Product Specification

Z8400/Z84C00 NMOS/CMOS
Z280° CPU
Central Processing Unit

FEATURES

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

u NMOS versionfor low cost high performance solutions,
CMOS version for high performance low power de-
signs.

® NMOS Z0840004 - 4 MHz, Z0840006 - 6.17 MHz,
Z0840008 - 8 MHz.

m CMOS Z84C0006 - DC to 6.17 MHz, Z84C008 - DC to
8 MHz, 784C0010 - DC to 10 MHz, Z84C0020 - DC -
20 MHz

& 6 MHz version can be operated at 6.144 MHz clock.
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Figure 1. Pin Functions

& The Z80 microprocessors and associated tamily of
peripherals can be finked by a vectored interript sys-
tem. This system can be daisy-chained to allow implem-
entation of a priority interrupt scheme. :

8 Duplicate set of both general-purpose and flag re%gisters.
| Two sixteen-bit index registers.

m Three modes of maskable interrupts: |
Mode 0—8080A similar; i
Mode 1—Non-Z80 environment, location 38H: '

Mode 2—Z80 family peripherals, vectored interfupts.

B On-chip dynamic memory refresh counter. !
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Figure 2. 40-pin Dual-In-Line (DIP), Pin Assignments
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Fiqure 2b. 44-Pin Chip Carrier Pin Assianments

GENERAL DESCRIPTION

The CPUs are fourth-generation enhanced microproc-
essors with exceptional computational 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
read/write memory that are accessible to the programmer.
These registers include two sets of six general-purpose
registers which may be used individually as either 8-bit
registers or as 16-bit register pairs. In addition, there are two
sets of accumulator and flag registers. A group of
“Exchange” instructions makes either set of main or
alternate 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 (countet), and an
Interrupt register. The CPU is easy to incorporate into a
system since it requires only a single + 5V power $ource. 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 processors. Subsequent text provides more
detail on the I/O controller family, registers, instriiction set,
interrupts and daisy chaining, and CPU timing.
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Figure 3. Z80C CPU Block Diagram
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Table 1. Z80C CPU Registers

Register Size (Bits) Remarks

A A Accumulator 8 Stores an operand or the results of an operation.

FF’ Flags 8 See Instruction Set.

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

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

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

E.E’ General Purpose 8 Can be used separately 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.

L L General Purpose 8 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—Lowbyte
D—Highbyte E— Lowbyte
H — High byte 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 refresh. Automatically
incremented and placed on the address bus during each
instruction fetch cycle.

IX Index Register 16 Used for indexed addressing. B

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 instrlnction
set.

PC Program Counter 16 Holds address of next instruction. ,

IFF4-IFF» Interrupt Enable Flip-Flops Set or reset to indicate interrupt status (see Figure 4).

IMFa-IMFb Interrupt Mode Flip-Flops Reflect Interrupt mode (see Figure 4). ‘

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

Maskable Interrupt (INT). Regardless of the interrupt
mode set by the user, the CPU response to a maskable
interrupt input follows a common 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
(M1) cycle in which IORQ 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 required to acknowledge the interrupt request.

Mode 0 Interrupt Operation. This mode is similar to the
8080 microprocessor interrupt service procedures. The
interrupting device places an instruction on the data bus.
This is normally a Restart instruction, which will initiate a call

1
to the selected one of eight restart locations in pagg zero of
memory. Unlike the 8080, the Z80 CPU resp
Call instruction with only one interrupt acknowled#e cycle
followed by two memory read cycles. |

Mode 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 location, OOJﬂH.

Mode 2 interrupt Operation. This interrupt mode has been
designed to most effectively utilize the capabilities of the
Z80 microprocessor and its associated peripheral
interrupting peripheral device selects the starting address
of the interrupt service routine. It does this by placing an 8-

bit vector on the data bus during the interrupt acknawledge
lower
8 bits:

cycle. The CPUforms a pointer using this byte as #
8 bits and the contents of the | register as the up,

This points to an entry in a table of addresses for interrupt
service routines. The CPU then jumps to the routine at that
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address. This flexibifity in selecting the interrupt service
routine address allows the peripheral device to use several
different types of service routines. These routines may be
located at any available location in memory. Since the
interrupting device supplies the low-orderbyte of the 2-byte
vector, bit 0 (A,)) must be a zero.

* Interrupt 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-flops is described in Table 2. For more details, refer to
the Z80 CPU Technical Manual (03-0029-01) and 280
Assembly Language Programming Manual (03-0002-01).

Table 2. State of Flip-Flops

Action IFFy IFF; Comments

CPU Reset 0 0  Maskable interrupt
INT disabled

Dl instruction execution 0 0  Maskable interrupt
INT disabled

El instruction execution 1 1 Maskable interrupt
TNT enabled

LD Al instruction execution . e [FFp — Parity flag

LD AR instruction execution e e IFFp — Parity flag

Accept NMI 0 e Maskable interrupt
TNT disabled

RETN instruction execution IFFp e IFFp = IFFq at
completion of an
NMI service

routine.

INSTRUCTION SET

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

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

the flag status, and gives comments on each instruction. For .

an explanation of flag notations and symbols for mnemonic
tables, see the Symbolic Notations section which follows
these tables. 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:

O 8-bit loads

0O 16-bit loads

O Exchanges, block transfers, and searches
'O 8-bit arithmetic and logic operations

O General-purpose arithmetic and CPU control

O 16-bit arithmetic operations

]

Rotates and shifts

O Bit set, reset, and test operations
0O Jumps

O Calls, returns, and restarts

[m} Inpm and output operations

|

efficient and fast data transfer between various registers,
memory locations, and input/output devices. |These
addressing modes include: :

A variety of addressing modes are implemented to%permit

Immediate
Immediate extended
Modified page zero
Relative

Extended

Indexed

Register

Register indirect
Implied

Bit

0 00O O0OoOooooo o

b
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8-BIT LOAD GROUP

Symbolic Flags Opcode No.of No.ofM No.ofT
Mnemonic  Operation H PNV N 76 543 210 Hex Bytes States Comments
[RoXA Y rer e X o o 01 r r 1 4 nr Re_g._
LDrn r<n e X o o 00 r 10 2 7 000 B
“-n- 00t C
LD (HY) r+(HL) e X o o o1 r 110 1 7 010 D
LDr(X+d) re(X+d) e X o o 11 011 101 DD 3 19 o011 E
01 r 110 100 H
-d- 101 L
LD (Y+d) r<(Y+d) o X o o 11 111 101 FD 3 19 1M1 A
(] r 10
-d-
LD(HL), r (HL) «r e X o o 01 110 1 7
LO(X+d).r (X+d)+r e X o o 11 011 10t DD 3 19
01 110 r
-—d-.
LOQY+d),r (Y+d)+r ¢« X o o 1111 101 FD 3 19
01 110 r
—d-
LD(HL,n  (HU)<*n e X o o 00 110 110 36 2 10
“-n-
LD(@X+d,n (X+d)+n ¢« X o o 11 011 101 DD 4 19
110 110 36
-—d—-

-—n— -

PS017801-0602



8-BIT LOAD GROUP (Continued)

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic Operaton S 2 H PVN C 76 543 210 Hex Bytes Cycles States Comments
LD@Y+d)n (Y+d)e=n e ¢ X o X o e o 11 111 101 FD 4 5 19
00 110 110 36
—d-
O—n—b
LDA,(BC) A< (BC) o o X o X e o o 00 001 010 OA 1 2 7
LDA,(DE) A<(DE) e ¢« X o X o o o 00 011 010 1A 1 2 7
LDA,(nn)  A<(nn) e ¢« X o X o o ¢ 00 111 010 3A 3 4 13
Q—n—b
bl 1 had
LD(BC),A (BC)+A e ¢ X o X o e o 00 000 010 02 1 2 7
LD(DE),A (DE)+A e o X o X e o o 00 010 010 12 1 2 7
LD (nn), A (nn) <A ¢ o X o X o e o 00 110 010 32 3 4 13
Q—n—b
Q—n—.
LDA,I A« ¢ § X 0 XIFFO e 11 101 101 ED 2 2 9
01 010 111 57
LDA,R A<«R ¢ § X 0 XIFFO ¢ 11 101 101 ED 2 2 9
01 011 111 5F
LDI, A <A ¢ o X o X o o o 11 101 101 ED 2 2 9
0ot 000 111 47
LDR,A R+A e o X o X o o o 11 101 101 ED 2 2 9
01 001 111 4F
NOTE: IFF, the content of the interrupt enabie fip-flop, (IFFy), is copied into the PV flag.
16-BIT LOAD GROUP
Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic Operation S Z H PIVN C 76 543 210 Hex Bytes Cycles States Comments.
tDdd, nn dd «nn ¢ e X o X o o o 00 ddo 001 3 3 10 dd Pair_L__
-n—> 00 B8C
“n- o1 DE
LDIX, nn IX<+nn e o X e X e o o 11 011 101 DD 4 4 14 10 HL
100 001 21 1 sP
Q—n—b
4—"—#
LDIY, nn IY «<nn e o X o X e e o 11 111 101 FD 4 4 14
100 001 21
C—n—'
Q—n-b
LDHL,(nn) H<(nn+1) e e X e X o o o 00 101 010 2A 3 5 16
L« (nn) “-n-—
Q-n—t
LDdd,(nn) ddy+(n+1) e e X e X o o o 11 101 101 ED 4 6 20
dd_ +(nn) 01 dd1 011
-—n--
Q—n—’

NOTE: (PAIR)y, (PAIR)_ refer to high order and low order eight bits of the register pair respectively. e.9.. BC| = C,AF = A,
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16-BIT LOAD GROUP (Continued)

Symbolic Flags Opcode No.of No.ofM No.of T i
Mnemonic Operation S H PV N 76 543 210 Hex Bytes Cycles States Common*s
LDIX, (hn) Xye=(n+1) o o X o o 11 011 101 DD 4 6 20
IXL « (nn) 00 101 010 2A
-n—
Q—n—b
LOIY,(nn)  IYq<(nn+1) « X o o 1. 111 101 FD 4 6 20
1Y, < (nn) 00 101 010 2A
“-n-—
Q—n*
LQ(nn).HL (n+1)«H o e X o o 00 100 010 22 3 5 16
{nn)+L “n-
had 1 Bnd
LD(nn),dd  (nn+1)+ddy * ¢« X o o 11 101 101 ED 4 6 20
(nn) - dd; 01 ddo 011
-n—
«-n—
LD (nn), IX (Mn+1)+IXy o e X o o 11 011 101 DD 4 6 20
(nn) +1X_ 00 100 010 22
4—n-0
LD (nn), IY (nn+1)+iYy e e X o o 11 111 101 FO 4 6 20
(nn) =1y 00 100 010 22
Q—n-‘
‘—n-.
LDSP HL SP«HL e X o o 11 111 001 F9 1 1 6
LD SR, IX SP«IX e X o o 11 011 101 DD 2 2 10
11 111 001 F9
LDSRIY SP«1IY . o X o o 11 111 101 FD 2 2 10
11 111 001 F8 qq Paf
PUSHqq (SP-2)+qq, * e X o o 11 gq0 101 1 3 1 00 BC
(SP~1)+aqau o1 DE
SP-+8P -2 10 HL
PUSH IX SP=-2)«IX o e X o o 11 011 101 DD 2 4 15 1 AF
(SP-1)«IXy 11 100 101 E5
SP-+SP -2
PUSH IY (SP-2)+1IY_ e e X o o i1 111 101 FD 2 4 15
(SP-1)+~IYy 11 100 101 E5
SP—+SP -2
POP qq Q< {(SP+1) o o X o o 11 qq0 001 1 3 10
qql « (8P}
SP—+SP +2
POP IX Xy (SP+1) o e X o o 11 011 10t DD 2 4 14
X, + (SP) 11 100 001 E1
SP—-+SP +2
POPIY IYy+-(SP+1) e e X. o o 11 111 101 FD 2 4 14
1Y, +(SP) 11 100 001 Ei
SP-+SP +2 i
NOTE: (PAIR)y. (PAIR)_ refer to high order and low order eight bits of the register pair respectively, e.g., BC; = C,AFy = A. :
|
|
I
11
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EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic Operation § 2 H PIVN C 76 543 210 Hex Bytes Cycles States Comments
EXDE,HL DE<-HL * ¢ X o X o o o 11 101 011 EB 1 1 4
EXAF, AF'  AF « AF’ ® ¢« X o X e o o 00 001 000 08 1 1 4
EXX BC+ BC’ ¢ e X o X e o o 11 011 001 D9 1 1 4 Register bank
DE + DE' and auxiliafy
HL < HL' register bank
exchange
EX(SP)HL H+(SP+1) e o X e X o o o 11 100 011 E3 1 5 19
L+ (SP) -
EX(SP),IX Xy« (SP+1) ¢ e X e X e ¢ e 11 011 101 DD 2 6 23
1%+ (SP) 11 100 011 E3
EX(SP).IY  IYy+(SP+1) ¢ o X o X o ¢ o 11 111 101 FD 2 6 23
IYL + (SP) o 11 100 011 E3
LDl (DE)<(HL) e ¢ X 0 X & 0 ¢ 11 101 101 ED 2 4 16 Load(HL)into
DE < DE +1 10 100 000 A0 (DE), increment
HL «HL+1 the pointer}"and
BC+BC-1 decrementithe
byte countdr
® . ®0)
LOIR (OE)«(HL) e ¢ X 0 X 0 0 ¢ 11 101 101 ED 2 5 21 IfBC¥0
DE < DE+1 10 110 000 BO 2 4 16 IfBC=0
HL = HL+1
BC+BC-1
Repeat yntil
BC=0
@ . 1
LDD DE)«MHL) o o X 0 X ¢ 0 ¢ 11 101 101 ED 2 4 16
DE < DE-1 10 101 000 A8
HL < HL-1
BC+BC-1
LDDR (DE)«(HL) o o X 0 xc?o ¢ 11 101 101 ED 2 5 21  BC#0
DE <~ DE -1 10 111 000 B8 2 4 16 BC=0 |
HL+HL-1 é
BC+BC-1
Repeat until
BC=0 ®
]
CcPl A - (HL) $ 4 X $ X 41 ¢ 11 101 101 ED 2 4 16 |
HL +HL+1 10 100 001 Al !
BC+BC-1

NOTE: (D PNV flagisOifthe resultof BC~1 = 0, otherwise PV = 1.
@ PN flag is 0 only at completion of instruction.
Q Zfagis1ifA = HL, otherwise Z = 0.

|
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EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS (Continued)

Symbolic Flags . Opcode No.of No.ofM No.of T
Mnemonic Operation § Z H PIVN C 76 543 210 Hex Bytes Cycles States Comments
©) 0)
CPIR A - (HL) $ 4 X ¢ X ¢ 1 e 11 101 101 ED 2 5 21 IfBC¥O0add
A% (HL)
HL < HL+1 10 110 001 B1 2 4 16 IfBC =0or
BC+BC-1 A=(HY
Repeat until
A= (HL)or
BC=0
CPD A - (HL) 0(?x ¢ x(?i e 11 101 101 ED 2 4 16
HL = HL~-1 10 101 001 A9
BC+BC-1 ®
CPDR A - (HL) t ¢ X ¢ x(?1 ¢ 11 10t 101 ED 2 5 21 IfBC#0and
Av(HL)
HL +HL-1 10 111 001 B9 2 4 16 BC=0o0f
BC+BC-1 A = (HL)
Repeat until
A = (HL)or
BC=0
NOTE: (@ PNV flagisOifthe resuitof BC— 1 = 0, otherwise PV = 1.
@ PNV fiag is O only at completion of instruction.
Q Zfagis1ifA = (HL), otherwise Z = 0. i
8-BIT ARITHMETIC AND LOGICAL GROUP .
Symbolic Flags Opcode No.of No.ofM No.of T |
Mnemonic Operation S Z H PNN 76 543 210 Hex Bytes Cycles States Comments
ADDA,r A<A+r t 4 X ¢t XVoOoZE 10 r 1 1 4 r Reg.
ADDA,n  A<A+n $ ¢ X ¢ Xxv o ¢ 11 [000] 110 2 2 7 000 B:
“n— 001 C .
] 010 Di
ADDA,(HL) A<A+HL) ¢ ¢ X ¢ X V. O ¢ 10 110 1 2 7 011 E
ADDA, (IX+d)A+A+(X+d) ¢ ¢ X ¢ X V 0 ¢ 11 011 101 DD 3 5 19 100 H
10 10 101 L
«d- 1M A
ADDA,(IY+dA+A+(IY+d) ¢ ¢ X ¢ X V 0 ¢ 11 111 101 FD 3 5 19
10 110
-—d-—-
ADCA,s  A<A+s+CY$ ¢ X ¢ X V 0 sisanyottjn,
SUBs A«A-s $ 4 X ¢ XV 1t (HL), (X +,
SBCA,s A+~A-s-CY4¢ ¢ X ¢ X V 1 ¢ (Y +d)as
ANDs A<A>s ¢t ¢ X 1 X P OO shown for ADD
ORs A<A>s + $ X 0 X P OO instruction. The
XORs A~ Aes $t ¢ X0XPOO indicated bis
CPs A-s t ¢ X ¢ XV 13§ 111 replace the'
[000] inthe

ADD setabrve.

I
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8-BIT ARITHMETIC AND LOGICAL GROUP (Continued)

Symbolic ' Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation - 3 4 H PVN C 76 543 210 Hex Bytes Cycles States Comments
INCr rer+1 t 4§ X ¢ XV 0 « 00 r [100] 1 1 4
INC (HL) (HL) «
(HL)+1 $ 4 X ¢ XV o e 00 10[i00] 1 3 11
INC{X+d) " (X+d)+ t 4§ X ¢ XV O e 11 011 101 DD 3 6 23
X+d)+1 oo 110 [100]
-—d--
INC(Y+d) (Y+d)+ $ 4 X ¢ XV O e 11 111 101 FD 3 6 23
Y+d)+1 00 110 [100]
-d--
DECm mem-1  § $ X ¢ XV 1 e

NOTE: misany of £ (HL), (X +0), (IY + ) as shown for INC. DEC same format and states as INC. Replace [700] with [701 ) in opcode.

GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS

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

Mnemonic Operation 8 Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
DAA @ $t ¢+ X ¢ XP o § 00 100 111 27 1 1 4 Decimal adjust
. accumulatot
CPL A~A e ¢ X 1 X e 1 e 00 101 %11 2F 1 1 4 Complement:
accumulatot
(ones
complement).
NEG A~0-A ¢ ¢ X ¢ XV 1 ¢ 11 101 101 ED 2 2 8  Negateacc.
01 000 100 44 {two's
oomplemel:?.
CCF CY<«CY e ¢ X X X e 0 ¢ 00 111 111 3F 1 A 4 Complement
carry flag.
SCF CY«1 e ¢« X 0 X e 0 1 00 110 111 37 1 1 4 Set carry flag.
NOP Nooperaton e e X e X e e ¢ 00 000 000 00 1 1 4
HALT CPUhalted o o X o X o e ¢ 01 110 110 76 1 1 4
Dl % IFF+0 ® ¢ X o X o o o 11 110 011 F3 1 1 4
El % IFF +1 ® o X o X o o o 11 111 011 FB 1 1 4
IMO Setinterrupt e o X e X e e e 11 101 101 ED 2 2 8
mode 0 01 000 110 46
M1 Setinterrupt  ® e X e X e e ¢ 11 101 101 ED 2 2 8 i
mode 1 01 010 110 56 :
M2 Setinterrupt ¢ ¢ X e X e e o 11 101 101 ED 2 2 8
mode 2 0t 011 110 5E

NOTES: @ converts accumulator content into packed BCD following add or subtract with packed BCD operands.
IFF indicates the interrupt enable flip-flop.
CY indicates the carry flip-flop.
* indicates interrupts are not sampied at the end of El or Di.

14 PS017801-0602
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16-BIT ARITHMETIC GROUP

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic  Operation $ Z H PIVN C 76 543 210 Hex Bytes Cycles States Commerits
ADDHL,ss HL<+HL+ss o o X X X e 0 ¢ 00 ss 001 1 3 11 sS R
00 B
ADCHL,ss HL<+ 01 DE
Hi+ss+CY ¢ ¢ X X X V 0 ¢ 1t 101 101 ED 2 4 15 10 HL
01 ss1 010 11 S
SBCHL,ss HL+
; HL-ss-CY ¢ ¢ X X X V 1 ¢ 11 101 101 ED 2 4 15
01 ssO0 010
ADDIX,pp IX+IX+pp ¢ ¢ X X X e 0 § 11 011 101 DD 2 4 15 pp R'g.
01 pp1 00t 00 B
o1 DE
10 X
1 sP
ADDIY, rr Y~iY+rr e o X X X ¢ 0 ¢ 11 111 101 FD 2 4 15 r Reg.
00 ot 00t 00 BC
INC ss ss+ss+1 e o X o X o e o 00 ssO O1 1 1 6 (] DE
INC IX IX+IX+1 e o X o X e o ¢ 11 011 101 DD 2 2 10 10 Y
00 100 011 23 n se
INCIY IY <1Y+1 o o X o X e o o 11 111 101 FD 2 2 10
00 100 011 23
DEC ss ss+ss-1 e o X o X o e o 00 ssi 011 1 1 6
DEC IX IX+IX~1 e o X o X e o o 11 011 101 DD 2 2 10
00 101 011 2B
DECHY IY<IY-1 o o X o X e o o 11 111 101 FD 2 2 10
00 101 o011 2B
ROTATE AND SHIFT GROUP
Symbolic Flags Opcode No.of No.ofM No.of T :
Mnemonic Operation s Z H _P/WN C 76 543 210 Hex Bytes Cycles States Comments
RALCA .--xox-ocooooom o7 1 1 4 Rotatolef
circular |
accumuliator.
RA LUslet5==}] ¢ ¢« X 0 X ¢« 0 ¢ 00 010 11t 17 1 1 4 Rotatele
accumulgtor.
RRCA -*I"—‘" e« « X 0 X e 0 ¢ 00 001 111 OF 1 1 4 Rotateright
circular
accumulator.
RRA LO=s}L[@H « ¢ X 0 X » 0 ¢ 00 O11 111 1F 1 1 4 Rotateright
4 accumulétor.
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ROTATE AND SHIFT GROUP (Continued)

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic Operation S 2 H PVN C 76 543 210 Hex Bytes Cycles States Comments

RLCr t ¢ X 0 X P O*¢ 11 001 011 CB 2 2 8  Rotateleft
00 r circular
register 1.
RLC (HL) t £ X0 XP O ¢ 11 001 011 CB 2 4 15 1 Reg.
00 000 110 000 B
[ev] L=} 001 C
RLC (X +d) t $ X0X PO ¢t 11 011 100 DD 4 6 23 010 D
r(HL).(X +d),(Y +d) 11 001 011 CB on E
: -d- 001 H
00 110 101 L
1M1 A
RLCQIY +d) $ £ X0 X PO ¢ 11 111 1001 FD 4 6 23
11 001 011 CB
~d- Instruction
= —) 00 110 . format and
RLm e—{r—ekIy 4 x 0 x P 0 ¢ ‘ states are as
m=r(HL(X+d),(Y +d) shown for
RLCs. Toforin
RRCm"ecxoxpoc new opcodel
m =t (HL).(X +d),(Y + d) replace[000]
or RLCs with
shown code.
RRm = —~=H ¢t ¢t x 0 X P 0 3
m=r(HL),(X +d),(Y +d)
SLAm  [o}—{7ve]0$ ¢ X 0 X P O ¢
m=rHL)(X+d),(Y +d)
sram U= 4 s+ x o x P 0 ¢
m=r(HL),(IX+d),(IY +d)
SALm e{1—~e}—o] $ §$ x 0 X P O ¢ 0
m=(HL),(X + d),{IY +d)
|
RLD ¢4 X0 X PO s 11 101 100 ED 2 5 18 Rotate digit |
A I
01 101 111 6F left and
right betweer
the accumu- ;
tatorand .
— location (HL)/
RRD - $ ¢ X0 X PO e 11 101 101 ED 2 5 18 Thecontent
* 01 100 111 67 of the upper |
half of the
accumulator
is unaffected.i
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BIT SET, RESET AND TEST GROUP

Symbolic Flags
Mnemonic  Operation SZ_H PNN C 768

543 210 Hex Bytes States Comments
BITb,r Zery X ¢ X 1 XX 0 e 11 001 011 CB 2 8 r__ Reg.
00 b r 000 8
BITb,(HL) Z+(HLp X 4 X 1 X X 0 e 11 001 011 CB 2 12 001 C
o1 b 110 010 D
BITb(X+d)p Z+(X+d)p X & X 1 X X 0 « 11 011 101 DD 4 20 o1 E
11 001 011 CB 100 H
~d— 101 L
o1 b 110 11 A
: b Bit
BITL,AY+dp Z=(Y+dp X ¢ X 1 X X 0 ¢ 11 111 101 FD 4 20 000 O
~ 11 001 011 CB 001 1
-d- 010 2
01 b 110 o11 3
SETb,r b1 e e X e X o o o 11 001 011 CB 2 8 100 4
0 o r 101 5
SETb,(HL) (HLp<1 e o X e« X o o o 11 001 O11 CB 2 15 110 6
[ b 110 1M1 7
SETh, (X+d) (X+d)p=1 o o X o X o e o 11 011 101 DD 4 23
: 11 001 011 CB
d—d—b
. b 110
SETb,(IY+d) (Y+d)pb=1 o o X o X o e o 11 111 101 FD 4 23
11 001 011 CB
-—g->
0 b 10
RESbm  mp+0 e o X o X o o o [0 To form new
mar, (HL), opcode replace
0X+d).0Y+d) []ofsETb, s
with[10] Alags
and time
states for SET
instruction;
NOTE: The notation my, indicates location m, bitb (010 7).
;
T
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JUMP GROUP

Symbolic Flags Opcode No.of No.of M No.of T ,
Mnemonic Operation S Z H PN C 76 543 210 Hex Bytes Cycles States Comments
JPnn PC<+nn e o X o X o o ¢ 11 000 011 C3 3 3 10 cc  Condition
-n-—> 000 NZ (non-zeto)
“-n- 001 Z{zero)
JPcc,nn  Ifconditoncc @ ¢ X e X o o o 11 cc 010 3 3 10 010 NC (non-carry)
istrue PC+nn, “-n-> : 011 C(carry)
otherwise “n— 100 PO (parity add)
continue 101  PE (parity even)
JRe PC+~PC+e o o X o X e o o 00 011 000 18 2 3 12 110 P (sign positive)
-e~2- 111 M(sign negative)
JRC, e H#C=0, e e X e X e o e 00 111 000 38 2 2 7 if condition not met.
continue -e-2-
HC=1, . 2 3 12 If condition is met.
PC+PC+e :
JRNC,e IFC=1, e e X o« X e o o 00 110 000 30 2 2 7 If condition not met.
continue -e-2—
fC=0, 2 3 12 If condition is met.
PC+-PC+e
JPZ e fZ=0 .o o X o X o o o 00 101 000 28 2 2 7 if condition not met.
continue -g-2-
HZ=1, 2 3 12 If condition is met.
PC+<PC+e .
JRNZ, e ItZ=1, e e X o« X e e ¢ 00 100 000 20 2 2 7 if condition not mat.
continue -e-2-
fZ=0, 2 3 12 If condition is met.
PC+PC+e
JPHL) PC+HL e o X o X o e e 11 101 001 E9 1 1 4
JP (IX) PC +IX e e X o X o e o 11 011 101 DD 2 2 8
t1 101 001 E9
JP(Y) PC+IY ¢ o X o X o e e 11 111 101 FD 2 2 8
11 101 00t E9
DINZ,e B<+B-1 e e X o X o o o 00 010 000 10 2 2 8 fB=0
fB=0, -g-~-2~
continue
If B#0, ) 2 3 13 1f B¥0.
PC+PC+e

NOTES: e represents the extension in the relative addressing mode.
e is a signal two's compiement number in the range < - 126, 129 >,
6 -2 inthe opcode provides an effective address of pc + e as PC is incremented by 2 prior to the addition of e.

|
18 PS017801-0602



CALL AND RETURN GROUP

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic Operation S 2 H P/VN 76 543 210 Hex Bytes Cycles States Comments
CALLnn (SP-1)«PCy o o e X o o 11 00t 101 CD 3 5 17
(SP-2+PC_ “~n—>
PC «nn, -n-
CALL cc,nn If condition o o e X o o 11 cc 100 3 3 10 If cc is false.
ccis false “n—
continue, +“n-> 3 5 17 ifccistrue.
otherwise
same as
CALL nn .
RET PC +(SP) o o X o o 11 001 001 C9 1 3 10
PCH+SP+1)
RET cc if condition L] e X o o 11 cc 000 1 1 5 If cc is false.
ccis false
continue, V! 3 11 if ccis true.
otherwise
same as RET cc  Condition
000 NZ(non-zero)
001 Z(zero)
010 NC (non-carry) |
RETI Returnfrom o o e X o o 11 101 101 ED 2 4 14 011 C{carry)
interrupt 01 001 101 4D 100 PO (parity ¢dd)
RETN1 Returnfrom o o o X o o 11 101 101 ED 2 4 14 101 PE (parity aven)
non-maskable 01 000 101 45 110 P (sign positive)
interrupt 111 -M(sign negative)
RSTp (SP-1)+PCH o o e X o o i1t M 1 3 1 t p
(S8P-2)+PCL 000 O00H
PCH+0 001 08H
PC_L+p 010 10H
011 18H
100 20H
101 28H
110 30H
111 38H

NOTE: TRETN loads IFFp > IFF4

PS017801-0602
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INPUT AND OUTPUT GROUP

Symbolic Opcode No.of No.ofM No.of T :
Mnemonic Operation S 2 H PVN C 76 543 210 Hex Bytes Cycles States Comments
INA, ()  A<(n) e e X o Xeo e 11 011 01 DB 2 3 11 ntoAgn~Ay

-n— Acc.toAg~v Agg

IN7, (C) r+(C) t ¢t X ¢ XP O 11 101 101 ED 2 3 12 CtoAgv A7
ifr=110only 01 r 000 BtoAg~ Aqg
the flags will
be affected G)

INI HH<@© X $ X XXX 1 X 11 101 101 ED 2 4 16 CtoAg~A7
B+B-1 10 100 010 A2 BtoAg~vAgs
HL<HL+1 @

INIR HO+<(© X1t XXXX1X 11 101 101 ED 2 5 21 CtoAg~Ay
B+-B-1 i0 110 010 B2 (1f B#0) BtoAg~Ags
HL<HL+1 2 4 16
Repeat until (#B=0)

B=0 @

IND HL) < (C) X4 X XXX 1 X 11 101 101 ED 2 4 16 CtoAg~ A7
B+B-1 10 101 010 AA BoAg~vAss
HL<HL-1 @

INDR (HL) < (C) X1 XX XX 1X 11 10t 101 ED 2 5 21 CtoAg~ A7
B+~B-1 10 111 010 BA {f B#0) BtoAgn Ays
HL<+<HL-1 2 4 16
Repeat until (fB=0)

B=0
OUT(n), A (n+A e o X o X o e e 11 010 011 D3 2 3 1 ntoAg v Ay

B -n-> Acc.to Ag~ As
OUT(C),r (C)*r o o X o X o e e 11 101 101 ED 2 3 12 CtoAg~Ay

@ 01 r 001 BtoAg~vAgs

OuTI (C) = (HL) X ¢ XXXX1X 11 101 101 ED 2 4 16 CtoAgn A7
B+B-1 10 100 011 A3 BtoAg~ Ags
HL<HL+t @

OTIR (C) « (HL) X1 XXXX1X 11 101 101 ED 2 5 21 CtoAg~ A7
B+B-1 10 110 011 B3 (if B#0) BtoAg~vAg
HL<HL+1 2 4 16
Repeat until (fB=0)

B=0

®

OouTD (C) «(HL) X$#E XXX X1 X 11 101 101 ED 2 4 16 CtoAg~ Ay
B+B-1 10 101 0Ot1 AB BtoAg~vAig
HL+HL-1 .

OTDR C)+~(HL X?X XXX 1 X 11 101 101 ED 2 5 21 CtoAg~v A7
B«B-1 10 111 011 (If B#0) BloAg~Ags
HL < HL-1 2 4 16
Repeat until (fB=0)

B=0

NOTES: (D Ifthe result of B - 1 is zero, the'Z flag is set; otherwise it is reset.

@ Zfagis set upon instruction completion only.
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SUMMARY OF FLAG OPERATION

07 Do !
Instructions s 2 H PV N C Comments
ADDA, s;ADCA, s $ ¢ X ¢ X V 0 ¢ 8bitaddoraddwithcarry.
SUBs;SBCAs;CPs;NEG ¢ ¢ X ¢ X V 1 ¢  8bitsubtract, subtract with carry, compare and negate
accumulator.
ANDs ¢ ¢ X 1 X P 0 O Llogicaloperation.
ORs, XORs t ¢ X 0 X P O O Logical operation.
INCs P X ¢t X V 0 o 8-bitincrement.
DECs $4 ¢ X ¥ X V 1 8-bit decrement.
ADDDD, ss e ¢ X X X o 0 ¢ 16-bitadd.
ADCHL, ss t ¢ X X X V 0 ¢ 16-bit add with carry.
SBCHL, ss 84 ¢ X X X V 1 § 16-bit subtract with carry.
RLA; RLCA; RRA; RRCA e o X 0O X e 0 ¢ Rotate accumulator.
RL m; RLCm; RRm; ¢4 ¢ X 0 X P O ¢ Rotate and shift locations.
RRCm; SLAm;
SRAm; SRLm
RLD; RRD t ¢ X 0 X P 0 o Rotate digit left and right.
DAA t ¢ X ¢ X P e ¢  Decimal adjustaccumulator.
CPL e e X 1 X e 1 o Complement accumulator.
SCF e o X 0 X e 0 1 Setcamy
CCF e o X X X e 0 ¢ Complementcarry.
INT(C) t ¢ X 0 X P 0 o Input register indirect.
INI; IND; OUTI; QUTD X ¢ X X X X 1t o Block input and output. Z = 1 if B % 0, otherwise Z = 0.
INIR; INDR; OTIR; OTDR X 1 X X X X 1 o Block input and output. Z = 1if B # 0, otherwise Z = 0.
LDI; LDD X X X 0 X §& 0 o Block transfer instructions. P/V = 1if BC # 0, otherwise P/V «= 0.
LDIR; LDDR X X X 0 X 0 0 = Block transfer instructions. P/V = 1if BC # 0, otherwise P/V «= 0.
CPI; CPIR; CPD; CPDR X ¢ X X X ¢ 1 o Block search instructions. Z = 1ifA = (HL), otherwise Z = 0.
PNV = 1ifBC # 0, otherwise PV = 0.
LDA;ILLDAR $t ¢ X 0 X IFF 0 o IFF, the content of the interrupt enable flip-flop, (IFFy), is copied
into the P/V flag. .
BiTb,s X ¢ X 1 X X 0 o The state of bit b of location s is copied into the Z flag.
SYMBOLIC NOTATION
Symbol Operation Symbo! Operation
S = Signflag.S = 1ifthe MSB of the resuttis 1. 4 The flag is affected according to the result of the
Zz Zeroflag. Z = 1 if the result of the operation is 0. operation.
PN Parity or overflow flag. Parity (P) and overflow (V) . The flag 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 result while 1 The flag is set by the operation.
arithmetic operations affect this flag with the X The flag is indeterminate.
overflow of the result. if P/V holds parity: PV = 1 v PN flag affected according to the overfiow resuit
if the result of the operation is even; PV = O if of the operation.
result is odd. If PV holds overflow, PV = 1 ifthe P PN flag affected according to the parity result of
result of the operation produced an overflow. If the operation.

PN does not hold overfiow, P/V = 0,

H*  Halfcarry flag. H = 1 if the add or subtract
operation produced a carry into, or borrow from,
bit 4 of the accumulator.

N*  Add/Subtract flag. N = 1 if the previous
operation was a subtract.

Cc 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 8-bit location for all the addressing modes

" allowed for the particular instruction.

ss  Any 16-bit location for all the addressing modes

allowed for that instruction.

ii Any one of the two index registers IX or IY.

R Refresh counter.

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

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

» -

*H and N flags are used in conjunction with the decimal adjust instruction (DAA) to property correct the resutt into packed BCD format fotiowing addition or

subtraction usir . . pe-ands with packed BCD format.

-
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