






































CPU TIMING

The Z80 CPU executes instructions by proceeding through
a specific sequence of operations:

® Memory read or write

@ I/O device read or write

| Interrupt acknowledge

The basic clock periodis referredto asa T 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 automatically inserting one or more Wait states or
by the insertion of one or more Watt states by the user.

Tu®

Instruction Opcode Fetch. The CPU places the contents
of the Program Counter (PC) on the address bus al the start
of the cycle (Figure 5). Approximately one-half clock cycle
later, MREQ goes active. When active, RD indicates 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 T,. During clock states Ty and T4 of an M1 cycle,
dynamic RAM refresh can occur while the CPU starts
decoding and executing the instruction. When the Refresh
Control signal becomes active, refreshing of dynamic
memory can take place.
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Figure 5. Instruction Opcode Fetch
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Memory Read or Write Cycles. Figure 6 shows the timing
of memory read or write cycles other than an opcode fetch
(M1) cycle. The MREQ and RD signals function exactly as in
the fetch cycle. In a memory write cycle, MREQ also
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Figure 6. Memory Read or Write Cycles

becomes active when the address bus is stable. The WR line
is active when the data bus is stable, so that it can be used
directly as an R/W pulse to most semiconductor memories.
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Input or Output Cycles. Figure 7 shows the timing for an
I/0 read or /O write operation. During I/0 operations, the

CPU automatically inserts a single Wait state (Twa). This

"o
READ
OPERATION

vo
WRITE
OPERATION

A

Ao-A7

€
>
-

Do-07

T2 Twa

Tw

extra Wait state allows sufficient time for an 1/O port to
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Figure 7. 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 an
clock cycle at the end of any instruction (Figure 8). Whenan  8-bit vector on the data bus. The CPU automatically adds
interrupt is accepted, a special M1 cycle is generated.  two Wait states to this cycle.
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Non-Maskable Interrupt Request Cycle. NMiissampled  memory read operation except that data put on the bus by
at the same time as the maskable interruptinput INT buthas  the memory is ignored. The CPU instead executes a restart
higher priority and cannot be disabled under software (RST) operation and jumps to the NMI service routine
control. The subsequent timing is similar to that of anormal ~ located at address 0066H (Figure 9).
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Figure 9. Non-Maskable Interrupt Request Operation
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Bus Request/Acknowledge Cycle. The CPU samples  to a high-impedance state with the rising edge of the next

with the rising edge of the last clock period of any clock pulse. At that time, any external device can take
machine cycle (Figure 10). If BUSREQ is active, the CPU  control of these lines, usually to transfer data between
sets its address, data, and MREQ, IORQ, RD, and WR lines ~ memory and I/O devices

Tiw Tx Tx Tx

cLOoCK

BUSAEG » /T N\ |
~/f | ’
® @ |~
BUSACK ) ya
— .
o ; FLOAY 4<l_-—
e [._@ - @
- FLOAT 1—
Do-D7 )—l, 4
L —o a3 -
._:?;: }__/” FLOAT jr——
ioRa | CHE—

5
oy
©
| t

- 7

HALY UNCHANGED

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

Figure 10. BUS Request/Acknowledge Cycle
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Halt Acknowledge Cycle. When the CPU receivesaHALT  active and remains so until an interrupt is received (Figure
instruction, it executes NOP states until either an INT or NMI 11). INT will also force a Halt exit.
input is received. When in the Halt state, the HALT output is

Te

o AYAWAVAWRAWAWAT
~—eti [~
J

HALT
Halt Instruction
Received ®
»+37
NMI {

*Although NMi is an asynchronous Input, to guarantee its being recognized on the following machine cycle, NMI's falling edge must occur no
later than the rising edge of the clock cycie preceding the last state of any Instruction cycle (T ).

Figure 11. Halt Acknowledge

Reset Cycle. RESET must be active for at least three clock internal T cycles are consumed before the CPU resumes
cycles for the CPU to properly accept it. As long as RESET  normal processing operation. RESET clears the PC register,
remains active, the address and data buses float, and the so the first opcode fetch will be to location 0000H
control outputs are inactive. Once RESET goes inactive, two  (Figure 12).
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Figure 12. Reset Cycle
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Power-Down mode of operation (Only applies to CMOS This mode is aliso referred o as the “standby mode®, and
Z80 CPU). supply current for the CPU goes down as low as 10 uA
CMOS 280 CPU supports Power-Down mode of operation.  (WWhere specified as lcc,).

Power-Down Acknowledge Cycle. When the clock input  level during T4 of the machine cycle following the execution
lothe CPU ss stopped al either aHigh or Low level.the CPU  of the HALT instruction. The timing diagram for the

stops its operation and maintains all registers and control  power-down function, when implemented with the HALT

signals. However, I.c> (standby supply current) is instruction, is shown in Figure 13.
guaranteed only when the system clock is stopped at a Low
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Figure 13. Power-Down Acknowledge
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Power-Down Release Cycle. The system clock must be
supplied to the CPU to release the power-down state. When
the system clock is supplied to the CLK input, the CPU
restarts operations from the point at which the power-down
state was implemented.

The timing diagrams for the release from power-down mode
are shown in Figure 14,

Ty T2 Ty

NOTES:

1) When the external oscillator has been stopped to enter the power-down
state, some warm-up time may be fequired to obtain a stable clock for
the release.

2) When the HALT instruction is executed to enter the power-dawn state,
the CPU will also enter the Halt state. An interrupt signal (either NV or
iNT) or a RESET signal must be applied to the CPU after the system
clock 1s suppilied in order 10 release the power-down state.
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Figure 13. Power-Down Release
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ABSOLUTE MAXIMUM RATINGS

Vottage on Vg with respecttoVss. ... ... -0.3Vto +7V
Voltages on all inputs with respect

WOVER oo s i €5 5 5 w808 5 3 -0.3Vto Ve + 0.3V
Operating Ambient

Temperature .............. See Ordering Information
Storage Temperature . .. ........... -65°Cto +150°C

Stresses greater than those kisted under Absolute Maximum Ratings may
cause permanent damage 1o the device. This is a stress rating only;
operation of the device at 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.

STANDARD TEST CONDITIONS

The DC Characteristics and capacitance sections below
apply for the following standard test conditions, unless
otherwise noted. All voltages are referenced to GND (0V).
Positive current flows into the referenced pin.

Available operating temperature ranges are:
m S=0Cto +70C
Voltage Supply Range:
NMOS: +4.75V < VCC < +5.25V
CMOS: +4.50V S VCC < +5.50V
& E=.40°C 10 100°C, +4.50V S VCC < +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 200 pf for the data bus and 100 pf for address and control
lines. AC timing measurements are referenced to 1.5 volts
(except for clock, which is referenced to the 10% and 90%
points).

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

FROM OUTPUT
UNDER TEST

12

11
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DC CHARACTERISTICS (Z84C00/CMOS Z80 CPU)

Symbol Parameter Min Max Unit Condition
ViLe Clock Input Low Voltage -03 0.45 v
ViHC Clock Input High Voltage Vcc- 0.6 Vec+0.3 v
ViL Input Low Voltage -03 08 v
ViH Input High Voltage 22 Vee Vv
VoL Output Low Voltage 04 v loL = 20mA
VOH, Output High Voltage 24 v IoH = —1.6mA
VOH, Output High Voltage Voc-0.8 v IOH = - 250 uA
Icc, Power Supply Current 4 MHz 20 mA Vee = 5V
6 MHz 30 mA ViH = Voc - 0.2V
8 MHz 40 mA ViL = 0.2V
10 MHz 50 mA
20 MHz 100 mA Vee =5V
lcc, Standby Supply Current 10 ) Vee = 5V
CLK = (0)
ViH = Vcc - 0.2V
ViL =02V
Iy Input Leakage Current -10 10 WA ViN = 0.4t0 Ve
Io 3-State Output Leakage Current in Float -10 102 WA VouT = 0.410 Ve

1. Measurements made with outputs floating
- A’5'A°. DrDo.m. m ﬁ.andWﬁ
3. loczstandbymppiywnemisguaramoedoriywhenthewpplieddockisaoppedatamwmnngT.dthemachinecydemmodiatdymwng

the execution of a HALT instruction.

CAPACITANCE
Symbol Parameter Min Max Unit
CcLock Clock Capacitance 10 pf
CiN Input Capacitance 5 pt
Cout Output Capacitance 15 ot

Ta = 25°C,f = 1 MHz.
Unmeasured pins returned to ground.
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AC CHARACTERISTICS! (284C00/CMOS Z80 CPU)
Vee=5.0V £ 10%, unless otherwise specified

ZBACO004 ZB4CO006 Z84CO008 ZBACO010 ZB4C0020[1] Unk Note
Min Max

No Symbol Parameter Min Max Min Max Min Max Min Max
1 TcC Clock Cycle time 250°DC 162°DC 125°DC  100°DC 50 DC nS
2 TwCh Clock Pulse width (high) 110 DC 65 DC 55 DC 40 DC 20 DC nS
3 TwCl Clock Pulse width (low) 110 DC 65 DC 5 DC 40 DC 20 DC nS
4 TiC Ciock Fall time 30 20 10 10 10 nS
5 TrC Clock Rise time 30 20 10 10 10 nS
6 TdCr(A) Address vaild from Clock Rise 110 90 80 65 57 nS [2]
7 TdA(MREQf) Address valid to /MREQ Fall 65* 35* 20* 5* -15* nS
8 TdCHMREQf) Clock Fall to MREQ Fall delay 85 70 60 55 40 nS
9 TdCr(MREQr) Clock Rise to /MREQ Rise delay 85 70 60 55 40 nS
10 TWMREQh  MREQ pulse width (High) 110° 65° 45" 30° 10 nS [3]
11 TwMREQI MREQ pulse width (low) 220" 132° 100* 75° 25* nS [3]
12 TdCHMERQr) Clock Fall to /MREQ Rise delay 85 70 60 55 40 nS
13 TdCHRDY) Clock Fall 10 /RD Fali delay 95 80 70 65 40 nS
14 TdCr(RDr) Clock Rise to /RD Rise delay 85 70 60 55 40 nS
15 TsD(Cr) Data setup time to Clock Rise 35 30 30 25 12 nS
16 ThD(RDr) Data hold time after /RD Rise 0 0 0 0 0 nS
17 TsWAIT(Cf) /WAIT setup time to Clock Fall 70 60 50 20 75 nS
18 ThWAIT(Cf) /WAIT hold time after Clock Fall 10 10 10 10 10 nS
19 TdCr(M1f) Clock Rise to /M1 Fall delay 100 80 70 65 45 nS
20 TdCr(M1r) Clock Rise to /M1 Rise delay 100 80 70 65 45 nS
21 TdCr(RFSHf) Clock Rise to /RFSH Fall delay 130 110 95 80 60 nS
22 TdCHRFSHr) Clock Rise to /RFSH Rise delay 120 100 85 80 60 nS
23 TdCHRDr) Clock Fali to /RD Rise delay 85 70 60 55 40 nS
24 TdCr(RDf) Clock Rise to /RD Fall delay 85 70 60 55 40 nS
25 TsD(CY) Data setup to Clock Fall during

M2, M3, M4 or M5 cycles 50 40 0 25 12 nS
26 TdA(IORQf) Address stable prior to 180* 107* 75* 50° o* nS

NORQ Fall
27 TdCr(IORQf) Clock Rise to /IORQ Fall delay 75 65 55 40 nS
28 TdCH(IORQr) Clock Fall to AORQ Rise delay 85 70 60 40 nS
29 TdD(WRf)Mw Data stable prior to /WR Fall 80* 22 5* 40° -10° nS
30 TdCH(WRf)  Clock Fall to WR Fall delay 80 70 60 55 40 nS
31 TWWR /MR pulse width 220° 132° 100* 75° 25° nS
32 TdC{(WRr)  Clock Fall to WR Rise delay 80 70 60 55 40 nS
33 TdD(WRf)IO Data stable prior to /WR Fall -10* -55° 55* -10° -30° nS
34 TdCr(WRf) Clock Rise to /WR Fall delay 65 60 60 50 40 nS
35 TdWRr(D) Data stable from /WR Rise 60* 30 15° 10° o nS
36 TdCf(HALT) Clock Fallto HALT L' or ‘'H' 300 260 225 920 70 nS
37 TwiiMi MNMI pulse width 80 60 60 60 60 nS
38 TsBUSREQ /BUSREQ setup time 50 50 40 30 15 nS

(Cr) to Clock Rise

*For Clock periods other than the mimimums shown. calculale paramelers using the table on the following page
Calculated values above assumed TrC = TIC = 20 ns

tUndts in nanoseconds (ns)

11 For loading > 50 pf. Decrease width by 10 ns for each additional 50 pi.

**4 MHz CMOS Z80 is obsoleted and replaced by 6 MHz
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AC CHARACTERISTICS! (284C00/CMOS Z80 CPU; Continued)
Vee=5.0V £ 10%, unless otherwise specified

Z84C0004 284C0006 284C0008 ZB4CO010 ZB4C0020[1] Unit Note

No Symbol Parameter Min Max Min Max Min Max Min Max Min Max

39 ThBUSREQ /BUSREQ hold time 10 10 10 10 10 nsS
(Cr) after Clock Rise

40 TdCr Clock Rise to /BASACK 100 90 80 75 40 nS
(BUSACKSf) Fall delay

41 TdcCft Clock Fall to /BASACK 100 90 80 75 40 nS
(BUSACKr) Rise delay

42 TdCr(Dz) Clock Rise to Data float delay 90 80 70 65 40 nS

43 TdCr(CTz)  Clock Rise to Control Outputs
Float Delay (/MREQ, /IORQ,

/RD and WR) 80 70 60 65 40 nS
44 TdCr(Az) Clock Rise to Address 90 80 70 75 40 nS
float delay
45 TdCTr(A) Address Hold time from /MREQ, 80° as* 20* 20° o* nS
NORQ, RD or WR
46 TsRESET(Cr) /RESET to Clock Rise setup time 60 60 45 40 15 nS
47 ThRESET(Cr) MRESET to Clock Rise Hold time 10 10 10 10 10 nS
48 TsINTHCr) ANT Fall to Clock Rise 80 70 55 50 15 nS
Setup Time
49 ThINTr(Cr) AINT Rise to Clock Rise 10 10 10 10 10 nS
Hold Time
50 TdMif M1 Fall to AORQ Fall delay 565° 359° 270° 220° 100* nS
(IORQA)
51 TdCHIORQf) [Clock Fall to /IORQ Fall delay 85 70 60 55 45 nS
52 TdCKIORQr) Clock Rise to /IORQ Rise delay 85 70 60 55 45 nS
53 TdC{D) Clock Fall to Data Valid delay 150 130 1186 110 75 nS
Notes:
* For Clock periods other than the minimum shown, calculale paramelers using the following table.
Caiculaled values above assumed TrC = TIC = maximum.
** 4 MHz CMOS Z80 is obsoleted and replaced by 6 MHz
[1] Z284C0020 parameters are guuaranteed with SO0pF load Capacitance.
[2] ¥ Capacitive Load is other than 50pF, please use Figure 1. to calculate the value.
[3] Increasing delay by 10nS for each SOpF increase in loading, 200pF max for data lines, and 100pF for control knes.
FOOTNOTES TO AC CHARACTERISTICS
No Symbol Parameter Z84C0004™ Z84C0006 Z84C0008 ZB84C0010 Z84CDO20
1 TcC TwCh + TwCl + TrC + TIC
7 TdA(MREQ) TwCh + TIC -65 -50 -45 -45 -45
10 TwMREQh TwCh + TIC -20 -20 -20 -20 -20
1 TwMREQI TcC -30 -30 -25 -25 -25
26 TdA(IORQf) TcC -70 -55 -50 -50 -50
29 TdD(WRI) TcC -170 -140 -120 -60 -60
31 TWWR TcC -30 -30 -25 -25 -25
33  TdD(WRf) TwCl + TrC -140 -140 -120 -60 -60
35 TdWRTr(D) TwCl + TrC -70 -55 -50 -40 -25
45 TdCTr(A) TwCl + TrC -50 -50 -45 -30 -30
50 TdM1K(IORQX) 2TcC + TwCh + TIC -65 -50 -45 -30 -30
AC Test Conditions: Vi = 2.0V Vou = 1.5V Vie = Ve -06V FLOAT = $+0.5V
VL =08V VoL = 15V ViLC = 0.45V
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DC CHARACTERISTICS (Z8400/NMOS Z80 CPU)

All parameters are tested unless otherwise noted.

Symbol Parameter Min Max Unit Test Condition
ViLe Clock Input Low Voltage -03 0.45 v
ViHC Clock Input High Voltage Vec- .6 Vee+.3 v
ViL Input Low Voltage -03 08 Vv
ViH Input High Voltage 20' Vee v
VoL Output Low Voltage 0.4 Vv loL =2.0mA
VOH Output High Voltage 24" v loH= —250 pA
lcc Power Supply Current 200 mA Note 3
Iy Input Leakage Current 10 WA Vin=0to Vce
ho 3-State Output Leakage Current in Float -10 102 pA VouT=0.410Vce
1. For miitary grade parts, refer to the 280 Miltary Electrical Specification.
2. Ays-Ag. D7-D. MRET. IORQ. D, and WR.
3. Measurements made with outputs floating
CAPACITANCE
Guaranteed by design and characterization.
Symbol Parameter Min Max Unit
CcLock Clock Capacitance 35 pf
CiN Input Capacitance 5 pt
Cour Output Capacitance 15 pf
NOTES
Ta = 25°C.1 = 1 MHz
Unmeasured pins returned to ground
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AC CHARACTERISTICS' (zZ8400/NMOS Z80 CPU)

20840004 20840006 20840008
Number Symbol Parameter Min Max Min Max Min Max
1 TeC Clock Cycle Time 250* 162" 125*
2  TwCh Clock Pulse Width (High) 110 2000 65 2000 55 2000
3 W Clock Pulse Width (Low) 110 2000 65 2000 55 2000
4 TIC Clock Fall Time 30 20 10
5 C Clock Rise Time 30 20 10
6 TdCr(A) Clock t to Address Valid Delay 110 90 80
7  TJAMREQf)  Address Valid to MREQ 4 Delay 65" 35° 20°
8 TACHMREQf  Clock 4 to MREQ ¢ Delay 85 70 60
9  TdCr(MREQr)  Clock t 1o MREQ t Delay 85 70 60
10  TwMREQh MREQ Pulse Width (High) 1101t 651t 45° tt
11 TWMREQI MREQ Pulse Width (Low) 220" # 135°1 100° 1t
12 TdCK{MREQr)  Clock 4 to MREQ t Delay 85 70 60
13 TdCH(RDI) Clock ¢ to RD 4 Delay 95 80 70
14 TdCr(RDy) Clock t to RD 1 Delay 85 70 60
15 TsD(Cr) Data Setup Time to Clock t 35 30 30
16 ThD(RDr) Data Hold Time to RD t 0 0 0
17 TsWAIT(CY) WAIT Setup Time to Clock 4 70 60 50
18 ThWAIT(CY) WAIT Hold Time after Clock ¢ 0 0 0
19 TdCr(M1f) Clock t to M1 ¢ Delay 100 80 70
20  TdCr(M1r) Clock tto M1 t Delay 100 80 70
21 TACrRFSHf)  Clock tto RFSH 4 Delay 130 110 95
22  TdCr(RFSHr)  Clock tto RFSH t Delay 120 100 85
23 TdCKRDr) Clock ¢ to RD t Delay 85 70 60
24  TdCr(RDf) Clock t to RD 4 Delay 85 70 60
25 TsD(CY) Data Setup to Clock ¢ during M2, M3, 50 40 30
My, or Mg Cycles
26 TdA(IORQ) Address Stable prior to IORQ 180° 110* 5t
27  TdCr(IORQf) Clock t to IORQ + Delay 75 65 55
28 TdCHIORQr)  Clock 410 IORQ t Delay 85 70 60
29  TdD(WRf) Data Stable prior to WR 80* 25* 5*
30  TdCHWRY) Clock ¢ to WR ¢ Delay 80 70 60
31 TWWR WR Pulse Width 220° 135° 100*
32  TdCHWRY) Clock ¢ to WR t Delay 80 70 60
33  TdD(WR) Data Stable prior to WR 4 ~10* -55° 55*
34  TdCr(WRf) Clock t to WR 4 Delay 65 60 55
35  TdWRI(D) Data Stable from WR t 60* 30* 15°
36  TACKHALT) Clock ¢ to HALT tor 300 260 225
37 TwNMI NMI Pulse Width 80 70 60*
38  TsBUSREQ(Cr) BUSREQ Setup Time to Clock t 50 50 40

* For clock penods other than the minimums shown, calculate parameters using the table on the following page. Calculated values above

assumed TIC = TIC = 20ns

1Units in nanoseconds (ns).

# For loading » 50 pf., Decrease width by 10 ns for each additional 50 pl.
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AC CHARACTERISTICS' (28400/NMOS 280 CPU; Continued)

20840004 20840006 20840008
Number Symbol Parameter Min Max Min Max Min Max
39  ThBUSREQ(Cr) BUSREQ Hold Time atter Clock t 0 0 0
40  TdCr(BUSACK!) Clock o BUSACK ¢ Delay 100 90 80
41 TdCHBUSACKr) Clock ¢ to BUSACK t Delay 100 90 80
42  TdCrDz) Clock t to Data Float Delay 90 80 70
43 TdCr(CT2) Clock t 1o Control Outputs Float Delay 80 70 60
(MREQ, IORQ, RD, and WR)
44  TdCr(A2) Clock t to Address Float Delay 90 80 70
45  TdCW(A) MREQ*,IORQ t, RD 1, and WR tto 80* 35° 20*
Address Hold Time
46  TSRESET(Cr)  RESET to Clock t Setup Time 60 60 45
47  ThRESET(Cr)  RESET to Clock t Hold Time 0 0 0
48  TsINTHCr) INT o Clock t Setup Time 80 70 55
49  ThINT(Cr) INT to Clock t Hold Time 0 0 0
50  TdM1fJORQf) M1 410]/ORQ 4 Delay 565* 365° 270"
51  TdCHIORQf)  Clock ¢ t0IORQ 4 Delay 85 70 60
52  TdCHIORQr)  Ciock t IORQ t Delay 85 70 60
53  TdCKD) Clock ¢ to Data Valid Delay 150 130 115
* For clock periods other than the minimums shown, calculate parameters using the following table. Calculated values above
assumed C = TIC = 20ns.
tUnits in nanoseconds (ns)
FOOTNOTES TO AC CHARACTERISTICS
Number  Symbol General Parameter 20840004 20840006  Z084D008
1 TcC TWwCh + WCl + TiC + TIC
7 TJA(MREQ) TWCh + TIC - 65 -50 -45
10 TWMREQh TWCh + TIC - 20 -20 -20
1 TWMREQI TeC - 30 -30 -25
26 TJA(IORQY) TeC - 70 -55 -50
29 TAD(WRY) TeC - 170 - 140 -120
31 TWWR TeC - 30 -30 -25
33 TAdD(WRY) WCl + TC - 140 -140 -120
35 TAWRr(D) ™WCl + TC - 70 -55 -50
45 TdCTA) TwC! + TC - 50 -50 -45
50 TAM1f(IORQN) 2TcC + WCh + TIC - 65 -50 -45
AC Test Conditions
Vi =20V Vou = 1.5V
Vi =08V Vo_ = 15V
Viue = Ve -08V FLOAT = $+0.5V
ViLc = 045V
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