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78300 Low Power
Z80°L CPU
Central Processing Unit

Zilog
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Specification
April 1985
Features B The 780L combines the high pertormance of m The Z80L microprocessors and associated
the Z80 CPU with extremely low power con- family of peripheral controllers are linked
sumption. It has the identical pinout and by a vectored interrupt system. This system
instruction set of the Z80. The result is can be daisy-chained to allow implementa-
increased reliability and lower system power tion of a priority interriipt scheme. Little, if
requirements. This dramatic power savings any, additional logic is required for daisy-
makes the Z80L a natural choice for both chaining.
hand-held and battery backup applications. ® Duplicate sets of both general-purpose and
& The Z80L CPU is offered in two versions: flag registers are provided, easing the
78300-1—1.0 MHz clock, 15 mA typical cur- design and operation of system software.
rent consumption Two 16-bit index registers facilitate program
78300-3—2.5 MHz clock, 25 mA typical cur- processing of tables and arrays.
rent consumption B There are three modes of high-speed inter-
B The extensive instruction set contains 158 rupt processing: 8080 similar, non-Z80
instructions, resulting in sophisticated data peripheral device, and Z80 Family
handling capabilities. The 78 instructions of peripheral with or without daisy chain.
the 8080A are included as a subset; 8080A : ;
’ g m On-chip dynamic memory refresh counter,
and 780 Family software compatibility is Py Y
maintained.
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Figure 1. Pin Functions Figure 2. 40-pin Dual-In-Line Package (DIP}
Pin Assignments
2189-001, 002
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General
Description

The Z80L CPUs are fourth-generation
microprocessors with exceptional computa-
tional power. They offer high system
throughput and efficient memory utilization

- combined with extremely low power consump-

tion. 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 Z80L also contains a Stack Pointer, Pro-
gram 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 +5 V power

INSTRUCTION
DECODER

5V

w0

CLOCK =

8SYSTEMS 5CPU
AND CPU  CONTROL
CONTROL  INPUTS
OUTPUTS

CPU cpU
TIRING )
CONTROL TIMING

source, all output signals are fully decoded
and timed to control standard memory or
peripheral circuits, and it is supported by an
extensive family of peripheral controllers. The
internal block diagram (Figure 3) shows the
primary functions of the Z80L processors.
Subsequent text provides more detail on the
Z80L 1/0 controller family, registers, instruc-
tion set, interrupts and daisy chaining, CPU
timing, and low power requirements.

Z80L Low Power Feature. The Z80L Family
offers state-of-the-art microprocessor perfor-
mance with extremely low power consumption.
Its low power requirement rivals comparable
CMOS microprocessors. The Z80L Family's
lower power consumption provides the ability
to reduce system power requirements and
enables its use in applications not previously
possible. The Z80L is very well suited to bat-
tery backup applications or to systems
operating primarily on batteries in hand-held
or portable systems.

8.8IT
DATA BUS
DATA BUS
INTERFACE

INTERNAL DATA BUS

REGISTER
ARRAY

ADDRESS
LOGIC AND
BUFFERS

16-8IT
ADDRESS BUS

Figure 3. Z80L CPU Block Diagram
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Z80L Micro- -

The Zilog Z80L microprocessor is the central

peripheral devices such as printers,

processor element of a comprehensive microprocessor tape punches, and keyboards.
Family product f‘?mﬂ}" This family works together in @ The CTC (Counter/Timer Circuit) features
most applications with minimum requirements four programmable 8-bit counter/timers,
for' a.ddmonal logic, fac.ihtahflg the design of each of which has an 8-bit prescaler. Each
efficient and cost-effective microcomputer- of the four channels may be configured to
based systems. . . operate in either counter or timer mode.
The Z80 Family components provide exten- . )
sive support for the Z80L microprocessor. ® The SIO (Serial Input/Output) controller
These are: offers two channels. It is capable of
m The PIO (Parallel Input/Output) operates in ?n%i;:;l?; il;jo?hvsa rletg of prograén mable
; ynchronous and asyn-
both data:byte I/O_trar?sfer mode‘(thh chronous communication, including
handshaking) and in bit mode (without Bi-Synch and SDLC
handshaking). The PIO may be config- : :
ured to interface with standard parallel
Z80L CPU Figure 4 shows three groups of registers foreground data processing. The second set of
Registers within the Z80L CPU. The first group consists registers consists of six registers with assigned
of duplicate sets of 8-bit registers: a principal functions. These are the I (Interrupt Register), g
set and an alternate set (designated by ' the R (Refresh Register), the IX and 1Y (Index [
[primel, e.g., A"). Both sets consist of the Registers), the SP (Stack Pointer), and the PC
Accumulator Register, the Flag Register, and (Program Counter). The third group consists of 2
six general-purpose registers. Transfer of data two interrupt status flip-flops, plus an addi-
between these duplicate sets of registers is tional pair of flip-flops which assists in identi-
accomplished by use of “Exchange” instruc- fying the interrupt mode at any particular
tions. The result is faster response to interrupts time. Table 1 provides further information on

and easy, efficient implementation of such ver-
satile programming techniques as background-

MAIN REQISTER SET

these registers.

ALTEANATE REQISTER SET

A ACCUMULATOR F FLAG REGISTER A ACCUMULATOR F FLAG REGISTER
8 GENERAL PURPOSE C GENERAL PURPOSE B' GENERAL PURPOSE €' GENERAL PURPOSE
D GENERAL PURPOSE E GENERAL PURPOSE D' GENERAL PURPOSE E* GENERAL PURPOSE
H GENERAL PURPOSE L GENERAL PURPOSE H' QENERAL PURPOSE * GENERAL PURPOSE
sBITs
16 8ITS INTERRUPT FLIP-FLOPS STATUS
IX {NDEX REGISTER 1FFy IFF2
I¥ INDEX REGISTER | ;o = INTERRUPTS DISABLED SYORES IFF1
1 = INTERRUPTS ENABLED DURING RMI
3
SP STACK POINTER SERVI
INTERRUPT MODE FLIP-FLOPS
PC PROGRAM COUNTER NFs M
1 INTERRUPT VECTOR R MEMORY REFRESH g “’ ":‘JTE“““” MODEO
1 0 INTERRUPT MODE1
Sams 1 1 INTERAUPT MODE 2

Figure 4. CPU Registers .
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Z80L CPU Reglster Size (Bifs) Remarks
Réglsters 4 A A Accumulator 8 Stores an operand or the resulis of an operation.
(Continued) F,F Flags 8 See Instruction Set.

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

cc General Purpose 8 See B, above.

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

EE General Purpose ’ 8 See D, above,

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

L L General Purpose 8 See H, above,

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

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

R Refresh Register 8 Provides user-transparent dynamic memory refresh, Lower seven
bits are automatically incremented and all eight are placed on
the address bus during each instruction fetch cycle refresh time,

X Index Register 16 Used for indexed addressing.

1Y Index Register 16 Same as IX, above.

Sp Stack Pointer 16 Holds address of the top of the stack. See Push or Pop in instruc-

. tion set.

PC Program Counter 16 Holds address of next instruction.

IFF|.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),

Table 1. Z80L CPU Reglsters
Interrupts; __The CPU accepts two mterrupt input signals: B Mode 1 — Peripheral Interrupt service, for
General NMI and INT. The NMI is a non- -maskable use with non-8080/Z80 systems.
Operation interrupt and has the highest priority. INT is a B Mode 2 — a vectored Interrupt scheme,

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 Z80L has a single response mode for
interrupt service for the non-maskable inter-
rupt. The maskable interrupt, INT, has three
programmable response modes available.
These are:

usually daisy-chained, for use with Z80
Family and compatible peripheral devices.

__The CPU services interrupts by sampling the
NMI 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 on inter-
rupt responses are shown in the CPU Timing
Section.

B Mode 0 — similar to the 8080 micro-
processor.
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Interrupts:
General
Operation
(Continued)

Non-Maskable Interrupt (NMI), The non-
maskable interrupt cannot be disabled by pro-
gram control and therefore will be accepted all
times by the CPU, NMI is usually reserved for
servicing only the highest priority type inter-
rupts, such as that for orderly shutdown after
power 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 Z80L
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 Ml 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
and to place the interrupt vector on the bus.

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 in-
itiate a call to the selected one of eight restart
locations in page zero of memory. Unlike the
8080, the Z80 CPU responds to the Call in-
struction with only one interrupt acknowledge
cycle followed by two memory read cycles.

Mode 1 Interrupt Operation. Mode 1 oper-
ation is very similar to that for the NMI. The
principal difference is that the Mode 1 inter-
rupt has a vector address of 0038H only.

Mode 2 Interrupt Operation. This interrupt
mode has been designed to utilize most effec-
{ively the capabilities of the Z80L microproc-
essor and its 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 data bus during the interrupt
acknowledge cycle. The CPU forms a pointer
using this byte as the lower 8 bits and the con-
tents of the I register as the upper 8 bits. This
points to an entry in a table of addresses for
interrupt service routines. The CPU then calls
the routine at that address. This flexibility in
selecting the interrupt service routine address

allows the peripheral device to use several dif-
ferent types of service routines. These routines
may be located at any available location in
memory. Since the interrupting device sup-
plies the low-order byte of the 2-byte vector,
bit 0 (Ag) must be a zero.

Interrupt Priority (Dalsy Chalning and
Nested Interrupts). The interrupt priority of
each peripheral device is determined by its
physical location within a daisy-chain config-
uration. Each device in the chain has an inter-
rupt enable input line (IEI) and an interrupt
enable output line (IEO), which is fed to the
next lower priority device. The first device in
the daisy chain has its IEI input hardwired to a
High level. The first device has highest priori-
ty, while each succeeding device has a cor-
responding lower priority. This arrangement
permits the CPU to select the highest priority
interrupt from several simultaneously interrup-
ting peripherals.

The interrupting device disables its IEO-line
to the next lower priority peripheral until it has
been serviced. After servicing, its IEO line is
raised, allowing lower priority peripherals to
demand interrupt servicing.

The Z80L CPU will nest (queue) any pending
interrupts or interrupts received while a
selected peripheral is being serviced.

Interrupt Enable/Disable Operatlon. 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 desoribed in Table 2. For more detalls, refer
to the Z80 CPU Teghnical Manual and Z80

Assembly Language Manual.
Actlon IFF; IFFy Commaents
CPU Reset 0 0 Maskable interrupt
INT disabled
DI instruction 0 0 Maskable interrupt
execution INT disabled
El instruction 1 1 Maskable interrupt
execution INT enabled
LD A, instruction . « 1FFy — Parity flag
execution
LD AR instruction . . IFFg — Parity flag
execution
Accept NMI 0 IFF} IFF| — IFFy
(Maskable inter-
rupt INT disabled)
RETN instruction IFF «  IFF, — IFF; at
execution completion of an
NMI service
routine.

Table 2. State of Flip-Flops
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Instruction The Z80L microprocessor has one of the most 0 16-bit arithmetic operations
Set pow.erful a.md' versatile u.xstruchon sets O Rotates and shifts
available in any 8-bit microprocessor and Bit dt .
identical to that of the Z80. It includes such O Bit set, reset, and test operations
unique operations as a block move for fast, 0 Jumps
ejf\ment data transfers within memory or O Calls, returns, and restarts
between memory and I/O. It also allows opera- I o
tions on any bit in any location in memory. O Input and output operations
The following is a summary of the Z80L A variety of addressing modes are
instruction set and shows the assembly implemented to permit efficient and fast data
language mnemonic, the operation, the flag transfer between various registers, memory
status, and gives comments on each instruc- locations, and input/output devices. These
tion. The Z80 CPU Technical Manual addressing modes include:
(03-0029-X?() and Assembly Language 0 Imimediate
Programming Manual (03-0002-XX) O Immediate extended
contain significantly more details for mmediale exiende
programming use. 0O Modified page zero
thT}fxenins’t.ructio?s in _'_I'able 2 are divided into O Relative
e following categories:
B-bit 1 dz 9 00 Extended
A 8-bit loat
16-bit Ioad 0 Indexed
0 16-bit loads .
D Register
D Exchanges, block transfers, and searches . o
8-bit arithmet 41 ¢ O Register indirect
O 8-bit arithmetic an ic operations .
o9 . pe O Implied
O General-purpose arithmetic and CPU O Bit
control
8-Bit Symbolic Flags Opcode No.of No.of M Ro.of T
Load Mnemonle Operatlon 8 2 B PPYR C 135432!0 Hex Byles Cycles States Cemments
Group LDr, ¢ r—r s e X o X o o o oW v 1 1 4 r.r'_ Reg.
LDr.n r—n ¢ ¢ X e X @ o o 0 r 110 2 2 7 wo B
—ha Wl C
LD (HL) - (HL) e o X ¢ X e o o 0Ol rli0 I 2 7 00 D
LDr, (X4d) . {IX+d) e o X ¢ X ¢ e o 1O DD 3 5 19 ot E
0 r 10 10 H
—d= 0 L
LDr, (IY+d) =~ (IY+d) « o« X o X » s e 11110 FD 3 5 19 m A
o r 110
-d -
LD(HL.r  (HL) —r e s X ¢ X s s s OLUOr - 1 2 7
ID(X+dhr (X+d)—r e o X e X o e « HOWI DD 3 5 19
01110 r
—d—
ID(IY+d)r (IY+d -t e o X ¢ X o s s 1L11I11 FD 3 . 5 19
01110 r
-d -
LDMHL.n  (HL =n e o X o X » e &« 001OU0 % 2 3 10
ne—
LD(K+dhn (K+d)=n e ¢ X e X » s e 101100 DD 4 5 19
00110 110 36
-d -
—n-
LDAY+dhn (Y+d)~n e o X s X o o o 11111101 FD 4 5 19
00 110 110 36
-d -
—n—
LD A, (BC) ~ (BC) « o X e X o s s 00001QI0 OA 1 2 7
LD A. (DE) — (DE) e o X s X ¢ e o 000100 1A 1 2 7
IDA, () A - (on) e o X o X ¢ e o 0OHIO0 3 3 4 13
. —n—
-n—-
LD(BCL, A  (BC)— A e o X o X e s s 0000000 02 1} 2 7
LD(DE), A (DE)—A e o X o X & o ¢ 000000 12 1 2 7
LD(no), A {am) - A e s X o « o ¢ 0010010 32 3 4 13
—n—
Tho
LDA,I A=l t 1 X 0 XIFF O e 11101108 ED 2 2 9
0101011 87
LDA.R A-R -1 1 X 0 XIFO0 s Hlorlor ED 2 2 9
01011 111 SF
LDL A 1-A e ¢ X o X e o o 11101101 ED 2 2 9 :
01000 111 47
LDR, A R-4 e « X o % e o s [1101100 ED 2 2 9
01 001 111 - 4F

NOTES: r, 1 means any of lhe registers A, B, C, D, E.
IFF the content of the interrupt enable ||lp-|lop (IFF) s
copled in'o the PV fag.
Far an explanation of llag natation and symbols for
mnemenic lables, see Symbolic Notalion section
fallowing tables.
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Ko,of Mo.of M Noof T

16-Bit Load Symbolic Flags Opcode
Group t Operatl 8 Z H P/YN € 78 543 210 Hex Bytes Cycles States Commaents
1Ddd,mn  dd=nn e ¢ X ¢ X o o & 00ddooOr 3 3 10  dd__Pair
-n- w BC
. -n= 1)} DE
LD IX, nn IX = un o o X o X o o o 11 011 101 DD 4 4 14 10 HL
00 100 001 2i 1 Sp
-n-
-n-
LDIY, nn I¥ =nn e s X o X e o o 11111 101 FD 4 4 14
00 100 00L 21
-n-
-n=
LD HL, (nn) ~ {nn+l)" e s X e X o o o 00 101 010 2A 3 S 16
L ~ (nn) -ne
-ne—
LD.dd, {nn) 1 - (nn+1) e« ¢ X o X e o o 11101101 ED 4 6 20
ddy, ~ (an) o1 ddl 011
-n=
-
LD iX, (nn) H ~ (hn+1) e ¢ X ¢ X o o & 11 011 101 DD 4 6 2
1%L = {nn) - 00 101 010 2A
-
-n-
LD 1Y, (nn} = (nn+1) s & X o X o o o 11 111 101 FD 4 6 20
1Yg, ~ (nn) 00 101 010 2A
—-n=
-n=
LD (), HL  {on+h) ~— H e e« X ¢ X o ¢ e 00100002 3 5 16
{nn) — L ~n=-
-n—
LD(mn),dd  {nn+1) = ddy e ¢ X ¢ X o e o 10IIIED 4 6 20
(nn) — ddL. 01 ddo 011
-n-
-n- -
LD (nn), IX. (on+1) — Xy e o X o X & o o 11 011 101 DD 4 6 2
(nn) — IX, 00 100 010 22
-n=
—pe
LD (nn), 1Y (nn+1) ~ IYH e« & X o X & o o 11 111 101 FD 4 6 20
{nn) ~ 1YL, 00 100 010 22
-—n -
—-n-
LD SP, HL, SP — HL e o X ¢ X o o o 11 111 001 F9 1 1 6
LD SP, IX SP - IX e« o X o X o o o 11 011 101 DD 2 2 10
- . 11 111 001 F8
LDSP, 1Y SP~ 1Y e« o X & X ¢ o o 11 11k ‘ngl FD 2 2 10
11 111 001 F9 99 Pair
PUSH aq (SP-2) ~ qqL * o X ¢ X ¢ o o 11 qq0 101 1 3 1 (9] BC
(SP=1) ~qqH 0l DE
. SP ~ SP -2 10 HL
PUSH IX (SP-2) ~ IXL, o ¢ X o X o o o 11 011 101 BD 2 4 15 11 AF
(SP=-1) — IXH 11 100 101 E5
SPp - SP -2
PUSH IY {SP-2) - I¥L e o X o X o o & 11 111 101 FD 2 4 15
{SP=1) — ITH 11 100101 ES
SP - SP -2
POP qq dqH ~ (SP+1) ¢ ¢ X o X s o o 11 gq0 001 1 3 10
qqf, — (SP)
SP — SP +2 .
POP IX IXH = (SP+1) e & X o X o o o 11 011 101 DD 2 4 14
XL ~ (5P - 11 100 001 E1
SP - SP 42 )
POP IY Wy =~ (SP+1) e« ¢ XK o X o o o 11 111 101 FD 2 4 14
YL ~ (SP) 11 100 00 El
SP— SP +2 .
NOTES: dd 1s any of the register pairs BC, DE, HL, SP.
qq 1s any of the reqister pairs AF, BC, DE, HL.
(PAIR)Y.. (PMR& refer lo I'uqh otder and low order elght bils of the reqister. pair respectively.
e.9., BCL = A
Exchange. EXDE,HL  DE«~HL ) e X o s & 1010 EB 1 1 4
Block EX AF, AF AF - AF e o X o X o o o 00 001 000 08 1 1 4
EXX BC - BC' ® ¢ X o X o o o 11 011 001 D8 1 1 4 Regtster bank and
Transfer. DE -~ DE' auxiltary register
HL -~ HL" bank éxchange
Block Search gy (s, . - (sP4) e ¢« X o X o e o I1I001E 1 5 19
Groups L - (SP) .
EX (SP), IX IXH =~ (SP+1) e o X o e o 11 011 101 DD 2 6 <]
IX], - (SP) 11 100 011 E3
EX (SP), IY IYY « (SP+1) e« &« X o X o ¢ o 11 11101 FD 2 6 23
IYg, - (SP) o) 11 100 011 E3
LDI (DE) « {HL) . » X 0 X 1t 0 11101 101 ED 2 4 16 Load (HL) into
DE ~ DE+1 10 100 000 A0 (DE), increment
HL ~ HL+1 the pointers and
BC - BC-1 decrement the byte
0] counter {(BC)
LDIR (DE) = (HL) e« ¢« X 0 X 0 0. ¢ 11 101 101 ED 2 5. 21 BC 20
DE ~ DE+1 10 110-000 BO 2 4 16 HHBC =0
HL ~ HL+1
BC ~ BC-1
Repeat until
NOTE: @PIV flag Is 0 il the result of BC~1 = 0, otherwise P/V = 1, .
2001-001 255
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Exchange. Symbolic Flogs Opcode Mo.of No.ol M Mo.of T -
Block M Operatl s z H . P/VN C 78 543 210 Hex Bytes Cycles States Comsments
Transfer, . [0}
LDD (DE) — (HL) e« o X 0 X 1 0 e 1i10110ED 2 4 16
Block Search DE — DE~1 . 10 101 000 A8
Groups HL ~ HL-1
(Continued) BC - EC-1 o
LDDR (DE) — (HL) e ¢ X O X U 0 o 1110110t ED 2 5 21 1BC % 0
DE - DE-1 10111000 B8 2 4 16 HBC =0
HL = HL-1
BC — BC-1
Repeat until -
BC =0
€] [0}
CPl A - (HL) Lt Xt X 1 1 e 1110101ED 2 4 16
HL ~ HL+1 10 100 001 AL
BC — BC-1
€] 0}
CPIR A - (HL) t t Xt Xt 1 e 111011001ED 2 [ 21 1BC # Oand
) A # (HL)
HL = HL+1 10110001 Bl 2 4 16 ¥BC = 0or
BC = BC-1 A = (HL)
Repeat until
A = (HL)or .
BC =0
€] 0}
CFD A - (HL) t 1 Xt Xt 1 e 11]01101ED 2 4 16
HL - HL~1 10 101 001 A9
BC - BC-1
€} 0}
CPDR A - (HL) t 1 X 1 X t 1 s 11101100 ED 2 5 21 1 BC # 0and
A » (HL)
HL = HL~1 1011100 B8 2 4 16 1BC = Oor
BC ~ BC-1 A = (HL)
Repeat until
A = (HL)or
BC =0
NOTES: (DPIV tlag is 0 if the result of BC~ 1 = 0, otherwise P/V = 1.
(D PV Hlag 1 0 at completion of instruction only.
@Ztagis 111 A = (HL), ctherwise Z = 0.
8-Bit ADDA, r A-As+r 11 X 1t XV oo 1 13 4 r Reg
Arithmetic ADD A, n A~A+n 11X 1 X Voo 2 2 7 00 B
and Logical o
Group ADD A,(HL) A - A + (HL) 1t X1 XV oo i 2 7 0l E
ADDA {IX+d)A—A+(IX+d) - 1 1t X t X V. 0 3 Hol10l DD 3 s 19 100 H
. 2110 il L
- d - H1 A
ADD A, (IY+d) A — A + (IV+d) It X+ XV o 1lulle Fb 3 5 19
ADCA,1 A~-A+s+CY 1 1t X 1t X v ot ll(lHn[x.x)yalxr,r:’,)
 (IX+d),
SUBs A=A~ t 1 X1 XV (IY ) as shawn
SBCA,s A A-s-CY 1t X1 XV for ADD instruction.
ANDs A-AAs 11 X1 XP oo The indicated bits
ORs A-AVs I t X0 X PO O replace the K n
the ADD set above.
XOR s A-Aes 1t X0 X P OO
CPs A-s 11 X1t XV
INCr rer+1l 1 ¢+ X 1 XV 0 o 1 1 4
INC (HL) (HL) —(HL)+1 1t X 1 XV oo e 1 3 1
INC(X+d)  (X+d) - t 1t Xt XV o0 e 3 6 5
. (IX+d)+1 00 110 [[59)
. S
INCAY+d)  (IY+d) — 1 1t Xt XV o0 e 111110 FD 3 6 2
(Y +d)+1 00 110 {50)
- d -
DEC'm me—m~1 It X 3 X V1 e m is any of r, (HL),

(IX+d), (IY +d)
as shown for INC.
DEC same format
and states a3 INC,
Replace with
[ in opcode.
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General- Symbolie Flags Opcode No.of No.of M No.ol T

Purpose M Oparail Z H PN 76 53 210 Hex Bytes Cycles States Comments

Arithmetic DAA Convertsacc.content | t X § X P o 00 100 111 27 1 1 4 Decimal adjust

into packed BCD accumulator,
and following add or
sublract with packed

CPU Control BCD oporends. .

Groups cPL A-K « ¢+ X1 X o1 010111l F ) 1 4 Complement
accumulator {one's
complement).

NEG A-0-A It Xt X Vv 11 1ol 10} ED 2 2 8 Negate acc. (two's
. . 01 000 100 44 complement],
CCF CY -~ CY e ¢ X X X 00 111 111 3F 1. 1 4 Complement carry
fag..
SCF CY~1 ¢« X 0 X 00 110 111 37 1 1 4 Set carty flag.
NOP No operation e X o X 00 000 000 00 1 1 4
HALT CPU halted « X o X 01 10 110 76 1 1 4
Dl » IFF -0 e X o X 11 110 011 F3 1 1 4
El w IFF -] « X ¢ X 11 111 01t FB 1 1 4
™o Set interrupt ¢ X o X 11 101 101 ED 2 2 8
mode 0 01 000 110 46
M1 Set interrupt *» ¢ X o X o 11 101 101 ED 2 2 8
mode 1 ol 010 110 56
M2 Set jnterrupt ) o o X ¢ X ¢ o 11 101 101 ED 2 8
mode 2 01 011 10 SE
HOTES:  IFF indicates the interrupt enable Nig-flop.
CY indicates lhe carry flip-llop.
# indicates Interrupls are rof sampled at the end of E1 or DI
]

16-Bit ADDHL, 12 HL - HL+ss e ¢+ X X X s 0 00 =ak 001 1 3 I ou R

Arithmetic ADCHLss HL-HL+41#CY 1 t X X X V 0 1101 10l ED 2 4 15 0 DE

Group 0l sl 010 10 HL

11 SP
SBCHL, nn HL ~ HL-ss-CY 1 1 X X X v 11 iol 101 ED 2 4 15
01 s:0 010
ADD IX, pp X~IX+pp e ¢ X X X ¢ 0 11 0i1 101 DD 2 4 15 Reg.
01 ppl 001 %
0l DE
101X
. 11 sp
ADDKY, rr WY +er e ¢ X X X ¢ 0 11 111 101 FD 2 4 15 r__Reg.
00 rrl 001 . 00 BC
0] DE
10 1y
11 SP
INC es -+l « ¢ X o X o ¢ 00 50 011 1 1 6
INCIX X-KX+1 e o X & X o o 11 oHl 101 DD 2 2 10
00 100 011 23 =
INCIY Ne-1y+1 * o X & X o o 11 H1 101 FD 2 2 10
00 100 01t 23
DEC -] e o X ¢ X o o 00 ss1 011 1 1 6
DECIX X~ 1X-1 ¢ o X ¢ X o o 11 o11 101 DD 2 2 10
Q0 101 011 2B
DEC 1Y NeIy-] ¢ o X 8 X & o 11 111 101 FD 2 2 10
00 101 o1 2B
NOTES: s s any of the register pairs BC, DE, HL. SP.
PP is any of lhe teqgisler palrs BC, DE, IX; SP.
er s any ol {he reqister pairs BC, DE, 1Y, SP.
Rotate and —
Shift Group  PLCA @-Lo=a « ¢ x0ox .0 ool @z 1 ) 4 Rotate left circular
A - . accuriulator.
RLA o] | 1+—0 ¢ X 0 X ¢ 0 00010 113 17 1 1 4 Rotate left
A accumulator.
RRCA --.@ e ¢ X 0 X o 0 00 001 111 - OF = "] 1 4 Rotale right circular
A &ccumulator.
RRA e s+ X 0 X o0 oo IF 1 1 4 Rotate right
A accumulator.
RALC» 1 1t X0 X PO 11001011 CB 2 2 8 Rotate lelt circular
. - register r.
RLC (HL} 1 1 X0 X PO cB 2 4 15 Lo—feo
001 C
ALc ax e | E0-CT—o11 1 X0 X PO Mol 10l DD 4 6 = 200D
r,(HL),(IX + d) (1Y +d) 1100101l CB 10 H .
101 L
n A
RLC (IY +d) I 1+ X0 X P O 11 111 101 FD 4 6 23
' 11001011 CB
y Instruction format
: el and states are as
BLm J 1 X0 X PO pig shown for RLC.
mme,(HL),(IX +d){IY +d) To form new
(———_] opcode replace
mem SOt }LE 4 4 x 0 x P o o BLOY
mur(HLAIX +d) (Y +) with shown code.
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Rotate and Symbollc . Flags Opcode No.of No.of M Noof T
Shift Group _ Mnemonlc Operation 8 2 H P/VN C 76 543 210 Hex Bytes Cyclea States Commaénts
Continued
( ) RR m [&F 1 1 x 0o x P oo 1
mmi(HL)L (X +d)LY +d)
SLAm (&) : ° 1 X 0 X 01
mur (HL)(IX +d).{1Y +d)
SRA m {s7) 1t X 0 X 0 1
mur,(HL),(1X +d)(IY +d)
SRLm ° ] + 1+ x o x 0 1 )|
mar (HL){IX + d).(1Y +d)
RLD rm t r X 0 X 0 o 11101101 ED 2 5 18 Rolate digit lelt and
A ) 0l 10§ 111 &F right between .
the accumulator i
and location (HL). )
RAD [r-4f3-0}—[7-3[3-8] y ; X o0 Xx 0 e J1l01100 ED 2 5 18 - The content of the
. A w0 ol 100 111 67 upper half of
the accumiutator s
unalfected. N
Bit Set, Reset pirb,: Z2-% X ot 1 X 0 ¢ 110IONCB 2 2 8 ¥ Reg.
and Test . - o b r
BIT b, (HL) Z - (HL)p X 1 1 X 0 o 11 001 011 CB 2 12 ol C
Group ol b 110 010 D
BIT b, {IX+d)p 2~ (IX+d) X t+ X.1 X [ 11 011 101 DD 4 § 2 0ll E
11 001 011 CB 100 H
- d - 100 L
01 b 110 11 A
b Bit Tested
BITh, (IY+d)p Z = (IY+d)p Xt X 1 X 0 o 11.111 101 FD 4 5 20 000 ©
11 001 01l CB 0l 1
- d = 010 2 B
01 b 110 01l 3
100 4
101 §
110 6
) n 7
SETh, ¢ he1 e ¢ X o X LI 11 001 011 CB 2 2 8
b
SET b, (HL) (HLY, = } « o X o X L] 11 001 011 CB 2 4 15 [
M b o
SET b, (IX+d) (IX#d)p -1 s o X o X . . 11 011 101 DD 4 6 2
11 001 011 CB
- d -
[ » Ho
SET b, (If +d) (1Y +d)p ~ 1 ¢ o X o X L 11 111 101 FD 4 6 23
11 001 011 CB
0 b 1o
RESb, m mp -0 ¢ ¢ X o X L To form new
m w1, (HL), opcode replace
(IX+d), {0 of SET b, s
(1Y +d) with . Flags
and time states for
SET instruction,
NOTES: The notation f, indicates bit b (0 to 7) or localion m.
Iump JPnn PC«~nn e ¢ X o X . o 11 000 011 C3 3 3 10
- n =
Group “ n - o Condition
JPec,nn 1f condition cc is e o X o X . o 11 ec 010 3 3 10 000 NZ non-zero
true PC «~ nn, - n - 00l Z zero
otherwise - n = 010 NC rion-carry
contifive 0l C carry
100 PO parity odd
101 PE parity even
110 P sign posltive
Re PC -~ PC+e e o X e X LI 00 011 000 18 2 3 12 111 M ign negative
-o=7 =
IRC, e lic=o, ¢« s X o X LI 00 111 000 38 2 2 7 1 condition not met.
continue ~e-2 ~
fCc=1, 2 3 12 1f condition is met.
PC ~ PC+e
JANC, e HC=1, ¢ o X ¢ X e e 00110000 0 2 2 ? 1l condition not met.
conlinue -ew2
uca=0o, 2 3 12 I condition is met. .
PC = PC+e .
PZ, e fZ=o0 e ¢ X o X ¢« . 00 101 000 28 2 2 7 1f condition not met.
conlinue - -2~
UZ =], 2 3 12 1f condition 1s met.
PC ~ PC+e
JRNZ, o HZ =1, o o X o X L 00 100 000 20 2 2 7 1f condition not met.
continue - ea-3 -
HZ=0, 2 3 12 f condttion is met.
PC ~PCte
1P (HL) PC ~ HL e ¢ X e X L 11 101 001 1 1 4 -
P (IX) PC~ KX e ¢ X o X ¢ 11 011 101 DD 2 2 8
11 1ol 001 E9
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Jump Group Symbolic Flags Opeode No.of No.of M No.of T
. M Op 8 z H PPVYR C 76 $43 210 Hex Bytes Cyclea Stales Conmments
(Continued) .
1P (1Y) PC 1Y * ¢ X o X o o o 11 111 101 FD 2 2 8
11 10} 001 E9
DINZ, e B~B-1 * o X o X e o » 00 010 000 10 2 2 8 1tB=0.
iB=0, -e=2 =
continue
IiB =0, ~ 2 3 13 1iB+#0.
PC ~ PC+e
NOTES: e the ext in the relative addi mode.
@ 11 a signed iwo's complement number In the range < - 126, 129 >,
& -2 in the opcode provides an elfeclive address of pc+e as PC Is incremented
by 2 prior to the addition of e.
Call and CALL nn (SP-1) - PCH e« o X ¢ X e« e o 100010ICD 3 5 17
(8P-2) — PCL, -n -
Return Group PO — no ~ac
CALLcc,nn  If condition * ¢ X ¢ X o o o 11 cc 100 3 3 10 If ce is false.
ccls false -n -
continue, - n - 3 5 17 If cc is true.
otherwise same as
CALL nn
RET PCL, ~ (SP) ® ¢ X ¢ X o o o 11001001 CO 1) 3 10
PCH — (SP+1)
RET cc 1f condition e & X ¢ X e o o 11 cc 000 1 i 5 Hcc is false.
cc is false [ 3]
continue, 1 3 1 H cc is true.
ﬂ?:‘:" cc___ Condition g
000 NZ non-zero
RET 0l Z zero a
RETI Return from ¢ X e X e e mIMIIED 2 4 o gf NG reney
interrupt 01 001 101 4D 100 PO parlty odd
' RETN! Return from e & X o X o & o 11 101 10} ED 2 4 14 101 PE patity aven : -
H 4 non-maskable 01 000 101 45 1O P  sign positive
interrupt 11 M sign negalive
RSTp (SP-1) — FCH e s X o X e o & 11t 1t 1 3 11 i P
(SP-2) ~ PCy, 000 00H
PCH -0 001 08H
PCL - p 010 10H
011 18H
100 20H
101 28H
110 30H
1 38H
NOTE: 'RETN loads IFF — IFF)
: Input and IN A, (n) A-( ® s X ¢« X o s s LONOIDB 2 3 1 ntohg~ Ay
H - n - Acc. to Ag ~ A5
Output Group mw:, © r=(C) 1.t X 1+ X P 0O e« 1101100 ED 2 3 12 CtoAg ~ Ay
if r = 110only the ol r 000 BloAg ~ A5
flags will be affected )
INT {HL) ~ (C) X 1t X X X X 1 X 11 101 101 ED 2 4 16 CloAg ~ A7
B - B-1 10 100 010 A2 BtoAg ~ A5
HL - HL # 1 @
INIR (HL) ~ (C) X1 X X X X 1t X 11101 101 ED 2 5 21 CtolAg ~ A7
B-B-1 10 110 010 B2 {IfB+0) BtoAg ~Als
HL~HL+1 2 4 16
Repeat until {IfB=0)
B=0
o
IND (HL) = (C) X 1 X X X X1 % 11 101 101 ED 2 4 16 CtloAg ~ Ay
B—B-1 10 10f 010 AA BloAg ~ Ajg
HL ~ HL-1 @
INDR (HL) — (C) X1 X X X X 1 X 11 101 101 ED 2 5 21 CtoAg ~ A7
B-B-1 10 111 010 BA (1t B=0) BloAg ~ A5
HL - HL-1 2 16
Repeat unti} ({B=0)
OUT(n}, A (n) - A e & X o X o o o 11 010 011 D3 2 3 11 nioAg ~ A7
- n - Acc. lo Ag ~ Ajs
OUT(C) r Cy~r ¢ ¢ X o X o o o 11 101 101 ED 2 3 12 CtoAg ~ A7
@ ot r 001 BtoAg ~ A)s
OuTt {C) — (HL) Xt X X X X1 X 11 1o} 101 ED 2 4 16 CtoAg ~ A7
B~B-1 10 100 011 A3 BloAg ~ A5 »
HL —HL + 1 @
OTIR {C) — (HL) X 1 X X X X 1 X 11 101 101 ED 2 5 2] Clo Ay~ Az
B-B-1 10 110 011 B3 (1l B£0) BloAg ~ Alg
HL -~ HL + 1 2 16
Repeat until {IiB=0)
B=0
0]
OuTD (C) — (HL) Xt X X X X 1 X 11 101 101 ED 2 4 16 CloAp ~ A7
B~B-1 10 101 01} AB BloAg ~ A5
HL - HL-1

NOTE: (D If the result of B—1 is 26t0 the Z flag is set, otherwise t is reset.
@) 2 Nlag 1s set upon insiruction completion only.

2001-001

259




Input and -

Output Group M

Symbollc Flags
(o) | 8 2z H PYR C

pcode
78 §43 210 Hex Byles Cycles States Commants

No.of No.of M Noof T

(Continued)  omr (C} — (HL) X 1 X X X X 1 X 11010E 2 5 21 CloAg~ A7
B~ B-1 10 111 011 (1 B#0) BtoAg ~ A5
HL —~ HL-1 16
Repeat untilB = 0 ({B=0)

Summary of Dy

Flug Yy Instrucilon 8 2 H P/V N %ﬂ Commaents

ADD A, s; ADCA, s t 1 X 1 X v 0o 8-bit add or add with carry.

Operation SUB# SBCA, & CP&NEG 1 4+ X t X V 1 1_ 8bitsublrac sublract with carry, and negate 1

AND I ¢+ X 1 X P 0 O }

ORe, XOR s t 1 X 0 X P o of Logtcaloperations,

INCs t + X 1 X V 0 s 8-bit increment.

DECa 1 1 X 1 X VvV 1 e 8-bit decrement.

ADD DD, es ¢« ¢ X X X e 0 ¢ 16-bit add.

ADC HL, s 1+ X X X VvV o 16-bit add with carry.

SBC HL, s t 1+ X X X vV 1 1 16-bit sublract with carry.

RLA, RLCA, RRA: RRCA e ¢« X 0 X ¢ 0 t Rotate accumulator.

RL m; RLC m; RR m; t + X 0o X P 0 1 Rolate and shift locations.

RRC m; SLA m;
SRA m; SRL m

RLD; RRD H t X 0 X P 0 = Rolate digit lelt and right.

DAA t t X 1 X P e 1 Decimal adjust accumulator,

CPL ¢« ¢ X 1 X e 1 = Complement accumulator.

SCF e« ¢ X 0 X o 0 1 Set carry.

CCF s ¢ X X X ¢ 0 I Complement carry.

lglr {©) outt t ;( g X P (l) . Input register indirect.

INL, IND, : OUTD X X X . - e =

INIR: INDR: OTIR; OTDR X 1 X X X X 1 .} Block fnput and output. Z = OB # Ooctherwise Z = 0,

e Fxx 0 x10 :} Block transler instructions. P/Y = 1 if BC # 0, otherwise PAV = 0.

CPI; CPIR: CPD; CPDR X 1t X X X 1 1 Block search inslruclions. Z = 1 if A = (HL), otherwise Z = 0. P/V = 1

if BC # 0, otherwise P/V = 0.
LDA,LLDAR ] t X 0 X IFF 0 o The content of the Interrupt enable fip-flop (IFF} is copied Into the P/V flag.
BITb, s it X 1 X X 0 The state ol bit b of localion s is copied into the Z Hlag.
Symbolic Symbol Operation Symbol Operation
Notation S Sign flag. S = 1 if the MSB of the result is I. 1 The flag is affected according to the result of the
Z Zero flag. Z = 1 if the result of the operation is 0. operation.
PV Parity or overflow flag. Parity (P) and overflow . The flag is unchanged by the operation.
(V) 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 aifect this flag with the X The flag is indeterminate.
overflow of the result. If P/V holds parity, P/V = v P/V flag affected according lo the overflow result
1 if the result of the operation is even, P/V = 0 if of the operation.
result Is odd. If P/V holds overflow, P/V = 1 if P P/V flag affected according to the parity result of
the result of the operation produced an overflow. the operation.

H Half-carry flag. H = 1 if the add or subtract r Any one of the CPU registers A, B, C, D, E, H, L.
operation produced a carry into or borrow from 8 Any 8-bit location for all the addressing modes
bit 4 of the accumulator. allowed for the particular instruction,

N Add/Subtract flag. N = 1 if the previous opera- 58 Any 16-bit location for all the addressing modes
tion was a subtract. allowed for that Instruction.

H&N H and N flags are used in conjunction with the i Any one of the two index registers IX or 1Y.
decimal adjust instruction (DAA) to properly cor- R Refresh counter. 7
rect the result into packed BCD format following n 8-bit value in range < 0, 255 >.
addition or subtraction using operands with nn 16-bit value in range < 0, 65535 >.
packed BCD format.

C Carry/Link flag. C = 1 if the operation produced

a carry from the MSB of the operand or result,

260
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Pin
Descriptions

Bo-A1s. Address Bus (output, active High,

" 3-state). Ag-A}s form a 16-bit address bus. The
Address Bus provides the address for memory -

data bus exchanges (up to 64K bytes) and for
1/0 device exchanges.

BUSACK, Bus Acknowledge (output, active
Low). Bus Acknowledge indicates to the
requesting device that the CPU address bus,
data bus, and control signals MREQ, IORQ,
RD, and WR have entered their high- -
impedance states. The external circuitry
can now control 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 cur-
rent machine cycle. BUSREQ forces the CPU
address bus, data bus, and control signals
MREQ, IORQ, RD, and WR to go to a high-
impedance state so that other devices can
control these lines. BUSREQ is normally wire-
ORed and requires an external pullup for
these applications. Extended BUSREQ
periods due to extensive DMA operations can
prevent the CPU from properly refreshing
dynamic RAMs.

Dg¢-D7. Data Bus (input/output, active High,
3-state). Dg-D7 constitute an 8-bit bidirectional
data bus, used for data exchanges with
memory and I/O.

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

INT. Interrupt Request (input, active Low).
Interrupt Request is generated by I/O devices.
The CPU honors a request at the end of the
current instruction if the internal software-
controlled interrupt enable flip-flop (IFF) is
enabled. INT is normally wire-ORed and
requires an external pullup for these
applications.

IORQ. Input/Quiput Request (output, active
Low, 3-state). IORQ indicates that the lower
half of the address bus holds a valid I/O
address for an I/O read or write operation, _
IORQ is also generated concurrently with M1
during an interrupt acknowledge cycle to indi-
cate that an interrupt response vector can be

placed on the data bus.

E. Machine Cycle One (output, active Low).
M], together with MREQ, indicates that the

current machine cycle is the opcode fetch
cycle of an instruction execution. M1, together
with TORQ, indicates an interrupt acknowledge
cycle.

MREQ. Memory Request (output, active
Low, 3-state). MREQ indicates that the address

‘bus holds a valid address for a memory read or

memory write operation.

NMI, Non-Maskable Interrupt (input, negative
edge-triggered). NMI NMI has a higher priority
than INT. NMI is always recognized at the end
of the current instruction, independent of the
status of the interrupt enable flip-flop, and
automatically forces the CPU to restart at
location 0066H.

RD. Read (output, active Low, 3-state). D in-

dicates that the CPU wants to read data from
memory or an /O device. The addressed /O
device or memory should use this signal to
gate data onto the CPU data bus.

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

RFSH. Refresh (output, active Low). BRFSH,
together with MREQ, indicates that the lower
seven bits of the system's address bus can be
used as a refresh address to the system's
dynamic memories.

WAIT. Wait (input, active Low), WAIT
indicates to the CPU that the addressed mem-
ory 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
refreshing dynamic memory properly.

WR. Write (output, active Low, 3-state). WR

indicates that the CPU data bus holds valid
data to be stored at the addressed memory or
1/0O location.
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CPU Timing . The CPU executes instructions by pro- The basic clock period is referred to as a
*  ceeding through a specific sequence of opera- T time or cycle, and three or more T cycles
tions: ) make up a machine cycle (M1, M2 or M3 for
B Memory read it instance)., Machine cycles can be extended
y' orwrt e. either by the CPU automatically inserting one
W /O device read or write or more Wait states or by the insertion of one
B Interrupt acknowledge or more Wait states by the user.
Instruction Opcode Fetch, The CPU places The CPU samplés the WAIT input with the
the contents of the Program Counter (PC) on falling edge of clock state T2, During clock
the address bus at the start of the cycle (Figure  states T3 and T4 of an Ml cycle dynamic RAM
5). Approximately one-half clock cycle later, refresh can occur while the CPU starts
MREQ goes active. When active, RD indicates deccding and executing the instruction. When
that the memory data can bé enabled onto the the Refresh Control signal becomes active,
CPU data bus. refreshing of dynamic memory can take place.
T T2 Tu®* T Ta X
y y— v ] ;
CLOCK —/4—@— (D> \ \ ’ / i
@* “J« o |
e : WO
Ao-Ays = ) PC :‘ )'7 REFRESH ADDR x
" 7,
= i) e |
—_— £
WREG /r Y . .
® Q
R_D‘ ] T L
_ @~ */f,f?,@'l )
wair
L7 X
® <@
moo| Y . y
Do~D7 E—@—’/’j ): VALID DATA K :
o -
RFSH - X
'Tw = Whait cycle added when necessary for slow ancilllary devices.
Figure 5. Insiruction Opcode Fetch
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l CPU . Memory Read or Write Cycles. Figure 6 MREQ also becomes active when the address
Timing shows the timing of memory read or write bus is stable. The WR line is active when the
(Continued) cycles other than an opcode fetch (M1) cycle. data bus is stable, so that it can be used
The MREQ and RD signals function exactly as directly as an R/W pulse to most semiconduc-
in the fetch cycle. In a memory write cycle, tor memories.

T T2 Tw T

m_/'f@*\ \_,_/‘LJ‘__/\_
; )

o/
V&LID ADDRESS N

7 | i 5]

s /

TF

*'PJ/‘_®,,@»FL ©
w7\

s
->|®<-—

"

Ao-Aq5

LK)

2 |,
T L
-

ndd 108z

READ
OPERATION - «~@ @ I+
Do-D7 \ 75 )‘fvmo
— — DATA
] @
wR
‘®j—(k__— ->@<—
WRITE | «—G)—»| (B>
OPERATION

| /
D0-D7 e pataout o

¥/

. Figure 6. Memory Read or Write Cycles
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CPU - Input or Output Cycles. Figure 7 shows the inserts a single Wait state (T ). This extra Wait
Timing timing for an I/O read or I/O write operation. state allows sufficient time for an I/0 port to de-
(Continued)

During I/O operations, the CPU automatically code the address from the port address lines.

T2 Twa Tw Ty
cocx | '\_/_\_/—!st.,,_/ ‘i_/_! ' B
KON : &
Za
Ao-A7 )! VALID PORTADDRESS || X
7
@ - @1—
oRa T : s /
<—<:)———> . - -3
@~k 0~ ] * -®
WA vz ﬂ l\
@ — @) -
b h "
1o . 77 @4
READ L @ 4
OPERATION =@ /£ " r
Do-D' e L2 4 VALID
0=D7 A AumuY S£ DATA
® ~lo
| ) S
WA " @
o G -~ «®»
WRITE = @
OPERATION L
| Do-Dy ——————ep o DATA OUT e

—dtf

Twa = Wattcycle automatically inserted by CPU.

Figure 7. Input or Output Cycles

Interrupt Request/Acknowledge Cycle. The During this Ml cycle, IORQ becomes active

CPU samples the interrupt signal with the ris- (instead of MREQ) to indicate that the inter-
ing edge of the last clock cycle at the end of rupting device can place an 8-bit vector on the
any instruction (Figure 8). When an interrupt data bus. The CPU automatically adds two
is accepted, a special M1 cycle is generated. Wait states to this cycle.
T T2 Twa Twa Tw T3
AVAVAVYAVAY AW
0 ®
Ao-Ars PC 47:':
0—@ e
_ -] . ~j2

—l @) - 5

@ ~ ’:—@ -t @ -
o ~ el
WA . ! 7 O\ 5
©
0o-D7 ; £ :7 :7 7} ': W vAUD DATA C

TL = Last state of any instruction cycle.
Twa = Wait cycle automatically inserted by CPU.

Figure 8. Interrupt Request/Acknowledge Cycle
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CPU
Timing
(Continued)

Non-Maskable Interrupt Request Cycle.

" NMI is sampled at the same time as the

maskable interrupt input INT but has higher
priority and cannot be disabled under software
control. The subsequent timing is similar to

that of a normal memory read operation except
that data put on the bus by the memory is
ignored. The CPU instead executes a restart
(RST) operation and jumps to the NMI service
routine located at address 0066H (Figure 9).

LAST M CYCLE

~©®

—

[ QN i . Y

X REFRESH X:

Ag=-A15 X PC
@

- ™

-—
h
—»

~ @

- > @ - @
-

——

®

'

* Although NMI is an asynch input, to

- @Ic— - |

its being recognized on the following machine cycle, NMI's falling edge must

occur no later than the rising edge of the clock cycle preceding the last state of any instruction cycle (Tpp).

Figure 9. Non-Maskable Interrupt Request Operation

Bus Request/Acknowledge Cycle. The CPU
samples BUSREQ with the rising edge of the
last clock period ‘of any machine cycle (Figure
10). If BUSREQ is active, the CPU sets its
address, data, and MREQ, IORQ, RD, and WR

T Tx

CLOCK

lines to a high-impedance state with the rising
edge of the next clock pulse. At that time, any
external device can take control of these lines,
usually to fransfer data between memory and
1/0 devices.

Tx Tx

BUSACK

)
®
"1_' (3

FLOAT

Ay

Ac-As

FLOAT 4

FLOAT

[1e [1e 11

v
2

g
A

HALY

UNCHAKQED

NOTES: 1) Tpy = Last state of any M cycle.

2) T = An arbitrary clock cycle used by requesting device.

Figure 10. Z-BUS Request/Acknowledge Cycle
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CPU
Timing

{Continued)

. Halt Acknowledge Cycle. When the CPU re-

When in the Halt state, the HALT output is active

ceives a HALT instruction, it executes NOP states and remains so until an interrupt is procegsed

until either an INT or NMI input is received.

(Figure 11). INT will also force a Halt exit.

L) M1 ] "t

CLOCK

HAL'

i

! T T2 T3 Te ! T T2

F—

Halt Instruction 1

'Al!hcugh NMI is an asynch

{7

input, to tee its being recognized on the following machine cycle, NMI's falling edge must

ocour no later than the rising edge of the clock cycle preceding the last stafe of any instruction cycle (Tr ).

Figure 11, Halt Acknowledge Cycle

Reset Cycle. RESET must be active for at least

T cycles are consumed before the CPU resumes

three clock cycles for the CPU to properly accept ~ normal processing operation. RESET clears the

it. As long as RESET remains active, the address
and data buses float, and the control cutputs are

PC reqister, so the first opeode fetch will be to
location 0000 (Figure 12).

inactive. Once RESET goes inactive, two internal

€LOCK
oR 2 or
RESEY —q / \ 47 K /
Ao-Ats 4:5_// FLOAT J‘!‘——_‘_
—| @ |
Do-D7 ’[___” FLOAT
—f o —~| @ .
- J 7/
B, u » :
) V//1//4 o ~

%

Figure 12. Reset Cycle
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Characteristicst

59864043
78300-1 28300-3
(1.0 MHz) (2.5 MHz)
Min Max Min Max
Number Symbol Parameter (ns) (ms) (ns) (ns)
1 TcC Clock Cycle Time 1000* 400*
2  TwCh Clock Pulse Width (High) 470 -2000 180 2000
3 TwCl Clock Pulse Width (Low) 470 2000 180 2000
4 TIC Clock Fall Time —_ 30 — 30 -
§=— TrC —— Clock Rise Time 30 30
6 TdCr(A) Clock 1 to Address Valid Delay - 380 — 145
7 TAA(MREQH Address Valid to MREQ 370 — 125¢  —
| Delay
8 TACH(MREQf) Clock | to MREQ | Delay — 260 — 100
9  TdCr(MREQr) Clock 1 to MREQ t Delay — 260 — 100
10— TwMREQh MREQ Pulse Width (High) 410* 170*
11 TwMREQI MREQ Pulse Width (Low) 890*  — 360 —
12 TdCHMREQr) Clock | to MREQ 1 Delay — 260 — 100
13 T4CKRDH Clock | to RD | Delay — 340 = 130
14 TdCr(RDr) = Clock t to RD 1 Delay — 260 — 100
15— TsD(Cr}) Data Setup Time to Clock 1 140 50
16 ThD(RDr) Data Hold Time to RD 1 - 0 — 0
17 TsWAIT(CH) WATT Setup Time to Clock | 190 — 70 —
18 ThWAIT(Cf)  WAIT Hold Time after Clock | — 0 - 0
19  TdCr(Mlf) Clock 1 to Ml | Delay — 340 — 130
20— TdCr{MIr) Clock 1 to M1 1 Delay 340 130
21  TACr(RFSHf)  Clock ! to RFSH | Delay — 460 — 180
22  TdCr(RFSHr) Clock 1 to RFSH 1 Delay — - 390 — 150
23  TdCHRDr) Clock | to RD 1 Delay — 290 — 110
24 TdCr{RDf) Clock t to RD | Delay — 260 - 100
25 —TsD(Cf) Data Setup to Clock | during 160 60
My, M3, My or Mg Cycles
26 TJA(IORQf)  Address Stable prior fo IORQ 1} 790" — 3200 —
27 TdCr(IORQf) Clock 1 to IORQ | Delay — 240 — 90
28  TACKIORQr) Clock | to TORQ t Delay — 29 - 110
29 - TdD(WRf) Data Stable prior to WE | 470 — 190 —
30 — TACHWRH) Clock | to WR | Delay 240 90
31 TwWR WR Pulse Width 890* — 360 —
32  TdCHWRr) Clock | to WR 1 Delay — 260 - 100
33 TdD(WRf) Data Stable prior to WR | -30* — 30" —
34  TdCr(WRf) Clock 1 to WR | Delay — 210 — 80
35 ~— TdWRr(D) Data Stable from WR { 290* 130*
36 TACH{(HALT)  Clock | to HALT tor | — 760 — 300
37  TwNMI NMI Pulse Width 210 — 80 —
38 TsBUSREQ(Cr) BUSREQ Setup Time to Clock ! 210 — ‘80 —

in the table on the

*For clock periods other than the minimums shown in the table, calculat
following page.

Calculated values above d

TeC = TIC = 20ns. .

1All timings assume equal loading on pins within 50 pf.

ters using the exp:
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AC
Charac-
teristics}
(Continued)

Number Symbol

78300-1 28300-3
Number Symbol Parameter Min Max Min Max
(ns) (ns) (ns) (ns)
39 ThBUSREQ(Cr) BUSREQ Hold Time after Clock | 0 — 0 —_
40 — TdCr(BUSACK{)- Clock 1 to BUSACK | Delay 310 120
41 TdCHBUSACKr) Clock | to BUSACK 1 Delay — 290 — 110
42 TdCr(Dz) Clock t to Data Float Delay — 240 —_ a0
43  TdCr(CTz) Clock ! to Control Qutputs Float — 290 — 110
Delay (MREQ, IORQ, RD,
and WR)
44 TdCr{Az) Clock 1 to Address Float Delay — 290 — 110
45 — TdCTr(A) MREQ 1, IORQ I, RD 1, and 400* 160*
WR 1 to Address Hold Time
46 TsRESET(Cr) RESET to Clock 1 Setup Time 240 —_ 90 —_—
47 ThRESET(Cr) RESET to Clock 1 Hold Time — 0 — 0
48 TsINTH(Cr) INT to Clock 1 Setup Time 210, - 80 —
49  ThINTK(Cr) INT to Clock 1 Hold Time - 0 — 0
50 —TdM1{{IORQf) — M1 | to IORQ | Delay 2300* - 920*
81 TAC{IORQA) Clock | to IORQ | Delay — 290 -— 110
52 TdCi{(IORQr) Clock t to IORQ ! Delay — 260 — 100
53  TdCi(D) Clock | to Data Valid Delay — 290 — 230
*For clock periods other than the minimums shown In the table, calculate parameters
using the following expressions, Calculated values above assumed TrC = TIC = 20 ns,
t Al timings assume equal loading on pins with 50 pF.
Footnotes to AC Characteristics
28300-1 28300-3

TwCh + TwCl + TrC + TIC
TwCh + TiC - 200
TwCh + TIC - 90

1 TeC
7 TdA(MREQf)
10 TwMREQh

11 TwMREQI TcC - 110
26 TdA(IORQH) TcC - 210
29 — TdD(WRf) TeC - 540
3l TwWR TcC - 110
33 TdD(WR) TwCl + TrC - 470
35 TdWRr(D) TwCl + TrC - 210

TwCl + TrC - 110
2TcC + TwCh + TIC - 210

45 TdCTr(A)
50 TdM1{(IORQf)

TwCh + TwCl + TrC + TIC
TwCh + TIC - 75
TwCh + TIC - 30

TeC - 30
TcC - 80
TeC - 210
TcC - 40

TwCl + TrC ~ 180
TwCl + TiC - 80
TwCl + T:C - 40
2TcC + TwCh + TIC — 80

AC Test Conditions:
ViH=20V
ViL=08V
VIHC = Vo -06 V
ViLg = 045V
VOH = 20V
VoL =08V
FLOAT = 205V
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Absolute Voltages on all pins with respect Stresses greater than those listed under Absolute Maxi-
Maximum toground. . veecieiiiiisian —~0.3Vio +7V  mum Ratings may cause permanent damage to the device,
Rati O X Amb This is a stress rating only; operation of the device at any

atings perating fent condition above those indicated in the operational sections
Temperature . ...... See Ordering Information of these specifications is not implied. Exposure to absolute

Storage Temperature. ...... ,—65°Cto +150°C’  maximum rating conditions for extended periods may affect

device reliability,
Standard The DC characteristics and capacitance sec- The Ordering Information section lists package

Test tions listed below apply for the following standard

temperature ranges and product numbers, Pack-

Conditions test conditions, unless otherwise noted. All volt- age drawings are in the Package Information
ages are referenced to GND (OV). Positive current  section. Refer to the Literature List for additional
flows into the referenced pin. documentation.
Available operating temperature is: .
m S =0°Cto +70°C, +4.75V = Ve = ik
+5.28V
FROM OUTPUT
All ac parameters assume a load capacitance UNDERTEST
of 100 pf. Add 10 ns delay for each 50 pf increase
in load up to a maximum of 200 pf for the data 1o0pt ® g
bus and 100 pf for address and control lines. I e
DC Symbol Parameter Min Max Unit Test Condition a
Charac-
teristics Vic Clock Input Low Voltage -0.3 045 V
Viuc Clock Input High Voltage Veo-6 Voo+.3 V
ViL Input Low Voltage -0.3 0.8 v
Vi Input High Voltage 2.0 Vee v
VoL Output Low Voltage 0.4 v IoL = 2.0mA
Vou Output High Voltage 2.4 v Iog = -250 A
I Input Leakage Current 10 wA Viy = 0to Ve
Iio 3-State Output Leakage +100  pA Vour = 0.4 to Vee
Icc Power Supply Current
Temperature
0°C 25°C  28°C  70°C
Frequency Max  Max Typical Max

28300-1 (1.0 MHz) 30
78300-3 (2.5 MHz) 45

25 15 20
40 25 35

LEIE

1. Ajg-Ag, D7-Dg, MREQ, IORQ, RD, and WH.

Capacitance Symbol Parameter

Min Max Unit Note

Cerock Clock Capacitance
Ciy Input Capacitance
Cout Output Capacitance

35 pF
5 pF
13 pF

Ta = 25°C, { = | MHz.
Unmeasured pins returned to ground.

8085-0221
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' ORDERING INFORMATION

Z80L CPU, 1.0 MHz Z80L CPU, 2.5 MHz
40-pin DIP 40-pin DIP
Z8300-1 PS Z8300-3 PS
Codes

First letter is for package; second letter is for temperature.

o s

C = Ceramic DIP R = Protopack
P = Plastic DIP T = Low Profile Protopack
L = Ceramic LCC DIP = Dual-In-Line Package
V = Plastic PCC LCC = Leadless Chip Carrier
PCC = Plastic Chip Carrier (Leaded)
TEMPERATURE FLOW
S = 0°Cto +70°C B = 883ClassB

E = -40°Cto +85°C
M*= —55°Cto +125°C

Example; PS is a plastic DIP, 0°C to +70°C.

TAvailable soon.
*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications.
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