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PHAKORN HUTASANGKAS ADVISER
stract

Computer is a common device in all industries and commercial
rms. Nevertheless, the development of computer technology
themendous predictable. Also, the difficultérs of the computer
those fields may seldom,occur,the most fredueﬁtly detectable is tﬁe
rking-speed. It is however essential that the time is being punctual
trading. In the computer systém, for ingtance, it is egamined that
.the computer works so rapidly than thé other peripheral device sush
», a printer. In its speed rélation the printer is much less
pidity. Therefore "SWITCHING BOX AND PRINTER BUFFER" the device that
rvers the data transterring to the printer is obviously required. It
ceives data from the computer #@nd then transter them to the printer.

this moment the computer is free for other tasks.
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[ ] The instruction_ set contams 158 instructions. The 78’
‘. instructions of the 8080A-are inciuded as a subset;

Z80° CPU Central
Processing Unit

'Product“.f S

: Specification B

April 1685 -

FEATURES

8080A software compatibility is maintained.

l Eight MHz, 6 MHz, 4 MHz, and 2.5 MHz ciocks for the
Z80H, Z80B, Z80A, and Z80 CPU result in rapid

throughput. et

cmeoswrn Al i,

| The extenswe mstrucuon set mcludes string, bit, byte, -
‘and word operations. Block searches. and block
.- transfers, together with indexed and relative addressing,

- result in the most powerful-data handllng capabdm&c in
the microcomputer industry.. ¥ e

m The Z80 microprocessors and associated fam:ly of._.
- n On~chnp dynarmc memory refresh counter. .

peripheral controllers are linked by a vectored interrupt

instruction execution with consequem high data

’ system. This syslem may be daisy-chained 1o aliow
implementation of a priority interrupt scheme. Little, if
any, addmonal logic is required for daisy-chaining. - -

‘= Duphcate sets of both general-purpose and flag reglsters
~.. aré provided, easing the design and operation.of

S 1

interrupt processing. In addition, two 16-bit index--
regxsters facilitate .program processmg of tables and
arrays. .- .

u There are three modes of high speed interrupt -
processing: 8080 similar, non-Z80 peripheral device,
and 280 Famuy peripheral wnth or without dansy chaln

P a0 ~ wl] An’ K
- Mgz al] s~
a3 3] Al
' uy #0Oa -
VoA EEIa g™
ck e s[la
I k] uf] A
2 5[} ]
S 0[] 2] &
e (] zpaoo MM
osv [ zeocPU n[]A -
o, [ 12 29 [] ano
or ] 13 w{] FFER.
. T[] a3 -
- Qs 28 [] RESET”
- Nt 25[] sUsRed .
i T v 24 [ WATT g
T [ w " 5[] sUEAK
. MREG [ 2 {] W
ioRa [} = n [} 7O

Figure 2: 40-Pin Dual-In-Line Plcknge (DIP)
Pin Assignments

»

. g - . . - -

system software through single-context switching, ~
.- background-foreground programming, and single-level

. s . B .t .._. .. a



F et et s

’osa:::uuunn\_.
- CUJ.'I L] L . ‘“‘ ..
Deft B A ’ ‘ .
Y L . AL
oy |10 38 | Ay
De j M1 3s | Ay .
e a2 s0CPU 3] A o, '
ES oSV 13 33 {GNO .
- Dy |14 - 22 | "SR -5 Yorerln
- oy |18 t oSt iR
Do s 30 | RESEY - -
o 0 — 29 | soEREn N
N\snwonannussnn / -

. . oo . . Figure 2b. 44-Pin Chip Carrler Pin Assignments

Y X0 #%@

4
)

‘

]
+

GENERAL DESCRIPTION
The 280, ZBOA, Z80B, and Z80H CPUs are third-generation

- single-chip microprocessors ‘with exceptional computa- -
tional power. They offer higher system throughput and more
efficient memory utilization than comparable seconc- 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.

PR -t INSTRUCTION INSTRUCTION
- Lo DECODER REGISTER
- APy TR )
. GND —’ I I S

CLOCK =

C. : CPY ‘epu -
. v TIMING .
.- : - CONTROL j TIMING

- S SYSTEMS SCPU
AND CPU  CONTROL
CONTROL  INPUTS

OouTPUTS

s, g N amt e g e s o

The Z80 also contains a Stack Pointe}. 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 controlters.

The internal block diagram (Figure 3) shows the primary

functions of the' Z80 processors. Subsequent text provides
more detail on the Z80 /O controller family, registers,

mstructlon'set lnterrupts and dausy chammg. and CPU

timing. i -
©osmIT ¢ - Enl J A
DATA BUS » -y T e
DATA BUS ( CoRT
INTERFACE £ - L4

INTERNAL DATA BUS ALy

REGISTER
ARRAY

ADORESS
LOGIC AND
BUFFERS

16-BIT
. ADDRESS BUS

- . S S

Figure 3.Z80 CPU Block Diagram ... - = » .

O e



280 MICROPROCESSOR FAMILY

The Zilog Z80 microprocessor is the central element of a
comprehensive microprocessor product family. This family
works together in most applications with minimum’
requirements for additional logic, facilitating the design of
efficient and cost-effective microcomputer-based systems.

Zilog has'designed five components to provide extensive -

support for the Z8) microprocessor. These are; ., -~

. W The PIO (Parallel Input/Output) operates in both

data-byte /O transfer mode (with handshaking) and in bit
mode (without handshaking). The PIO may be
configured to interface with standard parallel peripheral .

devices such as printers, tdpe punches, and keyboards.-

:l The CTC (Counter/Timer Circuit) features four pro-

grammable 8-bit coyntertimers, each of which has an ..

-7 . - o .t

8-bit prescaler. Each.of the four channels may be
. configured to operate in either counter or timer mode.

m, The DMA (Direct Memory "Access) controlier provides
"« dual port data transfer operations and the ability to
terminate data transfer as a result of a pattern match.

B The SIO (Serial Input/Output) controlier offers two

< channels. it is capable of operating in a variety of
programmable modes for both synchronous and
asynchronous communication, including Bi-Synch and

- SbtC. . / B :

® The DART (Dual Asynchronous Recsiver/Transmitter)’

" device provides low cost asynchronous serial
communication. It has two channels and a full modem
control interface. - .

280 CPUREGISTERS. . . . A

Figure 4 shows three groups of registers within the 280
CPU. The first group consists of duplicate sets of 8-bit
ragisters: a principal set and an alternate set (designated by
! [prime], e.g., A). Both sets consist 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 interrupts and

easy, efficient _implementaﬁbn ‘of such versatile pro-

' MAINREOISTER SET - i ¥ A

‘gramming techniques 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 Register), the IX and 1Y (Index
Reqgisters), the SP (Stack Pointer), 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 at any particutar time. Table 1
provides further information on these registers.

< ALTERNATE REQISTER SET, g L. . -

A ACCUMULATOR F FLAG REGISTER . |

- A ACCUMULATOR i

‘¥ FLAG REGISTER ‘.

B GENERAL PURPOSE 1€ GENERAL PURPOSE

"

& GENERAL PURPOSE

C OENERAL PURPOSE ~

8 GENERAL PURPOSE - § GENERAL PURPOSE

T ©° GENERAL PURPOSE

"€ GENERAL PURPOSE PP

H GENERAL PURPOSE . l: GENERAL PURPOSE -

W GENERAL PURPOSE

L' GENERAL PURPOSE .

sens,
wos
"l . X INDEX REGISTER® '’ ..
. . IY INDEX REGISTER . °~ . -
S 4
'BP STACK POINTER- - ° -
. PCPROGRAM COUNTER .. ,.

1 INTERRUPT VECTOR

R MEMOBY REFRESH _

s8I . . -

et

. Figure 4. CPU Registers

S T INTERAUPT FUPFLOPS STATUS |
o we, - s
l ;o = INTERAUPTS DISABLED STORES IFF1 1_'
1 » INTERRUPTS ENABLED OuRING Riki
SeRvice
INTERRUPT MODE FLIP.FLOPS
™E, wF,
-
. ®  INTERRUPT MODE §
- ° 1 NOTUSED
1 ) INTERRUPT MODE 1 ~
1 1 INTERAUPT MODE 2 .



280 CPU REGISTERS (Continued)

R Table 1. Z80 CPU Registers ] _
Register Size (Bits) , Remarks
AA . - Accumuiator , 8. 'Storsanoperandon'memsunsofanoperanon.
FF 'Flags 8 * See Instruction Set. w N
BB AGeneralPurposol_ ) N 8- Canbeusedseparatdyorasns-bmegiaermthc
c.c’ . . General Purpose- - _ 8 " SeoB,above. . e :
0.0 . General Purpose, 8 . Canbeusedsepuawymasa1smregwwma . ‘
E.E General Purpose ~ 8. " SeaD, above.- [T e PRI PR
HH . '.._ N General Purpose . 8 .77 Canbeusedseparatalyorasﬂ&bﬂregsﬂerwﬂhL hs ;.f"'
LL - ~°  General Purposs 8 See H, above. s SRR e R
- I ) Note: The B.C), (D.5). and(HL)setsarecombmedasbﬂom: RO
. -, = .\'3 B — High byte C — Lowbyte TN )'“ _ "‘
«1 . 7 .D—Hghbye E—lowbye .
i L .H-Hightyte L—lowbyte ~ :
' l ’ . lnterrupt Register 8 ' L 'Storesuppefeightbnsdmemoryaddresforvemrednmenupt
T EIC TN Ty Y procesil T e = N D -
R ) Refrah Regtstef 8 " Provides user-transparent dynarmc memory rsfresh Autmmhcaﬁy _
o tncrememedandplacedonmeaddmbusdunngaeh ’ :
R g [— - . instruction fetch cycle. Y o
X 7. indexRegister . 16 ° | Usedforindexsd addressing. : \\ :
Y " Index Register 16 Used for indexed addressing, : _—
sP o 'StackPoimar r — 16 5 .HoldsaddressoﬂhempdmestackSoePushorPopmmstmdxon . .
. - oy ) ¥y set. == o S B E o
. PC o Programamef BAYE Holdsaddressdwctmsuuebon. o | R {
IFF-IFFg Interrupt Epable . X 4 Flip-Flops ... . Setorresettoindicate Immms(w Figue ). :.. L » i
_-IMFaIMFb Interrupt Mode =Y ¥ _Flip-Flops Reflect Interrupt mode (see Figure 4). ™ > < . s 3

INTERRUPTS GENERAL OPERATION

The CPU accepts two mterrupt input sngnals NMI and INT
The NMi is a non-maskable interrupt and has the highest

priority. INT is @ lower priority interrupt and it requires that

intérrupts be enabled in software in order to operate. INT
can be connected to multiple penphefal dewceas in a
wired-OR configuration.

The 280 has a single response mode for interrupt service for
the non-maskabie interrupt. The maskable interrupt, INT,
has three programmable rwponse modes available. These
are: o

u Mode 0 — similar to the 8080m|croprocessor. .

[ | Mode { - Peripheral !merrupt servica, for use wrth
non-8080/Z80 systems.. --

. l Mode 2 — & vectored mterrupt scheme, usually
daisy-chained, for use with Z80 Famﬂy and compatxble
penpheral devices.

P

»

N-e 3

‘.~ -

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 uponthe type

-ofinterrupt that was detected. Details on interrupt responses
are shown in the CPU Timing Section. . -

_ Non-Maskable Interrupt (NMI). “The nonmasleble_
interrupt cannot be-disabled by program centrol and *
therefore will be accepted at all imes by the CPU. NMi is
usually reserved for servicing only the highest priority type”
‘interrupts, such as that for orderty shutdown after power

" failure has been detected. After recognition of the NMi -
signal {providing BUSREQ is not active), the CPU jumpsto
restart location’ 0066H. Normally, software starting at this
address contains the interrupt service routine; .,
Maskable Interrupt (INT). -Regardiess of the interrupt-
mode set by, the user, the Z80 response to a maskable

interrupt input follows a common timing cycle. Afer the

-t




interrupt has been detected by the CPU (provided that
interrupts are enabled and is not active) a special
interrupt processing cycle begins. This is a special fetch

(M1) cycle in which | OR'G becomes active rather than .

MREQ, asin a normal M1 cycle. In addition, this special M1
cycle is automatically extended by two ‘WAIT states, to allow
for the time required to acknowiedge uje 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 instrtiction, which will initiate 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
‘instruction with only one interrupt acknowledge cycle
followed by two memory read cycles.

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

Mode 2 Interrupt Opératlén. This interrupt mode has

been designed to utilize most effectively the capabilities of
the Z80. microprocessor 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 fower 8 bits and the contents of the | register as the
upper 8 bits. This points to an entry in a table of addresses
for interrupt service routines. The CPU then jumps to the

routine at that address. This flexibiiity in selecting the

interrupt .service routine address allows the penpheral

| 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-order byte of the 2-byte vector, bit 0 (Ag) must be a zero.

Intarrupt Priority (Dalsy Chalning and Nested
interrupts). The interrupt priority of each petipheral device
is determined by its physical location within a daisy-chain
configuration. Each device in the chain has an interrupt
enabie input line (IEN) and an interrupt enable output line
{IEO), which is fed to the next lower priority device. The first
devicein the daisy chain has its IE input hardwired to a High

level. The first device has highest priority, while each
succeeding device has a cofresponding lower priority. This
arrangement permits the CPU to select the highest priority
interrupt  from  several snmultaneously interrupting .
peripherals. -

The mterruptmg device disablesits IEO line to the next lowef
priority peripheral untit it has been serviced. After servicing,
its IEQ line is raised, allowing lower pnonty penpherals to

-demand interrupt semcmg
" The 280 CPU will nest (queue) any pendmg interrupts or

interrupts received while a se!ected penpheral is bemg
serviced. - - VAR

_ Interrupt Enable/Dlublo Oporntlon. Two ﬂlp-ﬂops. IFF1

and IFF,, referred to in the register description, are used to _
signal the CPU interrupt status. Operation of the two
fiip-flopsis described in Table 2. For more details, refer tothe
Z80 CPU Technical Manual (03-0029-01) and 280 Assembly
Language Programming Manual (03-0002-01).

(A

Table 2. State of Filp-Flops T
Actlon IFFy iFFy. Comments
CPU Reset ~ 0 0 Maskableinterupt "~
2 @ . - INTdisabled
\ Dlinstruction exscution 0 0 Maskableimterrupt
i : INT disabled
Elinstructionexecuion 17 1 Maskableinterrupt 7
= | *" | INTenabied
LDAlinstructionexecution o o IFFp~ Parityflag
LDARInsiructionexscution  » ~ o IFFp= Parityflag-
AcceptNMi .. " - -0 IFFy IFFy~IFFz o
(7 g\ o) - (Maskable interrupt
- INT disabled) -
RETN instruction execution IFF; o+ IFFp—IFFqat °
- completion of an
NMI service
foutine. )




INSTRUCTION SET o

The Z80 microprocessr has one of the most powerful and .

versatile instruction sets available in any 8-bit micro-
processor. It includes such unique operations as a block
move for fast, efficient data transfers within memory, or

between memory and 1/O.’It also allows operanons on any

bit in any location in memory

-

The following is a summary of the Z80 instruction set which
shows the assembly language mnemonic, the operation, -

_ theflag status, and gives comments on each instruction. For .

an explanation of flag notations and symbols for mnemonic

tables, see the Symbolic Notations section which foliows

these tables. The Z80 CPU Technical Manual (03-0029-01),

O Rotates aﬁd shifts ;
O Bitset, reset andtest operauons
o Jumps

'O Calls, returns, and restans )
.D Input andoutpx.ﬁoperatxons

* A variety of addressing modes are implemented to permnt
efficient and-fast data transfer between various registers,
memory locations, and mput/output devices. These
addressing modes mclude - .

N At s

the Programmer’s Reference Guide (03-0012-03), and- O Immediate - R -
Assembly Language Programming Manual (03-0002-01) - O Immediate extended + - © e
contain sng_mﬁcantlymore details for programmnrlg use. O Modified page zero i . e
The instructions are divided u'}to the followypg categories: . Relative .
N = . . re
D 8-bitloads . =z D Extended -, - . A
-a 16-btt|oads R A i, - O Indexed o o
0O Exchanges, blocktransfers andsearches | O Register 3 > Lot g ‘_
0 &bnarﬁhmetlcandlogncopefanons O Register indirect o - L ~_
8] General-purposeanth?\etlcanf!CPU f:_o'ntrcd . 'O implied i n j:-‘___ L i
D 16-bit arithmetic operations 4 o Bit . Lo § 3 oo
8-8BIT LOAD GROUP By N A
. . - ot ! FANRNG Lt e _ T . ) ‘
. _ Symbolic .. . Flags ° Opcode No.of No.ofM No.of T
-Mnemonic  Operation $ 2 H PVN € 76 543 210 Hex Bytes Cycles States Comments
D¢t C e e s .X o X e o o 0f ror { 1 -1 T 4 - ot Reg
ben . fen- e e X e X o e ¢ 00 r 10 - -2 2 . 7 000 B.
—-p- - N e 01 C :
OLHY - r—=(H e e X o X ® o e 01 r 110 1. 2 . 7 010 D "
(LD (X+d) r—(X+d) .e ® X'e X o e e 11 011 101 DD .3 & 19 ‘o1t E -
Co - YA - 7% 3 or ¢ 110 - SRt 100 H
. . ! . S\, / p o-d.—. 4 EN N .:' By, :‘.:- LI 101 L i
_De(Y+d) re=(Y+d) o .e X e X » e, 11 111 101 FO - 3 5 7 19 11 A
SO . ) o1 r 110 . " )
- - " Y . . —d- N i K
LD (HL).r (H)=ft~ o o X o X » e o 01 110 r - 1 -2 7 .
LDX+d)7T (X+d)=r o o X o X o o 11 011 101 DD 3 . 5 19 .
: . . : 01 110 r o .
- . . e —dw - . ’ - N
LOQY+d.r (Y+d)=r o ¢ X eSX o o o 11 111 101 FD 3. , 5 19
. A ot 110 r’ L
. . i - A . Q-.d-. :
LDHL.n  (HL)*~n * * X o X e e s 00 110 110 36 2 3 - 10
P . . i . -‘ ) —n- -, . - A ..
LD(X+dLn (X+d)=n o ¢ X e X o ¢ o 11 011 101 DD 4 5 19
’ - : : 110 110 36 .
. = .-d-. ) - = .
-~ - -

B e Bt i AR e S

= e i . o o s b P



8-BIT LOAD GROUP (Continued)

Symbolic

Opcode

- No.of No.ofM No.ofT ~

. . Flags ’
Mnemonic Operation § 2 H -P/YN C 76 543 210 Hex Bytes Cycles States Comments
LD@Y+dhn (Y+d)=n o o X o X o o o 11 111 101 FD 4. °. & 19
’ ‘ - .- T 00 110 110 36 - T
. Q—d-. . . . —
. v ener R ' -
LDA(BC) A+(BC) e ¢ X o X o o o 00 001 010 OA 1 2 y A
LDA,DE) A-(DE) “e o X & X s o o 00011010 -1A 1. 2 7
DA ()  A=—(nn) * ¢ X o X e o o 00 111 010 3A 3 . 4 13
. . <n= :
- ] ) .- --. ..-n:-. v - :
LD(BC)LA  (BC)—A e e X e X o e o 00- 000 010 02 i 2 7
LD@E)L.A (DE)=A e e X o X o s s 00 010 010 12 1 - 2 7
LO(n) A  (hn)+—A e o X o X o o o 00 110 010 32 - 3 ° 4 13 "
- s e ' N
o -n= .. " ) L
DAL - A=l $ 8 X 0 XIFFO o 31 101 0% EBD- 2 . 2 9
- T ‘0t 010 111 57
LDAR A=R "t ¢ X 0 XIFFO-e "11 101 101 ED 2 \ 20 _ 9§ .
- ) NE 01 011. 111 5F —
LDLA . 1=A e X e X e s e 11 101 101 ED 2 .2 s
R § £ )= [ > 01.000 111 47 00 T - ¢ -
LDR,A Re=A" * e« X e X o e o 11 101 101 ED 2 2 .9 -
’ ] T =01 001 111 4F !

NOTE: IFF, the content of the interrupt enabie fiip-flop, (IFF ). is copied into the PV flag,

.16-BIT LOAD GROUP -
_* Symbolle Flags . Opcode No.of No.ofM No.of T
Mnemonic  Operation s 2 H PIVN C 76 543 210 Hex Bytes Cycles . States Comments
Ddd,nn-  dd=nn © e e X e X e.e e 00 ddd 001 3 3.7 10 dd_ Par ~
) cen- " : 7. 00 8C
. o ¥ SO . S 0t DE
LDIX. nn IX =nn @ ¢ X e X e o o 11 011 101 DO "4 4~ 14 10 _HUT
: . . © 00 100-001 21 - - RE T -
S \ =
. bt § B d k .
O, mn  I¥+nn * o X e X o o e 11 111 101 FD ' 4 4 14
- ’ 00 100" 001. 21
L - . ~-n- _° . .
LDHL,(n) He(n+1) o o X o X o ¢ .00 101 010 2A . 3 s 16 .
L+ (nn) " -n- e
Lt : . . -n-
.LDdd,(nn)  dou=(nn+1) e s X o X s o o 11 101 101 ED 4 (4 20 -
ddy = (nn) ) o - 01 dd1 011 ] -
- - ':_n; . el - -
Q—n-.

NOTE: (PAIR)y;. (PAIR}, reter to high order and low order eight bits of the register pair respectively. e.g., BC = C.AFy = A



16-BIT LOAD GROUP (Continued) . '
. . A
. Symbolic ] Flags - Opcode - - No.ot No.ofM No.otT - h

Mnemonic . Operation $-Z H PIVN C 76 543 210 Hex Bytes Cycles States Comments -

LOIX. (M) Xy—(nn+1)7e o X ¢ X @ o o 11 011 101 DD 4 - & 20
; !X == (nn) to -00 101 010 2A. :

b . - —n— :

‘ ) ’ . .‘ : hatLing " .

| LDM, ()  Ny=(n+1) o o X o X o o ¢ 11 111 101 FD 4 . 6 20- i
S ~{on) v 101 010 2A T T
. . —n- - a - ~

l R A - —n- . .

Y. LD(ALHL (n+1)>=H ‘o o X e X e e s 00 100 010 2. 3 - 5 16

-~ (nr)-L : | en- . DL :
- o s =n=. I . .

, LD(w).dd. (n+t)=ddy e * X o X e e e 11 101 101 ED 4 6 20 :
i oL (m)eday ’ 01" ddo o11 . e s

[ -~ —nee . ~ -:..
- a - CN -n= . _ N, S L R iy

LD (nn) IX e eiXy o e X e X e e 11 011 101 {o)s] 4 - 6 .. 20 v o 0T
TR (' T > 0 I 00 100 010 22- N R : Ty

) o es T - b N -n-'.; % . - - : ’ s

. PN - s b = " T— g

D), Y (anaf)elYy ¢ ¢ X o X & e €11 111 101 FO, A-- 6 .20 > .
- Co(an)y eI s ] 00 100 -010 22 - - . Lo

.. - =~ & PR 2, =S — T -\ \ .

R R By At T i A Y R 5 P o b WP, | S
1 LDSPHL 'SP=HL.. o & X & X o o o 11:°111 001 F9 1 QP 17 \§ -

LDSPIX & SP—IX e o X7e X.e ¢ e 41 011 101 DD 277177270 ‘a0
e e T 68 oronocn 11 111.001 F9 o . - e
SLBSRIY T SP=IY. e e X e X e e o 11 111 101 FD. 2.2 710 .

. ZAE TR0 SO DS 11 111. 001 F9 7 . “ ~ qq__ Pair - °
PUSHgg  (SP-2)=-qa.® * X o X e e e 11 7gd 101" T 3 1 00 BC
L7 . s ASP=1) = 0an e ;._“‘ ..,..;7.- -: oW 1) ‘ A\ :': U B | 01 OE ‘

ST L. SP=SP -2 ' N |~ G v oAi. 10 THL 7
. PUSHIX ™ (SP-2)=IX_ ® ¢ X e X e e o 11 011 101 DD' 2 4 15 11 AF
. EP=1= D . \ 11 100 101 85 S
T SP=SP-2 .+ ] € T o

PUSHIY = (SP=2)=iY_ » ® X & X ¢ o o 11 111 101 FD 2 4 15 . |

(SP=1)=1Yy . 11, 100 101. E5 ) -

sPesP-2 T ; , i
_POPqq qau—(SP+1)* o X o -X. ¢« o o 11 qg0.001 . - 1 3 10 i
. qgl. = (SP) : S 4

SP—SP +2 o | . .o -

POPIX Xy~ (SP+1) ¢ o X e X ¢ e e 11 011 101 DD 2 4 14
- X - {SP) ’ R 11 100 001" E1° ’

. . 8P=sSP+2 - - ) - "

POPIY — [Yy=(SP+1) o « X o X o o o 11 111 101, FO 2 4 14 -
! IY, = (SP) . : 11 100 001 E1 .

SP—SP +2 : - : . )

Nors:(PA:R),...‘(?Amhm«mmgnuoerwb«maeuimwsamngimmmémwe.g..Bc,_-c.AFH-A
{ e - . _ .

hRY



EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS

Symbolie -~ Fiags . % Opcode No.of No.ofM No.ofT )
Mnemonic Operation 8 Z - H PVN C 768 543 210 Hex Bytes Cycles States ICo'_mrnonuf'-
EXDE,HL DE=<HL e o X o X o o o .11 101 O11 EB AN | 4 :
EXAF AF"  AF - AF' e o X o X e°s e 00 001 000 08 SR E 47 -
EXX .- BC=BC' o o X.e X e e ¢ 11 011 001 D9 1~ 7 s 4  Register bank
S DE - DE' T : and auxiiary
= HLeHU <5~ register bank
- . . R . . exchange
EX@SPYHL He(SP+1) o o X o X ¢ & o 11 100 O11 E3 1 5 .19
- L= (sP) . o L
EX(SP),IX Xy~ (SP+1) » o X o X o e o 11 011 101 DD 2 . ® 23
X, + (SP) co 11100 011 €3 * R :
EX(SP).IY  IYy~(SP+1) ¢ o X e X e ¢ o 11- 111 101 FD ‘2 6 23
‘. IL=(sP) . 117100 011 E3 . B TR
Lol - ©E)~(Hy . X 0 X ¢ O e 11 10t 101 ED 2 4 16- .. Load (HU)into”
DE-DE+1 . S 10 100 000 A" - (DE), increment _
v HL—=HL+1 -\ > . - 7 =~ the pointers and
.~ . BC+~BC-1 -/ B N <i'L- decrementthe
; x5 - ) 5 . byte counter
‘ | = ol D K Lo (BO) |
LOIR (OE)~(HL) e » X 0 X 0 0 e 11 101 100 ED 2 -~ § 21. WBCHO .-~
s ste DE«DE#1C oot = vt 400 110 : 16 IfBC =0 :
HL=HL+1 P
. BC=-BC-1 )
-~ o= Repeatuntl - e Tees o AR igmews e e e
BC =0 : T LA
AL = T 4lIN S S 5711 N ¢ A § SU—
LoD " (OB)-(HL) e X 0 X% O e 211,101 101 EP . 2 4 16 -
. DE«<DE=1 - 7.7 .+ .. ‘s 10 101 _000 AB. - ° e
[ HL=HL=1" .’:‘T“w PRSI 0 . V-,. . prem :--- et et B ST IE -
- BC~BC-1. V¢ SRR / ] .
LDOR . DE)=M) o o X0 X 0 0 o 11 101 101 ED 2 .5 21 HBC®O.
’ N DE-DE-1 . " 10 111 000.88 2 4 16 KBC=0
< HL=HL-1", ~ 2/ :
BC+-BC-1 - i
-7 -Repeatuntit . - -
BC-O' @\ -
CPI A-{H) - 3% 8 X ¢§ X ¢ 1 « 11 101 100 ED 2 4 16
HL = HL+1 - ., 100 100 001" A1 . )
, BC+-BC-1 ) , ) = N
NOTE: (D .PNflagisOiftheresult o BC=1 = 0, ctherwise PV = 1. . P
@ PN flagis 0 only at completion of instruction. - S -
@ zfagis1HA =HL, CtherwiseZ = 0. _ .
- s



EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS (Continued).. ... - -

No.otM No, ol .

Symbolle . Flags . . Opcode . No. of )
Mnemonic . Operation S Z.- H PWVN C 76 543 210 Hex Bytes Cycles States Comments .
CPIR A - (HL) 17X 48 X 81 e 11 101 101 E0 2 5. 21 - fBC#0and
- - . - e AB(HY
. HL<HL+1 10 110 oo1 B1 2 4 .- 16 HBCm=Oor _ -
. BC+BC-1 .- ©oLwe Am(HL) T
.. Repeatunti DT -
: A= (H)or .0 S l N ~T e R
BC=0 . : .
. . @ - @ c e T , , N . 7 e
cPD - (HY) $ ¢ X ¢ X8 1 e 11 101 101 ED 27 4 .
HL=HL-1 . - =t 10 1017001 A9 : - . T
BC-BC-1- @ ® S . i s - ~
CPDR :. A-(HL) . # & X ¢ X & 1°e 11 101 101 ED 2" 5 21 ~ BC#0and.”
. 4 s E- AP . - AB(HY ’
HL—HL=1. = 10 111.001 B9 2. 4 16 - HBC=Qor .
BC+BC-1 5 T [ - ~ee A= (HY :
~  Repeatunti : o) S - ’ . . ,
- A= (HDor B\ - o o !
BC=0. ¥ Lo [N . -
NOTE: G) PNﬂagsOitmﬂaukofBC 1 =0, otherwise PV = 1, & s
. Q@ PNflag ;sOonlyateompMiondhmwm 1 - .
@ Zfiagis 1#A = (HL), ctherwise 2 = 0. X R R
8-BIT ARITHMETIC AND LOGICAL GROUP A (i . W
1 3 ' AA ¢ & - [

. Symbotic - Flags -~ 7 Opcode B No.of No.ofM No.of T ~
Mnemonic  Operation I 4 H- PIVN C 76 543 210 Hex Bytes Cycles States- (:ommonts
ADDA ¢ A=A4r - ¢ 8 X 4 XV O ¢ 10 r 1 1 4t Reg.
"ADDA,n A=A+n 4 $ X ¢ XV O ¢ 1 10 . 2 -2 /.7 00 B-

QN O g7~ L) o ¢C

AR \ L C I V12 e S o0 D
ADDA,(HU A<A+HD $ ¢ X ¢ X V o ¢ 10 [339) 110 1) 2 7. o1t E T
ADDA,(X+d)A=A+(X+d) ¢ $ X .4 XV 0 4 11 011 101 DD 3~ 5§ 197100 H
i ' - ’ - 710 [000] 110 101 L

. . ~d- T L
ADbA,(lY+d)A*-A'+(IY¥d)_9 $ X § XV 0ot 11 111 101 FD 3 5 19

. e T | 10 %

~ P . .- K =5 "” L - i - L i
ADCA,s A=AfssCYt & X ¢ X V o ¢ . [oo . sisayolLn,
SuBs .. A-A-s. 3. ¢ X ¢ X V.1 ¢ _ [010)° e el © (HOL(X+d), ..
SBCAs  A~A-s-CY? 3 X8 .X V 1 § - - (Y+das
ANDs ~ A-=A>s ¢ $ X1 X P 0O fiog]’ e shown for ADD
ORs A=A>s. .4 X 0 X P 0 0 WL Pl instruction. The
XORs ©  A+Aes $ 4 X0XPO.0 + indicated bits
CPs A-s X ExX Vo K] R replacethe -

- ’ - -» [000] inthe

ADD setabove. ,



8-BIT ARITHMETIC AND LOGICAL GROUP (Continued)

" Symbollc
Mnemonic  Operation

* Opcode
76 ‘543 210 Hex Bytes

No.of No.otM No. ofT )
 Cycles  States Comments: _-

INC: ... rer+1

INCHL) -~ HL-—

(HL+1
INC(X+d) (X+d)=
T X+ +1

INCOY+d)  (Y+d)=
’ (_lY+d)+1

DECm ~_: ‘Me—me1

0w r

00 - 11‘0

117011 101 DD

00 110 [100]

vd-o

11 111 101 FO -

00" 110 [1@]

T )

1T w st
.

NOTE: misany of ¢ (HL). (X + ). (IY + d) as shown for INC. DEC same format and states as INC. Repiace wiminopcodo. -

GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS

Symbolic
Mnemonic  Operation

PNN C 76 543 210

Opcode

Hex-

-, s LT .
B -~ e, T
1

" "

No.ot No.ofM No.of T - -
Cycles States COmmonts =

DAA e s

CPL  ~ A=A -

NEG A=0-A

CCF- - CY+CY-

SCF . CYetu s

NOP --** Nooperation
CHAT™ 7T CPU hatted-

Dix . IFF=0 ~

El % T IFFe-t
‘Mo . Senmenupt
M1 smnteérupz
h modet

M2 Set interrupt
Y. ‘mode2 T

X 1 X P

117 101 101

. 017 000100

P X 8 X v

AT N SN e aaeria by o ey Live

Wy

e’ e o o0 O

" 00 100 111 27 -

‘0t 110 1107 76
A1 110 011 Fa

11 111 011 FB

“11 101 10t ED
01 000 110 48,
11 101 101 €D

1-010 110 56

11101 101 ED
01 011 110 SE

' ;"‘ Complement*

4" Decimal adjust <*
accumulator. ¥

accumuiator <~
. {ones

2 'complemem'}..';'f"':

4 Complement - ’

4 Setcarry ﬂag

NOTES: oeonvomaewmula:owommnpadodBcoimwduwurwmpacksdscooperandt
IFF indicates the interrupt enable flip-flop. .
' CY indicates the casry fip-flop. '
/ * indicates interrupts are not sampled at the end of El o DI.

8.l L
I - T S



16-BIT ARITHMETIC GROUP A E R ITE L

Symbolic .. Fiags ~ Opcods . No.of No.ofM No.ofT - -
Mnemonic Operation S 2 H PNN C 76 543 210 Hex Bytes Cycles States Comments ..:
‘ADDHL.ss HL-HL+ss » ¢ X X X » 0 ¢ 00" sd 001 . 1 3 11 . ss__ Reg.
. ) . . .o - . . ...00 BC
ADCHL,ss HL~ . R - R . e o1 DE .
- HL+ss+CY ¢ ¢ X X X V 0-¢ 11 101 101 ED 2, - 4 15. 10 HL: -
' T 01 sst 010 T . R -

SBCHL.ss ~ HL+ . T - e :

. HL-ss=CY ¢ ¢ X X X V 1 ¢ 11 101 101 ED 2 4. 15 . .-
D - 01 ss0 010
ADDIX,pp IX+IX+pp e o X X X ¢ 0 ¢ 11 011 101 DD— 2 4 15 ° pp  Reg.

.

. . © 01 pp1 001 .. - 00 BC .-
- el e 1 e N . : e e e m s e Q1 - DB o o
- = ek whve oo - 10 [ SN

/ 7 gy gphe e
111 101 FD ~ 27 "'4 17187 m Reg 7
—— 00 m 001 L N 00- BC. -

00 cmeen fes 6o 01 DE ..

ADDIY, =W+

INCss_ .. ss+—ss+1 . o, .0
INCIX XeX+1. o

ss0 011 ... - 1
e s s 11 011 101 DO . 2 2: 10 10 I

T T YT NN e - N\ i e
TINCY T Iever Do o X e X e e o 11 111 01 FD T 27T g T : .
e i ; .00 100 011 23 - .
DECS;N:"-: s_s¥-ss;1 e e X e X s.e.¢ 00 s1 O11 . . 1 - 1 6 .- . G
DECIX  IX=IX-1 e ¢ X e X.e o o 11 011 101 DO 2 .- 2 . 10 —_ .. _ |
R J = L " . 00 101 011 ‘28 11, PR
DECIY. - [IY=IY=1 e o X e X o ¢ e 11 111 101 FO° 2  2° -0 "~ .
S AN Y = 00. 101 o011 28 .. 4 . o L
ROTATE AND SHIFT GROUP . * . E N -, & ¥y
Symbolic’ . - Flags - Opcode . No.of No.ofM No.of T- .- ;
{. Mnemonic Operation $ 2 H PIWVN C 76 543 210 Hex .Bytes Cycles States Comments -~
ALcA [ET=i o e X 0 X e 0 & 00 000 111 07: 31~ 1 4 Romteleh
- " N\ e - i ) ~ - B ) i ’. . lecu‘ﬂf .
. . - E - . . e e d € : et ‘ ator -.

cra (@ =1 s s x 0x e o0t .00 01011 17 1 17 4 7 Rotaelet
- ’ = - £ = : . accumulator,
-- e e X 0 X 0 & 00 001 111 OF - 1 1 4 Rotateright -
~ : . circulars
PO .. :. SR Lot . L. ,‘:‘. accumulator, -
ARA L=t . . X0 X 0% 00 07V 111 1F 17 1" 4 Rotaeright
B T el L <. + = sccumulalor



ROTATE AND SHIFT GROUP (Continued)

Symbolic

Mnemonic Operation * * 'S Z °

Opcode

H. PVN C 76 543 210 Hex

No.of No.ofM No.ofT. ~ -

Bytes Cycles States Comments -
RCcr- ) .: $ ¢ X0 X PO*% 11 001 011 CB 2 8  Rotateleft
. . : 00 r- circular
N - L registere. |
RLC (HL) $ §X0XP O ¢ 11 001 011 CB 2 15 .1 Reg. -~
’ : 00 000 110 : 000 B ‘
S = .. . ., o0t ¢ T
RLC(X+d) | $.4 X 0XPO ¢ 11 011 101 DD 4 23 010 D
s HLAX+ ALY +0) B 11 001 011 CB o1 E
R R . —d- 001 "H. .-
L - 0o [0GG] 110, 01 Lt
y Iy B M A
RLC (Y +d) $ § X 0XP O ¢ 11 111 101 FD 4 23 R
) BRI B - . - 11 001 011 CB. - .. - - e
- - . . g lmoﬂ_ 1]
. . = 3 00' 110 .. formatand .-- -
ALm LIty X 0 X P Ot - [000) siesare as’
m = (HL(X +d), (Y +d) Y ¢ \ rg . ... shownfor .
. s ] D\ - ‘RLCs. To form
ARcm =& & 4 x 0 X P 0 ¢ " new opcode
mafHLX+A0Y+d) S \ W repiace[000] .
N § Py 5 S\ N orRLCswith. ...
: ———— Y -7 showncode.
nnm"-'ecx,ox'Poe i . ‘
min (HU.0X +€0.0Y + ) Vi \BASARREA X
=, @K e ) ’ ] - 73
StAm | [E—{F=i~t ¢ X 0 X P 0 ¢ .[D0’ ) e ’
. magHLLIX+d)(Y+d) .. - . : | RS
sram [H—=—. 4 s x-0 xP o0t - [7
. me=gHLL0X +A,0Y +0) \ Q -
sALm  eT=v}—&] ¢t ¢ X0 X P 0 t- <[] cmiomm v oo NSO N
M= L (HL), (X + d) (Y + d) : ) - " %
. N > N . N . -
ALD mmlnm $t $ X0 X P O e 11 101 101 ED 2 . 18 Rotate digi
. o0 1 101 111 6F _ lettand g,“
: ’ right between
the accumu- .
lator and
s . - . location (HL). -
RRD mm $ $ X 0 X P O o ‘11- 101 101 ED 2 18  -Thecontent
- . W - 01 100 111 67 . of the upper
: . T half of the
.’ accumulator
- is unaffected.



BIT SET, RESET AND TEST GROUP - m T BRI

Symbolie. "~ . - Flags " Opcode No.of No.ofM No.of T ° . e
Mnemonic Operston § Z° H PVN C 76 543 210 Hex BDytes Cycles States Comments _ .
BiTb,r 2= ., X $ X 1 X X 0 « 11 001 011 CB 2 2 8 r Reg.
o - : 01 b - . LY 000 8
BITb,(HL)' Z~—(HL)y X $¢.X 1 X X0 ’ cB 2 3 12 001 )

L]
-
pers
8
-,
g‘
-

c
. ) . ‘ . - o}
BITb(X+d)p Z=(X+d)p, X ¢ X 1 X X 0 e 11 011 101 DD 4 - § = 20 O11- E ‘¥

- s R : o 11 001 011 CB , . e~ 100 H

Co . —d=- . L 101L

T ' - : O ¢ T LA
BITb(AY+dp Z=(Y+d)p X $ X 1 X X 0 o 11 111 101 FD 4- ' 5 20 000
- ' 711" 001 011 CB N 001

TN Ao - : © 010

0
1
2
. ¢ - A 01 b o110 C LT .01 3T
SETbr =1 v eX o X e e e.11 001 011 CB 2 . 2 8 1004,
. foerelel . * [mE.b - 1 AN - 101 5 - °
SETb,(HL) (HUp*=1 o X e X e e o 11 001 011 CB - 2 4 1577 110.6° )
“ gt 7 L

. = : @ b 1o oo - A\ SR LI A

SETD,(X+d) (X+Q)p=1 ® ¢ X o X o o o 11 011 101 DD 4 6 23 . 7o
N 21 o i : 11 -001 ‘0f1. CB S | .

) ‘-_.,. o 2F ¥ = . . K ~d— “__,.- PR - L

o S e "" I A b 110 ) | € :"“".",'"‘:"._":' i

SETH,(Y+d) (Y+d)p=1 o & X" e X ¢ o o 11 111 101 FD 4 . 6 23 .
A | § e { . .11 001 o011 -CcB \8, £

) . = Y : Flls Y L -

S ¥ W | A M b 110 - Sh T

RESb,m  mp=0 "¢ o X o X o oo RIV/ i\ | Pl Y § §

oL mmHL. - o LS. a DA oI - T-- T-. opcoderepiace -
T X+ OY +8) : \ i T e e e [TI)ofSETL. s

AN\ - 2 &) T e owith[10] Fiags

A\ . -\ AR ) : \ = - '.. and time et
.. A A 4 <~ states for SET-

NOTE: The hotation my, indicates location m, bit b (010 7): ’ DR Py
A 37 . : % o S
. . s .
~ . -
!



* JUMP GROUP

Symbolic > . - Flags’ ‘Opcode . ‘No.ot No.ofM Ne.ofT o< = -
Mnemonic Operation 8 Z M P/VN 78 543 210 Hex Bytes Cycles States Comments ~~-3:°
JPnn PC+nn ® e X e X e'e e 17 000 O11-C3 3 K 10 cc__Condition

’ - . —n=- - - . 000 NZ (non-zero)

. —p-s ) ) 001 2Z(zero)
JPce,nn  Ifconditioncc o o X 'o. X o o o 11 cc 010 3 3 10 010 NC(non<carry) .
istrue PCe-nn, ’ -—n= - - - _ 011 C(carry).

otherwise : -n- - . 100 PO (parity odd)

continue - 101  PE (parity even)
JRe PC+=PC+e o o X o X o o 00 011 000 18 2. 3 12 110 P (sign positive)
- s CT P emgn2— . 111 M (sign negative)’
JRC,e.. HC=0, =~ o o X e X o o' 00 111 000 38 2 ~ 2 "~ 7 Iitconditionnotmet.
continue - —g—2— S o
fC=1,- K Ny 12 Mconditionismet T
T T PC-PC+e \ : L e :
JARNC.e IFC=1, * e X o X oo 00 110 000 30 2 2 7 Mcondition notmet. .
. continue = ~pend—- - - T .
fC=0, ’ = = 2 3 12 Ifconditionismet. -
.7 T IPC=PC+e L S ) ) -
JPZe HZ=0".' & e X e X e s .00 101 000 28 2 2- 7" lfcondition not met,
. continue —g-2~ . - T
HZ=1, ' L ; 7t 2t 8 12 Hcondiionismet
oo PC+PC+e ) XL . S R
JANZe IfZ=1, . o & X o.X o' o 00 100 000 20 2 52" S 77 Hcondtionnotmet -
+ . ‘continue ' -g-2— T -fpea Tt
v HZ=0, 2 3 12 ifconditionis met.
. PC=PC+e G ) - % . - o, D § B .' -
JPHL  PCeHL ¢ e X'o X o o 11 101 001 E9 1 1 X C
JPQ) ° PCeIX e o X o X o0 11 011 101 DD K 2 s =Ny-. .
T At 11 101 001 E9 - ; ) i .
JPOY)  PCeIY e o X o X o'e 11 111 101 FO 2 2 8 5
. S | ‘o 11101 001 E9 : ‘ .
DINZ,e B=B-1 * o X'e X o 00 010 000 10 2 -2 8. IB=0. -~

1B =0, ; Cegm2- T -

continue : ., ™~ LT

B0, o e T PR\ 2 s 97 Bmo

PC~PC+e

NOTES: e represents the extension In the relative addreesing mode.
@ is a signal two's complement number in: the range < - 126, 129>.

o-2hm¢opeodepmvidumdfo_wwaddreadpc¢oumh

2N\

Incremented by 2 prior to the addition of e, -




CALL AND RETURNGROUP = = . - g
Symbolic .-+ 'Fiags Opcode - * No.of No.ofM No.of T -
Mnemonic Operation S Z .H P/VN C 76 543 210 Hex Bytes Cycles States Comments
CALLAn -(SP-1)=PCy ® * X » X © o o 11 001°101. CO 3 5 17 .7
: SP-2+—PCL ~n-— ) o
PC < nn, . , —p— LT . . .
CALLcc,nnifcondition -~ @ o X o X o o o 11. cc- 100 3 3 10 Mccisfalss, ™ " ...
N ccisfaise =n= -~ S
. continue, —pee — - 3 S 17 Hecistrue. .
- otherwise . ’ e
.. sameas: s i : « . - L R, e A
T CALL nn- . ) - o
RET. .. PCL=(SP) o e X .o X o o o 11 001 001 C9 1- - 8 10 . Lo
PCH—(SP+1) ‘ S . :
RETcc  Mcondion o e X o X e o o 11 cc 000 7 1 5 ifccis false.
ccisfalse : . ol
- continue, - . 1 3 11 Hecistue. = %
otherwise L N i . .
sameasRET 3 ~ ec  Condition
y § - 000 NZ (non-zero)
.- cmal T : S - 001 Z(zero) . -
- : e _ S NN\ % 4 ~. , 010 NC (non-carry)
JRETl .. Reumfrom o ¢ X o X o & o 11 101 101 ED .2 4 i4 011 Clearry)
€ - interrupt [ 01 001 101 4D ’ . 100 PO(parkty odd)
RETN® Reunfrom o ¢ X o X e o o 117 101 101" ED' 2 < 4 14 "101- PE (parity even)
" non-maskable 01 000 101 45 . 110 P (sign positive)
. & interrupt - ’ - - ¥ » 111 M (sign negative)
RSTp SP=1)=PCy o ® X & X & o o 11" ¢t 111 1 3 11 t. p .
g {SP-2-PC . " it ¥ e st . 000 OOH
r PCy=R0 - 5 < ¢ oo ¢« 00t 08H -
“ PCL=p R 010 10H -
aN) p - .. 011 18H .
! ~ " 100 20H ;
. - : 101 28H - -
" . - 110 30H
’ ) S 111 38H
~ NOTE: RETN loads IFFg ~ IFFy )
+ . - 2 - . .
- b = g Qi ” N - :
9.
¢ <

e i arPia o et oo e e



|
b

t

INPUT AND OUTPUT GROUP

Mnemonic Operation

Symbolic -- Flags

$2 H

Opcode
PIWN C 76 543 _210

Hex

No.of No.ofM No.of T
Byteg Cycles States

Comments

INA(n)

N5 ()

IND

INDR

- Repeatuntd

OTOR

A=)

r=(C) $ $ X8 X.PO o
#r=110 only . Ct
the flags wil

be affected

01°

THO-C X $XXXX1X 1
B—=B-1 .10
HL+HL+1 S i
HL=(©) X1 XXXX1X 11
B-B-1 : > S0

e -

HL=HL+1 o AN
Repeatunti - . 7 . - . e
B=0 .. e

S HLD=©) X XXX X.1X' 1

. B=B-1.~ o > 10,

HL=HL-1 4 0 4 Pas
HO<O) - X 1 XXX X1 X 11
RS Y Y 4 LR
HL=HL-1" . \

B=0
=A-

° o ‘x .. § ; e o 11
. e X ox s e e .11
’ S I

LI

©=r

5- DR )

©+=FEHY X, 8 X XX X3 X 11
B-B-1 © f .10
HL=HL+1" :
©=HY -
B~-B-1 - £
HLeHL+1 *: o o
Repeatuntil, . s L& -
B=0 ", <~ 0o NG Y%

- . -y

©@-MH) X+ XXXX1Xx 11
B-B-1" - - 7 10
HLsHL—gr we s T e e

X1 X

X1 X XXX 1.X 1"
¥ o - 10

. ©=HY
B-B-1
 HL=HL-1
Repeat until
B=0 °~ -

XX X1X 11

ca

r

101 101
100 - 010 -

101

110

101
101

101

i1

010 011 D3 .

B (Bd

101
-

101
100
101
110

101
101

s e X e X oo 11 011 OF

- -

11 101 101

D8’

ED .
000 .

101
010

ED
B2

101 ED

010 AA

101 .ED

010. .BA . .

101 €D "
o001

101 ED
.011

101
011

-

ED

101 101 - ED

10 1317 01

ED

165

B3 .

2 3. 1

127

16
21

16

noAg~vAy
Acc.toAg~vAqgg - ) .
CloAg~Ary 7 -
BtOAaN.Aﬁ‘ .
CloAgnAy - 1 T30
BloAgmAgg o -

Tohgnay

BioAg~vAs

" (t8=0), -
2. 7416 Cuoagvay
: . BoAgnAg

< (tBRO) .
L~ 4
© . (tB=0)
i1)8.
2 12

L 2 G

" CrohgnAy.

.

ComgwAy .

y BtOAGNA15 PR "—_-?

i

NoAg~A7, ... L.

AcC.l0Ag v A o
CiloAg~vAy- -

 BOAg~AYg i

B10 Ag ~ Ars

. (tBw0O) - BloAg~Ags
2-. 4 - 16 - . .
(B=0) _ =
.‘." o .;_: . I‘ ~
=« 477 -6 . CloAg~Ay

BloAg~ Ays

CtOAo;VA7- .

BiloAg~ Ags

" NOTES: (@ ttthe resul of B —1 is zero, the 2 fag is set; otherwiss it is resst.

@ Zfag is set upon instruction completion only, « ©



SUMMARY OF FLAG QPEﬁATlON

1244 Do ) .
Instructions i s Z H PV N C Comments o ’ T
ADDA,s;ADCA. s $ ¢ X ¢ X V 0 ¢  8-bitaddoraddwithcarny. ) .
SUBs;SBCA,siCPsNEG ¢ .4 X ¢ X V 1 ¢ 8-bit subtract, subtract with carry, oompare and negatc'
’ . ’ accumuigtort. .
AND s . - ¢4 ¢ X 1t X P O O Logical operation. - e
ORs,XORs ¢ § X 0 X P 0 0 |Logialoperation. -
INCs f ¢ X ¢ X V 0 e 8btincrement.. . S
DECs ¢ ¢4 X.$ X. V 1 e _ 8bitdecrement o -
ADD DD, ss e ¢ X X X e 0 ¢ - 16btadd.
ADCHL, ss $ ¢ X X X V 0 3 16-bit add with carry. .. .
SBCHL, ss L $. ¢ X X XV 1 ¢ 1{6bitsubtractwithcarry, . - | - -
RLA; RLCA; RRA; RRCA e o X 0 X o 0 ¢ Rotate accumulator. ~ oLt
RLm; RLCm; RRm; - ¢ ¢ X 0 X P O ¢ Rotate and shift locations. e e
RRC m; SLAm; - P ) - e Ny, ‘o .
SRAm; SRLm g : ST
ALD; ARRD = 4§ X 0 X PO s Rotatedigitleftandright ~ . TR
DAA . “$ ¢ X ¢ X P s } Decimaladjustaccumulator: -
- CPL- s e X 1 X & 1 e Complementaccumulator IR
SCF e ¢ X 0 X o 0 1 Setcarry. .
CCF o- e X X X e 0 $. Complement carry )
INt(C)Y ¢ ¢ X 0 X. P 0. e Inputregisterindirect e :
INI; IND; OUTY; OUTD X ¢ X X.X X 1 o Blockvnputandmnput.Z-WB#O otherwise Z = 0.
INIR; INDR; OTIR; OTDR X 1 X X X X 1 o Blockinputand output. Z = 1ifB# 0, otherwise Z = 0.
LDLKLDD . X X X 0 X 4 0 o Block transter instructions. PV = 1 it BC # 0, otherwise'P/V = 0.
LDIR: LDOR X X' X 0 X 0 0 e Blocktransferinstructions. PV = 1ift BC # 0, otherwise PV = 0.
CPI; CPIR; CPD-CPDR X ¢ X X X $°.1° e. Blocksearchinstructions.Z = 1ifA = (HL), otherwiseZ = 0.
. . T 77 PN.=1iBC#0,ctherwisePV =0, . - -
. LD A; l. LODA, R ¢ ¢ X 0 .X.UFF 0 o IFF, the.content of the interrupt enable mp-flop (IFFZ) is cop|ed
- . . j E into the P/V flag.
BITb s X ¢ X 1 XX 0 o Thasta:eofbnbdtocabonslscoptedmtomoZﬂaq
SYMBOLIC NOTATION BEMRP- | .o -
Symbol Opentlon Symbol Operation . o
I - Sngn flag. S = 1ifthe MSB of the resultis 12 $ The flag is affected accordmg fo the result of the
4 Zeroflag. Z = 1if the resutt of the operation is 0. operation. e
" PN Parity or overfiow flag. Parity (P) and overfiow (V) e - Theflagis 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 - - Theflag is set by the operation.
: arithmetic operations affect this flag with the X* 7 Theflagisindeterminate. ~ .
. overfiow ofthe result. I PV holds parity: PV = 1 - V. - PV fiag affected accordmg to the overflow resut ..
if the result of the operation is even; PV = O if ° ! of the operation. .
resultis odd. If P/V holds overflow, PV = 1 if the P P/V flag affected aa:ord ng to the panty result of
result of the operation produced an overflow. if the operation, ..
) P/ does not hoid overflow, PV = 0, r Any one o the CPU reglstersA B,C.D.E H, L
- 'H*"  Halfcarry flag. H = 1 if the add ‘'or subtract . s Any 8-bit location for all the addressing modes
. operation produced a carry into, or borrow 1rom allowed for the particular instruction.
bit 4 of the accumulator. -~ ss-. Aqy 16-bit location for all the addressing modes
N*  Add/Subtract flag. N =" : 1 if the previous - allowed for that instruction. .
operation was a subtract. - Any one of the two index registers IX orlY,
*C - Carry/linkflag-C = 1if the operation produced R.  Refresh counter.
a carry from the MSB of the operand or.result. n 8-bit value in range < 0, 265 >
. - . ‘nn 16-bit value in range < 0, 65535 >.

HandNﬂaqsmusodmoomuncuonwmmodedmalwmimmnw)mwwmmmmmdacobmmmma
subtrwonusm, Lperands with packod BCD format.

N .o PO - e et



PIN DESCRIPTIONS « .

Ag-Aqs. Address Bus (output, active High, 3-state). Ag-Aqg
form a 16-bit address bus. The Address Bus provides the
address for memory data bus exchanges (up to 64K bytw)
and for YO device exchanges. T oL v

BUSACK. Bus Acknowledge (output, active Low) Bus
Acknowledge indicates to the requesting device that the
CPU address bus, data bus, and contro! signals MREQ,
iORQ, RD, and WR have entered their high-impedance _
states. The external circuitry can now control thess lines. -

BUSREQ. Bus Request (input, active Low). Bus Request
has a higher priority than NMl'and is recognized at
the end of the current machine cycle. BUSREQ forces the
CPU address bus. data bus, and control signals MREQ,
fORQ, 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 externa! puliup for these
applications. Extended BUSREQ periods due to extensive’
‘DMA operations can prevent the CPU from properly
refreshing dynamic RAMs. d

D¢-Dy. Data Bus (lnput/output active High, 3-state) ‘Do-07
constitute an 8-bit bidirectional data bus, used for data
exchanges with memory and VO.

Fialt. Hatt State (output, active Low). FALT 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 halted, the
CPU executes NOPs to maintain memory refresh,

iNT. Interrupt Request (mput. active Low). Interrupt Request
is generated by 1/O devices. The CPU honors a request at
the end of the current instruction i the internal .
software-controlled interrupt enable flip-flop (IFF) is
enabled. INT is normally wired-OR and requires an external
pullup for these applications. .. . . ... -

IORQ Input/Output Request (output., active Low, 3-state)
10RQiindicates that the lower halt of the address busholdsa
velid I/O address for an /O read or write operation. IORQ is
also generated concurrently with M1 during an interrupt --
acknowledge cycle to indicate that an interrupt response

vector can be placed on the data bus. .

v w e —tmpe en o

v_!."‘

wi. Machine Cycle One (output, active Low). M1, together
with MREQ, indicates that the current machine e cycleis the

" opcode fetch cycle of an instruction execution. M1, together

with IORQ, indicates an interrupt acknowledge cycle.

MREQ. Memory Request (output, active Low, 3-state);

MREQ indicates that the address bus holds a valid address
fora memory read or memory write operaﬁon.

~

NMI. Non-MaskabIe Interrupt (i nput.

at:ve edge-
triggered). NMihasa higher priority than TNT. NMl is always
recognized at the end of the current instruction,
independent of the status of the interrupt enable flip-fiop,
and automabcally forces the CPU to rsstan at location
0066H

D. Read (oa.npm, active Low, 3-state). 'F_lﬁmdacates that the
CPU wants to read data from'memory or an 1/O device. The

. addressed /O device or memory should use this signal 1o

gate data onto the CPU data bus. —

RESET. Resat (input, active W). RESET initializes the CPU
as follows: it resets the interrupt enable fiip-flop, clears the -
PC and Registers | and R, and sets the'interrupt status to

-Mode 0. During resettime, the address and databus goto a

high-impedance state, and all control output signals go to

. the inactive state. Note that RESE] must be active for a

minimum of three full clock cycles before the reset operabon
is complete. -

RFSH, Refresh (output, acuve 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
system's dynamic memories. "

WAIT. Wait (input, active Low). WAIT indicates to the CPU -
that the addressed memaory or /O devices are not ready for
a data transfer. The CPU continues 1o enter 8 Walt state as
long as this signal is active. Extended WAIT periods can.
prevent the CPU from refreshing dynamic memory properiy. .

WA Write (output, active Low, 3-state). WR indicates that the
CPU data bus holds valid datato be stored at the addressed
memory or /0 location.

v mm mma—



Memory Read or Write Cyciles. Figure 6 shows the timing
of memory read or write cycles other than an opcode fetch
(M1) cycie. The MREQ and RD signals function exactly asin
the fetch*cycle. In a memory write cycle, MREQ also

becormes active whenthe address busis stable. The Wi ine
is active when the data bus is stable, so that it can be used
directly as an R/W pulse to most semiconductor memories.

c e " W
. . 4 ) ] L
= cLocx _/ - : . \ o \
Ao-Aqs x
MREQ . . ' j *
e @ Lr.@*ﬂ:r
v \
B . . -
8L - . : L ™ = P -“ B _ P
OPERATION } ;* . —™i [=(8) ——— Il - F
. 4 S = VALID
Do-P7 DATA
PR ] |
. 11511 2 L -l@®
WR i -
- WRITE
" ‘OPERATION
Do-D7 "“ DATA OUT
Figure 8. Memory Read or Write Cycles = _
- s



- Input or Output Cycles. Figure 7 shows the timing for an extraWa:t state allows sufficient time for an 1/O port to
/O read or I/O write operation. During VO operations, the  decode the address from the port address lines.
CPU automatically inserts a single Wait state (Twa). This T .- -

' T2 Twa T Tw Ty

VA Y

N
1o ]
L
T
e —

g3 ”
7/
- Ao-Ar VALID PORT ADDRESS %
. ed

®_
'y

B e S e e AN :

- i - .
s (D) -

g s e 8

PR ﬁ o B T Xl 1 - y@
- e uo j - . 9 £ ¢ .
- READ -] @ [t . AR ) Lﬁ
OPERATION |- =+ / P LA &
~ VALID
: e DATA

rls

K N ’ ’. s N " @ ] e :-- - '- _—|®{‘- -

> ‘ - %i = A 2 :T . ,’;: v @‘ - L ‘
11 wm'\"g D “_ ;_ ‘@_j ®T_ Ao\ . ~ — ...,.,, | /[@. . TR

i

Twa = One wail cycle automatically inserted by CPU.* - ‘*"4"; / . O o

= e . s ' o - -l

] ." i ‘ ‘.__ Figure 7. Inpmdrb;@tput Q/cm”
\



Iinterrupt Request/Acknowledge Cycle. 'i’he CPU

samples the interrupt signal with the rising edge of the last.

clock cycle at the end of any instruction (Figure B). When an
interrupt is accepted, a specnal Mi cycle is generated.

During this M1 cycle, TORQ becomes active (instead of
MREQ) to indicate that the interrupting device can place an
8-bit vector on the data bus. The CPU automabcally adds
two Wait states to this cycle. -

‘T ’ {] o n Twa . T, Tw - T
Ao-As D ad " -
. O ®
. - 4 LORY S ‘_
e e 4 I — @ LR —H O i
ioRG ~ - oL [- ﬁn—. . . 1
.. - . -3 JIRR --@r-—4 s
- e - H
. -’-I@-ﬂ— -' * i
wart /5 \} ,
- ' Y v 0.2 @,._-..:-‘ H
p - p—@ ; - e [ '
Do-D7 < - M vauD 0ATA g
NOTES: 1) Ts = Last state of sny instruction cycle, - chobks e . pen M
4' Z)Ym-mweummlymm‘wm R
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Non-Maskable Interrupt Request Cycle.NMiissampled  memory read operation except that data put on the bus by
. atthe same time as the maskable interrupt lnputj'but has  the memory is ignored. The CPU instead executes a restart
higher priority and cannot be disabled under software  (RST) operation and jumps to the NMI service routine
control. The subsequent timing is similar to that of anormal  located at address 0066H (Figure 9).
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Bus ReguutlAcknowledgo Cycle. The CPU samples
BUSREQ with the rising edge of thelast clock period of any
machine cycle (Figure 10). If BU BUSREO is active, the CPU
séts its address, data, and MREQ, IORQ, RD, and WR 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 transier data betwsen
memory and 110 devices.

Tx ™ - .

Tx
CLOCK /
BUSREG ~ -
/s . -
- ; —t] @
BUSACK L . ° - e ——————
BUSACK z <y
O B : o w ) e —D Q-{:'
. i FLOAT * X
Ac—Ats - X .
— A ) -~ @ -
FLOAT e
g i
Do-D7 (-
- y, — —] m—@ .
MREQ = FLOAT F—
RB,WR - _
TORG - R "
~ =, @
5] . -
—t] @ ]1— N .
AFsn ] }r -
HALY 3 ¥ UNGHANGED
NOTES: Y)TLMDMMMIW"M" i L - oo ' '~~':"‘ T
2) Tx = An arbitrary cleck cycie used by requesting uvlu
- ‘. . Flgun 10. 2-BUS Request/Acknowledge Cycle

.

[N



Halt Acknowledge Cycle. When the CPU receives a HALT
instruction, it executes NOP states until either an INT or NMI
input is received. When in the Halt state, the HALT outputis

1. lNTwnllalsofomaHanexn.

*
-

active and remains so until an interrupt is received (Figure

ita beis onthe i

Input, to ng
hmmmﬂummootmdouqﬂo meumuwmqﬂ.ﬂw

quuuﬁ HlltAcknowbdgoCych . R

qd..m)bmn'n’t_mmu

Reset Cycle. RESET must be active for at least three clock
“cycles for the CPU to properly accept it. As long as RESET
remains active, the address and data buses float, and the
control outputs are inactive. Once RESET goes inactive, two

so the first’ opcode fetch will
(F gure12)

internal T cycles are consumed before the CPU resumes
normal processing operation. RESET clears the PC register,

be to location O000OH

" ’ ) & Ve n T
" o ‘o
Ao=Asrg T E__f}
R S 7/ ,
_— ; -\ FLOAT i .
o - - - e “: —c @ . ) - i
0 > YA -
- . = Y ’ ’ -~
i 7777777 TN

l'flgun 12. Reset Cycle
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AC CHARACTERISTICSt

ZBOACPU

'&mmmmmmmmWermmuﬂnghMQmmmngmCa\wlaledvuuosabow

sasmed ¥C = TIC = 20 ns.
TUnta in nancesconds (ns).

280 CPU 2808CPU  Z8OHCPU
Number Symbol Parameter in Max Min Max Min Max Min Max
1 TeC Clock Cycle Time "400° 250 165° - 125°
2 TCh Clock Pulse Width (High) 180 2000 110 2000 65 2000 55 2000
3 ™o Clock Pulse Width (Low) 180 2000 110 2000 65 2000 55 2000
4 TC Clock Fall Time 3 - 30 20 10,
5 TC Clock Rise Time - 30 30 20 -~ 10
6 TdCrA) Clock t 1o Address Valid Delay s - 10 ) % -- 80
7 TAAMMREQf).  Address Validto MREQ ¢ Delay 125° . 65 s . 20
8 TdCHMREQD  Clockto MREQ 4.Delay G100 . 85 70 - 60
9 - TdCHMREQr) - Clocktto MREQ t Delay - : 100 - 8 -~ v 70 = 60
10 TWMREGh MREQ Puise Width (High)- 170° 110° T est | ouse
11 TwMREQ! MREQ Putse Width (Low) 360° 220" 135° “T100°
12~ TdCKMREQMH  Clock 4 to MREQ t Delay 100 85 7 70 60
13 - TdCHRDY) - Clock+toRD ¢ Delay 130 .85 80 - 70
14 TdCrRD * Clock 1o RD t Delay 100 . 85 . 70 €0
15 TsO(CN Data Setup Time to Clock ¢ .50 35 - - 30
16 ThO(RDA Data Hold Time to RD t 3 0 ~... O 0o = _ 0
17 TsSWAIT(CH WAIT Setup Time to Clock ¢ 70 % - - 70" 60 .. 8 .-
18 ThWAIT(C .  WAIT Hold Time after Clock § o 0 0 - 0.
19 . TdCrM1f) . Clock $10 M1 ¢ Delay - \T-—=/ (1130 - 80-- - 70
.20 TdCrM1n) ClockttoMi ¢ Delay ..~ \ . 130 100 80. T 70
21 TdCRFSH)  ClockttoRFSH +Delay 180 130 110 95
. 22 TdCHRFSH  ClockttoRFSHtDelay = 150 . 120 100 c- 85
23 TdCHRDY) Clock4toRDtDelay =~ - 110 T g5 70 60
24 TdCRDY) CiockttoFD ¢ Delay =« 100 85 0 - 60 -
25  TsD(Ch Data Setup to Clock 4 during M, M3~ 60 50 40 30 ,
- Mg, or Mg Cycles ’ i -
26 TdA(ORQ) Address Stabs prior to IORG ¢ 320 .180° 110°. 75°
27  TdCHIORGY) ~ Clock ttoJORG ¢ Delay - %0 75 .65 55
28 TdCHIORQn  Clock 1o JORQ t Delay’ 110 | 85 70/ 60
29~ TdD(WRY) Data Stable prior to Wi ¢ 190° 80" . 25* L . 8*
30 TdCHWRY) Clock 1o WR + Delay 90 . 80 .70 . 60"
31  TWWR WR Pulse Width 360° 220° 135" 100*
32 | TdCHWRn) Clock ¢ 1o W t Delay * .. . 100 . 80 . 0. .. . €0
33 TdDWRY) Data Stable prior to WA ¢- 20° -10° -55¢ 55*
34 TdCrWRY) Clock tto WA 4 Delay _ 80 65 60 - 8
35 TOWR(D) -  DataStablefromWHt . 1200, 60" - 30° 15"
36 ToC{HALY).-  Clockdto HALT tord ) 300 300 260 " 225
37 TeNMI NMi Pulse Width 80 .80 70 . 60°
38  TsBUSREQ(C) BUSREQ Setup Time to Clock ¢ g0 50 ‘50 40



AC CHARAGTERISTICS! (Continued) : o .

ZBOCPU  ZS0ACPU .-Z80BCPU  Z80H CPU

Number Symbol . « Parameter ’ Min Max Min Max Min Max Min Max
39  ThBUSREQ(C) BUSREQ Hold Time after Clock t 0 0 . 0 ’ 0 ’
40 . TdCrBUSACK!) Clock tto BUSACK ¢ Delay - : 120° - 100 90 . 80
41 TdCHBUSACKr) Clock  to BUSACK ¢ Delay . 110 . 100 20 80
42  TdCiDz) - Clock?to Data Float Delay " w0 80 80 70
43 TdCr(CT2) Clock t 1o Control Outputs Float Delay 110 70 . 60
; : (MREQ,IORQ, RD, and WR)  ~
44 TdCiAZ) -Clock t 1o Address Float Delay - . 110 . 8 -, 8 - - 70
45 TACTA) WREG !, IORGt, ADt.andWRtto 160" 80", - a5/ 20°
. Address Hold Time . : .

46  3IsRESET(CH)  RESET o Clock t Setup Time 90 60 . 60 . . 45

" 47  THRESET(C/)  RESETtoClocktHoldTime 0o o - 06 . 0
48 TSINTYCD) TNT to Clock t Setup Time 80 . 80 100 . 8 .
49, ThINWC .  iNTtoClocktHoid Time - - 0o’ .0 . 0 -, 0.

. 50 TdMI(IORQN ° Mi 4101ORQ+ Delay 920° - 565° 3e5° . . 270° -
51  TdCHIORQM - Clock10iORQ ¢ Delay "o-"~ 8 70 " .60

|~ ‘52 TdCKIORQr)  Clock{TORG t Delay 100 "85 70. 60
53 -TdC{D) Clock ¢ 10 Data Valid Delay v 230 150 130 115

*For clock periods other than the minimums shown, calculate parameters using the following tabie. Calculated values above
assumed TC = TIC = 20ns. - = -
1tUnits in nanoseconds (ns). - - B - ~ 5 : . - -

FOOTNOTES TO.AC CHARACTERISTICS - ; =

Number Symbol 1 General Parameter 3 280 Z80A -~ ZBOB © Z80H

1 _ TcC - WwCh + WCl + TC + TiIC g -

7 TOA(MRE WCh+TC -75 -85 -50 . -45
107 T TWMREGh - TwCh+TIC TS €3 -0 -2 =20
1 TWMREQI B oA <40 . -3 ~30 -25
26 TdAQORQY - TeC y : -8 =10 -55 © 50

.29 TdDWR) TC -210 © =170 =140 -120
T3 WWR TeC - 40 -30- -3 . -2
33 TdD(WRY) Wl + WC - 180 - 140 -140 .. -120
35 7 TdWR(D) . TWCl+TC . - ) - 80 -7 ~55 =50
45 TACTA) | e+ TC s .- 40 - 50 ‘-50 .. - -45
50 - TAMIIORQH — 2TcC + WCh + TIC - -8 " -5 ° -50 T 457
, ACTest Conditions: _ |
Vin = 2.0V Vou = 1.5V
Vi = 0.8V I VoL=18V

Vi = Voe =06V FLOAT = £0.5V -
VILG = 0.45V - i ’ . -




ABSOLUTE MAXIMUM RATINGS

Voltages on  « pins with respect to ground :.0.3Vio +7V
Operating Ambient - .- - -

Temperature ........ wreenen See Ordering Information
Storage Temperaturé . .....ooeeve.. ~-65°Cto +150°C

Stresses greater than those fisted under Absolute Maximum Ratings may
cause permanent damage 10 the device. This is a stress rating only;
operation of the device at any condition above these indicated in the’
operational sections of these specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may afect
devicé reiiabiiity..

~ STANDARD TEST CONDITIONS ’,

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

Available operating temperature ranges are:

8 S = 0°Cto +70°C, +4.75V< Ve < +5.25V

® E = -40°Cto +85°C, +4.75V< Ve € +5.25V
m M= -55°Cto +125°C, +4.5V< V<£c < +5.25Vv

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

- ~

Allac parameters assume a load capacitance of 100 pf. Add
15 ns delay for each-50 pfincrease in load up to a maximum
of 200 pf for the data bus. AC timing measurements are
referenced to 1.5 volts (except for clock, which is referenced
tothe 10% and 80% points). . -

+5V

FROM QUTPUT
UNDER TEST

DC CHARACTERISTICS . ’
All parameters are tested unless otherwise noted. - .
Symbol Parameter Min  °  Max- Unft . TestCondition
ViLe Clock input Low Voltage -03 0.45 v
ViHe - Clock input High Voltage Vcg- .6 Vec+.3 v
ViL Input Low Voitage ~0.3 0.8 \A
Vin Input High Voltage 200 T Vee v
Vou Output Low Vottage” - 04 v loL=2.0mA
VoH Output High Voltage 24! v o= ~250 pA
fec . Power Supply Current = 200 mA Note 3
Iy Input Leakage Current 10 . A ViN=0toVce
ko 3-State Output Leakage Currentin Float -10 102 HA Vout=0.410 Vee
1. For military grade parts, refer tome 280 Miltary Electncal Specification.
2. Ag-Ag. Dy-Dg. MREQ, [ORQ. RO, and WH.
3. Measurements made with ompms floating. . -
CAPACITANCE ) -
Guaranteed by design and characterization.
Symbol Parameter Min Max Unit
Ceuoek Clock Capacitance - / 35 pt
Cin Input Capacitance S pt
Cour Output Capacitance 15 pf
NOTES:

Ta = 25°C.f » 1 MHZ,
Unmeasured pins returnad to ground. " -



ORDERING INFORMATION - i . S -

Z80CPU,2.5MHz . 2808 CPU, 8.0 MHz

40-pinDIP  44-pinLCC 44-pin PCC T 40-pin DIP 44-pin PCC
28400 PS 28400 LM*" 28400 VSt . © .- ZB40OBPS 284008 VSt
28400CS . 28400 LMB*4 . . 28400B CS <
28400 PE L. . N S . ZB40OBPE = -v o oo .
Z8400CE" - N o . Cr e
28400 CM* " . . Z80H CPU, 8.0 MHz
28400 CMB* _— : 40-pin DIP 44-pinPCC . -
zsd00CMJ* -, . | : Z8400H PS Z8400H VSt - .

- . B ’ =3 Y : _Y_" l." ...‘
- 280A CPU, 4.0 MHz . St :

40-pinDIP * 44-pinLCC . 44-pinPCC o, .
Z8400APS .  Z8400ALM® Z8400A VSt . T ‘
ZB400A CS ZB40DALMB"t . Yy % s - _
ZB40OAPE . o Y}/ s '
ZB400A CE : TN

. ZB400ACM* S SR '
“ ZB4OOACMB®
. ZB4OOACMJ® - b
Codes

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

-

C = Ceramic DIP il . . R = Protopack

P = Plastic DIP ; 518 U &5 T = Low Profile Protopack

L = Ceramic LCC TN - { DIP = Duakin-Line Package °

V = Plastic PCC Y. 1" "L LCC = LeadlessChip Carrier

R R N b oiatese 890 PCC = Plastic Chip Carrier (Leaded)
TEMPERATURE . § i o FLOW

S = 0°Cto +70°C . B = 883 ClassB

€ = -40°Cto +85°C - : T - J = JAN38510Class B
M*= -55°C1o +125°C. A : ) . O .

* For Military Orders, refer to the Military Section.
TAvaiable soon.
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Random-Access Memories (RAMs)

CMOS 8192-Word by 8-Bit

Industry standard 28-pin conhgura tion

Input address buffers gated off with chip disable

Fast access time: taa=150 ns/120 ns (CDME264-3/CDME264-4)
Low standby and operating power: loosy=2 pA typical, lorema=40 mA

- CDM6264

Single power supply: 4.5V t0 5.5V
All inputs and outputs directly TTL compatible

ne Xyt 7 aeb—vpp
Al2—{ 2 27— W
A7 3 26p— c£2° LSI Statlc RAM
a6 — 4 2sf— A8
AS— 3 24— A9 Features:
Aa— 8 23— Al = Fully static operation
AY—17 22— OE -
A2~ 8 21— AIO
At 9 20p— CET -
A0 —410 19— X708 - u’ 3-state outputs
Lot — i1’ 18b— 1707 .
1/02 —{12 17p— 1/06 "
1/03—{13 16— /08 s
Vss-—' 4 15— II.O4 o
TOP VIEW 4 rcs-37208 . maximum
TERMINAL ASSIGNMENT ‘s Data ratention voltage: 2 me

The RCA-CDM6264 is a 8192-word by 8-bit static random-

access memory. It is designed for use in memory systems |

where high-speed, low power and simplicity in use are
desirable. This device has common data input and data
-output gnd utilizes a single power supply of 4.5V to 5.5 V.

Either chip enable (CE1 or CE2), whennotvalid, wilt gate off
the address and output buffers and power down the chip to

= QOperating remperature range (max rating): 0° to70°C

minimum standby power with inputs toggling. The output

“enable (OE) controls the output buffers tO eliminate bus-

contention.

The CDMB264 is supphed in 28—|ead hermetic, dual-in-line
side-brazed ceramic (D suffix) and in 28-lead dual-in-line
plastic (E suffix) packages.

- Ali .
. ) : - ] -
All. — | N 1
ST . a0, =— | +——— 1708
T L Mt ALY 1. —— 1/07
S8 T et Y - 1 2563256 INPUT/ i )
AS ———1]| ADDRESS DECOOE - MEMORY" OUTPUT p—— I/06"
. BUFFERS . MATRIX ODATA
A7 — . 1 g .-BUFFERS - X/08
o —\ > L 2/00
AS 1 Z - x/03
S R X : — X/02 .
IR L G— 1 —— x/01 .
A2 — | ‘ .
Y r—— . !
. oo ] =
- A0 = gnaBLE "
CTET —— h ) -
¢ * CEQ —=———d CONTROL .
— LOGIC ;o
WE - ‘ ..
5T . “——0 Voo
TRUTH TABLE 0f —— Fig. 1 - Functional blqck'diagram. 4——:—o.vss 22CN-37210
» -— | == ) ' : -DEVICE
CE1 CE )
2 OE A E A0TO A12 MODE DéTA 170 CURRENT
H X X X X ‘NOT SELECTED - - HIGH 2 STANDBY
. X :.L X - X - SN ) ) _NOT SELECTED HIGH Z STANDBY
: ‘L H L H * STABLE -READ DATA QUT ACTIVE
L H . X. . L - STABLE | * " “WRITE - . DATA IN ACTIVE
L H H H . STABLE '~ - OUTPUT DISABLE ° HIGH Z . ACTIVE

L3LOW H=HIGH X=HORL



. INPUT VOLTAGE RANGE, ALL INPUTS ...uveeeseene.

e

w

wr -

|

| : CMOS Microprocessors, Memories and Peripherals
COMs264 - | o

- -

#AAXIMUM RATINGS, Absoluu-Max:mum Vlluos

C SUPPLY-VOLTAGE RANG.E {Voo):
.| (Voltage referenced to Ysg terminal)

.......... R Ry Ry TN

ceeseseiea=03t0+7Y

..............o-.-.........s......-....-..--n....--.--.--..-.....'0.3!O‘7V

OWER DISSIPATION PER PACKAGE (Po):
For Ta = 0° to *60°C (PACKAGE TYPE E) .e.ivenenn..

: csescsnnanan tesesssoens sesene eeesame D N sessrsstscancsscssess SQ0 MW
For Ta s +60° 10 +70°C (PACKAGE TYPE E)eivverreranncensans eessersansans esessanan evvee.Derate Lmearly at 8 mW/*C to 420 mw
ForTa=z0°10+70°C (PACKAGE TYPE D)iuverrerotercrerstecassosssassnnsensssnscosnans essseeseriaas tetecacnaaccensseass SO0 MW
EVICE DISSIPATION PER OUTPUT TRANSISTOR
For Ta = FULL PACKAGE-TEMPERATUﬁE RANGE....cvvvevcnnnn. Cesesssescseacnienncnnnennas eeetsennncssssenne veees 100 MW

QPERATING-TEMPERATURE RANGE (Ta): i . : - )
PACKAGE TYPE D vovevvnenenccescascennanens Ceressirteenes fessesescetesasesnanaas Cesceineneane RPN « 1 - X% (s 11 o]
PACKAGE TYPEE ....... seeseasasessessasae ceeescecttncssnasssssnansenn teessccssssananasane ceseseceans seescoancae ... Qto+20°C

.;TORAGETEMPERATURERANGE(T...) ............. e VT . P tetseacctvecasasassesscanees 3510 +125°C

LEAD TEMPERATURE (DURING SOLDERING) . ) .

At distance 1/16 £ 1/32in..(1.59 £ 0.79 mm) from casefor 10s max. ....... BT . O [ cereanes . *265°C

. DPERATING CONDITIONS at T4 = 0to +70°C f . . - -

For maximum reilablility, qperatlng conditions shouid be selected so that operation Is always within the following ranges:

L0 , , 7} LA\ LIMITS
- T CHARACTERISTIC . . ALLTYPES - UNITS
\ = / ; : 1> MIN. |  MAX.
DC Operating Voltage Range : ¥ . 45 = 5.5
Input Voltage Range . . o Ve 2.2 . Voo +0.3 A
: Vie -0.3 0.8 _
Input Signal Rise or Fall Times ALl . to.te - 5§ | us

Alnput signal rise and fall times with a duratlon greater than the maximum value can cause loss of storad datain the selected

. node. g~ .

STATIC ELECTRICAL CHARACTERISTICS at T.'= Q1o +70°C, Voo = 5V £ 10%, Except as noted

. . . . _ LIMITS
| - - CHARACTERISTIC " . . CONDITIONS - : ALL TYPES |UNITS
’ . ‘ Ny Y . ) ¢ - |Min.[Typ.*|Max.| .
’ . Joecs CE1=V|N or CE2=Vy, T : — 1.5 3 mA
S\a.ndby Device Current N TET=CE2= Voo 02 Vor — =2 lool
oost. CE2<0.2V o il
SN loe=2:1 mA : - — | — |04
v
Output_ Voltage Low Level Vo Max. o= T A - - —ToT =
. - lon==1 mA .24 = —
Output Voltage High Levei Van Min. lon==1 pA . . — Vpo-0.1 — v
. . . . -{ .
Input Leakage Current ) lin Max. Vin=0 V to Voo ’ . . — lxo1} 22| .
ol - - ; : . : . pA
3-State Output Leakage Current  lour E Vio=0V to Voo - - . . — 1x058 *2
. ] . r . Vin=ViL, Vin . tepe=lys +— |45 ] 9
Operating Device Current . orem - ' : teye=120ns | — 1225745 |
. -k .o T teye=1 48 -1 2 4
L = -~ <re
lorera” - | Vin=0.2V, V0o-0.2V . T tepe=120r - — | 20 | 40
. Vin=0 V, - -
i ' . - — | 4 6
Input C.\apacxtance Cwn 1 t=1 MHz, Ta=25°C . . of
] . . Vio=0V, .
Qutput Capacgtance ) . Cio {21 MHz, TA=25°C ' 6 8 .

*Typical values are for Ta225°C and nominal Voo. *Qutputs open circuited.



Random-Access Memories (RAMS)
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YNAMIC ELECTRICAL CHARACTERISTICS at TA.S 0to +70°C, Yoo = 5 V = 10%,

“f'?, CE2 (Chip Enable):
t

8IGNAL DESCRIPTIONS

Q-A10 (Address Inputs):
" 1/01-1/08:

OE (Output Enable):
W!'(wmo Enable):

Yoo, Vss:

- e

if GE1 and CE2 are valid and WE is high.

_Enables Write function, if TET and CE2 are'valid. WE will dommate if both WE and 'O'E are Iow
(i.e., the bus will be tristated and a Write will occur). .

‘Power supply connecuons

CD'Mszszx

These inputs must be stable prior to a write operation, but may change asynchronously during
read functions: . .
8-bit tristate data bus. .
Either chip enable, when not true, powsrs down the chip, disables Read and Write functions, and
- gates off address and output buffers. o
Enables tristate outputs

lf-nput thte= 10 ns; C. = 100 pF and 1 TTL Load, Input Pulse Lovoh o 8Vto24YV
:
.

A 4

Ton-

-f

ACDRESS

. - 3

1

4l

P————— 144 :
f—— 1 ACE1

77777

SENSNNNN

‘cun"‘1

f\. e .-ff.';/:'/f//A/

el T ]

tace2

Nﬁ\: AN\

" DATA OUT

WEis HIGH DURING AEAD CYCLE. TIMING MEASUREMENT REFERENCE LEVEL 18V,

“1eLzez—" - - tenza™
\\\\\\\\\\\4;
S e . =t oy ™| ! '
2L o T ?ng —_ .. . . YoHz
\:.-‘ o te e w /f_ >
\ .

220M-37209

77,

~

. LIMITS

CHARACTERiSTlC ; CDM8264-3 CDM8284-4 UNITS
Read Cycle Times, See Fig. 2 Ny miN. MAX. MmNt MAX,
Read Cycle Time tac 150 — | 120 -
Address Access Time taa -— 150 T — 120
Chip Enable Access Time . tacertacez. - 150 - 120°
Chip Enable to Output Active . tewzs ez 10- - - 10 -
Output Enabls to Cutput Valid. toev —_ 70 - 60 .ns
Output Enable to Output Active toex - 5 — 5 —
Chip Dlsable to Output "ngh g terar tenzz 0 70 ° 0 50
Output Dlsable to Qutput “High 2" tonz ‘0 60 0 40
Quiput Hold from Address Change © tow 30 - 30 —

tTime requnred by a llmlt devnco to allow for'the mdlcated function. .-
. - B 2 oA i \ I
| — A gn A N S 4
: N 'ne
>~
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CDM6264

by

'DfNAMlC !LECTRICAL CHARACTERISTICS at TA 2 0 to +70°C, Voo = 5 Y :t 10%,
lnput 1, h=10ns; C =100 pF and 1 TTL Load, Input Pulu Levels: 0.8 Vto 24V

CMOS Mlcmpljo_casisoys, Memories and Peﬂpﬁerals'

LIMITS

‘ ) . .
- CHARACTERISTIC CDM8284-3 COME264-4 UNITS
iWrite Cycle Times, Ses Fig. 3 . - MIN.Y MAX. MIN.T MAX.
|Write Cycle Time - twe 150 — 120 —
‘Chip Enable to End of WRITE tews, tewa 120 —_ 100 -_
1Address Valid to-End of WRITE taw ~ 120 - 100 —
:Address Setup Time las 0 — 0 -
Write Enable Width - tww 100 — 80 c—
Write Recovery Time twa 0 — 0 — ns
\Write to Qutput “High Z" twiz —_— 70 — . 50
Input Data Setup Time tow - 60 — 50 —
input Data Hold Time ton 0 -— 0 —
Output Active from End of Write tow 10 —_— 10 —

st

. -
 WRITE CYCLE 1 (CE1 CONTROL)-

s S

TTime required by a limit device to allow for the indicated function.

: ' . ‘fooa:s's.: i )( )L '

| . . . 22 taw - _‘ . L"—'wu-
SR ///7/, S NN\
' - OSSN g
) o DAY.A ou‘l:“ /\>>>>Z> : Ve
) e T e

3 - ) - . IN A m Ol cez CONTIOLL!D WRITE CYC&I THI OUTPUT lU'F!Rl
~ © . REMAIN (N A HIGH IMPEDANCE STATE, WHETHER DL IS NlQK OR LO'
[ Lol R T = TIMING uuwuuzw REFERENCE L!VIL 1818Y, -

- -

$2CM-37204




: 8255A18255A 5 ... o
PROGRAMMABLE PERIPHERAL INTERFACE

= Direct Bit SeilReset Capablllty Easln§
Control Application Interface - ..

= Reduces System Package Count -

- MCS-SS"‘ Compaﬁble 8255A5-  ..°
n 24 Programmable 1/0 Pins

= Completely TTL Comp aﬂt;le
u Fully Compatible with Intel‘!’ Micro- -

- processor Families e

. m Improved DC Driving Capability™

m Avallable In EXPRESS —-—

e v =——Standard Temperature Range
= lmproved Timing Characteristlcs o —Extended Temperature Range

. The Intel® 8255A is a general purpose programmable /O device designed for use with Intel® microprocessors. It has
24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of operation. In the first
mode (MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be input or output. In MODE 1, the second
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for hand.
shaklng and interrupt controt-signals. The third mode of operation (MODE 2) is a bidirectional bus mode whlch uses 8

" flines tor a bldlrectlonal bus, and 5 lines, borrowing one from the other group. for handsnaking
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.Figure 1. 8255A Block Diagram Figure 2. Pin éonﬂguratlon".



8255A FUNCTIONAL DESCRIPTION

General - : et Tl

The 8255A is a programmable peripheral interface (PPY)
device designed for use in Intel®* microcomputer

-systems. Its function is that of a generai purpose IO

component to interface peripheral equipment to the
‘microcomputer system bus. The functional configura.
tion of the 82554 is programmed by the system software
so that normally no external logic is necessary to inter-
face peripheral devices or structures. - I

Data Bus Buffer

This 3-state bidirectional 8-bit butfer is used to interface
the 8255A to the system data bus. Data is transmitted or

received by the buffer upon execution of input or output .

instructions by the CPU.-Control words and status infor.

- mation are also transferred through the data bus buffer.

[C o :
Read. A “low" on thls input pin enables the 8255A to
send the data or status information to the CPUon the

data bus. In essence, it allows the €PU to *‘read trom™
the 8255A.

(WR) oL . K S - . Y
Write. A “low” on this input pin enables the CPU to write

data or gomrol words into the 8255A. -, . - ..

(Ag and Ay) | h T . /
Port Select 0 and Port Select-1. These input sngnals. in
-conjunction with the RD and WR inputs, controt the
selection of one of the three-ports or the control word
registers.. They are normaily connected to the least
sngnmcant bits of the address bus (Ap and A,). LI

8255A BASIC OPERATION - or - =

roEaT L

: o . i Ay | Ag | RO | WR | &5 | INPUT OPERATION (READ)
Read/Write and Control Logic ol 0 0 1 0 | PORTA—DATABUS ~
o . . i 0 1 0 1 0 | PORT B8 = DATA BUS
The function _of this block is to manage all of the internal 1 0 0 |- 3 ° PORT C = DATA BUS
and external transfers of both Data and Control or Status ) N OUTPUT OPERATION. ...
words. It accepts inputs from the CPU Address and Con- ks (WRITE)
" ol busses and in turn, issues commands to both of the 6 ; © 1 0 O | DATABUS=PORTA .
Control Groups. -~ [ J [ 1 1 0 0 | DATA BUS -~ PORT B
1 0 1 -0 0 | DATABUS=PORTC
'_-. | | - : 1 1 1 0 0 | DATABUS ~ CONTROL
| E e 2 DISABLE FUNCTION
(CS) e ) X | X X' | 1 | DATA BUS= 3-STATE
Chip Select. A “low” on this input pin‘enables the com- I [ 181 40 ! 0 | ILLEGAL CONDITION
muniction between the 8255A and the CPU. i X X 1 1 0 | DATA BUS = 3-STATE N
ononp B B _ -
. = K D shoow, ¥
) 7 .. .
- - - T . e ‘-
e K= e K5 e, .
. o~ : . ! .
PR S X '-m:vonuuru = — . = g~ _ T ; - - i
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Figure 3. 8255A Block Diagram Showing Data Bus Butfer and Read/Write Control Logic Fuactions -



" (RESET)

Reset. A “high™ on this input clears the control reguster
and all ports (A, B C) are set to the input mode.

Group A and Group B COtjntroIs

The functional configuration of each port is-progr}-xm-

med by the systems software. In essence, the CPU “out- "~
puts™ a control word to the 8255A. The control word con- -

tains information such as *mode”, “bit set™, "bit reset”,
etc., that initidlizes the lunclional configuration of the
8255A.

Each of the Control biocks (Group A and Group B) accepts
“commands” from the Read/Write Contro_l Logic, receives

“*controt ‘words’” from the internal data bus and"issues the

proper commands to its associated ports. -

Control Group A ~ Port A and Port C upper (C7-C4)

Control Group B ~ Port B and Port C lower (C3-CO) .
The Control Word Register can Only be written into. No
Read operation of the GontrolAWord Register is allowed.

Ports A, B, and C‘ .

The 8255A contains three 8-bit ports (A, B, and C). Al
can be configured in a wide variety of functional charac-
teristics by the system software but gach has its own
special features or “personality” to further enhance the
power and flexibility of the 8255A

tz

Port A. One &-bit data output lat'chlbuffer and one 8-bit
data input latch. A . o

.

Port B. One 8-bit data Inpuvoutput Ialchlbuﬂer and one
8-b|t data input buﬂer

Pon C. One B-bit data output latchlbulfer and one 8 blt
data input bufter (no latch for input). This port can be
divided into two 4-bit ports under the mode control.
Each 4-bit port contains a 4-bit latch and it can be used
for the control signal cutputs and status slgnal inputs in

comunction with pons A and B.

. PIN CONFIGURATION

- ) - F i 4 e - eas] A =
— y - o Dbl NGNS ] () . S N T
- g . SRR y . 4D \ sar(]s Mal "
- R - “eas(Je near
. R L ] : . | wds oL
' o —1 . Qe . - a“_‘,-u_u
. - g 3 L oodr sPo, 8
- e wow |, K A = K ) rayrng ar(de » .
1B PSR T '« M ' A s -4} ' e, .. "
o e TR 1. A 3! i sle .. =Do .
- - - N .- - . *’C‘. B »n : ﬁ i
. e w L - [ R - o - [--T7Y »Jo, """
t % [ l 1 J 1 »n)o,
. o T el . nDo,
. g ] e orrte B e "Dﬁ
g ¥ a g e - . rer (s [ e
. w | A L " s [ =Tall} nljwm
: oo 9 I e m_) i ot ot
. oty =< w o me(w B
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? ] 4 e - nDw
. T i
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L s e 3 e . ' PIN NAMES
— ] o NG e e N e K :
[OSEE—— = - | -0y DAYA BUS (B1-D(RECTIONAL
-t - oS L NESET RESET INPUT
l . i - e Crw SELECT
LI A8 READ INPUT
- : K1) WRITE WPUT -
. .o - XX PORT ADORESS -
- - I - D PATPAD FORT A ISITH
. . ~ PRIPR0 | PORT 8 18IT)
N . - - ena PCI#CH PORT C (81T)
- - : [ Voo *5 VoL
. GMD SVOLTS

Figure 4. 8225A Block Diagram Showlng Group A and

Group B Control Functions.



8255A OPERATIONAL'DESCBH’TION '

*-mode is changed

Mode Selection -

There are three basic modes of operatxon that can’be seléct-
ed by the system software:

Mode 0 — Basic Input/Output - '

Mode 1 — Strobed Input/Output :

Mode 2 -~ Bi-Directional Bus - RS

When the reset input goes “high” all ports will be set to

" the input mode (i.e., all 24 lines will be in the high im-

pedance state). Atter the reset is removed the 8255A can

* remain in the input mode with no additional initialization

required. During the execution of the system program
any of the other modes may be selected using a single
output instruction. This allows a'single 8255A to service
a variety of peripheral devices with a simple software

.mamtenance routine, <

The modes for Port A and ‘Pon Becan be sepsl:atel'y defined,

while Port C is divided into two portions as required by the

Port A and Port B definitions. All of the output registers, m- .

cluding the status flip-flops, will be reset whenever the
d. Modes may be combined so that their
functional definition can be tailored” to almost any lld
structure, For mstance Group B can be programmed m

Mode 0 to monitor sxmple switch closings or display compu- .

tational results, Group A could be programmed in Mode 1

. basis: N &
_ . “;Dn.a.sws.,,.- B e 3
CONTROL BUS = 1
. 4 CATA BUS - 1
AD. Wi By-0y AgAy
. N\ = l
82554 :
uonu—o‘[ ,_Eﬁk a .[ 2
MODE1 —T 8 A T ‘
- @’ T 1III 1. -
°°".'.7:* W
"‘o 2 a5 ‘-_"T".- -
- @" IIII U LT Jipomeenon
- T el A -
- - .. - \. . .- A e -

Figure 5. Basic Mode Definitions
- and Bus Interface -

10 monitor a keyboard or tape reader on an mterrupt-dnven -

0Oy Dy

GROUr S

s

PORT C (LOWER)
. 1= INPUT
- . . o-outmr

. - PORTS
. . . - 1= INPUT
- . 0 = OUTAUT

MODE SELECTION
0= MODEO
12 MODE ¥

T GROUP A

o N PORT € (UPPER)

0= QUTPUT

MODE SELECTION
00 = MOOE 0 1
91=MODE

o ~ : 1X = MODE 2

& MOOE SET FLAG
9 K ‘1= ACTIVE

“..  Figure 6. "Mode Definition Format . -

Tne mode definitions and possible mode combinations
may seem confusing at first but after a cursory review of

the éomplete.deviqe operation a simple, logical /O ap-’

proach will-surface. The design of the 8255A has taken
into-account things such as efficient PC board layout,
control signal definition vs PC layout and complete
* functional flexibility to support almost any peripheral
device with no external logic. Such design represents
the maximum use of the available pins.

,

- Single Bit SetReset Feature

Any of the eight-bits of Port C can be Set or Reset using a
“single OUTput instruction. This feature reduces software
requlrements in Control-based applications.




CONTROL WORD

Oy [ Dy | O5 | O | Dy | Oy [ Dy | Dy T

- BT SELECT
foT1721314[5]8]7]
011101110/1101 1|80
10] 1111010111118,
It 111 1)8)

BIT SET/RESET FLAG
0= ACTIVE

" -

Al Figure 7. Bit Set/Reset Format .

When Port C is being used s status/control for Port A or 8,
these bits can be set or reset by using the Bit Set/Reset op-
eration just as if they were data output ports.

Interrupt Control 'Funclions

When the 8255A is programmed to operate in mode 1 or
mode 2, control signals are provided that can be used as
interrupt request inputs to the CPU, The interrupt re-
quest signals, generated from port C, can be inhibited or
enabled by setting or resetting the associated INTE tlip-
flop, using the bit setreset function of port C,

This function aliows the Programmer to disallow or allow a
specific 1/0_device to interrupt the CPU without atfecting
any other device in the interrupt structure.

INTE flip-flop definition: LT T

“~ {BIT-SET) — INTE is SET — Interrupt enable-

{BIT-RESET) — INTE is RESET — Interrupt disable

Note: All Mask flip-flops are sutomatically reset during
mode selection and device Reget.

dpergﬁng Modes = - - S

MODE 0 (Basic ll-’lputIO.ut;;l;t). This tunctional éonﬂg{:ra-
tlon provides simple input and output operations for
each of the three ports. No “handshaking” is required,

data is simply written to or read from a.specified port.

Mode 0 Basic Functional Definitions:

® Two 8-bit ports and two 4-bit ports.

Any port can be input or output._ o .
Outputs are latched. - . et
Inputs are not latched. - ’ B
16 different Input/Output configurations are possiblé
in this Mode. .

[ =

VS

b——-l..’ —

* b Yy o]

3

tan

&A1, 00

e T TP

CYP R, %) N __:_..__.__._(

P e e =

.

tor

MODE 0 (Basic Input)

Dy Dy

wa

& A A0

MODE 0 (Basic Output)



CONTROL WORD " N
% | B | o4 |0 |0y |00 ]0, .
l ’ . ‘ BIT SET/RESET: .
.3 X x 1= SET
— 0+ RESET
DONT .-
CARE "
.. BIT SELECT
. - oi172i3taisei7]
110111011011/ 8]
. O1111]0101111[8,
4 01010111 111(1185]
) BIT SET/MESET FLAG
0= ACTIVE
- .t 2 . R -

Figure 7. Bit Set/Reset Format

When Port C is being used as status/control for Port A or B,
these bits can be set or reset by using the Bit Set/Reset op-
eration just as if they were data output ports.

Interrupt Control .Functioqs

When the 8255A is programmed to operate in mode 1 or
mode 2, control signals are provided that can be used as
interrupt request inputs to the CPU. The interrupt re.
quest signals, generated from port C, can be inhibited or
enabled by setting or resetting the associated INTE tlip-
fiop, using the bit set/reset function of port C.

. This function allows the Programmer to disallow or aliow a

specific 1/0. device to interrupt the CPU without affecting
any other device in the interrupt structure, |

INTE flip-top definition: ~ _,~ - DA
"{BIT-SET) — INTE is SET — Interrupt enable- 7 -
(BIT-RESET) —~ INTE is RESET — Interrupt disable

Note: All Mask flip-flops are automatically reset during
‘mode selection and deyice Reset.

dperéting Modes -~ . VA -

MODE 0 (Basic Input/Outpu). This functional configura-
tion provides simple input and output operations for
each of the three ports. No “handshaking” is required,
data is simply written to or read from a.specified port.

Mode 0 Basic Functional Definitions: ..~ '_ -
® Two 8-bit ports and two 4-bit ports.

Any portcan be inputor output.__, . -
Outputs are latched., "= - . M
Ipputs are not latched. ~ ot .
16 different Input/Output configurations are possiblé
in this Mode,

e

~ ; an ha
&, a1,80 *) (
o,o,;.__________< ><L b——
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MODE 0 (Baslc Input) S -
N
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’ ’ s tow wo—] o
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. - - wa
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. , X
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MODE 0 (Basic Outpuf)
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CONTAOL WORD #12 - - -
D, O DBy O, Oy D; 0, D0,

nonnonool

-

CONTROL WORD #14 . b
B, ® O D, D, D, D D,
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A .—,L"—. PALPA, - a + oa,a,
sasea S i .
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| Operating Modes A N .

Mode 1 Basic Functlonal D-fmmons
® Two Groups {Group A and Group B) ’ .

MODE 1 (Strobed Input/Output). This functional con-
figuration provides a means for transferring /O data to™
or from a specified port in conjunction with strobes or
“handshaking" signals. In mode 1, port A and Port B use

the iines on port C to generate or accept these "hand-

:haklng" slgnals

® Each group contains one 8-bit data port and one 4-bit

controi/data port. - .

Both i mputs and outputs are latched.
® The 4-bit port is used for control and status of the

8 bit data port.

® The- 8-bit. data port can be etther input or output.



lnput‘ Control ‘Signal Definition

STB (Strobe Input) A "low on tmsmput loads data into

the input Iatch -

IBF (Input Buﬁer Full FIF)

edge of the RD input. -

INTR {Interrupt Request) *

A “high” on this output can be used 'tg interrupt the CPU

CONTROL WORD

when an input device is requesting service. INTR is set by ] T T

the STB is a “one™, IBF isa “one” and INTE is a “one”

-1t is reset by the falling edge of RD. Fhis procedure allows’
an input device to request service from the CPU by snmply
strobing its data into the port.

INTE A

Controlled by pit se:/éeset ot PC,.

INTEB -

. Controlled by bit set/reset of PC,.

‘e

/

0, Dy Oy D, Dy .D, ~D| D.
. . T (1102 v hveDXPXIX]
A “high” on this output indicates that the data has been .

loaded into the input latch; in essence, an acknowiedgement
1BF is set by STB input being low and is reset by the rising

MODE 1 (PORT A}

K
-
:“‘A": 7, f— T8,
-:J
) L[ POy 18,
= 1o NPUT .
0= OUTMUT
n,i—*m"
D ~———eq)
2
"y = 10

CONTROL WORD )
By Dy O3 Dy 0; D; Dy Dy

[+ DAXIX] 1] 1 ]X

~ MODE 1{PORTWM

re, o8,

%
]

]

4

o
]
[V

e, e

"

ey

— ﬂug

tan

INPUT FROM
PERIPHERAL

e

}...._.._._-_.._..._._.__.__.___.._.___..

Figure 9. MODE 1 (Strobed Input)




" output Control Signal Definition -

«

B T : . i . " MO 1 {PORT A}
OBF (Output Butfer Fuil F/F). The OBF output will go o, : - I>
“low” to indicate that the CPU has written data out to the . CONTROL wORD
specified port. The OBF F/F will be set by the rising edge ' D, Oy By O, D; O, O, O,

¥ of the WR input and reset by ACK input being low. 1olv]|ofm

Mo -

" ACK (Acknowiedge Input). A *low" on this input informs -
the 8255A that the data from port A or port B has been ’ 0= outPUT
accepted. In essence, a response from the peripheral -
device indicating that it hds recneved the data output. by i i )

i the CPU. . ] Wh—eq |

. . ) * . T PCas ——;—.
INTR (Interrupt Request). A "high” on this output can bé o - Lo
used to interrupt the CPU when an output device has i Y . MODE 1 (PORT B -
accepted datatransmmed by the CPU. INTR is set when . ST L T o

- ACKisa“one”, OBF isa “one”, and INTE is a “one”. Itis : ) L. (e

- reset by the falling edge of WR. - . . - — o .

.. . . Py Dg Oy 0, D3 0y Dy Dy . .

- INTR (Interrupt Request). A “high” on this output canbe
used to interrupt the CPU when an output device has -

* accepted data transmitted by the CPU. INTR is set when - T
" ACKisa“one”, OBF isa“one", and INTEisa“one". Itjs - T
o~ feset by the falling edge of WA, . R
o INTE A . o) P a2 ¥ o
" Controlled by bn set/reset of PC& E :
. INTE B’ T ] |
* - Controlled by bit s_et/rese! of PCz. . : -t Figure 10. MODE 1 Output

Figure 11. Mode 1 (Strobed Output)



Combinations of MODE 1 _

Port A and Port B can be individually defined as input or

output in Mode 1 to support a wide variety of strobed 1/0
apphcauons.

st ) ”1.,"@.
: <o o i, :

"o e e,

D, O 05 D, B, °; o 0, '°3_"ml.

I_'i'l']‘l"'"l'm = c 2

.

g 'c‘.r-—/——l-lO
", . . )
o PR ey

PCft——e OBF,

P, fo—— AT,

) ﬁ;""m.

Y A T .+ PORT A~ (STROBED NPUT)
. PORT § - (STROBED OUTPUT)

S e

o,

- | R RE,
CONTROL WORD e - -
B, By By D, 0, B, D, B,

OODDTO

P’y —— TR,
2 -

'C...n—/—— vo
PCis . .
i R
(TR i ”, +— 3T,

POy f—— 17,

'C-——j'""‘-

PORT A — (STROBED OUTPUT)
PORT B - {STROBED (NPUT}

b

- Figure 12, Combinations of MODE 1

Oporallng Modos

MODE 2 (Strobed Bldirectional Bus /0). This functional’
conﬁguratuon provides a means for communicating with
a'peripheral device or structure on a slngle 8-bit bus for
both transmitting and receiving data‘(bidirectional bus
voy. "Handshakmg" signals are provided to maintain
proper bus flow discipling in a similar manner to MODE

1. Interrupt generation and enable/disable functlons are
also avallable .

MODE 2 Baslc Functional Definmons- v e N
- ® Used in Group A only. . )
® One 8bit, bi-directional bus Pon (Port A) andQS-blt
_control Port {Port C). e ;
® Both inputs and cutputs are |atched -~
. ® The 5-bit control port {Port C) is used for control

AL

-Bidirectional Bus /0 Control Signal Definition =

INTR (Interrupt noquut). A high on this output can- be
used to interrupt the CPU for both' input or output opera-
tions, .

and status for the 8-bit, bl-dsrectnonal bus port (Port -

——

Output Operations - - . - e

OBF (Output Buffer Full), The OBF output wiligo“low"to
mdlcate that the CPU has written data out to port A

ACK (Acknowlodgo). A "low" on this input enables the
tri-state output butter of port A to send out the data.
Otherwise, the output buffer will be in the high im-
pedance state.

- - . PIRS o -

INTE 1 (The INTE Flip-Flop Associated with OBF). Con-
trolled by t:n set/reset of PCq.

Input Operations

§T8 (Strobe Input). A “low” on this mput loads data into
the input latch. . . .

IBF (input Buffer Full FIF). A *“high” on this output in-
ducates that data has been loaded into the.input tatch.

.- Lo "~

INTE 2 (Tho INTE Flip-Flop Associated with IBF).-Con-
trolled by bit set/reset of PC,.
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CONTROL WORD
B, Dy B O, 0,0, D D |
| CTDOKK ]
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1= INPUT
0= 0UTPUT
. - e ronTs -
. . 9= NPUT
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. Figure 13. MODE Control Word
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bits can be used as follows:

Mode Definition Summa'ty

. MODE 0 MODE 1 MODE 2
- N ouT N ouT GROUP A ONLY
PAg IN ouT IN ouTt - .
. PAY N our IN “out - )
~ PAy IN our IN ouT- -
PA; IN out IN our e
PAL IN our IN out -
PAS | IN our IN our - -
' PAg IN out IN out - o
PAY N out IN out - ST
. PBg | ~IN our IN our e 1 -
- PBy; | N out IN our T — -
P8y IN out IN- our: | - T e——— SR
P N | our IN - our s —y MODEOD ™ ' ;- -
; N TIN out IN our — —~ ORMODEt ~ ° ©
I PBg IN our iN ouT ~N " ONLY- ¥V
PBg N out IN our — ST W
= PBy IN -1 ouT IN out _
o P I ouT INTRg | INTRg ) 1o .- S
r PCy - SN out 18Fg 0BFg 3o - g
PCy- .} N out sTeg ACRg w .
N pCy N .out INTRA | INTR, TINTRA T e
- PC4 IN OuT® | T | §TBa o STBA i
. PCs N ouT IBF A 1o T aBRy LT
... PCg _IN -] ouT 1o . ATKa ACKp -,
- ey IN out- 10 OBFA OBF, - . N

Special Mode Combination Considerations

There are several combinations of modes when not ali of the
bits in Port C are used foér control or stat'ys. The remaining

.

If Programmed as lnputs Y AN -~
All input Ims can be accessed dunng 3 normal Port C
read.

If Programmied as 0utputs -
Bits in C upper {PC7-PC4) must be mdlvudually accessed
using the bit set/reset function.. * =

Bits in C lower (PC3-PCy) can be aécessed using the bit
set/reset’ funcnon or accessed as a thresome by writing
into Port c -

Source Cumnt Capablllty on Port B'and Poit C

Any set of eight output buffers, selected randomly from
Ports B and C can source 1mA at 1.5 volis. This feature

.dliows the 8255 to directly drive Darlington type drivers
and high-voltage displays that require such source current,

- ——

Reading Port C Status .
In Mode 0, Port C transfers data to or, from the peripheral
device. When the 8255 is programmed to function in Modes
1 or 2, Port C generates or accepts “hand-shaking” signals
with the peripheral device. Reading the contents of Port C

.

13

allows the programmer to test or verify the *“status” df each
peripheral device and change the program flow accordingly.’

There is no special -instruction to read the status informa-
tion from Port C. A normal read operation of Port C is
executed to perform this funcnon ; <

- NPUTCONFIGURATION .

& O O 0, D B D B
o l " { m‘.'} CURELUN fun,‘ 1nry ‘ma,

= GROUP A crour s

e o\rrmeogmcmmov; 2
% O & O D D, D 0
w,]m.] vo l 0 JnmlA utr:.lﬁ?,vau,

anoue A cRoue s

Figure 17. MODE 1 Status Word Format -

5 o 1B, 0, 0, D DO,
Ao}
.Gl” A GROUr 8 ¥
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Figure 18. MODE 2 Status Word Format -
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- APPLICATIONS OF THE 8255A. REQUEST -j -

The B8255A is a very powerful tool for -interfacing . . " Toay ", :
peripheral equipment to the microcomputer system. it - B} .. R,

- represents the optimum use of availabie pins and is flex- °- A, n oggg&‘éo
ible enough to interface aimost any /O device without L™ "3 xeveoao
the need for additional external logic. .. . :‘- ; :; S

. S . s
Each peripheral device in a microcomputer- system . e 1 A SHIFT -
usually has a “'service routine” associated with it. The - Tl oeay CONTAOL .
routine manages the software intertace between the . o~
device and the CPU. The functional definition of the . . e, STROBE.
8255A is programmed by the /O service routine and : B ack
becomes an extension of the system softwate. By ex- . j.._.. PR P
amining the 1/O devices interface characteristics for - {
‘ both data transfer and timing, and matching this infor- - e, A N
! mation to the examples and tabtes in the detaiied opera- B re, .: LI
tional description, a control word can-easily .be devel . re, s, BuRROUGHS N
oped to initialize the 8255A to exactly “fit" the applica- s o s, 8, ‘gt;ﬁ‘,‘,"-
tion. Figures 19 through 25 present a few exampies of " |~ . . s, [ .
typical applications of the 8255A. _ .. .. . = . - ey - By t
] — \ - ouTrim | " ~~| BACKSPACE ;
- Tl 55 ¢ ; \ 9 . e, CLEAR
- - 7 3R \NT " L DATA READY
/ A N - rec, ACK
a8 . . W e - PR S\ | ey BLANKING
] werennuer T e =& A/ H o B re, Lee, 5 CANCEL WORD
TS : — INTERRUPT ST s R s P
REQUEST - ¥ 2 '
PA et = o . - LI
ra, |——ed b — | " .
- oo VL IRELLLLETT 2y fgnan ° Figure 20. Keyboard and Display Interface
g —el —— ALY | - T
- ray f—t P S—
m eI -‘—-. 4 ]
A B Ay = HAMMER .
- -~ 1 ReLavs . NTERRUPT R A oA :
[———={ DATA READY — 2 REQUEST . .
Pt ACZ, — iy ;
—— PAPER PEED . ] - AT - ™ [ eay e - -
. i PORIT U o I (A 1. ", " -
- - c { woot [ 94, " oecsben’ .
¥ N 7 i S neuT) | pa, a, SIVEOARD -l
- — N Pt :;‘IAI!ADV 5 / ~-. »ay K‘ - .
—{ . - b frasenreco : N = waa | ] ser
1 "7 =] ronwanomev . : y o ofa]
S | AtonON . - .
e - | CARRIAGE STN. STROBE W ” -
DATA ALADY ACKNOWLEDGE
e Jacx
BUBY LT, LR
) Tester
CONTROL LOGIC AND DRIVERS ":.- - -
P, At Emreme e <2
- -Figure 19. -'Pri'nter Interface e -

LT . ) ) . Figure 21. Keyboard and Terminal Address
T B - . . Intertace .
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Figure 22.. Digital to Analog, Analog to Digital

.-.  Figure 23. Basic Floppy Disk Interface -
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Figure 24. Basic CRT Controlier Interface: .

Figure 25. Machine Tool Controlier Interface
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ABSOLUTE MAXIMUM RATINGS*
Ambient Temperature Under Bias. .. ... ...
Storage Temperature . . . ..
Voltage on Any Pin - .

With Respect to Ground . L3
Power Dissipation . ;

D.C. CHARACTERISTICS  (Ta = 0°Cto 70°C, Vo = +5V = 10%, GND = 0V)* -

1 Watt

' ?NOTIC\E: Stresses above those listed under “Absolute

Maximum Ratings" may cause permanent damage to the
device. This is a stress rating ohly and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect device
reliability. o

Symbol Parameter Min. | Max. | Unit Test Conditions
Vi Input Low Voltage -0.5 | 0.8 \Z
Vin Input High Voltage 20 | Vee | V -
Vo (DB) | Output Low Voltage (Data Bus) 0.45°1 V .| loL=2.5mA -
VoL (PER]| Output Low Voltage (Peripheral Port) 0.45°f. V loL =_1.7mA : - :
Von(DB) | Output High Voltage {Data Bus) 2.4 \Y lon = -400uA
Vo (PER)| Output High Voltage (Peripheral Port) | 2.4 ) V | 1on = -200uA
Ipanlll | Darlington Drive Current -1.0 { ~4.0 | mA Rext = 75092 Vexr= 1.5V
lee Power-Supply Current -120 mA .- BRI
he Input Load Current "210°| pA | VN =VcotoOV
" lorL Output Float Leakage 10 | A VouTt ‘\)CC to 45V’
-, NOTE: § - X Y ' -
1. Available on any 8 pins trom r{on BandC. 3 - N
CAPACITANCE. (T, = 25%C, Vcg = GND = OV) - Tt Lo [ b i
Symbol . Parametsr Min. TYp, Max. Unlt Test Conditions
. Cin Input Capacitance 10 pF fc=1MHz 7 .
Cuo 1/O Capacitance - 20 pF Unmeasured pins returned to GND

- -

A.C CHARACTERISTICS (TA-O'Cto 70°C, Vcc-+SV*10%.GNo =T e

Bus Paramotsrs

.

-~

.-

READ o ST ;
. . X I 8255A - 8255A-5 .
Symbol ~ Parameter Min. Max. Min, Max. “Unit
tAR Address Stable Before READ - 0 0 ns
tra Address Stable After READ 0. , 0 - ns
tRR READ Pulse Width . 300 300 ns
1RD Data Valid From READI 250 200 ns
tor DataFloat After READ 10 150 100 | 100 ns
tRYV Time Between READs and/or WR1TEs 850 ' 850" ns

e




A C. CHARACTERISTICS (Continued)

A C TESTING INPUTS ARE DRIVEN AT 24V FORALOGIC 1 AND04SV FOR
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 20V FOR A LOGIC 1
AND OBV FOR A LOGIC 0 .

uHF |

WRITE - .. Ce
. 82554 8255A-5 1. :
Symbol Parameter Min. Max. . Min. Max. | unit
taw Address Stable Before WRITE 0 0 ns
WA Address Stable After WRITE 20 20. ns
tww WRITE Puise Width s - 400 300 ns
tow ‘Data Valid to WRITE'(T.E.} - -  «- 100 - = 100 e ns -
twp Data Valid After WRITE 30 . 30.. ns
) OTHER TIMINGS v~ v & o cemcciim e mawis 2 tm m e ome mi eom mamave 2 v mme oo e e e
. N & - ram e ey e et 8255A -~ 8255A-5
Symbol —+.  Patametei . — ._...— Min. Max. Min. Max. Unit =
twa WR =1 to Output! il - 350 350 ns
ta Peripheral Data Before RD 0 ns
- HR Peripharal Data After RD 0 . ns
tak | ACK Pulse Width 300 300 ns
tsT STB Pulse Width ' 500 — 500 ns
tpg Per. Data Before T.E. of STB 0 z 0 ns
- tpH - Per, Data After T.E. of STB- - ... - 180 - 180 - ns. - -
tAD - ACK = 0to Outputl !l 300 300 ns -
tkp ACK = 1'to Output Float 20 ° 250 20 250 ns
‘twos WR = 1 to OBF = 0l 650 ) 650 ns
ta0B ACK =0 to GBF = 111l 350 350 ° ns. -
tsis ST8=010 IBF = 111 o - - 300 300 ns
© thg RD = 1 to IBF = o1l WA 300 s 300 ns
tRIT- RD=0to INTR=OGIH - _ - 400 400 . ns .
-t - STB =1 to INTR'= 1}1] 300 ) A 300 |. ns
CtaT ACK =1 to INTR = 1/1] 350 i 350 ns
twiT WR = 0to INTR = 0l1.3 450 450 ns
NOTES: ' - S -
1. Test Conditions: C = 150 pF. ™~ <y TS t i Tt Tt T m -
2. Period of Reset pulse must be at least sou.s durlnq or after power on. Subsequem Reset: pulse can be 500 ns min. v
3. INTRt may occur as early as WR. . - -
* For Extended Temperature EXPRESS, use MB255A electrical parameters. -7
A.C. TESTING INPUT, OUTPUT WAVEP;ORM 'A.C. TESTING LOAD CIRCUIT .
INPUTIOUTPUT S - ' ) . .
- e ORbER AN © Vexr'
20 . 20 o TEST oL = 1sapr
—X. >7ESTPO|N‘I’8< '.X;‘ 130 pF
o8 o8 -

715 SET AT VARIOUS VOLTAGES DURING TESTING TO GUARANTEE THE

SPECIFI&YION €y INCLUDES JIG CAPACITS

v




. WAVEFORMS

MODE 0 (BASIC INPUT) * ~ _ *

- -
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R g X 1 y "
. wRNL VYRR N Y o+ A W N, S o
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‘t WAVEFORMS (Continued)
i MODE 1 (STROBED INPUT)

et~ = P Fmmm e L
L y - - .
MODE 1 (STROBED OUTPUT) &V A a\d, - L Y r
" 'y = : : =
o - I \ TiTiE e 1 -j
Y - -..-.. :
- ‘ T, \\; - : /j> . .

~ Y
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WAVEFORMS (Continued)

MODE 2 (BIDIRECTIONAL) .- P -
A - - DATA FROM ’

. . /m'ro:zss L. . . :

.Z"f;f_. _ "M,q\zziwiyf

-\

5 [ty ————] <
P P g . N { ',‘ . . . b e v “‘" . .
ST R = .___. ‘"\_r_:_/ . % ) - T .- _f.' )
s

—ilaple— e tgp

N

'renw.w“san___':_‘__‘_'__-__{( : ">_._._.__< .. >_..__.......l........

% DATA FROM S0 & M.\ DATA FAOM . ~
PERIPHERAL TO S $256 TO PERIPHERAL .
iy 4§ = AT Y A NI B R A fnost

NOTE: Any ssquence where WR occurs befors ACK and STB occurs before RD is permisivle. -
{INTR = I1BF « MASK + 5T8 « RD + OBF » MASK + ACK » WR } .

WRITETIMING ~ Vo . READ TIMING y A -

Ao.1. €3 )I . +K 3 B S X ‘ l
I e i A e R
'uu.us . 1 + X [ 1] - &
~ N Sy
L. . \ '. :
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8,192 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY

~ PROGRAMMABLE READ ONLY MEMORY
N-CHANNEL SILICON STACKED GATE MOS

T TMM2764D
- TMM2764D-2

[Pt cemm———— vy

DESCRlPTlON . .
.. The TMM27640D is a 8192 word x 8 bit uItravnolet
- light erasable and electrically programmable read only
memory. For read operation, the TMM2764D's access
time -is 200 ns, and the TMM2764D operates from a
-single 5-volt power supply and has low power stand-
by mode which reduces the power dissipation with- -
out increasing access time. .. The:standby mode is
achieved by applying a TTL-high leve! signal to the -
CE input. The maxxmum active current is 120mA
- FEATURES o B
o Single Svolt power supply '
o Fast access time : TMM2764D 250 ns,
TMM27640 2 200ns
e Power dnss:pauon oo 4 !
120 mA (active current) Max. * 72N
- 35 mA (standby current). Max.- 3
o Low power standby mode "

PIN CONNECTION

R

b amames o o

(ror VIEW) iy EPROM TMM27320

\} TMM27320 ~
PP \_@_ (TOP VIEW) -
A,202 PGM —— - .
Ard3 N.C. A,g 2 U3g/ R
. Asg4- Ay - AsO2 - 3DA, /
As5 Ay  AsO3 2DAs - 3
AdQs Ay Ada T21DAy, 0T T
-~ A3Q7 OE Asds 200 OE/Vpp )
A8 Ao A2ds 190 Ay
Age CE Ady. 18pCE
‘ 8°C 0; Aogs 17003 %
' °°C Os 0,09 . 1600,
oﬂ: Os 0,410 150305 -
2(] O, 0,411 1400, ~ -
GNDO 14 O GND(O12 - 13103 ~
PINNAMES - = - TRaY
Ag~Ag2 | Address Inputs
Op~0s | Outputs (Inputs). *
CE' ! Chip Enableinput
OE Output Enable Input
PGM Program Control Input - -
N.C. No Connection
Vpp Program Supply Voltage :
Vee Vee Supply Voltage -(+5V) ‘
Ground

L_Gno

L wer 24 pins eomoulbh with 32K

B

- and the maximum standby current is 35mA.
For program operation, the programmingis achiev-
_ed by applying a 50ms active TT L fow program pulse
to the PGM input, and it is possible to program
sequentially individually, or.at random,
- The TMM27640 is fabricated with the N-channel
‘silicon double layer gate MOS technology and is
" ' packaged. in a ‘standard 28 pin dual in line cerdip
package.
e Output buffer comrol
e Fully static operation ~
e Programs with one 50 ms pulse
e Single location programiming -
o “Three state outputs -
e- inputs and outputs TTL compatlble

GE

C': . 7\ €% PIQ compatible with i2764 and ROM TMM2364P

BLOCK DIAGRAM : S
, ~Ve'GND Vee. 0001 02030,05060;
gEE: Ry FH * Output Buffers -
o] Circuit | PvieutSulien
ﬁ? b ,5 Column 33_ Column {/0
g N7 N DL £ " circuit -
S ‘35: EAdd.'ess { . ‘?’ -
A
AZ :Buff.ers e 'R N Memary Cell
Ay o— fow
A0 o0 —— 4 s Arcay
Ayy o—] Decoder ; .
O] 8192 x 8 bits
MODE SELECTION - C=
P | 7o [ GE | OF [Vee [Vec | Oo=0r I- 1
Mods | c2n jzon {220 | (1) {128 in~13, 15~19)' )
Read HojL|L | 5V ! Data Out H
JovmuDesecr] o | 2 fH | sv "‘:°" ——
- . . |sv i High :
Standby _ H 4 | :Snndbv
Program L JLyfe 15V | Danain :
- L] v H""‘
Program H . v impedancs -
\nhibit 21v oo — Active
. L]~ i 5V | impedancs
Program Verify [ { 5V [ Data’Out : A
'-Nou: *:Hor L ) ’



MAXIMUM RATINGS

SYMBOL ITEM - RATING UNIT ~—
Vee Vce Power Supply Voltage —-06 ~ 70 ° vV -
Vpp Program Supply Voltage ~0.6 ~ 220 Vv
Vin .-+ input Voltage . 06 ~ 70 v
Vour’ ) Output Voltage .- - - —06~70 - \
Pp Power Dissipation - .- 15 - - w
TsOLDER Soldering Temperature - Time. 260 - 10 °C - sec
TSTRG.. Storage Temperature - - ~65 ~ 125 °C
Tors, Operating Temperature - 0~ 70 °C
'READ OPERATION” =~ ! I
D.C. RECOMMENDED OPERATING CON_DlTlONS'. R
|- SYMBOL - PARAMETER - MIN TYP, - MAX, UNIT
“Vin Input High Voitage - 20 - Vee +1.0 - VoLt
Vi Input Low Voltage * * -0.3 - 0.8 \ 2
Vee Vec Power Supply Voltage 475 - 525 , v
* Ve Vpe Power Supply Vohage 20 Vee - V.

-D.C. and OPERATING CHARACTERISTICS

- aorm =)

- {Ta®0~70°C. Ve

=

=5V 2 5% Unless otherwise noted)

SYMBOL PARAMETER CONDITIONS MIN, TYP. MAX, UNIT
[X] input Current “Vin =0~ Vee - - 10 pA
lces Supply Current {Standby} CE=Vy - - 35 mA
kcz |  Supply Current (Active) ’ CE = Vi C— - 120 mA
Vo Output High Voltage low = —400uA 24 - - v

* Voo Output Low Voltage’ loL ®=2.1mA - - 04 v
lppy Vep Current ) Vep =0~ Vee +06 - - . - +10 HA"
o . Output Leakage Current Vout =04 ~ Vo - - £10 HA

| ‘ - ’ - =




!

A.C.CHARACTERISTICS -

{Ta=0~70°C, Vee = 5V £5%, Vep = 2.0V ~ Ve + 0.6V, Unless otherwiss noted) _

Dats Outpuu )

B TMM27640D-2 TMM2764D
: NIT
SYMBOL ) PARAMETER CONDITIONS MIN, MAX: | MIN. MAX. U
tace Address Access Time CE=QOE =V PGM =V, - 200 - 250 ns
tce CE to Outout Valid OF = vy PGM= V) - 200 - 250 ns.
108 OE to.Output Valid CE = V) PGM =V}, - 70 - 100 ns
" tpgm PGM to Outout Valid OF = CE = vy - 70 - 100 ns
1 or CE 1o Output in High-Z OE =V, . PGM =V} - -0 60 0 90 ns
1DF3 - OE to Output in High-Z CE=v, PCM=Vvy - 0 - 60 0 ‘90 ns
1oFs PGM 1o Output in High-Z~ OE=CE=v, 0. 60 0. 90 | . ms
oM Output Data Hold Time CE = OE = Vy , PGM = Vyy 0 - - ns -
L ! G
AC.TestConditions o NN\ - v ma R
e QOutput Load : : 1TTLGate and CL = 100pF -
¢ Input Pulse Rise and Fall Times - 10ns Max. ¢ N - - K
¢ Input Pulse Levels N 2 08V to22v : X ) - -
e Timing Measurement Reference Leve] lnputs 1V and 2V, Outputs 0 8V and 2, OV o .
CAPACITANCE “° ' Tras25%C, f=1MHz): . = _. o2l " (
SYMBOL - PARAMETER CONDITIONS - MIN TYP, ~ MAX, UNIT
Cn Input Capacitance Vin=0V - .4 6 pF
Cout Output Capacitance Vout = 0V - | 8 12 pF
k . fhis parameter isvpefiodially sampled and is not 100% tx'ted. L . i
_ TIMING WAVEFORMS (READ) - S ‘ -
. . g ~Ay LT X .__l z X o
A o ‘N.Yo - - f tOH
) N Sl T e T Sa g
L E NI\ / ///////////'
tDF1
- e
. & ' Y, /////
SN LAY
. - ’ PGM toF3
) =
= 7 V//////* \\\\\\\ NN
- TACC DF3 -
. Wigh 2 !
O¢ ~ 09

DX

14




PROGRAM OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN, TYP, | “MAX, UNIT
. Vin Input High Voltage 20 - Vee +1.0 4
. V- Input Low Voltage ~0.3 - 08 v
Vee Vce Power Supply Voltage 475 5.0 525 V.
Vpp " Vpp Power Supply Voltage 205 210 215 \%
D.C. and OPERATING CHARACTERISTICS (Ta=25£5°C, Ve = 5V25%, Vpp = 21V20.5V) ’
SYMBOL l PARAMETER CONDITIONS. MIN, TYP, MAX. UNIT
1) Ny Input Current Vin =0~ Vee = - - £10- pA
Vou Output High Voltage - lon = —400uA . 24 - - = v
VoL Output Low Voliage: log =2.1mA i= - 04 Y
lec . - Vee Supply Current - - - - - - 120 mA
Ipps Vpp Supply Current Vpp =215V .. - - 30 mA
A.C.PROGRAMMING CHARACTERISTICS {Ta=2525°C, Vog = 5V £ 5%, Vpp = 21v=0.5v)
SYMBOL PARAMETER'’ CONDITIONS MIN, . Typ. MAX. UNIT
tag -~ AddressSewp Time - - { - - - 2 - - s
AR - Address Hold Time - =2 - - us
ces CE Setup Time B o v - - s
e CE Hola Time 1 % 5 = 2 - - us
tog Data Setup Time - . 2 - - us
1OH Data Hold Time - 2 - - T ous
tps PGM Setup Time - 2 - - s
tpH PGM Hold Time - - 2 2 - - us
10es D% Sewp Time - 2 - - Hs
tvs Vpp Setup Time - 2 - - as
tow + Program Puise Width PGM e CE = V. 45 50 55 ms
1cp Program Recovery Time - Y, 0 - - us ¢
1PAT Program Pulse Rise Time - - 5 - - ns
toFT Program Pulse Fall Time - 5 - .- ns
e CE 1o Output Valid . e - - 250 ns
10 OE 1o Output Valid . - - - 100 ns 1
toFs CE to Output in High 2 OE=vV,_ - - Q0 ns
1DEa OE to Output.in High Z CE =V - - 90 ns
A.C. Test Conditions -
¢ Output Load . ¥ 1TTL Gate and C|_ (100 pF) ’
¢ Input Puise Rise and Fall Times =~ :  10ns Max. - N o .
¢ Input Pulse Levels e 7% 08~22v ¢t T ! .
i ® Timing Measurement Reference Level :

Input 1Vand 2V ~

Output 0.8V and 2.0V . ’
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TAM

tDF 1

7 . UNKNOWN Din STABLE - - - Doyt Vaild

s b, o

rw

tPET

, .
T - / 2 Vg T e LR L AL AT U .

tas trw-

=D S

PFT

l'r'-r ~ fl 9 -
i 4 id O ~__‘OF P

SRR RN

A = 1

‘tpsg trH .

h, tos

Migh 2 - . 7F

Djn STABLE

~ ~° -
. - - s - ~ - . - .
- - - .
~ . . . -
- - -
- . ’
- v .-
= - . - .. o

N
N~ - N

Vg must be soplied simultanecusly or bafore Vpp snd cut off simultansously or efter v":

., Removing the device from socket and setting the device In socket with Vpp = 21V may cause pom\-;\am damags 1o the device.

The Vpp supply voltage s permitted up 10 22V for program operation, so the voltsge over 22V should not be applied to the Vpp
torminel. . .
When the

.'nulu ttage is t0 the Vpp 1l pe of its puise should not be sxceeded 22V,

i, the Y



ERASURE CHARACTERISTICS

The TMM2764D's erasure is achieved by applying

shortwave ultraviolet light which has a wavelength of
2537A (Angstroms) to the chip through the trans-
parent window. Then integrated dose (Uitraviolet
light intensity {w/cm?] x exposure time [sec.]) for
erasure should be a minimum of 15 [W. sec/em?].

When the Toshiba sterilizing tamp GL-15 is used

and the device is exposed at a distance of 1 cm from”
the lamp surface, the erasure will be achieved within .

60 minutes. And using commercial lamps whose

ultraviolet light intensity‘ is 3 12000 [uw/cmil will ..

OPERATION IN FORMATION o

The TMM2764D’s six ‘operation modes are hsted in’
the following table Mode selection can be achieved

by applying TTL level signal to ali inputs. In the read =

"

reduce the exposure time to about 20 minutes. (in
this case, the integraled does is 12000 [uw/em?)
x (20 x 60) [sec] 2 15 [w. sec/ecm?] .}

The ‘TMM2764D's erasure bégins to occur when.
exposed to light with wavelength shorter-than 4000
A. The sunlight and the fluorescent lamps will,
include 3000 ~ 4000 A wavelength,cémponems.
Therefore when used under such lighting for extend-
ed periods of time, the opaque seals - Toshiba
EPROM Pr;)tect Seal AC901 are avallable

\“

- R B

operation mode, a single 5V power' supply is .r_equired
and the levels required for afl inputs are TTL .

vt e R T PGM |- CE _ Ot Vpp' T~ Qp~0y T Power
K . } (27) (200 °|" (22) (1) (28) {11~13,15~19) <
READ Read H . L L . ~-{ DawaOut-.- - Active
OPERATION Output Deselect .- - H 5V N BV High Impedance. Active *
(Ta=0~70°C) [ Standby . H . : High Impedance - | Standby *
PROGRAM Program L /N2 . Data in Active
.| Prog . H T3 " 7 . " T -
OPERATION O?f?m _ - 21v sv L Hfgh Impedance Achve
{Ta = 25+5°C) Inhibit - H L H ve " High tmpedance Active
- . Program Verify - H L-1}.L | Data Qut Active -
Note: H. Vi, UiVie, *:iVim-or Vi~ L =- i o / :
L\ % o\ < e
bt N 3 -
. . L L 3.-‘- . - Y E . ; u.'
READ MODE Sk L ey ; -

The TMM27640 has three control funcuons The
i chip enable (CE) controls the operation power and
should be used for device selection.

The output enable (OE) and the program controf
(PGM) control .the output buffers, independent of *
device selection,

Assuming that CE = OE = Vn_ and PGM = ViH, the

output data is valid at the outputs after address access

time from stablhzlng of all addresses.

The CE xo output vahd (tcs is equal to the addms

accesstlme(tAcc) - . -

Assuming that CE = V) , PGM V|H and all ad-
dresses are valid, the output data is valid at the out-
puts after tog from the falling edge of OE.* .

And assuming that CE OE= Vi and all addresses
“are valid, the output data is valid at the outputs after
tpgm from the rising edge of PGM, * :




! .OUTPUT DESELECTMODE ~ - 3
Assu-‘ming that _ﬁ = Vi or OE= ViH, the outputs

will be in a high impedance state. "So two or more
TMM2764D can be connected together on a common.

STANDBY MODE ", . . I
The TMM2764D has a low power standby mode,
controlied b\'f the CE srgnal By applyinga TTL high

level 1o the CE .input, the TMM2764D. is placed in the
standby mode which. reduce’ the operating current

PROGRAM MODE * o

Inmally, when reoelved by customers, ali blts of -

! the TMM2764D are m Ihe “1" state: whlch is erased

i Therefore the program operatuon is to introduce
“0s" data-into the desired bit locatlons by electrlcally'
programming, - - < - :

-

PROGRAMVER!FYMODE o N NV E

i~ The verlfy mode is to check that ‘the desired data is-
i '~correctly programmed on the programmed blts

PP el el
N e PR P T

PRO’GRAM mmsn{mooe 73

" Under. the condition that the program voftage
(+21V) is applied to Vpp terminal, a high level CE or
PGM input inhibits the TMM2764D from being pro- *

+ grammed. Programming of two or more TMM2764Ds
., in parallel with different data is easily accomplished., -

state. - _ ¢ s 7y

The TMM2764D is set up in the program operatlon AYPPA
mode when appl:ed ‘the e program voltage (+21V) o
the’ Vpp terminal under CE = PGM= OE = TVILSY | T roRe

" The program operation occurs during the overlap- .
of the CE low and the PGM low. Then the prograrh- ~ D, c. stgnal apphed to both CE and PGMi inputs.
ming is achieved by applying a 50ms (tpw) active low. -~ - - ) A

e B e e et T p-os

and PGMat V.H

_bus line. When CE is decoded for device selection, all
deselected devices are in low power standby mode.

o

from 120mA to 35mA, and then the outpdts areina
hngh impedance state, mdependem of the OE and the
PGM inputs. ./'. . .

- program pulse to the CE or- the PGM mput after the
addresses and data are stable. ~ -~ .

This program pulse should be a- smgle pulse with
50ms pulse width per address word and |ts maxumum
value is 55ms. : - .

.The levels required for all inputs are TTL -

The TMM2764D can be programmed any Iocatlon
Tat anytime — either md:vxdually, sequentlally, or at
random, .’ <

The TMM2764D should _not be programmed wnth_

R

The he verify is accomplnshed wnth OE and CE at Vu_

That is, all inputs except for CE or PGM may be
commonly connected, and a TTL low level program
" pulse is applied to the 'CE and PGM of the desired
device only and TTL high Ievel signal is applied to the
- other devices, -~ - - - -
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5411/7411  Triple 3-lnput Positive- AND Gate. . - .
* Schottky TTL High- Speed TTL Low-Power Schottiy TTL Standard TTL Low-Power TTL
: Package | Package - | Package Package 1 Package
Device T Device Type Device T | Device T' Device Type Fr——rr
P ICTPiMIcH [CIPTMICH P* [CTPIMICH P CTPIMCH TP (1P IMICH
1 SNSE5 11 TO] 1 W SNSRI 113 SNSALS 1) WO | wdd | 11 [ !
Th SNIS 11 JOINDI || SNTamst LOND| t Tsnnsn I DINDI i [ | +
AIRCHILD Pasasiy o LIQ] F Msrn 1/F M1 DG FQirsusn/ nmar 1001 | ) FC] Fusait/Fvenis DO 1 IF ! !
Fi Ot it pIMdl | JFCIMI/FCIRN IBDIPGE | Jrowsisrasn 1 s | FQ] FCHI/FCIND ODPD] | | )
MC3106 Lol IF @Y Pt [ L I
MOTOROLA MC3006 ILOPDI  FOLSNILS I [ ! : ]
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NS DMTASHI NO DM Tantl JOINDE | |DMIeCS T HA DM TetY 1D INDI om74L11 | !
! : [ L | L |
PHILIPS NIES 1 @ NTa1| 1L NTALSIE . B} I NTal) D |
S84l [FOIAD|  twe 55411 FOADI w2 : :
SIGNEnCS NIASI) NT4REY FOAD NHMLSIH A N1 T FOIADI >
. L
SIEMENS FLHSSI ol N
1 1
FLITSY I fusn adsl
. S RN r
HITACH HOTaS 1t PO HOY4L S11 P
- iy,
MITSUBISH MSSOH PO MYLST) Ip %
NEC »PB233 oD Icd LS c 81t it
TOSHIEA I ;
Electrical Cheracteristics SNSALS ! 1 /SN74LS It . \
SN MaKUM ratmEs Over tree~nw range - .. .
Suson v VCC T PRty — { swsacs ~5T ® 125T - 4 . ot I - -
- v v wmparsare rean .« yis < 5 W% Schematics (each gate)” o
ot vONALY 3.9v Survee waswsnse rae -Gt i 58T . . - . i
z - = -
T T SraLs Lot B ‘u »
oy et |uu N = U wan | v - !
Supewy mnage. YCC (3] 3 5.5 & $ $.33 kd =
TR GUAPA BT, 100 -l -0 Py
Lowawsl QAR Gtent. iy 4 [] =a
Qowered Neres masmeswrs, Ty | <% 2% . L) T k.
electrical characteristics over recommended operating PR a
free-sir temperature range - b g \ -
PARAMETER .| TEST comOiTiOnS t MIN TYP $ MAX [UNIT |° R
(7™ Highduvel wout voitage 2 v ] 1
Vi, Low-evet vout voitage 03| v : 3
vy inout camo voiage VegwMIN,  §y==itmd ‘-~ 51 Vv i
. Veg=MIN, LS Famuv| 2.5 2.4 .
YoM  Maghrtevel onout veltage Vig=2v. g v
. 10M=MAX ALS Famay( 2.7 34 >
. M VGC=MIN, Vi =Vy max, b . .
VoL®  Lowwve aowt vorage log = dma . 0.2 04| V-] Y
ot csvemt at ke X 3 i 1
" MAXHN FOUt vOitage : VECMAX, V= ot “ j
i Migheweel mout ourrent Voo mMAX, Vipg=2.7V 201 uh
[N Low-wvel woul ourrent Voo=MAX, Vi =0.5V —0.4] mA
1] Short crowt outout current ¢ | Voo =MAX -20 =100 | mA
Ioey  Suwooly curent - Totsl, outouts fagh 1.8 3.8 |, mA .
I6Ct,  Suooty curent VegmMAX Total, cutouts iow 3.3 $.6| mA
. |Average per gt B ‘ - .
! Suoply ouwrent veg=sv 0.5 Lol I8N - - .
ce Sy cc (50% ouy cyese) . . - N1 cimewnT . - .
. Propegation delay Tewe, - v = R 3 N = oL
.. K - 18
.'m w-trtegh-iavel outhut v SV, . - ' ". -
. - . ce=sv. CL=150F 4" . ’ .- ) P
) Ta=st " A =2 . E : :
Prapegaion delsy tma, - , .t 5 B -
R L RV 2 R ot ' :
v - K '
y : Pin Assignments (Top View) M - fod ™
. N . .t . - ] e
- @ . . e ~
w£'IC Iv X B M oo oAt v o - ]
[l LS fiel (oL fs] PR 78, - R AN
ve o . - " E ! ," - .
l m - [ PR asn cmcutr . . F
TEFGIGTGTGTG o wen: W WIS e~ T ’ z
v H - - .
Wils u ax o0 :.:A.; R e A e Resistor values shown are nominal and in ohms.

TFor omnamone sncen 2 MIN o MAX, use the

wuhng

$AR typual venms we at Voo =SV, Ty m28C,

SNat mare then o Ut Should be sharied 2t 3 time, e

tor SNSUHYSNIAH" and SNSIS/SNILS', duwation of anovt
H . ~ .

-

r

Shart oweaat should not sxowed One aecond.,
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Dual D-Type Positive-Edge- Triggered Flip-Flop with Preset and Clear
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Electrical Characteristics SNSALS74/SN74LS74 i B p ;
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free-nir temperature range ‘
PARAMETER® [ TEST CONDITIONS T | MIN_TYPT MAX [UNT 74, H74. 1574, 'S74 (See Note 2)
Vi High—ews rout itags J w3 HIK] INPUTS TS
Vi Low—eve mowt voitage 8 0.3 Vv PRESET CLEAR CLOCX D Q' q
vy IR ced voios Ve =MIN, 1 ss=ilmA . =15| Vv y | S L] X X L] L
- VoG =MIN, V=2V, . x X [ N
¥ igheievel outout . 5 .4 .
om M oo Vi =0.8Y, lon=mMAX &N - M 4N L X b 3 W K
VEe=MIN, Yiy=2V, H L} t ] H L
v Low=evel - voltage . .4 4
o . el Vip 0.3V, g =amA s s Ty - " " LflL om
ot urrent st :h:x. ) :; . " M L x 9, [
L] nout oo Ve eMAX, v,.-_?v o1 .-‘4 4 # - )
Clock . 0.4 . N Functional Block Diagram
. . B LK. 2 .. 5 .
Migr-iwvel Clasr i ] { :
™) o Bresor Vcc-thx. V=27V, % nA - s B id
Clocx ) 20 L -
0.J.X. -=68.2
. . . —/ * .
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1 ., .. : .
T row curem preset VegmMAR, Vi=e.dv “oa] ™ . PR : I_l
Clock ~0.4
™ Short~creut Serws S4L S5 Vo =MAX -20 - 100 A s [_rx L] -
S onon crreme [Seres Tas| VOO0 - =100 - .
lgg S ourent VEG=MAX. See Not ¢ 5| ma e ° T
{Average per_mo-fico) . . . - )
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54123,/74123 Dual Retriggerable Monostable Muiltivibrator

with Clear -

Schottky TTL High-Speed TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
' Package . Package . Package . Package . Package
d Devi Device T Devi Device
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PARAMETER = TEST CONODITIONS 1 MIN TYP I MAX [UnT 2
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i Lowsovei OUL_ voilage 0.8 v N ) .
Vi Wout cemo voltsge Voo™ MIN, = =iima -i5{ Vv - kS - ! -
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Vou . Highelevel oumwt voltage See Nothe 2.7 18 v : oN T, .
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§ - . ouTeY
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Fgn-tevel mews CLEAR|A B Q [
) . MAX, .
N VoE=MAX, V=2 Tv n mhA s ; : : t : A
W e e ‘| veg=max. vi=o.av t.4{ mA X Iz oeite ow N
] L gl W -
9¢ Shortecwraunt outout cwrrent @ | Voo =MAX, Ses Note 1 ] 1001 mA
Sucory current \cc:-nux. 2 o ol R ;t' :
e {owmescent o thogered) See Notes 2 o33 »n . ! 3 L]
trom A 10 outovt Q <3 b - i .
s trom 8 o ovtowt Q : e | - - .,
om A o outovt Q Veem SV, Coxr =8, 7 48 - B -
haa om B to outowt Q Rous = S22 34 % - .
Dy | om Clear 10 outout O ;l:::: . ™ 71 7| MOTZST (round Coxy T measrs Vou 8t Q. Yo #10. # lgs &t 0.
1Ly | rom Clear 1o ouut Q L .- 2t 45 Coxt '3 000N (o meamrs Vou &t Q. Vo ot Q.o 1gsat Q. ‘
tQimn) rom 4 or B 10 owmut 0| Ne T8 116 200 | s 2 :0 Icc (arter ') with 2.4V aooned to ad ciear and A outs,
- = 10000F B8 wouts grounced. & outputs coen, Cegt =0.02 aF, and Ry =25x0 ,
teg W Ao 8o ma O 2'“-.»& N .3 s | ws EC @ el nthe KONed U wIh 2.4V aooked to 8l cieer and B m
avold wouts, A nouts grounded, 38 ouIouts coen, Cepy®0.02 NF, ang Ry =15 X2
. 4 1A, Hmtgh wvet (steady suate), L ™iow level (steady stawe), 1 strRnsinen from ow to
. hon evet, | = tranmtion mm:ommn-nwmw-nnw
pase, X (any rout,
.. . 8. AN exterral haeng CROACHDr MRY 08 CONMECISd between and Redl Coyt/Cyyy (poartve)
- C.For socarite feOeatadle Duise wedtha. covect an SaAtereral fesutor Delwean
: Rent/Coxy 80 YOG W Rjpopen-crcunted.
. . 0. To cotam vanesie puise wTha, OONMMCL SSTAINAIS reGSLance between Ry o
) . Rext/Caxy 8w Yeg,
- -
TFor condrtions snown a8 MIN or MAX, use the veiuwe under

shorted at & twme,

8 19¢ i m IrO0SQAION dhiny (S, Ow-tO-Megh-ibvel OVIDNE
Pl Oroosgation deiay L, MOneiow-level CutDWt



54138,/74138 .

3-

Line-to-8-Line Decoder

S AR typcal valoes are 3¢ Voo = SV, Ta=28C.

@Not mare than one culput 3houid be snorted at & tme, 3nd AUalion of the short-crcuit test Shoukd NOL excaed one second..
Bipy py Woroosgation delay lime, lowe10-Mmgh-ievel outout

1Py = Drooy dewny time, high-to-

output

Schottky TTL High~ Speed ' TTL Low-Power Schottky TTL Standard TTL Low-Power TTL
Package Package , Package Package Package
Device Type Device T Device Type Device Type Device Type
C]PIMicF P ICTPIMIcH P rCTRIMICF clPimicr Pe CTRMicH
TL SNS4SI3E 1@ W) SNSALS 38 JO | w
* SN74S138 JOIND SN74LS138 JOND
. /RRXIR o Pesasin/nmsie | 00 )
FAIRCHLD A1/ /IS ) Fasis/RasIn | 0] M) [Z0)
MOTOROLA SN LS 138 PO
" OMI4LSI8 k)
NS.C DMT4S138 [0) DMSILS138 ®
PHLPS N745138 ) NTALS 138 [
SS4S138 FOBD] (W
SIGNETICS NT4S 138 FOl8 NTaLS 131 A,
SIEMENS
FUITSU 74,5138 Y
|
HTACH HOTIL 5138 PO . !
MTSUBISH 55 PO MTILS (33 Bl
NEC LS 138 cD
TOSHBA
Electrical Characteristics SN54LS|38/SN74L5138 Pin Assignment (Top View)
, . absolute maximum ratings over operating N 10} DATAOUTPUTS
free-air tamperature range Voo ‘Yo Y1 Y2 Y3 Te v Y
Suoply voltage, Vec v Operating tree-ax | smsars| —$5'Clo 125°C % |16“15l l14l |13| 12“11”10” 9] v
inout voitage - v temperaturs range | saTus 0°Cto 10°C :
Storage tamoeralurs range —§5Cto 150°C I 1 I I L .
Y Y
recommended operarating conditions I LY TEHAR .
4 A e
SNS4LS138 SNT4LS138
. VN NOM  MAX [MIN_ NGO MAX unaT . 8 C G2A G28 ) Y? positive logie:
Susoly voilags. Voo a5 8 ssiam s sas| v L [ T L T see hrguon iztie
Higriewvel output current. gy 400 400 A
Low-level outout current. lo| 4 8| ma d Y j2f13{14f]5]{16i]7(}8
Operatng free-sw temoerature. T =55 125{ 0 70§. A B8 cnG2aG28 Giy '“m?W B
electrical charactaristics over recommended operating SELECT ENABLE
free-air temperature range . Function Table -
PARAMETER & TEST CONDITIONSY | MIN TYP2 MAX | UMT *S138°LS138
Ve Migh-level wout voitsQe 2 v
v T INPUTS
1 Qwelavel noutl voitage 0.8 v NS A QUTPUTS
Vi ioout clamp voitage Voo =MIN, Y= = 18mA 5|V E:“LGEZ‘ CSE';EEIA A
Voc=MIN, V=2V, [Seas | 2.5 3.4 i OYIL YZY3IYaYS Y6 YT
Vou  Miohlevel outout voitage | Vi=0,8V, 0= 400l SHG | 2.9 3.4 v X H[.X X X|H HHHHTHHRHN
NCo=MN, Vig= 2V, 4 X1X X X|HHHHHHMNHN
Vot Lowsevel output voltags Vy =08V, lgL=imk - 6.35 05| v H Lt € LIt KHHHHHEH
k ot Gurrent 3% masm o A, P H LIL L H|H L K HMHNHMHNH
input_voltage cC . ViV Ao R H  LiL H LIH HULHHHHHMH
W Highvievel inout current Voo =MAX,  Vi=2.1V 201 nA H™ Lt H HIH HHLHHHH
T Cow-rvel mout current VGC=MAX,  Vi=0.4V 0.4] mA H o LW L LIHHHHLHHAWH
| 193 Shorrcreutoutout curent » | Voo =MAX 20 = 10d mA H: t H L HIH H HHHLMHWH
H W H L|H H H H H H L H
Voo™ MAX,  Outputs enadied . .
6 Swealy current a0 open 6.3 18] mA ‘H LIH H H|H H H HHHKHL
tPLY * 2 3B, ‘¢ G2=G2A+028
oML | from Buery solect ° 27 Mutugh levet, L=low level, X=wrelovant
IPLH | 10 Any output v sV, 2 . R R
tonL - rfi:rc | 3 FTE M . Functional Block Diagram
PLH C=150F. :.' 2 12 1] -
[ . -
28 o e e = .
0 Any output ) ns [} T
Pt ] B » EnaBLE 01> N CR : v
WRUTS Jg, 0 ST _,____E}—n
gzs - 1
i) ] '_{—-&\_}ﬂ"
' ! > OATA
[ T2 otivaef outeurs
4
. . an ! ——| EL LN
\ .
SELECT =
- WNPUTS
. *$138 'L.S138 DECODER.” DEMULTIPLEXER
1For conditions shown as MIN of MAX, use the apor vae under ¢ tor the device type.



- . T N .
54260,/74260  Dual 5-Input Positive-NOR Gate . ) c-
Schottky TTL High* Speed TTL Low=Power Schottky TTL Standard TTL ° Low-Power TTL
Package . Package | - Package . Package | Package
ice T — Device T T Device Type Device T 3
Devi YPe TR IMICE YR TP IMCF y® CTPimicF| Device Type TS Device Type ST IMEE
- SNSAS 280 g bW [ M L1 i -1 | [
T SNTAS260 3 phecd 1 [ | 1 | | ! [
1 RGN AT "¢ 1 | T ] 1
FARCHLD |1 AN s T2t T 3 I T
o P [ 1 1 | 1
MOTOROLA T T T t -
- : | | L_i ’ 1 ! ! !
NSC - T [ ™ i | ! :
: il [N r | ) .
PHUPS N2S280 v T T [nicsme T 7o ; T T T
; [ [ ! |
SENETICS T T R
i 1 |
SGEMENS X T T :
X |
FUTSU |
— IL ) l .
HTACH 4 . k-
: l | ! !
MITSUBISH ™ ( 1 1
| == 1
EC i i i
i . | | [T
TOSHEA : IR [ ! 11
Electrical Characteristics SN54S5260/SN745260 V4 = B R
* absolute maxwnum ratngs over coeratmg i{reecsir temperature range / s . o .o “,
Fewny voitaae. VCG v | Oveatina wowew 7| SN - Schematic(each ,gate). L
ot v ia08 . s sy PO J1re fR0F 1 SN £ " - . . - .
maremtier voitage $.3v Storage ewneratwy ranes % Il * Ve - -,
. . Z n .- [} -
. ded eperating . - . -
. - '« vardd
T —_— ENB426 SNTice T .- s, 7% orel g
A Taw_NOM__MAX | MIN__ NG wmax T 'L-.._' -
Sussly veitage. VCC B - . a3 $ §.8 1478 $ 53| v yTRUL ..
Mogh-tevel SUIDVA VOIBE. YOM ) e | . = .
Lowevet Qutbut current, G 20 200 ma 3 > L .
Oprdieng wou-0r lermerature, T4 -55 iy 0 n’ C [ q N < -
electrical characterislics over recommended operating - s
fras~air temosrature range 3 . I - ’
PARAMETER TEST CONDITIONS T WN TYPT MAX JUMIT| . - ; . C T
Vm_ Merevel nout voisoe . 2 2 v - G p 4 4B 0."0 - e .
¥ Low-evel mout voitaae . o3| v - T The pcrion of the scasmatic wina e sasned .
i} Inout claks voitace VEC=MIN, o =Ima * =1.2] v . 4. nes 13 rensamed r cacn sodiionsl wwut at the T .
. . Vee =MIN, |58 Famav | 2.5 3.4 ‘'S0, - ... .
| You  Mion-levet outout voteos | C | Vi, =V max, |74 Famiy : 2.7 3.8 v ! i 4 . .
: - fom mMAX ' . p . ToooTt 'S80 CRCUT L
VO  Lowievel maot voitage | | YOO T MM Vm—av. X o5 v " Ressior vaes shcwn are nomwnal ant i onme.
) 1oL =MAX . i - s o = / . -
inout current at e PR L LET = . . N - e
. ot VeomMAX, V=S8V . if ma i - o . .
Tu__ Hiorrievel mout current VECUMAX, Vi =1,1V [ O| wa (5, Lo ’
Low-wvet wout current VeSS MAX, Vi =05V : -2] mA p . ~
los Short-crant outout Gxrent Ve =MAX' —490 =100 ma 4 Iy R
eCH  Suooly cusrent Total. ulputs hgn 17 29| ma p . - A
Vee mMAX .
| ject, __ Suooty curtent Total, outouts 10w 26 45} ma N W .t .
. . . | Averace per nate - | N o .. . .
% Swohy arret Voo sV (50% duty cvete) i i: . : s T ERE -
Proceqaton osisy tma. vee=SV . R - . . .
i p— Ta=zsc . - Sy v . ' . - ’
Proveeston getay tme, © | C, =i5PF . o, -
P oot cuteut P, =2800 - N 4 535 . - . i Tt .
1 . + Pin Assignment (Top View)  ~ oL N . . R - : -
vee 1f D 1€ 0 1 28 % Co . . . . )
. R 7 (1 M1 M 1y By Wy Y T L : * §
l ‘\ H - . -
t . . ) . . . . o .
. - T T TR TS ST S T L .
I - - Pesitive logier - o ' o .. : T
' Y=a+e+CrOFE E—- N — . . -
n e -
! 1For conomiens swwn 23 MIN or MAX.use the aoorooriele vaxe unoer - . L.
AL tymosl veluss are at Voom SV, Ta=2SC, . ‘ . .
SNt mere than one Gutsut Should Be SNOred Mt & e, ang for SNSAS"/SNTAS', Aration of oviDut SNOM-Groat SNOUS NOL $T0SE 0Ne SeCONE.

r - - . —_ -
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54373 /74373  Octal D-Type Transparent Latches and Edge-Triggered Flip-Flops - -
. Schottky TTL High-Speed TTL Low-Power Schaottky TTL Standard TTL Low-Power TTL
. Package Package Package Package Package
. / | Device T Device T Device T Device. T Device Type | —r———
: TP TP IMICF TP TRIMIG e rCTmice] et P ETRIMIC I
TL +| SN&S3ITS J Ol | - . SNS4LSIT3 JOL | L - P
. SNT4SITY LoNoL | SNT4L 5371 3 OINDY
; }
FAIRCHILD — — - :
MOTCROLA
NS.CG
PHILIPS
SIGNETICS — - —1 —F
SIEMENS : - -
FUJTSY p
HITACH
T T
MITSUBISH -
NEC :
o L
|
TOSHIBA : — —+ L
Electrical Cnaractaristics'SN54L5373/SN74L5373 : e . . - .
. . Pin Assignments (Top Viaw)
sbsolute meximum ratings over operating free-sir temperature range . :
Suppry voltage, VYoo T | Operatng free-ar. .. | SNSILS| <=$8T 10 129C |. - 5 ® moa e e =
Inout voitage TV 1| temosrature range ) | snraLs 0T 10 0T Y n(imije "U-L[;'U“Uﬂ U"' L —a ———u
* | Storage tewmouratire range ~4ST to 10T 1
- : . i I e,
. recommend aperating conditions: \ = =
? 2 Ll [ R (A
g . SNS4LS373 | SN74LsS373 | s m_ 0 @ ]
WMIN_ NOM_MAX | MIN_NOM MAX U . J ! | N N
Suopty voitae, Ve 4.8 $.  5.514.78 s S.281 v - e e qocr [ )
g e e T . = o N ) 311 [ | X 3 0 O ) ey
Migrrievel outout voraoe. VoM © 5.8 .50 v B\ v n . " ~‘ |
. | Clocx_ensale Mwon 1S (L] FNs4 sty N i - _‘:’n‘:’m
.| Puise weth. tw L I?bﬂ ensoile ngn | L 15 m as SNE4SI7TI ) SNT45373 U3, N i
“Seotu teme. teyTUP [1} (e 3 ~ -
MO e, tngig I LY | 19d ns i -~
" at— - ) RN .
Qosratmg tree-sw temoerature. T g —~85 128 0 ™I T TITIIEY (¢ TRANSPARENT LATENES i R
eléctrical charactecistics over recommended operating iree-air . ¥, . . [N
tamoerature range (uniess otherwise noted) p 4
PARAMETER TEST CONDITIONSS |MIN TYPT MAX | UNIT ¥ S .
Vipg . Hughrievet mout voitage - 2 v *
Vi Low-wvel mout voilage 4.8 v -
vig tnout cimg voitage . Ve =MIN, 1=~ iimA -t.8] ¥ .
N Voo mMIN. V=¥, ., > .
VoM Mugerieve outiut voitage Vyp_=Vy, max, toy =MAX 2.4 - 3.1 v . .
’ Ve =MIN, 1.
. VoL  Lowrievel outout voitage | vy, 1o =ma ., 0.3 o0s: Vv
Vg =V mas
' Offaate outowt Curtent, Voo =MAX. Y=V, .- . -
i Bl — vo=.TY N ¥ .
i Off-sue cuidw cxrent, Voo MAK, Vi=1v. . ‘
] '0ZL ’ petevet vortsos acomed " |vo=s.av ) i e L
P fy cimeommau veg=max. viarv  / 31| ma
AR NOU YOITA0N .
W Migrerest rout current Voo =MAX, V=LV Wl uA .
v [ Low-eves wout current Ve =MAL, V=0,V -0.4] mA
) 10§ Short-orout oot eurrent § Veg =MAX ] ~130| mA . .
- VoG =MAX, . N
] tes Swooly curTem . Ommulﬂbsm n 0| mA
* switching characteristics, VCC=5V, TaA=25C )
| FROM | TO . o
PARAMETER | G |( y TEST CONCITIONS MIN  TYP MAX {UMT 3 - f
A MHZ
:-Lp Sas ‘'t Amy O . :: :: as . . -
Dy, . G =tSoF, A_=esT,
By Cmex o . O |SesNowszawd ' L .. )
oy | enae At . % .
tOZH Outowt ' T . - 18 I - -
, o7L. Cor | A7 : X vl P .. “{:"."_“Do_ - .
tomng Output s Cy =%F, R =4, . 2 0 . . .o .
. Tor 2 Cormros Soe Note 3 - vos st B
1 For conmtons sowa 48 MIN of MAX. use (N SODIOONAte YaRM 30ecified under MCOMMENced NOTES: 2. Mazwmum clock [requency 18 Jestee weth a1 outouts losced, ‘
cowabng constons. . . - :

3. See i08d CHCWtS &nd wevelorms on Dage J-11.
Tman ®Maxwnum ciock Frequency
1PN SOrOCIGAIION CNIAY twne, low-1o-mgirievel outowt
TP WOrONRJATIN delay (ime, MUIFIO-OWievel oUWt
y 1P 7} MOutout enank tme 10 Nen irest
. . . . 1PZL MOuUIDUL enadle time (0 iow level
- - tPMZ ®outout dipadie Dme rom Mgn Nvet
% tPL 2 MoutDut disadie tune from Ow levet
{ 1

SAR fypce vanes e at Vop=SV. To =T,
NSt more e One CUTIUT INOWG DO SACIAE 3L & LE and Curahon of the SOt Coast SNOUM
7Ot exceed One 3000Nd.

T
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{. IBM "TECHICAL RERFRENCE MANUAL FOR 1BM PC-XT" PD.
INTERNATIONAL BUSINESS MACHINES CORATION, 1983
2. funs @n uaw g1iund a1aTenawded L mTldens z-8o",
%41 31-51, 52-62,103-109,%.9.N. AtinSniTEnd 1w mod,
NT3L1U
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