o e s g e BT T

Product Specification

Z8400/Z84C00 NMOS/CMOS
Z80® CPU.
Central Processing Unit

FEATURES

The extensive instruction set containg 158 instructions,
including the 8080A instruction set as a subset.

B NMOS version for low cost high performance solutions,
CMOS version for high performance low power de-

a NMOS Z0840004 - 4 MHz, 20840006 - 6.17 MHz,
Z0840008 - 8 MHz.

m CMOS ZB4C0006 - DC to 6.17 MHz, Z84C008 - DCto
8 MHz, Z84C0010 - DC to 10 MHz, Z84C0020 - DC -
20 MHz

B 5 MHz version can be operated at 6,144 MHz clock.
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Figure 1. Pin Functicns

m The Z80 microprocessors and associated family of
peripherals can be finked by a vectored interrupt sys-
tem. This system can be daisy-chainedto allow implem-
entation of a priority interrupt scheme.

m Duplicate set of both general-purpose and fiag registers.
o Two sixteerrbit index registers.

m Three mades of maskable interrupts:
Mode 0—BCBOA similar;
Mode 1-—Non-Z80 envirenment, location 38H;
Mode 2—Z80 tamily peripherals, vectorad interrupts.
m On-chip dynamic memory refresh counter.
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Figure 2. 40-pln Dual-in-Line (D!P), Pin Assignmants
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GENERAL DESCRIPTION

The CPUs are fourth-generation enhanced microproc-
assors with exceptional computationat power. They offer
higher system throughput and more efficient memory
utilization than comparable second- and third-generation
microprocessors. The internal registers contain 208 bits of
readfwrite memory that are accessible to the programmer.
These registers include two sets of six general-purpose
registers which may be used individually as either B-bit
registers or as 16-bit register pairs. In addition, there aretwo
sets of accumulator and flag registers. A group of
“Exchange™ instructions makes either set of main of
aliernate registers accessible to the programmer. The
alternate set allows operation in foreground-background
mode or it may be reserved for very fast interrupt response.

The CPU also contains a Stack Pointer, Program Counter,
two index registers, a Refresh register (counter), and an
Interrupt register. The CPU is easy to incorporate into a
system since it requires only a single + 5V power source. All
output signals are fully decoded and timed to control
standard memory or peripheral circuits; the CPU is
supported by an extensive family of peripheral controllers.
The internal block diagram (Figure 3) shows the primary
functions of the processars. Subsequent text provides mare
detail on the #O controller family, registers, instruction set,
interrupts and daisy chaining, and CPU timing.
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Table 1. Z80C CPU Registers

Register Size {Bits) Remarks

A A Accumulator 8 Stores an operand ar the resuits of an operation.

F.F* Flags 8 Ses Instruction Set.

B. B’ General Purpose 8 Can be used separately or as a 16-bit register with C.

cC General Purpose a Can be used separately or as a 16-bit register with C.

o.Df General Purpose a Can be used separately or as a 16-bit register with E.

'E,E’ General Purpose 8 Can be used separalely or as a 16-bit register with E.

H, H' General Purpose 8 Can be used separately or as a 16-bit register with L.

LoL! General Purpose B Can be used separately or as a 16-bit register with L.

Note: The (B,C), {D.E}, and (H.L} sets are combined as follows:
B—Highbyte C — Low byte
D — High byte E — Low byte
H—Highbyte L — Low byte

| Interrupt Register 8 Stores upper eight bits of memory address for vectored interrupt
processing.

R Refresh Register 8 Provides user-transparent dynamic memory retresh. Automatically
incrernented and placed on the address bus during each
instruction fetch cycle.

1X Index Ragister 16 Used for indexed addressing.

Y Index Register 16 Used for indexed addressing

SP Stack Pointer 16 Holds address of the top of the stack. See Push or Pop in instruction
set

PC Program Courtter 16 Holds address of next instruction.

IFF1-IFF2 Interrupt Enable Flip-Flops Set or reset to indicate interrupt status (see Figure 4},

iMFa-iMFb interrupt Mode Flip-Fiops Reflect Interrupt moade {sea Figure 4},

failure has heen detected. After recognition of the NMI
signal (providing BUSREG is not active), the CPU jumps to
restart location 0066H. Narmally, scftware starting at this
address contains the interrupt service routine.

Maskable Interrupt (NT). Regardiess of the interrupt
mode set by the user, the CPU response 1o & maskable
interrupt input follows a comman timing cycle. After the
interrupt has been detected by the CPU {provided that
interrupts are enabled and BUSREQ is not active) a special
interrupt processing cycle begins. This is a special fetch
(FMT) cycle in which JORG becomes active rather than
MREQ, as in a normal M1 cycle. In addition, this special M1
cycle is automatically extended by two WAIT states, to allow
for the time reguired to acknowledge the interrupt request.

Mode 0 Interrupt Oparation. This mode is similar 1o the
B0BO microprocéssor interrupt service procedures. The
interrupting device places an instruction on the data bus.
This is normally a Restart instruction, which will initiate a call

1o the selected one of eight restart locations in page zero of
memory. Unlike the 8080, the Z80 CPU responds to the
Call instruction with only ona interrupt acknowlodge cycle
followad by two memory read cycles.

Made 1 Interrupt Operation. Mode 1 operation is very
similar to that for the NMI. The principal difference is that the
Mode 1 interrupt has only one restart iacation, 0038H.

Mede 2 Interrupt Operation. This interrupt mode has been
designed to most effectively utilize the capabilities of the
Z80 microprocessor and s associated peripheral family. The
interrupting peripheral device selects the starting address
of the interrupt service routine. It does this by placing an 8-
bit vector on the databus during the interrupl acknowledge
cycle. The CPU forme a pointer using this byte as the lower
8 bits and the contents of the | register as the upper 8 bits.
This points to an entry in a table of addresses for inferrupt
sarvice routines. The CPU then umps to the routine at that




address. This Rexibifity in selecting the interrupt service
routine address allows the peripheral device fo use several
clﬁemnttypesofsewlcerwlhes.Theeemumesmaybe
focated at any available location in memory. Since the
iﬂemq:lingdavinewppieshelaw—orderbyleofu\o2-byle
vector, bit 0 {A;) musl be a zero.

. Interupt Enable/Disable Operation. Two flip-flops, IFF

and IFF,, referred to in the register description, are used to
signal the CPU interrupt status. Operation of the two
flip-fiops is described in Table 2. For more details, refer to
the Z80 CPU Technical Manual (03-0028-01) and Z80
Assembly Language Programiming Manual (03-0002-01).

Table 2. State of Flip-Flops
Action IFFy IFFz Comments
CPU Reset 1] 0  Maskable interrupt
. : TNT disabled

Dl instruction execution Q 0 Maskabile interrupt

. INT disabled

El ingtruction execution 1 1 Maskabie inferrupt
TNT enabled

LD Al instruction execution - . IFFp — Parity flag

LD AR instruction execution @ e iFFy — Parity flag

Aocept NRAT o = Maskaple interrupt
TNT disabled

RETN instruction executon  IFFz  »  IFFz — IFFy at
completion of an
NMI sarvice

routine.

INSTRUCTION SET

The microprocessor has one of the most powerful and
versatile instruction sets available in any 8-bit micro-
processor. It includes such unigue operations as a block
move for fast, efficient data transfers within memory, or
batween memory and /0. It also allows aperations on any
bit in any location in memory.

The following is a summary of the instruction set which
shows the assembly tanguage mnemonic, the operation,

theflag status, and gives comments on gach instruction. For .

an explanation of flag notations and symbols for mnemonic
tables, see the Symboiic Notations section which follows
these tabies. The Z80 CPU Technical Manual (03-0029-01),
the Programmer's Reference Guide (03-0012-03), and
Assembly Language Programming Manual (03-0002-01)
contain significantly more details for programming use.

The instructions are divided into the following categories:
8-bit loads

16-bit loads

Exchanges, block transfers, and searches

8-bit arithmatic and fogic operations

General-purpose arithmetic and CPU control

16-bit arithrnetic operations

m]
O
w]
a
o
O
o Rotates and shifts

ri Bit set, reset, and test operations

O Jumps

O Calls, returns, and restarts

O Input and output operations

A variaty of addreésing modes are implemented to permit
efficient and fast data transfer between various registers,

memory locations, and input/output devices. These
addressing modes include:

Immediate
Immediate extendsd
Modified page zero
Relative

Extended

Indexed

Register

Register indirect
implied

Bit
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8-BIT LOAD GROUP

Symbolic Flags Opcode No.of No,of M No.of T
Mnemonic Opemtion 8 Z H PIWH C 76 543 210 Hax BSylss Cycles Sisies Comments
Lo rr s e X « X o o ¢ O r r 1 1 4 Lt Reg.
1Drn r~n s =« X = X = = « 00 1 10 2 2 7 ooo B
-n— 001 ¢
LD 7 (HL) = (HL} « & X & X s = ¢ 01 r 10 1 z 7 010 D
LOLOX+d) r—@X+d) « = X » X » & o 11 011 101 DD 3 5 19 o1 E
0 r 1o : 100 H
bt * ke ’ 101 L
LOL{Y+c) r—{¥Y+d) =« ® X = X ¢ e « 11 111 101 FD 3 5 19 . 111 A
' or r 110
LOMHL), ¢ (HL) =T e « X o X e o » 01 10 & 1 2 7
LO(X+d),r (X+dj~r o = X o X » & o 11 01t 101 DD a 5 19
o1 10
¢-d-0
LO{Y+d)r (Y+ch+r o ¢ X » X * o o 11 111 101 FD 3 5 18
01 10 r
. -
3 tbHL.n  HL=n * s X » X o s o 00 110 10 36 2 3 10
? bl 1 b
; LD@X+d.n @X+dj+=n ¢ o X ¢ X s + ¢ 11 011 101 DD 4 5 19
110 110 36
—g-—

-y




8-BIT LOAD GROUP (Continued)

Symbolic Flags No.ot No.otM No.of T

Opcode
Mnemonic Opsmtion 8§ 2 H PVNC 78 543 210 Hex Byms Cycles States Comments

LD@Y+dLn @Y+d)=n o o X o X » » « 11 111 101 FD 4 5 19
: 00 110 110 36

-] -

Q—n-"
LDA,{BC) -~ A=—(BC} » ¢ X. o X e s = 00 001 010 QA 1 2 7
LD A, (DE) A+~{DE) e s X «' X « o » 00 D1 010 1A 2 7
LD A, (nn) A+ (nn) « o X = X o & 00 111 010 3A 3 4 13
‘—n—.
Q—n-.'
LDBCLA (BO«A * o X = X e« & & 0O 000 OO O2 1 2 7
LD(DE),A  (DE)+A e« o X e X o s v 00 010 010 12 1 2 7
LD(np A (nnj+—A s a X o X v » o 00 110 010 32 3 4 13
T epe
; -—n—
LDA,I Al $ 4 X 0 XIFFO = 11 101 10t ED 2 2 8
' ol 010 w1 57
LD AR A=—R $ ¢+ X 0 XIFFO « 11 101 101 ED 2 2 9
_ ot 011 111 5F
LD A I+~ A s & X o X » s o 11 101 101 ED 2 2 ]
o1 000 111 47
tDR.A R—A s ¢ X » X » s = 11 101 10t ED 2 2 9
01 001 111 4F
NOTE: {FF, the content of the irterrupt enabla fip-flop, (IFF 5). is copled inta the P/Y tag.
18-BIT LOAD GROUP
Symbolic Fiags Opcods No.of No.ofM No.of T
Mnemonic Openstion 5 Z H PINN C. 76 543 210 Hex Byws Cyclss States Comments
LDdd,nn  ad+nn s o X ¢ X s » = 00 dd0 OO 3 3 10 dd _ Pair
“n- 00 BC
-n—+ 01 DE
LD IX, nn IX = an « o X o X s e s 11 01t 101 DO 4 4 14 10 HL
00 00 001 A 1 $p
Ll § B
. bl 1 R
LOIY, nn IY »=nn e« « X o X » = + 11 111 101 FO 4 4 14
0o o 21
.—n—b
d—n—b
LDHL.{rp He+—(n+1) o o X o X o o » 00 101 010 2A 3 5 16
L = (nn) —n--
. e
LDdd, (o) ddg+{nn+t) ¢ » X « X & ¢ ® 11 101 101 ED 4 8 20
dd_ = (nn) o1 ddi on

-—y =

—p .

NOTE: (PAIA), (PAIR), refer to high order and low order eight bits of the register pair raspectively. 8.9, BC = C, AFy = A,
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18-BiT LOAD GROUP (Continued)

Symbolic Fiags Opcode No.of No.ofW No.of T
Mnemonic Opesrstion 8 2 H PN C 76 543 210 Hex Byws Cycles Sixkes Comments
LD (X, {nn) Ky=(n+1} » = X = X o « ¢ 11 0N 1 DD 4 -] 20
X+ {nn} 00 101 010 2A
'-n—.
.—"—b
Lo, (m) [Yu=(n+l) = o X o X « » » 11 11t 1 FO 4 8 20
¥, + () 00 01 o010 2A
I—n—b
Q—n—b
Lo HL  (n+1)=H =» = X » X = « & 00 100 010 22 3 5 16
{nn)+L -n—+
.-nﬂb
LD().dd  (nn+1)=ddy » « X o X = = = 11 101 10t ED 4 & 20
{nn) + cd_ ™ dodo ONn
had 1
-— =
LO(@n), X (pn+t)e=Dy & = X ¢ X ¢ o o 11 0N 01 oD 4 6 20
{nn) + I 00 100 010 22 .
O-ln-
. -ne-
LD {nn), I¥Y n+N+1fYy « » X ¢ X = ¢ « 11 N 101 FD 4 6 20
{ramp = 1Y 00 100 010 22
Ll | e d
l’-r‘.-—b
LDSPHL SP+HL « o X o X e e » 11 111 OH FQ 1 1 [}
LD 5F IX WS -=IX e o X « 3% « & « 11 0tt 101 DD 2 2 10
. 11 111 001 FO
LD SF, I¥ SP=IY w o+ X ¢ X = & =« 11 111 101 FD 2 2 10
11 111 001 F8 aq Pair
PUSH qq (SP-2)+=qq * * X * X « € » 11 qggd 101 1 a 1 00 BC
BP~1)*qay ot DE
SP—+5F -2 10 HL
PUSH X BP-2)«IX » = X =« X =« « « 11 0N 1 Db 2 4 15 11 AF
(SP=1) Xy 11 100 101 E5
SP—+8P -2 .
PUSH IY BP-2)+IY, = = X & X = » & 11 11t 11 FD 2 4 1§
(8P -1} =Yy 11 100 10t E5
SP—-S5P -2
POP aq qoq~@BP+1)+ & X = X o = « 11 qg0 001 1 3 10
qaL ~(3F)
SP—+~5SP +2
POP IX IXq=(SP+1) » = X o X » = » 11 011 101 DD 2 4 14
1%+ (5P 11 100 00t E1
5P —+ 5P +2
POP 1Y Wye-(SP+1) ¢ « X & X .+ « ¢ 13 111 1 FG 2 4 14
¥, + (SPF) 11 100 0 B
SP—=+8P +2

NGTE: (PAIR)., (PAIR), refor to high order and low order eight bits of the regiatsr pair respectively, 8.9, BC = C. AFy = A

1"




EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS

Symbolic Flaga Opoods No.of No.ofM No.of T
Mnemonic Operstion 3 2 H PNNC 78 543 210 Hex Bytes Cycles States Comments
EXDE, HL DE += HL e s X » X « « o {1 101 O EB 1 1 4
EXAF,AF"  AF=AF s ¢ X e X a o s 00 001 OO0 OB 1 1 4
EXX B« B! e« « X o X = ¢ « 11 011 001 D9 1 1 4 Register bank
DE - DE’ and auxiary
HL » HL' register bark
echangs
EX{SFLHL H+«(SP+1) » » X * X « o o 11 100 011 E3 1 5 19
L+ (SP)
EX(SP)IX Xy=(SP+%) » » X * X o o s 11 011 10t DD 2 8 23
X+ (SP) 11 100 Ott E3
EX(SPLIY Wy=(SP+1) & o X » X & a o 11 111 10t FD 2 6 23
YL == (SP) 11 100 O E3 :
LD (DE)«=HL) = s X O x(Pu « 1t 101 101 ED 2 4 16 Load (HL)into
DE«DE+1 10100 000 A0 (DE}, incremeent
HL +~HL+1 the peinters and
BC + BC~1 decrement the
bysa courtar
® €0)
LDIR DEj=(H) = » X 0 X 6 0 + 11 11 101 ED 2 5 21 fBC#OD
DE +DE +1 10 110 000 BO 2 4 16 HBC~0
HL+=HL+1 :
BC+BC-1
Repeat uniil
BC =0
@
DD - (DE+~MHL +« « X 0 X § 0 « 41 tO1 1M ED 2 4 18
DE +=DE-1 10 101 000 A4
HL=HL-1
" BC=BC-1
LDDR ®E+~{H) =+ ¢ X © x?o = 1t 1M1 101 ED 2 5 21 HKBC¥0O
DE+DE-1 : 10 111 000 B8 2 4 1% IfBC =0
HL+HL-1
BC—BC-1
Repeat untd
BC=0 ®
cPI A~ (HL) $ 4§ X $ X &£ 1 « 41 101 10v ED 2 4 15
HL = HL+1 10 100 001 At
BC+BC-1

NOTE: (@ PN flagiaOifthe resul of BC—1 = 0, otherwise PAV = 1.
@ P flagis 0 oniy at completion of instruction.
@ Zfagis1ilA = Hi , otherwiesZ « 0.
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EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS (Continued)

Flags Opcode No.of No,of8l No.ofT
Mnemonic Operstion 8§ Z H PNN C 78 543 210 Hex Byles Cycles Siales Commenis
@ @
CPIR A —(HL) t ¢ X ¢ X ¢t 1+ 1 101 101 ED 2 5 21 BC#0and
Aw(HL)
HL = HL+1 10 110 D1 B1 2 4 18 HBC=0Oor
BC —BC~1 A = (HL)
Repest until
A = {HL)or
BC=0 ' ®
- (€
CPD A= {HL) $ 8 X ¢ X 4 1 e« 11 01 101 ED 2 4 16
HL - HL -1 10 101 001 A9
8C~—BC~1 ®
CPOR A= (HL) t ¢ X # xc?1 « 11 101 11 ED 2 . 21 HBC¥#0and
A+ (HL)
HL « HL-1 10 111 001 B8 2 4 16 IiBC = Qor
BC~BC-1 B = (HL)
Rapeat untd
A = (HiL}or
BC=0
NOTE: () PAVHagistdtha resultof BC- 1 = D, ctherwise PV = 1.
2 PV fag is 0 only at complation of instruction.
¢ Zfagis1iA = (HL). otherwisaZ = 0.
8-BiT ARITHMETIC AND LOGICAL GROUP
. Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonle Operstion § 2 H PN C 76 543 210 Hex Bytss Cycles Strtes Comments
ADDA, ¢ AvAsr $ ¢+ X ¢ X VOt 10 v 1 1 4 Reg.
ADDAR  AwA+n $ 4 X ¢ xv 0ot m [066] 110 2 2 7 o000 B
-n—- o C
pic D
ADDA (ML) A+aA+HL ¢ $ X ¢ X V 0 ¢ 10 110 1 2 7 011 E
ADDA, (X+dA+A+(X+dy ¢ § X ¢ X V 0 % 11 011 101 DD 3 5 19  t00 H
10 110 10 L
g 11 A
ADDA(Y+dA~A+0Y+d) ¢+ ¢ X ¢ X V 0 ¢ 11 111 101 FD 3 5 19
10 110
4—d-b
ADC A, 8 A+~A+s+CY $ ¢ X § X ¥V 0 ¢ siganyofsn,
SUBs A+rA-s $ 8 X 8 X v 1 [010] (HL), (X + o),
SBCA,s AvA-5-CY$ ¢ X 4 X Vv 1 ¢ 671} (Y +dyas
AND s A«A>s ¢# 1t X1 X POOD shown for ADD
ORs A=A>s § $ X O X P DO instruction. The
XORs A~—Aes ¢t X 0 X P OO indicated bits
CPs A-5 $ 0t X 8 X Vo1t 1t replace the
[006] in the
ADD set above,

13



8-BIT ARITHMETIC AND LOGICAL GROUP (Continued)

Symbolic No.of No.ofM No.of T
Wnemonic  Operation s Z H PV N 78 543 210 Hex Cycles States Comments
INC T Fer+d t t Xt XV O 0 r [0 1 1 4
INC (HL) {HL) -~
{HLy+1 $ F X ¢ XV o« 00 110 [100] 1 3 11
INC(X+d) (X+dy+ t ¢+ X ¢ X VO e 11 011 101 DO 3 6 23
(X +d)+1 go 110 [Io0]
- -
INC(Y+d) (Y+d)+ t 1 Xt X v o s 11 111101 FD 3 & 23
{IY+dp+1 o0 nmo [760)
ﬁ-d—v
DECm mem-1 $ 03 X 8 X V1o

NOTE: s any of , (HL), (X +d, (I + cfy a8 shown for INC, DEC same format and stales as INC. Replace [1o0 Y with [307 ] in opcode.

GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS

Symbolic Opcode No.of No.ofM No.of T
Mnemonic  Operation g 2 H PAYN C 76 543 210 Hex Bytes Cycles States Comments
DAA @ $ ¢+ X ¢t X P « ¢ 00 100 111 27 1 1 4 Decimal adjust
accumulator.
CPL Ar—A s & X 1 X e 1 & D0 107 111 ZF 1 1 4 Complament
accumulgtor
{one's
complemsnt).
NEG A+Q-A 0+ X X v 1 ¢ 11 101 11 ED 2 2 B Negate acc.
01 000 100 44 (two's
complemant).
CCF CY~CY » o X X X e 0 %+ 00 111 111 J3F 1 .1 4 Complement
carry flag.
SCF CY+1 s ¢« X 0O X » 0 1 00 110 111 37 1 1 4 Set carry flag.
NOP Nooperation = ¢ X e X = = 00 000 OO0 OC 1 1 4
HALT CPUhalted & o X & X = = « 01 130 110 78 1 1 4
Dl % IFF+0 e o X = X e s o tt 110 011 F3 1 1 4
El % IFF+1 « ¢+ X o X o o = 11 111 011 FB 1 1 4
MO Setinterrupt e ¢ X « X e = « 11 101 101 ED 2 2 )
mode 0 01 Q00 116 46
IM1 Satinterrupt ® & X e X = ¢ s 11 101 101 ED 2 2 8
mode 1 0ot 010 110 56
M2 Setinterrupt  « * X = X ® e & 91 101 101 ED 2 2 8
mode 2 01 011 110 SE

NOTES: @ converts accumulator contert into packesd BCD following add or subteact with pachked BCD operands.
IFF indicates the intarrupt enable fip-op.

CY incicates the carry tip-flop.
# inglicales interrupts are ot sampled at the end of Elor DI

14
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16-BIT ARITHMETIC GROUP

Symbolic Flags Opcode No.of No.of M No.of T
Mnemonic  Operation 8 Z H PIVN C 76 543 210 Hex Byles Cycles Statex Commernts
ADDHL,ss HL+HL+ss *» ¢ X X X « 0 § 00 s oOO1 1 3 11 58 Reg.
aa BC
ADCHL, ss ML~ o1 DE
HL+ss+CY ¢ ¢ X X X v 0o ¢ 11 101 101 ED 2 4 15 ia HL
ot =51 010 11 SP
SBCHL, 88 HL+
HL-s3—CY 4 $ X X X ¥ 1 % 11 11 101 ED 2 4 16
' 01 ss0 €10
ADDIX.pp IX+—X+pp +» » X X X = 0 ¢ 11 011 01 DD 2 4 13 pp_ Reg
™ ppt O 00 BC
o OE
1w X
11 sP
ADD Y, rr =i+ e ® X X X e 0 § 11 111 101 FO 2 4 15 fr Reg.
ml o 00 BC
INC ss ss+8s+1 o 2 X e X & = » 00 ss0 O1 1 1 6 o DE
ING 1X 1% = 1X+1 « & X » X s = « 11 011 10t DD 2 2 10 10 Iy
00 011 23 11 SP
INC 1Y Y —Iy¥+1 s« X ¢ X = & o 31 111 101 FD 2 2 10
0e 1 23
DEC ss a5+ 55-1 e« o X o X % & « 00 s31 O1 1 1 6
DEC1X IX = X1 = » X @« ¥ & o o 11 011 W1 OD 2 2 10
0 101 o1 2B
DEC 1Y I¥ =1y -1 « o ¥ &« X & & =« 11 111 0t FD 2 2 10

00 101 o011 28

ROTATE AND SHIFT GROUP
Symbolic Flaga Opcode NHo.of No.ofM Ne.otT
Mnemonic Opemation s Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
ALCA . « + X 0 X e Ot 00 000 111 07 1 1 4 Rotateleft
ciycular
accumulater,
RLA '-. « «» X 0D X e 0 1 00 010 111 37 1 1 4 Rotate laft
accumulatar.
RRCA '- « &« X 0O X s 0 ¢ 00 001 111 OF 1 1 4 Retate right
circular
accumulator,
RRA L= [ov] » + X 0 X s 0 t 00 O11 1t1 F 1 1 4 Rotate right
. accumulator




ROTATE AND SHIFT GROUP {Continued)

Symbalic Fiags Opcode No.of No.ofM No.of T
Mnemonic Operstion s 2z H PVN C 76 543 210 Hex Bylss Cycles States Comments
ALCr t ¢+ X 0 X P 0+4 11 001 01t CB 2 2 8 Rotate left
00 r circular
registar 1.
RLC {HL) $ $ X0 X PO ¢ 11 00 011 CB 2 4 5 Reg.
00 000 110 000 B
[er] '. o0 o]
RLC (iX+d) $t ¢+ X 0 X P O $ 11 011 101 DD a 8 23 o010 D
r{HUL0X +d), (Y + d) 11 001 011 CB ott E
—d- 001 H
00 10 100 L
111 A
ALC (¥ +d) t ¢+ X 0 X PO % 11 111 101 FD 4 & 23
11 001 011 CB
—g—- instruction
] 00 110 tormat and
ALm fore—{T—t]"4 4 x 0 X P O 3 o10 States are as
m = LHL I+ d) 1Y +d) shawn for
RLCs. To form
pRCm MT==1-E ¢ ¢ x 0 X P 0 % new opcode
ma [ (HLL0K+d)(0Y +d) replace[000]
or RLCs with
shown code.
RRm F=1H 1+ 1+ x 0o x P o0
m=GEHL), X+ LY + o)
stam [EPF{T—el=t ¢+ X 0 X P 0 }
ma= [(HLLOX +d) (Y + d)
sram L= 4+ ¢ x o x P 0 ¢
1 e £ (HLY (X + ) {1Y + o)
sALm 71— ¢ # X 0 X P O KK
m=r(HLLEX+ d) (Y +d)
ALD mmmm t § X 0 X P O + 11 101 10t ED 2 5 18 Rotate digit
. 0t 101 111 6F lett and
right between
the accumu-
{ator and
— focation (HL).
RRD - $t ¢+ X 0 X PO + 11 101 101 ED 2 5 18 Thecontent
* ) o1 100 111 &7 of the upper
half of the
accumulator
is unaffacted.
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BIT SET, RESET AND TEST GROUP

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic Opemsion 8 2 H PVN C 78 543 210 Hax Byiss Cycles States Comments
BITb,r Z+rp X $ X 1 X X0 = 11 001 11 CB 2 2 & r__Reg
o b T 000 B
BITb,{HL) Z+(HlL)y X £ X1 X X0 = 11 001 011 CB 2 3 12 001 ¢
01 b 10 o1 D
BITo{X+d)p Z+0X+dy X ¢ X 1 X X 0 = 11 011 101 DD 4, 5 20 01t E
11 001 011 CB 100 H
—d- 101 L
o1 b 110 1M1 A
b  Bit Tested
BITO{Y+dp Z+0¥+d)p . X ¢ X 1 X X 0 = 11 11t 101 FO 4 5 20 00C O
11 0ot 011 CB 001 1
—d— oo 2
01 b 110 o1t 3
SETh.r 1 ¢« ¢ X » X s = & 11 001 0V1 CB 2 2 8 100 4
b 101 5
SETh, (HD (HLjp+1 » » X + X = & o 11 001 011 CB 2 4 5 110 &
b 110 1m 7
SETh, (X+d) {X+djpb+=1 ¢ X = X = o « 11 011 101 DD 4 6 23
11 o1 01 CB
d—d—b
0 b 10
SETDY+d) (Y+dp=1 =« ¢ X ¢ X = = » 11 111 101 FD 4 6 23
11 001 011 CB
- -
v 110
RES b, m mp, +~ 0 « e« X s X o o « [0 To farm new
mmr; (HL), opcode replace
(X +d). (Y +d) [(1]cfSETh, &
with[1C} Flags
and time
states for SET
instruction,

NOTE: The notation my, indicates location m, bit b (010 7).
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JUMP GROUP

Symbollc Flags Opcade No.of No.ofM No.of T
Mnemcnic Operation 8 Z H FP/VN C 78 8543 210 Hax Bytes Cycles Statss Comments
JPnn PC+ nn e« « X o X o » & 11 000 O C3 3 3 10 cc  Condition
~-n-— 000 NZ{non-2aro)
—n—. oM Z(zero)
JPec,nn licondionce = = X ¢ X & e @ 11 cc 010 3 a 10 010  NC {non-carry)
is true PC+nn, N 011 Cicarty)
gtherwise ~n-—+ 100 PO (parity odd)
cortinug 101 PE {parity even)
JRe PC~PC+e = = X o X « » » (00 011 00C 18 2 3 12 110 P {sign positiva)
—g-Z2- 111 M(sign negative)
JRC, e fC=0, s o X » X & & « 00 111 000 38 2 2 7 I condition not met.
continue —g-2-
fC=1, 2 3 12 If condition is met.
PC+PC+e
JRNC. e IFC=1, e s X » X » » o 00 110 000 30 2 2 7 If gondition not met.
continue —g-2—
fC=0, 2 3 12 It condition is met.
PC—PC+e
JPZ e HZ=0 e« o X = X s e « D0 107 000 28 2 2 7 If condition nat met.
continue —p-2--
fZ=1, 2 3 12 i congiition is met.
PC+~PC+e
JANZ & (fZ=1, e = X o X o « ¢« 00 100 000 20 2 2 7 If condition not met.
continue —p—Z-
HZ=0, 2 k) 12 if condition s met.
PC+ FC+e
JPHL)  PC+HL « = X ¢ X =« » s 11 101 Q01 E9 1 1 4
JP (1) PC +IX e = X o X+ o« s 11 01 101 DD 2 2 B
11 101 001 ED
JP{IY) PC 1Y s« X o X &« » & 11 111 1001 FD 2 2 8
11 101 001 ES9
DJNZ,e B+B-1 e o X » X v & « 00 010 000 10 2 2 B FB=0
fB=0, +g-2—
continueg
If B%0, 2 3 13 1 B¥0.
PC—FPC+e

NOTES: & represents the extensian in the relative addressing moda.
#is & signal twa's complement number in the range < ~ 126, 120>,
u— 2 inthe opcode provides an effective address of pe + e as PC is incremented by 2 priof to the addittion of o,

18



CALL AND RETURN GROUP

Symbolic Flags Opcode No.of No.otM No.ofT
Mnemonic Operation - 4 H P/WNC 76 543 210 Hex Bytes Cycles States Commenis
CALLrn (SP—1~PCHq + = X = X = ¢ » 11 001 101 CD 3 5 17
BP-2)+PC —n—-
PC +nn, —n—-
CALL ¢,nn if condition e o X o X » o o 11 cc 100 3 3 10 If cc is false.
cc ig false —n-+
continue, -+ 3 5 17 If cc is true.
otherwise
same as
CALL nn
RET PCL=—(SP} » » X » X = « « 11 00t 001 C8 1 3 10
PCH+BP+1)
RETcc 1 condition « ¢ X o X s s s 11 oo 000 1 1 5 I} cc is false.
cc s false
continue, 1 3 11 Ifcoigtrue,
atherwise
same as RET cc  Condition
000 NZ {non-zerc)
o Z (zero)
010 NC (non-carry)
RETI Returnfrom = = X & X & & = 11 101 101 ED 2 4 14 011 Ciearry)
interrupt 01 001 101 4D 100 PO (parity odd)
RETN1 Returnfrom ¢ ¢ X » X = & « 11 101 101 ED 2 4 14 101 PE {parity even)
nor-maskabie 01 000 101 45 110 P {sign positive)
interrupt 111 M (sign negative)
RST p SP=N+PCH » =« X » X » ¢ » 11 t 11 1 3 " t p
{SP-2+PC 000 00H
PCH+D oot 08H
PCL~p 010 10H
11 1BH
100 204
101 2BH
140 30H
111 38H

NOTE: *RETN lpads IFFz = IFFy
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INPUT AND QUTPUT GROUP

Symbolic Flags Opcode No.of No.ofM No.of T

Mnemonic Opsration § 2 H PVYNC 76 543 210 Hex Byles Cycles Statea Comments

INA {0} A—in) » o X « X o« « « 11 011 O DB 2 3 11 ntoAg ™~ Az

~n-— Acc.1o Ag ™ Aqs

NG r=(C) t 4 X3 X PO 11 101 101 ED 2 3 12 ClaAgnv Ay
ifr=110only ot r 000 BloAg~ Aqg
the fags wilt
pe affecied

@

INI HU—{) X £ X X X X1 X 11 10t 101 ED 2 4 16 CloAg~Ay
B+~B-1 10 100 010 A2 BloAg~ Asg
HL+=HL+1 (D

INIR (HO+~(C) X 1 X X X X 1 X 11 101 11 ED 2 5 21 CloAg~Ar
B+B-1 10 110 010 B2 (It B#0) BtoAg~ Ag
HL=HL+1 2 P 18
Repeat until (HB=0)

BE=0D
©

ING (HL) = {C} X 3 X X X X1 X 11 101 101 ED 2 4 18 CtoAg~ Az
B~B-1 10 101 010 AA BloAg~ Arg
HLeHL-1 (@

INOR HU=@© X 1 XXX X1X 11 10 101 €D 2 5 21 ClohgmAy
B+B-1 10 111 016 BA T B#D) BioAg ™ Aqg
HL +=HL-1 2 4 16
Repeat untl (fB=0)

B=0

QUT{n}. A {ny=A e ¢ X » X s o o 11 010 011 03 2 3 1 nicAg~ Ay

+n—+ Acc. 1o Ag~ Aqg

OUT(Chr ()=t s ¢ X n X » = s 11 101 101 ED 2 3 12 CtoAg~ A7

o1 rooot BioAg~ Ay

ouTl ©@=HD X 1t X XXX 1X 11 101 101 ED 2 4 18 CtoAgn Ay

B+B-1 10 100 011 A3 B Ag~ Agg
HL=HL+1 (D

TR {Cy ~(HL} X1 XX XX1 X 11 101 101 ED 2 5 A CioAgn Az
B=~B-1 10 110 011 B3 ( Bw0) BtoAgr~ Aqg
HL = HL+1 4 4 16
Aepeat unt (B =0}

B=0
@

ouTD Cr+—{HL) ¥ o8 X XX X 1 X 11 101 10t ED 2 4 16 CtoAgr Ay
B+8-1 10 101 011 AB BtoAg~ Ag
HL = HL -1

OTDR {C) = (HL) x(?x XX X1 X 11 101 101 €D 2 5 21 CloAg~Ar
B=B-1 10 111 on (If B0} B o Ag ~ Ays
HL+—=HL-1 2 4 16
Repeat unti {iB=0)

E=0

NOTES: (D Itthe resutt of B - 1 iz zero, the'Z Nlag s set; otharwise itis reset.
(@ 2 fagis set upon instruction completian only.




A

SUMMARY OF FLAG OPERATION

rd Dy
instructiona s 2z H PV N € Comments
ADD A, s: ADC A, 5 $ ¢+ X 2 X Vv 0 ¢ B-bit add or add with carry.
SUBS; SBCA 5 CPs;NEG  # X ¢ X Vv 1 t B hit subtract, subtract with camy, compare and negate
accumnutator.
AND s { § X 1 X P 0 O Logical operation.
Ofis XORs t § X 0 X P 0 0 Logical operation.
INCs P} ¢ Xt X ¥V 0 . 8-bitincrement,
DECs $ 0+ X ot X Vo1 . B-bit decrement.
ADDDD, 85 e« & X X X = 0 16-bit add.
ADC HL, s8 i} 3§ X X X v 0 % 16-bit add with carry.
SBCHL, 58 t 3 X X X v 1 ¢ 16-bit subtract with carry.
RLA; RLCA; RAA; RRCA » « X 0 X e« 0 Rotate accumulator,
AL m; RLC m; RR m; 4 4 X 0 X P 0 % Rotate and shift locations.
RRC m; SLA m;
SAA m; SALm
RLD; ARD t ¢+t X 0 X P 0O = Rotate digit left and right.
DaA t ¢+ X ¢ X P s 3 Diecimal adjust acocumulator,
CPL s o+ X 1 X s 1 e Complament accumulator.
SCF « & X 0 X = 0 1 Setcarry.
CCF s &« X X X ¢ 0 ¢ Compiement carry.
M r{C) {1 ¢+ X 0O X P 0 » Input register indirect.
INI; IND; OUTI; OUTD X t X X X X 1 Biock input and output. Z = 1ifB % 0, otherwise Z = 0.
INIR; INDR; OTiR; OTDR X 1 X X X X 1 « Block input and output. Z = 1if B# 0, otherwise Z = 0.
L0 LDD X X% X 0 X 3 0 o Block transfer instructions. PAY = 1if BC # 0, otherwise PV = 0.
LCHRA; LDDR X X X 0 X 0 49 » Block transfer instructions. PV = 1if BC # 0, otherwise PV = 0.
CPI; CPR; CPD; CPDR X $ X X X ¢ 1 Block searchinstructions. Z = 1itA = (HL), otherwise Z = 0.
PV = 1ifBC # 0, otharwise PV = 0.
LDALLDAR t ¢+ X 0 X IFF 0 = {FF. the content of tha interrupt enatie flip-flop, (IFFy), is copied
into the P/ flag.
BITh.s X ¢ X 1 X X 0 The state of bit b of Iocation s is copied into the Z flag.
SYMBOLIC NOTATION
Symbol Operstion Symbol Operation
8 Signfiag. § = 1ifthe MSB of the resultis 1. $ The flag is affected according to the result of the
Z Zerofiag. Z = 1 iftha resuft of the operationis 0. operation.
PN Parity or overfiow flag. Parity (P} and overflow (V) . The ftag is unchanged by the operation.
share the same flag. Logical operations affect 0 The flag is reset by the operation.
this flag with the parity of the resuft while 1 The fiag is set by the operation.
arithmetic operations affect this flag with the X The flag is indeterminate.
overflow of the result. IF PV holds parity: PV = 1 v PV flag affected according to the overfiow result
i the result of the operation is even; PV = 0 if of the operation.
resutt is odd, i PAV holds overflow, PV = 1ifthe P PV flag affected according to the parity result of
result of the operation produced an overfiow. if - the operation.

P/V does not hold gverflow, PV = 0.

H* Haltcarry flag. H = 1 if the add or subtract
operation produced a carryinto, or borrow fram,
bit 4 of the accumulator.

N*  AddfSubtract flag. N = 1 if the previous
operation was a subtract.

c Carry/Link flag. C = 1 if the operation produced
acarry from the MSB of the operand or result.

-

Any one o the CPU registers A, B, C. D, E, H. L.

Any B-bit location for all the addressing modes

allowed for the particular instruction.

S5 Any 16-bit location for all the addressing modes
allowed for that instruction.

fi Any one of the two index registers X or IY.

R Refresh counter.

n 8-bit value in range < 0, 255 >,

nn  16-bit value in range < 0, 65535 >.

w0

* 14 ano N flags are used in conjunction with the dacimal adjust instruction (DAK) o properly correct the result into packed BCD format following acidition or

subtraction ugic  2e ands with packed BCO format.
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CPU REGISTERS

Figure 4 shows three groups of registers within the CPU.
The firgt group consists of duplicate sets of 8-tat regnsters: a
principal set and an alternale set [designated by * (prime),
e.g.. A'. Both sets consigt of the Accumulator register, the
Flag register, and six general-purpose registers. Transfer of
data between these duplicate sets of registers is
accomplished by use of "Exchange” instructions. The
result is faster response to imterrupts and easy, efficient
implemeantation of such versatile programming techmques

MAIN AEGISTER SET

as background-foreground data processing. The second
set of registers consists of six registers with assigned
functions. These are the | (interrupt register}, the R (Refresh
reqnsten), the IX and IY {Index registers}, the SP (Stack
Painter), and the PC {Program Counter). The third group
consists of two interrupt status flip-flops, plus an additional
pair of flip-flops which assists in identifying the interrupt
mode al any particular time. Table 1 provides further
information on these registers.

ALTERMATE REGISTER SET

ACCUMULATOR

FLAG REGISTER

© ACCUMULATOR

FLAG REGISTER

GENERAL PURPOSE

GENERAL PUARGSE

" GENERAL PURPOSE

GENERAL PURFOSE

GENERAL FURPOSE

GENERAL PURFPOSE

' GEMERAL PURPOSE

GENERAL FLRPOSE

GENERAL PURFOSE

GENERAL PURFOISE

' GENERAL PURPOSE

GENERAL PURPOSE

B BITE

16 BITS

1% INDEX REGISTER

Y INDEX REGISTER

SP STACK POINTER

Pz PAOGRAM COUNTER

b INTERRLUFT VECTOR R MEMORY REFRESH

- - —— B BTE ———————

INTERAURT FLIP-FLOPS STATUS

FFy IFE

0 = INTERRUPTS DISABLED STORES FFF1
1 = INTERRUPTS ENABLED DURING Hai
SERVICE

INTERAUPT MQOE FLIP-FLOPS

IMFy IMFy,

1] [ INTERAURT MOGE G
i 1 NOT USED

1 1 INTERRUST MODE 1
1 1

MITERAUPT MODE 2

Figure 4. CPU Registers

INTERRUPTS: GENERAL CPERATION

The CPU accepts two interrugt input signals: NMI and INT.
The NMI is a non-maskable interrupt and has the highest
pricrity. INT is a lower priority interrupt and it requires that
interrupts be enabled in software in order to operate, iNT
can be connected to multiple peripheral devices in a
wired-OR configuration.

The 780 has a single response mode for interrupt service
on the non-maskable intermupt. The maskable interrupt,
iNT, has three programmable response modes available.
Thess are:

8 Mode O

m Mode 1 — Peripheral Interrupt service. for use with
nen-8080/280 systems.

- sirmiiar to the 8080 microprocesson

m Mode 2 - a vectored interrupt scheme, usually daisy-
chained, for use with the 280 Family and compalible
peripheral devices.

The CPU services interrupts by sampling the Nt and INT
signals at the rising edge of the last clock of an instruction.
Further interrupt service processing depends upon the type
of interrupt that was detected. Details an interrupt
responses are shown in the CPU Timing Section.

Non-Maskable Interrupt (NMI. The nonmaskable
interrupt cannot be disabled by program contrc)l_and
theretore will be accepted at ali tmes by the CPU. NMiw
usuaily reserved for servicing only the highest priority type
interrupts. such as that for orderly shutdown after power




PIN DESCRIPTIONS

Ag-Aq5. Address Bus (output, active High, 3-state). Ag-Aq¢s
form a 16-bit address bus. The Address Bus provides the
address for memory data bus exchanges (up to 84K bytes)
and for /O device exchanges.

BUSACK. Bus Acknowledge (output, active Low). Bus
Acknowledge indicates to the reguesting device that the
CPU address bus, data bus, and control signals MREQ,
TORQ, RD, and WR have entered their high-impedance
states. The external circuitry can now conirol these lines.

BUSREQ. Bus Request (input, active Low). Bus Request
has a higher priority than NMI and is always recognized at
the end of the current machine cycle. BUSREQ forces the
CPU address bus, data bus, and control signals MREQ,
I0RQ, RD, and WR to go to a high-impedance state so that
other devices can control these lines. BUSREQ is normally
wired-OR and requires an external pullup for these
applications. Extended BUSREQ periods due to extensive
DMA operations car prevent the CPU from properly
refreshing dynamic RAMs.

Dy-D7. Data Bus (inputioutput, active High, 3-state). Do-Dy
constitute an 8-bit bidirectional data bus, used for data
exchanges with mamaory and 170,

HALT. Haft State {output, active Low). HALT indicates that
the CPU has executed a Halt instruction and is awaiting
either a nonmaskable or a maskable interrupt {with the mask
enabled) before operation can resume. While hatted, the
CPU executes NOPs to maintain memory refresh,

INT. jnterrupt Request (input, active Low). Interrupt Regquest
is generated by I/O devices. The CPU honors a request at
the end of the currert instruction if the internal
software-controlled interrupt ‘enable flip-flop {iFF)
enabled. TNT is normalty wired-OR and requires an external
pullup for these applications.

10RQ. input/Output Request (output, active Low, 3-state].
IORQ indicates that the lower half of the address bus holds a
valid 1/C address for an 1/O read or write operation. IORQis
also generated concurrently with M1 during an interrupt
acknowledge cycle to indicate that an interrupt response
vector carl be placed on the data bus.

M1. Machine Cycle One (output, active Low). M, together
with MREQ, indicates that the current maching cycle is the
opcode fetch cycle of an instruction execution, M3, together
with IORQ. indicates an interrupt acknowledge cycle.

MREG. Memoary Reguest {output, active Low, 3-stats).
MREQ indicates that the address bus holds a valid address
for amemory read or memory write aperation.

Non-Maskable interrupt (input,_negative edge-
triggered). NMI has a higher priority than INT. NMl is aiways
recognized at the end of the current instruction,
independent of the status of the interrupt enable flip-fiop,
and automatically forces the CPYU to restart at focation
(G0B6H.

RD. Read {output, active Low, 3-state). RD indicates that the

CPU wants to read data from memaory or an HO device. The
addressed 0 device or memory should use this signal to
gate data onto the CPU data bus.

RESET. Reset (input, active Low). RESET initializes the CPU
as follows: it resets the interrupt enable flip-flop, clears the
PC and Registers | and R, and sets the interrupt status to
Mode 0. During reset time, the address and databus goto a
high-impedance state, and alt control output signals go to
the inactive state. Note that RESET must be active for a
minimurm of three full clock cycles before the reset operation
is complete,

RFSH. Refresh (output. active Low). RFSH, together with

MREQ, indicates that the lower seven bits of the system’s

address bus can be used as a refresh address to the
systern's dynamic memories.

WAIT. Wait (input, active Low). WAIT indicates to the CPU
that the addressed memory or /O devices are not ready for
a data transfer. The CPU continues to enter a Wait state as
long as this signal is active, Extended WAIT periods can
prevent the CPU from properly refreshing dynamic
memaory.

WR. Write (output, active Low 3-state). W indicates that the
CPU data bus holds valid data to be stored at the addressed
memaory or KO tocation.
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CPU TIMING

The Z80 CPU executes insiructions by proceeding through
a spocitic sequence of operations:

m Memory read or write

| /O device read or write

® Interrupt acknowledge

The basic clock pericd is referred toas a T time or cycle, and
three or more T cycles make up amachine cycle (M1, M2 or
M3 for instance). Machine cycles can be extended either by
the CPU automatically inserting ane or more Wait states or
by the insertion of one or more Wait states by the user

Instruction Opcode Fetch. The CPU places the contents
of the Pragram Counter (PC) o the address bus at the start
of the cycle {Figure 5). Approximately_one-half clock cycle
later, MREQ goes active. When active, RD indicates that the
mernary data can be enabled onto the CPU data bus.

The CPU samples the WAIT input with the faling edge of
clock state T,. During clock states T and T4 of an M1 eycle,
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.

AF ] 4 T2 ] Tu ~\h ] T3 Ty ]
cLock _/..@.. (D> \ \ KJ \ / \ / \
o-l =0 |
-—(— - . (O]
Ro-Ass ] [ :’:' )’ REFAESH ADDA X
a0z
-3 ; N (D
D~ O; !
MREG K . (@ ¥
@ ~ @
AD ] \ E
Do e O T
T { 7\
@ @
LR ¢ " f
Du-D7 kF \‘ \: \: \: s5 X vau.n oATA _X !
—® [~z

i

RFSH

Figure 5. instruction Opcode Fetch
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Memory Read or Write Cycles. Figure 6 showsthetiming  becomes active when the address busis stable. The WR line
of memery read or write cycles other than an opcode fefch  is active when the data bus is stabie, so that it can be used
{MT) cycle. The MREQ and RD signals function exactly asin  directly as an RW pulse to most semiconductor memories.
the fetch cycle. In a memory write cycle, MREQ also

Ty Tz Tw Ts
CLOCK J \ \ \ f \ f \
—,
.' —~ @ |"I—
Ap-Aqs @:m ADGRESS H
zr = I
. ‘_® — -
MREG L S
T o B R [
WAIT { / . / \
— \f@ O
RO T aa’ J
READ -
OPERATION — el By - ®
— ~F ALID
w00y — Yt — L
| W
Wﬁ 1
WRITE 53—t () {35
OPERATION
Do-D7 r T DATAOUT

Figure 6. Memory Read or Write Cycles
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Input or Qutput Cycles. Figure 7 shows the timing foran  extra Wait state allows sufficient time for an /O port to
IO read or IO write operation. During I/O operations, the  decode the address from the port address lines.
CPYU automatically inserts a single Wait state (Twa). This

Tz otk Tw Ta
cLOCK \ k ’ k f
9, @
Ag-A7 _) VALID POHT ADDRESS _’:{ C
_ @ 4-@-“
foRd A 1 =~ /
t——{2 - —~
@»{L @ |+ <~ —r®
P ® —I-@“r—
(s T \ ¥
Bl:g : | @ e ’ 5 "’j i
OPERATION —_— TTT of . YALD %
Do-D7 p ALY oy DATA
o ~lop-
|
wa A4 4’?.:@*
wml';'_: i (3
OPERATION ey o
Do-07 : ':: DATA DUT

¥/
Twa = Dne wait cycle sutomaticaily insartad by CPU.

Figure 7. Input or Qutput Cycles




interrupt Request/Acknowledge Cycle. The CPU  During this M1 cycle, IORQ becomes active (instead i
samples the interrupt signal with the rising edge of the last MREQ) to indicate that the interrupting device can place an
clock cycle atthe end of any instruction (Figure 8). When an 8-bit vector on the data bus. The CPU automnatically adds
interrupt is accepted, a special M1 cycle is generated.  two Wait states 1o this cycle. :

T T Tz Twn Twa Tw Ta

At avatavaVa¥all
! > kel
INT
® —t®
Ag-Aix [ ':':
® | e ®
Wi h . ;I -
—pe] @ -— — 5
ioRa #. .
- 1)} —| 4 D | Al
@-i '-—lr*.‘@-.-l
WhiT : A\
—an] ..._® . @-—u 1—-'_' @
Ro-Dr 5 < ‘1 ‘1 ‘1 ,':' W vaLiD DATA C




Non-Maskable Interrupt Request Cycle. NMiissampled  memory read opsration except that data put on the bus by
at the same time as the maskable interrupt input NT buthas ~ the memory is ignored. The CPLI instead executes a restart
higher pricrity and cannot be disabled under software (RST) operation and jumps to the NMI service routine
control. The subsequent timing is similar to that of a normal located at addrass 0066H (Figure 9).

LAST M CYCLE
Ty T Tz T Ta Ta
cLocK _\_/
S [RC2IS b~V Rl Ay gt A wm——mt e n e —— -
L]
Ao—A1s x PC X_ REFRESH
T
—| -1— = |"I‘—
L3
. B
WRAE } ;k
l e S—
—| (1) |- - () [
NE :
- \ /
= Although NMI is an h Inpast, to g Its lwing g don the 2 cycie, NMY's talling edge must accaur no later than the rising sdge

of the clack cycle preceding fhe last staka of mry instructlan cycte {Ty).

Figure 9. Non-Maskable Interrupt Request Operation




Bus Regquest/Acknowladge Cycle. The CPU sampies to a high-impedance state with the rising edge of the next
BUSAED 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 controt of these lines, usually to transfer dala between
sets its address, data, and MREQ, IORQ, RD, and WR fines  memory and /O devices.

T : T Tx Tx _
cLOCK \_/ L_/ \
e — o~
BUSREG ! | \ Y 4‘7 'ﬁ

e @ |-
BUSACK .

Ag-Ris HF fot ‘i
— ] "'-@
oDy , o FLOAT e
— L0} —_
MREQ
RG. Wi 5 . FLOAT —
ioRa

L
t
@
I t

HALT UNHCHANGED

NOTES: 1) T = Lasl state of any M cycle.
2] Tx = An arbltrary clock cycle used by requesting device,

Figure 10. BUS Requeét!Acknowiedge Cycle




Halt Acknowledge Cycle. Whenthe CPU receivesa HALT  active and remains so until an interrupt is received (Figure
instruction, it executes NOP states until either an [N INT or NME 11}, INT will also force a Halt exit.
input is received. When in the Halt state, the FALT output is

ot M1 | M1
Ta T4 T2 T3 T4 T Tz
CLOCK
HALT X i
Hali Insiruction
Recaivad *
i_l w

* Although NI Is an asynchronous input, to g its balng Ized on tha ol hl

later than the rfising sdge of the clock cycle pretading the last siate of any inslruclion eyv:lo (T

cycla, NMI's falling edga musl occur no

Figure 11. Halt Acknowledge

Reset Cycle. RESET must be active for at least three clock  internal T cycles are consumed before the CPU resumes
cyales for the CPU to properly accept it. Aslong as RESET  normal processing operation. RESET clears the PC register,
remains active, the address and data buses fioat, and the so the first opcode fetch wilt be to location Q000H
control outputs are inactive. Once RESET goes inactive, two {Figure 12).
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Figure 12_ Reset Cycle




Power-Down mode of operation {Only applies to CMOS
780 CPU).

CMOS Z80 CPU supports Power-Down mode of operation.

This mode is aiso referred to as the "standby mode”, and
supply cument for the CPU goss down as low as 10 uA
{Where specified as icg,).

Power-Down Acknowledge Cyele. When the clock input
tothe CPU 15 stopped al ether a High or Loweved. the CPU
siops s operaton and mairtaing all registers and control
signals However ..o (standby supply current] is
guaranteed only whenthe system clock s stopped at a Low

HALT

level gunng T, of the maching cycle lollowang the execihon
o! the HALT instruction The timing diagram for the
power-down functon, when implemented with the HALT
instruction, is shown m Figure 13.

Py

T F

Figure 13. Power-Down Acknowledge
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Power-Down Release Cycle. The system clock must be  NOTES:
supplied to the CPU 1o release the power-dawn state. When 1) When the external osciialor has been stopped to enter the power-down
the system clock is Supp!ied to the CLK input, the CPU state, sorme warm-up time may be required to obtain a stable clock for

. . . the release.
restarts operabons trom the point at which the power—down 2} when the HALT instruction is executed to enter the pawer-down state,
state was implemented. the CPU will also enter the Halt state. An interrupt signal {either NMT or
The timing diagrams for the release from power-down mode Ty ar a RESET signal must be appled to the CPU after the system
are shown in Figure 14. clock i supplied in order to release the power-down state.
T Tz T1 T T

r i

Figure t4a.

n T2 L Ta
o rd
i Cd

ARSET

HALT /
. i s

Figure t4b,

T T2 Ta T T T2 Twva Twa,

CLK
! -
ri rd

Figure t4c.

Figure 13. Power-Down Releass




ABSOLUTE MAXIMUM RATINGS

Stresses greater than those listed under Absoiute Maximum Ratings may
cause pemnanent damage to the device. This is a stress rating only;
operation of the device at any condition above thase indicated in the
operalional sections of these specifications is rot implied. Exposure to
absclute rmaximum rating conditions lor extended periods may affect
device reliability.

Voltage on Voo with respecttoVgs. ... ... ~0.3Vio +7V
Yoltages on all inputs with respect

toVgg ..o ~0.3VioVee + 0.3V
Operating Ambient

Temperature .. ... ... ... See Ordening Information
Storage Temperature . ... ... ... . ... ~-65°C to +150°C
STANDARD TEST CONDITIONS

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

Available operating temperature ranges are:
m S=0rCio +70°C
Yoltage Supply Range:
NMOS: +4.75V € VCC € +525V
CMOS: +4.50V < VCC £ +5.50V
| E=-40°C o 100°C, +4.50V < VCC < +5.50V

All ac parameters agsume a load capacitance of 100 pf. Add
10 ns delay for each 50 pfincrease in load up to a maximum
of 200 pf for the data bus and 100 pf for address and contrel
lines. AC timing measurements are referenced to 1.5 volts
{except for clock, which is referenced to the 10% and 90%
paints). : :

The Ordering nformation section lists temperature ranges
and product numbers. Package drawings are in the
Package Information section. Refer to tha Literature List for
additional documentation.
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DC CHARACTERISTICS (Z84C00/CMOS Z80 CPU)

Symbol Parameter Min Max Unit Condition
Vi Clock input Low Voltage -0.3 0.45 v
VIHG Clock Input High voltage Ver— 6 Voo +.3 v
ViL |nput Low voltage -03 0.8 W
Vid Input High Voltage 22 Ve v
VoL Quiput Low Voitage 0.4 W lgL = 2.0mA
YOHy Qutput High Voltage 2.4 v lgn = —1.6mA
VoHg Cutput High Voltage Vec-0.8 v loy = —250pA
Iccy Pawer Supply Current 4 MHz : 20 mA Voo = 6V
6 MHz 30 mA Vi = Yoo - 0.2V
8 MHz 40 mA Wi = 0.2V
10 MHz 50 mai
20 M2 00 m#y Voo = 9V
folo?) Standby Supply Current 10 pA Voo = 5V
CEK = (0}
Vi = Voo — 0.2V
VL = 0.2v
I Input Leakags Current -10 10 uA Vin = Qdto Vg
o 3-State Qutput Leakage Currentin Float -10 102 wh Vour = dto Voo

1. Measurements made with outputs ficating.

2. AP, O7-Dg. MAEQ, IDRG. RD, and WR,

3. |CC;; standby supply current is guaranteed only when the supplied clock is stopped at a lew leved during T4 of the magchine cycle immediately fellwing
the execution of a HALT ingtruction.

CAPACITANCE
Symbol Parameter Min Max Unit
ColocK Clock Capacitance ’ 10 pf
Cin Input Capacitance 5 pf
Caut Output Capacitance 15 pf

Ty = 25°C, f = 1MHz.
Unmeasurad pins returned to ground.
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AC CHARACTERISTICS? (z84C00/CMOS Z80 CPU)
V=50V £ 10%, unless otherwise specified

Z84C0004  ZB4CO00B ZBACOO0B Z84C0010 ZB4CO0Z0[1] Unit Note

No Symbaol Parameter Min Max Min Max Min Max Min Max Min Max
1 TeC Clock Cycle time 250" DC 162 DC 125" 0BC 100" DG 50° DC n3
2 TwCh Clock Pulse width (high) 10 DC 65 BC 55 DC 40 DC 20 OC n3
3 TwCl Clock Putse width {low) 110 ODC B85 DC 55 DC 40 DC 20 DC ns
4 TIC Clack Fall time 30 20 10 10 10 nS
5 TG Clock Rise time 30 20 10 10 10 nS
6 TdCrA) Address vaild from Clock Rise 110 20 80 65 57 ns [2]
7 TdA(MREQF Address valid to /MREG Fall 85" 35* 20* 5* -15* nSs
8 TdCH{MREQf) Clock Fall to MREQ Fail delay 85 70 60 55 40 n3
9 TdCAMREQr) Chck Rise to MREQ Rise delay 85 70 B0 55 40 n3
10 TwMREQH MREQ pulse width {High) 1o 65" 45 30 10 ns [3]
11 TWMREQI MREQ pulse width {low) 220* 132* 100" 75" a5t ns 3]
12 TACHMERQr) Clock Fait to MREQ Risa delay 85 70 60 55 40 n3
13 TdCHRDH) Clock Falt to /RD Fall delay 95 80 70 65 40 ns
14 TJCr{RDr} Clock Riser to /RD Rise delay BS 70 80 55 40 nS
15 TsD(Cr) Data setup time to Clack Rise 35 30 30 25 12 nS
16 ThD{RDr) Data hold time after /RD Rise ¢! 0 ¢l ¢] v} nS
17 TsWAIT(Cf)  MWAIT setup time to Clock Fall 70 80 50 20 75 ns
18 THWAITICH  MWAIT hold time after Clock Fall 10 10 10 10 10 nS
19 TdCr(M1f} Ciock Rise to M1 Fail delay 100 80 70 65 45 nsS
20 TdCr{Mtr} Clock Riss to /M1 Rise dslay 100 80 70 65 45 nS
21 TdCr(RFSHf} Clock Rise to {RFSH Fall delay 130 110 95 a0 60 nS
2z TdCr(RFSHr) Clock Rise to /RFSH Rise delay 120 100 B85 B0 &0 nsS
23 TdCHRDr} Clock Fall to /RD Rise delay a5 70 60 55 40 n3
24 TdCr{RDBf) Clock Rise to /RD Fall delay 85 70 60 55 40 n3
25 TsD{Cf) Data setup to Clock Fall during

M2, M3, M4 or M5 cycles 50 40 30 25 12 nS
26 TdA(IORQf)  Address stable prior to 1807 107" 75" a0 o nS

AORQ Fall
27 TJCKIORO) Clock Rise to /IORQ Fal! delay 75 65 55 50 40 nS
28 TdCHIORQr) Clock Fall to ACRQ Rise delay BS 70 80 55 a0 ns
29 TdD{WRfiMw Data stabie priot to /WR Fali 80* 22" 5* a0* -10* nS
30 TdCHWR Clock Fali to /WR Fall delay 80 70 60 55 40 nS
31 TwWH MR pulse widih 220* 13z 100" 75" 25 nS
32 TdCH{Whr) Clock Fall to /WR Rise delay &0 70 60 55 40 n3
33 TdD{WRHHO Data stable prior to /WR Fall -10* -55" -55* -0 -30° ns
34 TdCwRf)  Clock Rise to /WR Fall delay 65 60 60 850 40 nS
35 TdWRrD) Data stable from /MWR Rise 60° 30" 15* Lo o nsS
36 TdCHHALT) Clock Fall to HALT 'L’ or 'H 300 260 225 0 70 nS
ar TwiNMI MMI pulse width a0 B0 [0 =] 60 nS
38 TsBUSREQ /BUSREQ setup time 50 50 40 a0 15 nS

(Cn to Clock Rise

“For Llock penods other than the snrmums shown, Galculate parameters Lsng the lable on the foliowing page
Caicuated values above assumed TiC = TIC = 20 ns.

TUnts 0 nanoseconds (s)

11 For loading > 50 pl. Decraase width by 10 ns for each additlonal 50 pf. .

‘74 M1z CMOS 780 is obsoleled and replaced by 6 MHz

as



AC CHARACTERISTICS! (Z84C00/CMOS Z80 CPU; Continued)
V,.=5.0V 1 10%, uniess otherwise specified

78400004 ZB4CO006 ZBACOO08 ZBACOD10 ZBACO020[1] Unit Mote
No Symbol Parameter Min Max Min Max Min Max Min Max Min Max
39 ThBUSREQ /BUSREQ held time 10 10 10 10 10 ns
{Cn) after Clock Rise
40 TdCr Clock Rise to [BASACK 100 20 80 75 40 nS
{(BUSACKS  Fall delay
41 TdCf Clock Fall to /BASACK 100 90 a0 75 40 ns
(BUSACKr}  Rise delay
42 TdCrDz} Clock Rise 1o Data float delay Q0 B0 70 65 40 ns
43 TdCHCTz) Clock Rise to Control Outputs
Float Dalay ({MREQC, f/IORQ,
MRD and AWR) 80 70 60 65 40 nS
44 TdCr(Az) Clock Rise o Address 80 80 70 75 a0 nS
float delay
45 TdCTr(A} Address Hold time from MREQG,  B0* as* 20" 20" o nS
ACRG, RD or MR
46 TsRESET{Cr) /RESET to Clock Risa setup time 60 60 45 40 15 nS
47 ThRESEWCry /RESET to Clock Rise Hold time 10 10 10 10 10 ns
48 TsINTHCr} {/INT Fall to Clock Rise a0 70 55 50 15 nS
Setup Time
49 ThINTY(Cr) ANT Rise to Clock Rise 10 10 10 10 10 nS
Hold Time _ ) _
50 Tdmtf M1 Fall to /IORQ Fall delay 565" 359 270* 220" 100% nS
(IORCH)
51 TFdCHIORQH  /Clock Fall to /IORG Fali delay B5 70 60 55 45 nS
52 TdCHIORQR Clock Rise to /IORQ Rise dalay 85 70 B0 55 a5 nS
53 TdCHD) Clock Fall to Data Valid delay 150 130 15 110 75 ns
Hotes:
* For Clock periods other than the minirmum shown, calculale parameters using the following table.
Calculated values above assumed TiC = TfC = maxirmum.
** 4 MHz CMOS 780 s obsoletad and replaced by & MHz
[1] ZBACOOZ0 parameters are guuaranteed with 50pF load Capacitance.
[2] If Capacitive Load is ottwr than 50pF, plaase use Figure 1. to calculate the value.
[3] Increasing detay by 10nS for each 50pF increase in loading, 200pF max for data lines, and 100pF lor contred lines.
FOOTNOTES TO AC CHARACTERISTICS
No  Symbol Parameter 784C0004" ZB4C0005 ZB4C0008 ZB4C0G10 Z84C0020
1 TcC IwCh + TwCl + Tr(C + TIC
7 TdAMREQf) TwCh + 11C -65 -50 R ) -45 -45
10 TwMREQh TwCh + TiC -20 -20 -20 -20 -20
11 TwMREQI TcC -30 -30 -25 -20 =29
26 TdAJIORQD ch -70 -55 -50 -50 -50
2 TdD{WRD 1cC =170 -140 -120 -B0 -60
31 TwWwR TG -30 -30 -5 =75 -5
33 [dD{WRf) TwCt + TrC -140 -140 -120 -60 -60
35 1dWRr(D) TwCl + TrC -70 -55 -50 -40 -25
45 TaCTr{A) TwCl + TrC -50 -50 -45 -30 -30
50 1dMIEIORQNH 2TcC + TwCh + TIC -65 -50 -45 -30 -30
AC Test Conditions: Wiy = 20V ¥ou = 1.5V Vimg = Voo —08V FLOAT = 205V
Vi =08Y VoL = 1.8 v YiILE = 045V




140

© @100C
5 130 —
g
5 120 —
a.
3110_
g
5 10 — — — — —
5 [
g 890 —] |
] |
a‘: 80 — |
|
70 I LI LA L B

i} 20 40 60 80 160 120 140
Load Capacitance (pf)
Figure 1. Address Delay Characteristics
{Parameter 8)
DC CHARACTERISTICS (Zs400MNMOS Z80 CPU)
All parameters are tested unless otherwise noted.
Symbol Parameter Min Max Unit Test Condition
YiLe Clock Input Low Voltage ~-0.3 0.45 v
ViHe Clock Input High Voltage: Ve~ 6 Voo +.3 v
WiL fnput Low Voltage -3 08 W
Vi input High Voltage 2.0t Vee v
VoL Qutput Low Voltage 0.4 W I, =2.0ma
Vou Qutput High Voltage 2.4 v loH= =250 kA
oo Fower Supply Current 200 A Mote 3
Iy Input Leakage Current 10 T Vin=0t0 Ve
Lo 3-State Qutput Leakage Current in Fipat ~10 102 WA VouT=0.410Veg
1. For military grade parts, refer to the Z80 Mililary Elecirical Spacification.
2. Ays-Ag Dy-Dy, FREQ, IOATL D, and WR.
3. Measurements made with cutputs #oating
CAPACITANCE
Guaranteed by design and characterization.
Symbol Parameter Min Max Unit
CoLock Clock Capacitance 35 pf
Cin Input Capacitance 5 pf
Cout Qutput Capacitance 15 pt
NOTES:

Ta = 25°C.1 = 1 MHz.
Unmeasured pins returned to ground.
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AC CHARACTERISTICS! (Ze400/NMOS Z80 CPU)

Z0B40004 20840006  Z0840003

Number Symbol Parameter Min Max Min Max Min Max
1 TG Clock Cycle Time 250" 162" 125°
2 TwCh Clock Pulse Width (High) 110 2000 65 2000 55 2000
3. TwCl Clock Pulse Width (Low) : 110 2000 65 2000 55 2000
4 TIC Clock Fall Time a0 20 10
5 Ri(¥] Clock Rise Time 30 20 10
[ TdCr{A) Clock 1 to Address Valid Delay 110 90 80
7 TdAMREQH Address Valid to MREQ + Delay 65" 35" 20*
8 TdCHMREQR  Clock 4o MREQ ¢ Delay 85 70 &0
9  TdCHMREGH)  Clock tlo MREQt Delay 85 70 60
10 TWMREQh MREQ Pulse Width (High) 1ot 65"t 4501
11 TWMREQI MREQ Pulse Width (Low) 220" # 1351 1601t
12 TACHMREQr)  Clock + to MREQ 1 Delay 85 70 60
13 TdCHROH Clock b to RD | Delay 95 80 70
14 TdCr(RDR Clock t to RD t Delay B85 70 60
15 TsD{Cr) Data Setup Timetc Clock * 35 3G 30
1%  ThD(RDH Data Hold Time to RD * 0 0 0
17 TeWAIT(CR WAIT Setup Time to Clock 4 70 60 50
18 ThWAIT(CT WATT Hold Time after Clock + 0 Q Q
18 TdCr{M1h Clock # 1o M1 4 Delay 100 80 70
20 TdCr{M1n Clack tto M1 t Delay 100 an 70
21 TdCrRFSHI) Clock tto RFSH + Delay 130 110 95
22 TdCHRFSHN  Clock tto RFSH ¢ Delay 120 100 85
23 TdCHRDr) Clock + to AD 1 Delay 85 70 60
24 TdCr{ROM) Clock t to BD 4 Delay 85 70 60
25 TsD{CH) Data Setup to Clock + during Mo, Mz, 50 40 30
My, or Mg Cycles
26  TdAQORQH Address Stable prior 10 1ORQ 180°* 110* 75"
27 TdCr(IORQH Clock 1 to IORGH+ Delay 75 65 55
28 TdCHIORQr  Clock b0 IORQ 1 Delay 85 70 60
29 TdD{WRN Data Stable prior to WR + BO* 25+ 5°
30 TdCHwR) Clock + toWR & Delay 80 70 60
31 TWWR WR Pulse Width 220" 135" 100"
32 TdCHwWRr) Clock + to WR 1 Delay 80 70 60
33 TdD{WRA Data Stable prior to WH -10* -55* 55*
34 TdCrWRl Clock t 1o WR + Delay 65 60 55
35  TdWR(D) Data Stable from WH 1 60" 30° 15°
36 TACKHALT) Clock +to HALT for ¢ 300 260 225
37 TwNMI NMI Pulse Widith 80 70 0
38  TsBUSREQICH) BUSREQ Setup Time to Clock t 50 50 a0

* For clock penods other than the rinmums shown, calculate parameters using the table an the following page. Calgulated values above
assumed e = TIC = 20 ns.
tunits in nanosaconds {ng}.

wFubadrvggﬂ!pl,DsuamwﬂhbyiOmforoachadclﬂma!Sﬁpt
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AC CHARACTERISTICS' (z8400/NMOS Z80 CPU; Continued)

20840004 20840006 Z0gaA0ons
Number Symbol Parameter Min Max Min Max Min Max
3¢ ThBUSREQICr BUSREQ Hold Time after Clock t ) 0 0
40 TdCr{BUSACKS) Clock *to BUSACK + Delay 100 a0 80
41 TACHBUSACKN Clack b to BUSACK 1 Delay 100 90 80
42 TdCr{Dz) Clock * to Data Float Delay 0 80 70
43 TdCr{CTz) Clw Contral @tputs lio_at Delay 80 70 80
{(MREQ, FORQ, RD, and WH)
44 TdCr{Az) Clock * ta Address Float Delay 90 80 70
45 TICTHA) MREQ t, IORQt, ADt, and WR t 10 80" 35+ 20"
Address Hald Time
46 TSRESET(Cr)  RESET to Clock t Setup Time 60 60 45
47 TRRESET(CH  RESET to Clock t Hold Time 0 0 0
48 TelNTHTK INT to Clock t Setup Time a0 70 55
49 THRINTCH INT to Clock t Hold Time 0 Q 0
50 TAMIHIORGH M1 +toIORQ + Delay 565" 365* 270"
51 TdCHIQRQRH Clock + 10 IORG + Delay 85 70 60
52 TdCHIORCH) Clock 1 1ORG t Delay 85 70 60
53 TQCHD) Clock + to Data valid Delay 150 130 115
“For clock periods other than the mirimums shown, calculate parameters using the following table. Calculated values above
assumed TG = TIC = 20 ns.
tilnits in nanoseconds (ns).
FOOTNOTES TO AC CHARACTERISTICS
Number Symbol General Parameter 20840004 Z0BA000G 20840008
t TcC TwCh + ™WCl + TiC + TIC
7 TAAMREQR TwCh + TIC - 65 - 50 -45
10 TwMRAEQhH TwCh + TIC ~20 ~20 -20
11 TwMRECH TeC - 30 -~ 30 -25
26 TAA{IORQR TeC - 70 ~55 - 50
28 TdD{WRT TcC - 170 - 1440 —120
3 TwWR TeC - 30 -30 -25
33 TdD{WRF TwCl + 7T - 140 —140 -120
35 TWRrD} Twll + T - 70 -53 — 50
45 TACTRA) TwCl + ®C - 50 - 50 -45
50 T 1HIORC 2Tcs + Twilh + TIC - 65 —50 —45
AC Test Conditions:
Wiy = 2.0¥ Vo = 1.5V
Vi =08V Vg = 15V
¥ing = Yo —06V FLOAT = £+05Y
Vi =045V
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