executed a Halt instruction.
MREQ 1 QOutput Memory request signal.
3-state When an effective address for memory access is on the

address bus, "0" is output.

I0RQ 1 Output I/O request signal.
3-state When addresses for /O are on lower 8 bits (A0 - A7) of
the address bus in the 1/0 operation, "0" is output. In
addition, IORQ signal is output together with M1 signal at
time of interrupt acknowledge cycle to inform peripheral
.51 of the state that the interrupt response vector may be
put on the data bus.

RD 1 Output Read signal.
3-state "0" signal is output for a period when MPU can receive
data from a memory or peripheral LS\, It is possible to put
data from a specified peripheral L3I or mamory on the
MPU data bus after gating by this signal.

3

Output Write signal.
3-state This signal is output when data to be stored in a specified
memory or peripheral LSl is on the MPU data bus,

BUSACK 1 Output Bus acknowledge signal.
In response to BUSREQ signal, this signal informs a
paripheral LSI of the fact that the address bus, data bus,
MREQ, 10RQ, RD and WR signals have been placed in
the high impedance state.

WAIT 1 Input Wait signal.
WAIT signal is a signal to inform MPU of specified
memory or peripheral LS| which is not ready for
data transfer. As long as WAIT signal as at
"0" level, MPU is confinuously kept in the wait state.

BUSREQ 1 Input Bus request signal.
BUSREQ signal is a signal requesting placement of
the address bus, data bus, MREQ, IORQ, RD and
WR signals in the high impedance state. BUSREQ
signal is normally wired-OR. In this case, a pull-up
resistor is externally connected.
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Table 1 Pin Names and Functions (continued)

Pin Name Number Input/Output Function

of Pin 3-state

RESET 1 Input Reset signal.

RESET signal is used for initializing MPU and
must be kept in active state ("0") for a period of at
least 3 clocks.

M1 1 Output Signal showing machine cycle 1. "0” is output
together with %REQ signal in the operation code
fetch cycle. This signal is output for every opcode
fetch when 2 byte opcode is executed. In the
maskable interrupt acknowledge cycle, this signal
is output together with IORQ signal.

XTAL 1

{XIN) 2 Input Crystal oscillator connecting terminal.

XTAL 2 Output

(XOUT)

CLK 1 Output Single-phase clock output. Clock polarity is in-
phase with OSC-IN (XTAL 1) so that Z80 users
could use OSC-IN as clock input without needing
extra inverter on the board. When the HALT in
struction in STOP Mode is executed, MPU stops its
operation and holds clock output at "0" level.

VCC (1}, 2 Power supply +5V

(2) Connect pin 34 and pin 12 externally.

Vss 1 Power supply ov
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FUNCTIONAL DESCRIPTION:

The system configuration, funclions and basic operation

of the Z84C01 are described here.

MS1

MS2

Block Diagram. The block diagram of the internal con-
figuration is shown in Fig. 2.
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Figure 2. Block Dlagram
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System Configuration. The Z84C01 has a built-in sys-
tem clock generator for CMOS 780 in addifion to the
standard functions of the Z84C00 MPU. The explanation
is provided here with emphasis placed on the halt function
relative to the clock generator, which is an additional
function. The intemal register group, reset and interrupt
function are identical to those of the Z84C00. For details,
please refer to the data sheet for the Z84C00.

In this section, the following principal companents and
functions will be described:

(1) Generation of clock
(2) Operation mode
(3) Start-up time at time of restart

Generating the System Clock.The Z84C01 has a built-
in oscillation circuit and required clock can be easily
generated by connecting an oscillator to the external
terminals (XTAL1, XTAL2). Clock in the same frequency
as input oscillation frequency is generated.

Examples of osdillator connection are shown in Figures

3a, 3b.
89D ALY O [] xace
—ol—9
Cm:::: Coyrma=

77

Figure 3a Example of Oscillator Connection
and Constant

33pr

Figure 3b Example of Oscillator Connection
and Constant

Operation Modes. There are four kinds of operation
modes available for the Z84C01 in connection with gen-
eration of clock; RUN Mode, IDLE1/2 Modes and STOP
Mode. One of these modes is selected by the mode select
inputs (MS1, MS2).

The operation mode is effective when the hall instruction
is executed. 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 hall state are shown in
Table 2.
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Table 2 Clock Generating Operation Mode

Operation MS1 MS2 Description at HALT State
Mode
RUN Mods 1 1 MPU continues the operation and supplies clock to the

outside continuously.

IDLE 1 Mode © 0 The internal oscillator's operation is continued. Clock
(CLK) output as well as intemal operations are stopped at
"0" level of T4 state in the halt instruction operation code

fetch cycle.
IDLE2 Mode 0 1 The intemal osciliator's operation and clock (CLK) output are

continued but the internal operations are stopped at "0" level

of T4 state in the halt instruction operation code fetch cycle. E
STOP Mode 1 o All operations of the internal oscillator, clock (CLK) output,

and internal operation are stopped at "0" level of T4 state in
the halt instruction operation code fetch cycle.

Start-up Time at Time of Restart (STOP Mode). Further, in case of the restart by RESET signal, the
When MPU is released from the halt state by acceptingan  internal counter does not operate for a quick operation at
interrupt request, MPU, then will execute an interrupt  time of power ON.

service routine. Therefore, when an interrupt request is

accepted, MPU starts generation of intemal system clock  Status Change Flowchart and Basic Timing. In this
and clock output after a start-up time by the internal  section, the status change and basic timing when the
counter (2'442.5) TcC (TcC: Clock Cycle) to obtain a  Z84CO01 is operating are explained.

stabilized osciliation for MPU operation.
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Figure 4 (a) Status Change Flowchart
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( HALT Start )

HALT = 0
Run Mode Mode? Stop Mode
IDLE1 Mode IDLE2 Mode
Clock Output Stop Internal Internal Qscillaticn Stop
Internal Operation Stop Operation Stop (Clock Output Stop)
Internal Operation Stop

No

Yes {Stop Mode)

Stop W

No (IDLE1/2 Mode)

internal Osclllation Start

Start Up

Internal System Clock Restart
Clock Output Restart Only Stop, IDLE1

—P

)

Figure 4 (b) Status Change Flowchart
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Basic Timing. The basic timing is explained here with
emphasis placed on the halt function relative to the clock
generator. Except RFSH signal output, the following
items are identical to those for the Z84C00. Refer to the
data sheet for the Z84C00.

Operation code fetch cycle

Memory read/write operation

Input/output operation

Bus request/acknowledge operation
Maskable interrupt request operation
Non-maskable interrupt request operation
Reset operation

Note that the Z84C01 does 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 Z84C00
since the on-chip refresh control circuit is available.

(1) Operation When HALT Instruction is Executed
When MPU fetches a ha't instruction in the operation
code fetch cycle, HALT signal goes active (low tevel) in
synchronous with falling edge of T4 state for the periph-
eral LS! 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 con-
tinues to execute NOP instruction even in the halt state.

g!) RUN Mode (MS1=1, MS2=1
hown in Fig. 5 is the basic timing

is executed in RUN Mode.

en the halt instruction

In RUN Mode, system clock (&) in MPU and clock output
(CLK) are not stopped, even after the halt instruction is
executed. Therefore, until the halt state is released by the
interrupt signal (NMI or INT) or RESET signal, MPU
continues to execute NOP instruction.

M1 CYCLE l M1 CYCLE L M1 CYCLE
() T4 T1 T3 T4 T T2 T3
ax —1 L I A4 LI 1 | l
HALT (
W \ / \——
HALT OP CODE
FETCH CYCLE NOP EXECUTION NOP EXECUTION

Figure 5 Timing of RUN Mode
(at Halt Command Execution)
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(b) IDLE1 Mode (MS1=0, M52=0) In IDLE1 Mode, system clock (@) in MPU and clock output

Shown in Fig. 6 is the basic timing when the halt instruc-  (CLK) are stopped and MPU stops its operation after the
tion is executed in IDLE1 Mode. halt instruction is executed. However, the internai oscilla-
tor continues to operate.

T4

CLK J I %

HALT

=

INTERNA!
LA E;E'STE":A CLOCK) J_D MPU OPERATION STOP 5
-

M1

HALT INSTRUCTION OPERATION ‘

CODE FETCH CYCLE |
Figure 6 IDLE1 Mode Timing
(at Halt Instruction Execution)
(c) 1DLE2 Mode (MS1=0, MS2=1) In IDLE2 Mode, system clock (¢} in MPU is stopped and
Shown in Fig. 7 is the basic timing when the halt instruc-  MPU stops its operation after the halt instruction is exe-
tion is executed in IDLE2 Mode. cuted. However, the internal oscillator and clock output
(CLK) to the outside ef MPU continues to operate.
T4
AU e I e N AP B
o UNL%@?Q:.A CLOCK) | I N MPU OPERATION STOP 57
HALT k)
£
o
_ "y
M1
HALT INSTRUCTION OPERATION _J

CODE FETCH CYCLE I

Figure 7 IDLE2 Mode Timing
(at Halt Instruction Execution)
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(d) STOP Mode (MS1=1, MS2=0)
Shown in Fig. 8 is the basic timing when the halt instruc-
tion is execuled in STOP Mode.

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

T1 T2 T3 T4
CLK CLK OUTPUT STOP
¢ (INTERNAL
( SYSTEM CLOCK) l l I l I MPU OPERATION STOP
HALT

| HALT INSTRUCTION QPERATION |

CODE FETCH CYCLE

Figure 8 STOP Mode Timing
(at Halt Instruction Execution)

(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, intenrupt will
be accepted by an active INT signal (“0” level). Also 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 intemal system clock. The intemal 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 Fig. 9.

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

The halt release operation by resetting MPU in RUN Mode
is shown in Fig. 10. After reset, MPU will execute an in-
struction 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, it RESET signal becomes
“17, after the dummy cycle for at least two T states, MPU
executes an instruction from address 0000H.
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HALT INSTRUCTION

EXECUTION NOP INSTRUCTION EXECUTION INTERRUPT PROCESS
M1
T4 T1 T2 T4 T2 T3 T4 T1 T2

§ (INTERNAL
SYSTEM CLOCK)

HALT

L |

5
|
.

T

T i .
_____ R e MPU INTERNAL

LATCH FOR NMI
wr b L 1]

Figure 9 Halt Release Operation Timing by interrupt
Request Signal in RUN Mode

HALT INSTRUCTION EXECUTE INSTRUCTION
EXECUTION | | ADDRESS OOOCH
T4 T1 T2

UL
¢ (INTERNAL
e L LWL L L

l-'I—AI-.?'—'_] JS
%

M1

th R

£t

RESET a
N

Figure 10 Halt Release Operation Timing by Reset
in RUN Mode

R

(b) IDLE1 Mode (MS1=0, MS2=0), IDLE2 Mode
(MS1=0, MS2=1)
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The halt release operation by interrupt signat! in IDLE1
Mode is shown in Fig. 11 (a) and in IDLE2 Mode in Fig. 11

(b).

When receiving NMI or INT signal, MPU starts the internal
system clock operation. In IDLEt Mode, MPU starts clock
output to the outside at the same time.

T4
CLK

The operation stop of MPU in IDLE1/2 Mode is taking
place at “0” level during T4 state in the halt instruction
operation code fetch cycle. Therefore, after being re-
started 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.

N(l)P INSTRUCTION EXECUT!ON

O (INTERNAL
SYSTEM CLOCK)

HALT |

M1

NMI

LATCH FOR NMI

!
!
- =
)
%

INT

INTERRUPT SAMPLING TIMING

Figure 11 (a) IDLE1 Mode

CLK

¢ (INTERNAL
SYSTEM CLOCK)

NOP INSTRUCTION EXECUTION
| !

|

T4 1 T2 T3 T4 T

HALT

1
]

M1

NMI

&&&aa

LATCH FOR NMI

INT

INTERRUPT SAMPLING TIMING

Figure 11 (b) IDLE2 Mode

Figure 11 Halt 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 When RESET signal at “0" level is input into MPU, the
the first NOP instruction after the internal system clockis  internal system clockisrestarted and MPU will execute an
restarted, MPU is not released from the halt state and is  instruction stored in address 0C00H.

placed in IDLE1/2 Mode again at “0” level during T4 state

of the NOP instruction, stopping the internal systemclock. At time of RESET signal input, it is necessary to take the
It INT signal is not at “0” lavel at the rise of T4 state, no  same care as that in resetting MPU in RUN Mode.
interrupt request is accepted.

The halt release operation by resetting MPU-in IDLE1
Mode is shown in Fig. 12 (a) and that in IDLE2 Mode in
Fig. 12 (b).

EXECUTE INSTRUCTION FROM
ADDRESS QOOQH

T4 T2 T3

O {INTERNAL | I | I |
SYSTEM CLOCK) LgJ I_l L_

—_ — §

HALT

R
—
=

RESET I_:;J
Figure 12 (a) IDLE1 Mode

L

| EXECUTE INSTRUCTION FROM
ADDRESS OOOOH

% T2 T3
# (INTERNAL
SYSTEM CLOCK)

— — i

HALT

|
TT
!?

RESET ‘;_I

Figure 12 (b) IDLE2 Mode

Figure 12 Halt Release Operation Timing by
Reset in IDLE1/2 Mode
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(c) STOP Mode (MSt1=1, MS2=0)
The halt release operation by interrupt signal in STOP
Mode is shown in Fig. 13.

When MPU received an interrupt signal, the internal
oscillator is restarted. In order 1o obtain stabilized oscilla-
tion, the intemal system clock and clock output to the
outside are started after a start-up time of (2'44+2.5) TcC
(TcC: Clock Cycle) by the internal counter.

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
exacution 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 reselting in
STOP Mode is shown in Fig. 14.

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 immedi-
ately after the signalin STOP Mode, itis necessary to hold
RESET signal at “0” levelfor sufficient time. When RESET
signal becomes “1”, after the dummy cycle for at least 2T
states, MPU starts to exacute an execution from address
0000H.

NOP COMMAND EXECUTION

T4 T1 T2 13 T4 T
ax 14 L LT L L
$ (INTERNAL / Illllllll]l
( SYSTEM CLOCK) _I—L 5
1
e . / T
|
m ¥ b ]
I
[}
T 5 -
fe e e e e e e e e e e o1 =——MPUINTERNAL
: LATCH FOR NMI
INT f I :I
5 i
L]
INTERRUPT SAMPLING TIMING
Figure 13 Halt Release Operation Timing by Interrupt
Request Signal in STOP Mode
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FXECUTE INSTRUCTION FROM

ADDRESS OOQCH
T4 T2 T3

o L4 s T LU

6 (INTERNAL /

S oo —] g — LT LML

— v
HALT | 5 P J
W — —¥

)

Figure 14 Halt Release Operation Timing by Reset
in STOP Mode

Instruction Set. Instruction set of the Z84C01 is the Method of Use. An example of the Z84C01 with the Z80
same as thatfor the Z84C00. For details refertothe data  family peripheral LSI's is shown in Fig. 15.
sheet for the Z84C00.
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Figure 15 Example of 280 Family
Peripheral LSI
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CPU TIMING

Timing Diagrams. The Z84C01 CPU executes instruc-
tions by proceeding through a specific sequence of op-
erations:

m  Memory read or write

m /O device read or write

a Interrupt acknowledge

The basic clock period is referred to as a Time or Cycle,
and three or more T cycles make up a machine cycle (M1,
M2 or M3 for instance). Machine cycles can be extended
either by the CPU automafically inserling one or more
Wait states or by the insertion of one or more Wait states
by the user.

T Tz Tw*

Instruction Opcode Fetch. The CPU places the con-
tents of the Program Counter (PC) on the address bus as
the start of the cycle (Figure 16). Approximately one-half
clock cycle later, MREQ goes active. When active, RD in-
dicates that the memory data can be enabled onto the
CPU data bus.

The CPU samples the WAIT input with the falling edge of
clock state T2. During clock states T3 and T4 of an M1
cycle, dynamic RAM refresh can occur while the CPU
starts decoding and executing the instruction.

cLock /*2»—-— -3 - \ \ /_\_-/_\ i \
4l | -5 [_‘{
——1 B s ‘6;
Apg-Aqs PC i REFRESH ADDR
JJIL I X
-6 8 . N P .
7 - s t] |~
Y
MREQ vy —{0— f
- 13 al-E
aD \
o« £
18 - -’ ——
17 +<-— 17-»‘—44“8'
WAIT #l ; \
‘ Ed
|——19 .420.;|
m Iy y
—=| |40 15 -*‘ | |=18
Do-Dr 5 ( ((( :,:5 \ VALID DATA

Figure 16 Instruction Opcode Fetch
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Memory Read or Write Cycles. Figure 17 shows the In a memory write cycle, MREQ alsa _becomes active
timing of memory read or write cycles other than an  when the address bus is stable. The WR line is active
opcode fetch (M1) cycle. The MREQ and RD signals  when the databus is stable, so that itcan be used directly

function exactly as in the fetch cycle. as an R/W pulse to most semicenducter memories.
T Tz Tw T3
AR WAWERWYEY
- 6->| : _,_f 6 =
|
Ap-Ays X v?’un ADDRESS i x
l r i 43}
— ’-e 8 - 12 q-‘
WREQ '[* ,( .
[l N + |+13

3
Lt
i
l II _‘co
s
}
A

READ [PV
OPERATION —| |=40 23 | ..;'“6 !
. _\L T T~ Vaus
Pobz  p nuwn s )é DATA

Z ' 40

WAITE -—5]—»
OPERATION

7L

Dy-Dy DATA QUT

' 77

Figure 17 Memory Read or Write Cycles
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Input or Output Cycles. Fig. 18 shows the timing for an  This extra Wait state allows sufficient time for an 1/O port
)/O read or /O write operation. During /O operations, the  to decode the address from the port address lines.
CPU automatically inserts a single Wait state (T,,,).

T2 Twa Tw T3
] -{ \ / !
cLOCK _/ ) / ‘ \
6 Lf |
: - 43
Ao-A7 ) VALID PORT ADDRESS ’;‘ ; C
25 *'2‘5"“
iORQ - ]
< 24 =18~ =18
17 o 17> #' -—=r43
WA ,;_/T N
—r22 —r(21=—|
|
o \ : CA
o
o ” ’116!‘1‘”
READ —| 40 = 23+ - | ‘
OPERATION — YT S F VALID ‘
Do-D7 < . A j
e} 32 —~Js0}--,
j
wE " =40
1o ” | ;
WRITE ‘51: 31 |=— 1*33’1
OPERATION /- '
Do-0+ i ':' DATA OUT )—

Twa = One wait cycle automatically inserted by CPU,

Figure 18 Input or Output Cycles
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Interrupt Request/Acknowledge Cycle. The CPU During this M1 cycle, IORQ becomes active (instead of
samples the interrupt signal with the rising edge of the last  MREQ}) to indicate that the interrupting device can place
clock cycle at the end of any instruction (Fig. 19). Whenan  an 8-bit vector on the data bus. The CPU automatically
interrupt is accepted, a special M1 cycle is generated. adds two Wait states to this cycle.

T T1 T2 Twa Twa Tw Ts
BYAYAYE ,_/ WA
] L s
47
46 -
iNT
- _6 >~ 6
Ao-A1s X FC ”lp x
- 18 - 20
—_—
ﬁ'}" \ rL
— 49 (— | =50
ioRG .
o 48 - P d | e
17+ T RS
WAIT : r
I ' ' -16
- I—Q—-40 B 15*‘ -
Do-D7 3 (z{( :,:' qun DATA K

NOTES: 1) T, = Last state of any instruction cycle.
2) Twa = Wait cycle automatically Inserted by CPU.

Figure 19 Interrupt Request/Acknowledge Cycle
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Non-Maskable interrupt Request Cycle. NMI is of a normal memory read operation except that data put
sampled atthe same time as the maskable interruptinput  on the bus by the memory is ignored. The CPU instead
INT, but has higher priority and cannct be disabled under  executes a restart (RST) operation and jumps to the NMI
software control. The subsequent timing is similar to that  service routine located at address 0066H (Fig. 20).

———————— LAST M CYCLE e M1 -
Tu

CLOCK —/-‘\_[_\——/

—
Ao-A13

-
Wi
WREQ

RS

* Although NMI is an asynchronous input, to guarantee its being recognized on the following machine cycle, NMI's falling edge must accur no later than the rising edge
of the clock cycle preceding the last state of any Instruction cycle (Ty).

Figure 20 Non-Maskable Interrupt
Request Operation
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Bus Request/Acknowledge Cycle. The CPU samples WRlines to a high-impedance state with the rising edge of
BUSREQ with the rising edge of the last clock period of the next clock pufse. Atthat time, any external device can
any machine cycle {Fig. 21). If BUSREQis active, the CPU  take control of these lines, usually to transfer data be-

sets its address, data, and MREQ, IORQ, RD, and tween memory and /0 devices.
T Tx Tx Tx .
CLOCK / \
37 ‘ -37
36 » 36--‘ -— ‘

BUSREQ
' lll‘

«38» —=' 39 |-
BUSACK d

R be FLOAT .
Ao—-Ass by 7 1\
— -— 40 e - 40
k e FLOAT ,l-—"'"
Do-P7 "4 r P X\
— e 41 — - A1
MREQ
—_ FLOAT /
RD, WA } -
iORG S

5
}
l !

HALT UNCHANGED

NOTES: 1) Tuwm = Last state of any M cycle.
2} Tx = An arbitrary clock cycle used by requesting device

Figure 21 BUS Request/Acknowledge Cycle
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Halt Acknowledge Cycle.

M1 | M1 | M1
Ta Ty T2 Ta T T4 Tz
coex [ /_\_/ \_/ \_/ \_/ \_
|34 l<—34
HALT ) i
Malt Instruction
Received >~ 35'
i \_J

*Although NMI is an asynchronous input, to guarsntes its being racognized on the following machine ¢cycle, NMI's falling edge must occurno
later than the rising edge of the clock cycis preceding the last state of any instruction eycle (T ).

Figure 22 Halt Acknowledge

Reset Cycle. HESET must be active for at least three  Once RESET goes inactive, two intemal T cycles are
clock cycles for the CPU to properly acceptit. Aslong as  consumed before the CPU resumes nommal processing
RESET remains active, the address and databuses float, operation. RESET clears the PC register, so the first

and the control outputs are inactive. opcode fetch will be location 0000H (Fig. 23).
T Tz
- |45 = |45
Ny =44 F\
RESET / \ / J;_f X /
Ag-Ags j‘ - f ;t

—140 |-
. FLOAT
Do-D1 L

{19 |-

32
ol5

/I —

[ ]
c
g
>
)
R

}

X
»
-
-

Figure 23 Reset Cycle
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T4

T1 12 T3

BWAWAN

CLK
W \ ® -
"
8
Figure 24 Clock Restart Timing
(STOP Mode)
T1 T2 T3
{IDLE 1 MODE)
Ta T T2 T3

(IDLE 2 MODE) ‘

4

INT

NMI

o

Figure 25 Clock Restart Timing
(IDLE1/2 Mode)
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PRECAUTIONS:

M

(2)

To reset MPU, itis necessary to hold RESET
signal input at “0” leve! for at least three clocks.

Inparticular, 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 intemnal osciltator.

In refeasing MPU from the HALT state by inter
rupt signatl in IDLE1/2 Mode and STOP Mode,
MPU will notbe released from the HALT state and

theinternal 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
Z84C00, except those for RFSH terminal. Refer

to the data shest for the Z84C00.

M 9954043 002LA70 L27 N
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AC CHARACTERISTICS:

Z84C0106 Z84C0110 Unit Note

No Symbol Parameter Min  Max Min  Max
1 TcC Clock Cycle Time 162* DC 100" DC ns
2 TwCh Clock Pulse Widlh (High) 65 DC 40 DC nS
3  TwCl Clock Pulse Width (Low) 65 DC 40 oC nS
4 TiC Clock Fall Time 20 10 nsS
5 TrC Clock Rise Time 20 10 ns
6 TdCr(A) Address Valid from Clock Rise 80 60 ns
7 TdA(MREQD Address valid to /MREQ Fall 35° 5° nS
8  TdCH{MREQM Clock Fall to /MREQ Fall Delay 70 40 ns
9  TdCr(MREQr) Clock Rise to /MREQ Rise Delay 70 40 nsS
10 TwMREQh MREQ Pulse Width (High) 60" 25" nS [1]
11 TwMREQI MREQ Pulse Width (Low) 132* 70" nsS [1]
12 1dCH{MERQr) Clock fall to /MREQ Rise Delay 70 40 nS
13 TdCHRDf) Clock Fall to RO Fall Delay 80 40 nS
14 TdCr(RDr) Clock Rise o /RD Rise Delay 70 40 nS
15 TsD(Cr) Data Setup Time 1o Clock Rise 30 25 nS
16 ~ThI(RDr) Dala Hold Time after /RD Rise 0 0 nS
17 TsWAIT(CH) JWAIT Setup Time to Clock Fall 60 a0 ns
18  ThWAIT(CE) /WAIT Hold Time after Clock Fall 10 0 nS
19 TdCr(M11) Clock Rise to /M1 Fall Delay 80 40 nS
20 TdCr(MI1r) Clock Rise to /M1 Rise Delay 80 40 nS
21 TdCKRDr) Clock Fall to /RD Rise Delay 70 40 nS
22 TdCr(RDI) Clock Rise lo /RD Fall Delay 70 40 nsS
23 TsD(CI) Data Setup to Clock Fall During

M2, M3, M4 or M5 Cycles 40 25 nS
24 TdA(IORQY Address Stable Prior to /IORQ Fall 107* 50 ns
25  TdCr(lORQH Clock Rise to /IORQ Fall Delay 65 40 ns
26 TdCI(IORQr) Clock Fall to /IORQ Rise Delay 70 40 nS
27  TdD(WRI)Mw Data Stable Prior to /WR Fall 22" o nS
28  TdCI(WRI) Clock Fall to WR Fall Delay 70 40 nS
29 TwwR {WR Pulse Width 132" 75* nS
30 1dCHWRr) Clock Fall to /WR Rise Delay 70 40 ns
31 TdD(WRHIO Data Stable Prior to /WR Fall -55* -50" nS
32  TdCr(WRf) Clock Rise to /WR Fall Delay 60 40 nS
33 TdWRr(D) Data Stable from /WR Fall 30 ¢h nsS
34  TdCHHALT) Clock Fall o /HALT L' or ' 260 100 nS
35 TwiNMI /NMI Pulse Width 70 60 nsS
36 TsBUSREQ(Cry  [BUSREQ Setup Time to Clock Rise 50 35 nS
37 ThBUSREQ(Cr) /BUSREQ Hold Time After Clock Rise 10 0 nS
38 TdCr(BUSACKH Clock Rise to /BASACK Fall Delay 90 40 nS
39 TdCH(BUSACKr) Clock Fall to /BASACK Rise Delay 90 40 nS
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Z284C01 AC CHARACTERISTICS {Continued)

Z84C0106 Z84C0110 Unit Note
No Symbol Parameter Min  Max Min  Max
40 TdCr(hz) Clock Rise to Data Float Delay 80 40 nS
41 1dCr{CTz) Clock Rise to Control Qutputs Float
Delay (/MREQ, /IORQ, /RD and /WR) 70 40 nS
42  TdCr{Az) Clock Rise to Address Float Delay 80 50 ns
43  TdCTr{A) Address Hold Time From
MREQ, NORQ, /RD or WR 35 5 nS
44  TsRESET(Cr) /RESET to Clock Rise Setup Time 60 30 ns
45 ThRESET(Cn) /RESET to Clock Rise Hold Time 10 0 nS
46  TsINT{(Cr) /INT Fall to Clock Rise Setup Time 70 50 nsS
47  ThINTe(Cr) {INT Rise to Clock Rise Hold Time 10 0 ns
48 TdMU(IORQN) /M1 Fall 10 IORQ Fait Delay 359 205" nS
49  TdCH(IORQf) ‘fClock Fall to AIORQ Fall Delay 70 40 nS
50 TdCHIORQr) Clock Rise to /IORQ Rise Delay 70 40 nS
51 TdCHKD) Clock Fall to Data Valid Delay 150 80 nS
52 1TRST1S CLK Restart Time by /INT (typ) (lyp)
(STOP Mode) (2"+2.5)TcC (2%+25)TcC
53 TRST2S CLK Restart Time by /NMI (typ) (lyp)
(STOP Mcde) (214£2.5)TcC (2"+2.5)TcC
54 TRSTI1I CLK Restart Time by /INT (typ)2.57cC (typ)2.57cC
(IDLE /2 Mode)
55 TRST2I CLK Restart Time by /NMI (typ)2.5TcC (lyp)2.5T7cC
(IDLE1/2 Mode)
Noles:
For clock periods other than minimum shown, calculate parameters using following ‘Nole’.
Calculated values above assumed TrC = TfC = maximum.
[1] Increasing delay by 10nS for each S0pF increase in loading, 200pF max for data lines, and 100pF for control lines.
Z84C01 AC CHARACTERISTICS
Footnotes
No Symbol Parameter 284C0106 Z84C0110
1 TcC TwCh + TwCIl + TrC + TIC
7 TdAMREQ) TwCh + TIC -50 -45
10 TwMREQhN TwCh + TIC -25 -25
11 TwMREQ! TcC -30 -30
24 TdA(IORQN TcC -55 -50
27 TdD(WRH) TcC -140 -100
29 TwWR TcC -30 -25
31 TdD(WRH) TwCl + TrC -140 -100
33 TAWRKD) TwCl + TrC -55 -50
43 TdCTr(A) TwCl + TrC -50 -45
48 TdM1I(IORQM) 2TcC + TwCh + TIC -50 -45
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DC CHARACTERISTICS VCC=5.0V +10%

Symbol  Parameter Min Max  Unit Condition Note
Vac Clock Output High Voltage Ve 0.6 A -2.0mA
Voo Clock Output Low Voitage 04 V +2.0mA
Vi, input Low Voltage -0.3 0.8 v
vV, Input High Voltage 2.2 Vee V
Vo Qutput Low Voltage 0.4 Vv I o=2.0mA (5]
Vo QOutput High Voltage 2.4 v lgy=-1.6mMA 14]
Voua QOutput High Vollage Vee-0.8 ' | opy=-250pA (5]
|l oy Power Supply Current - 10MHz 50 mA V=5V [1]
- BMHz 30 mA V=V 0.2V
v, =02V
loca Power Supply Current (STOP Mode) 10 pA V=5V
leca Power Supply Current (IDLE1 Mode) V=5V
- 10MHz 4 mA V,=Ve0.2V
- BMHz 4 mA v, =02V
lecs Power Supply Current (IDLE2 Mode) V=V
- 10MHz 15 mA V=V 0.2V (11
- 6MHz 13 mA Vv, =0.2V (1}
o input Leakage Current -10 10 PA V,=0.4Vio V.. {4]
o 3-state Qutput Leakage Current
in Float -10 10 WA Vo =04V 1oV, (2]
Notes:

{1] Measurements made with outputs floating.

(2] A15-80, D7-D0, MREQ, /IORQ, /RD and MWR.

{3] lcc, Standby Current is guaranteed when the halt pin is low in STOP mode.
[4] Ali Pins except XTALI, where | = + 25pA,

{5] A15-A0, D7-DO, MREQ, ORQ, /RD, WR, HALT. M1 and fBUSACK.

'm(ml) 40 + |
3¢

20 +

10 1

|Cu
///’_.ctu )
P Lo
(DLE 1)

0 2 4 : 8 10 rnea
I, vs Freq (MHT)

CONDITIONS: V, =V,=V 0.2V V.. =5V, TEMP=0°Cto 70°C V=V =02V
Figure 26 Z84C01 Typical | vs Freq
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ELECTRICAL CHARACTERISTICS:

ABSOLUTE MAXIMUM RATINGS

Voltage on Vce with respect to Vss.......... -0.3Vio + 7V
Voltages on all inputs with respect to Vss..-0.3V to Vee +
0.3V

Operating Ambient

Stresses greater than those listed under Absolute Maxi-
mum Ratings may cause permanent damage to the de-
vice. Thisis asiress rafing only; operation of the device al
any condition above those indicated in the operational
sections of these specifications is not implied. Exposure
to absolute maximum rating conditions for extended
periods may affect device reliability.

Temperature....................... See Ordering Information
Storage Temperature............... -65°C to + 150°C
Standard Test Conditions

The DC Characteristics and capacitance sections below
apply for the following standard test conditions, unless
otherwise noted. Alt voltages are referencedto GND (OV).
Positive current flows into the referenced pin.

Available operating temperature ranges are:

E =-40°C t0 +100°C
Voltage Supply Range: +4.50V <V _.'< +5.50V

All AC parameters assume a load capacitance of 100 pf.
Add 10 ns delay for each 50 pf increase in load up to a
maximum of 150 pffor the data bus and 100 pf for address
and control lines. AC liming measurements are refer-
enced to 1.5 volts (exceptior clock, whichisreferenced to
the 10% and 9(% points). Maximum capacitive lead for
CLK is 125 pf.

The Ordering Information section lists temperature
ranges and product numbers. Package drawings are in
the Package Information seclion. Refer to the Literature
List for additional documentation.

+5Y
21K

FROM OUTPUT
UNDER TEST

100 pf
Izso
pa
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