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Z80-CPU
Z80A-CPU

Product Specification

MARCH 1978

The Zilog Z80 product line is complete set of micro-
computer comparients, development systems and support
software. The Z80 micr P ponent set includes
all of the circuits necessary to build high-performance )
microcompuler systems with virtually no other logic and a

- minimum number of low cost standard memory elements.

The ZBO and Z8OA CPU's are third generation single chip
microprocessors with unrivaled computational power. This
Increased computational power results in higher system
through-put and more efficient memory utllization when
compared lo second generation microprocessor. [n
additlon, the Z80 and Z80A CPU's are very eaty to imple-
ment Into 2 system because of their single voltage require-
ment plus all output signals are fully decoded and timed to
control standard memory or peripheral circuits. The circuit
s implemented using an N-charinel, ion implanted, silicon
gate MOS process,

Figure 1 is a block diagram of the CPU, Figure 2 details
the internal register configuration which contains 208 bits
of Read/Write memory that are accessible to the program-
mer. The registers include two sets of six genenal purpose
registers that may be used individually as 8-bil tegisters of
a8 [6-bit register pairs. There are also two sets of sccumu-
lator and flag registers. The programmer has aceess to either
set of main or altemate registers through a group of ex-
change instructlons. This alternate set allows foreground/
background mode of operation or may be reserved for very
Tast Interrupt response. Each CPU also contains 3 §6-bit
stack pointer which permits simple implementation of

multiple level Interrupts, unlimited subroutine nest Ing and
simplification of many types of data handling.

The two 16-bit index registers allow tabular data manipu-
lation and easy tmplementation of relocatable code., The
Refrmsh register provides for automatic, totally transparent
refresh of external dynamic memories. The | register is used
in 2 powetful Interrupt response mode to form the upper 8
bits ol a pointer to a Interrupt service sddress table, while
the interrupting device supplles the lower 8 bits of the .
pointer. An Indirect call is then made to this service address, -

FEATURES

® Single chip, N-channel Silicon Gate CPU,

¢ 158 instructions=includes all 78 of the 8080A instruc-
tions with toul sofltware compatibility, New instruc-
tions include 4-, 8- and 16-bit operations with more
use ful addressing modes such as indexed, bit and relative.

* 17 internal registers.

® Three modes of fast interrupt response plus a non-
maskable interrupt,

* Directly interfaces standard speed static or dynamic
memories with virtually no external logie.

® 1.0 ps instruction execution speed.

@ Single $ VDC supply and single-phase 5 volt Clock.

¢ Out-performs any other single chip microcomputer fn
4-, 8-, or 16-bit applications.

® Al pins TTL Compatible

*® Built-in dynamic RAM refresh circuitry.

280, Z80A CPU BLOCK DlAGRAM
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780, Z80A-CPU Pin Description
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80, ZBOA CPU PIN CONFIGURATION

Ag-Ars
(Address Bus)

v busy

My
(Machine
Cycle one)

MREQ

(Memory
Request)

IORQ
(Input/
Qutput
Boguest)

RD
(Memory
Read)

WR
« (Memory
Write)

Tri-state output, active high. Ag-Ay g
itute a 16-bit address bus. The
address bus provides the address for
memory (up to 64K bytes) data
exchanges and for 1/O device dats exchanges.

Tristate input/output, active high.

Dg- D7 constitute an 8-bit bidirectional
data bus. The data bus is used for data
exchanges with memory and 1/0 devices.

Oultput. active low. M | indicates that the
current machine cycle is the OP code
fetch cycle of an instruction execution.

Tri-stite output, sctive low. The memory
request signal indicates that the address
bus holds a valid address for 2 memory
read or memory wrile operation.

Tri-state output, active low, The IORQ
signal indicates that the lower half of the
address bus holds a valid 1/0 address for
2 110 read o1 write opzration. An JORQ
signal is also generated when an intermipt
is being acknowledged to indicate that an
interrupt response vector can be placed
on the data bus,

Tri-state output, active low. RD indicates
that the CI'U wants to read dais lrom
memary or an 1/ device. The addressed
1/0 device or memory should use this
signal to gate dats onto the CPU data bus.

Tri-state oulput, active low, WR indicates
that the CPU data bus holds valid data to

be stored in the addressed memory or 1/O
device.

RFSI
(Refresh)

HALT
(Halt state)

WAIT
(Wai1)

INT
(Interrupt
Request)

- NMI

(Non -
Masksble-
Interrupt)

BUSRQ
(Bus
Request)

BUSAK
{Dus
Acknowledge)

Qutput, sctive low. RS indicates that
the lower 7 bits of the address bus con-
tain a refresh address for dynamic
memaries and the current M signal
thould be used to do a refresh read to all
dynamic memories.

Output, active low. HALT Indicates that
the CPU has executed a HALT software
instruction and is awaiting either a non- -
maskable or a maskable interrupt (with,
the mask enabled) before operation can
resume. While halted, the CPU executes
NOP's 1o maintain memory refresh
activity.

Input, sctive low. WAIT indicates to the
2-80 CPU that the addressed memory or
1/O devices are not ready for a data

fer. The CPU i to enter wait
states for 2s long a3 this signal i active.

Input, active low. The Interrupl Request
signal is generated by 1/O devices. A
request will be honored at the end of the
current instruction if the internal soft-
ware controlled interrupt ensble Mip-Nop
(IFF) iz enabled.

Input, active low. The non-maskable
nterrupt request line has a higher priority
than and is always recognized at the
end of the current instruction, indepen-
dent of the status of the interrupt enable
Nip-flop. NM1 automatically forces the
Z-80 CPU to restart to location 0066y,

Input, active fow. RESET initializes the
CPU as follows: reset interrupt cnable
Mip-Nop, clear PC and registers | and R
and set interrupt to BOROA mode. During
reset time, the address and data bus go lo
a high impedance state and all control
outpul signals go to the insclive state.

Input, active low. The bus request signal has
a higher priority than NMT and s always rec-
ognized at the end of the current machine
cycle and s used lo request the CPU address
bus, data bus and tri-state oulput conlrol
signals 10 go to & high Impedance state s0
that other devices can control these busses.

Qutput, aclive low. Bus sckmdwledge Is

used Lo indicate to the ing device "
that the CPU address bus, data bus and
tri-state control bus signals have been set

to their high impedance state and the
external device can now control these signals,
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Z80, ZB0A CPU PIN CONFIGURATION

Ag-Ars
(Address Bus) |

Tri-state output, active high. Ag-Ay s
constilute a 16-bit address bus. The
address bus provides the address for
memory (up to 64K byles) data !

- exchanges and for 1/O device data exchanges.

e oy

Wy
(chhll\!
Cycle one)

MREQ
(Memory
Request)

IORQ
(Input/
Output
Raguast)

RD
(Memory
Read)

WR
+ (Memory
Write)

Tri-state input/output, sctive high.

Dg- D7 constitute an B-bit bidirectional
data bus. The data bug iz used for dats
exchanges with memory and 1/O devices.

Output. sctive low. M ( indicates that the
current machine cycle is the OP code
fetch cycle of an instruction execution.

Tri-state output, active low, The memory
request signal indicates that the address
bus holds a valid addiess lor a memory
read or memory wrile operation,

Tri-state output, active low, The IORQ
signal indicates that the lower hzif of the
address bus holds a valid 1/O address [or
2 1710 rend o1 write operztion. An 10RO
signal is also generated when an intermipt
it being acknowledged to indicate that an
interrupt response vector can be placed
on the data bus,

Tri-state outpul, active low, RD indicates
that the CPU wants to read data from
memary or an 1/0 device. The addressed
1/O device or memory should use this
signal 1o gate data onto the CPU data hus.

Tri-state output, active low. WR indicates
that the CPU data bus holds valid data to

be stored in the addressed memory or 1/O
device.

RFsIT
(Refresh)

HALT
(Halt state)

WAIT
Wait)

INT
(Intermipt
Request)

NMI
(Non
Maskable:
Interrupt)

BUSRQ
(Bus
Request)

BUSAK
(Dus
Acknowledge)

Output, active low. RFSII indlcates that
the lower 7 bits of the address bus con-
\ain a refresh address for dynamic
memoties and the current M signal
should be used to do a refresh read toall
dynamic memories.

Output, active low, HALT Indicates that
the CPU has executed s HALT software
instruction and is awaiting either & non-.
maskable or a maskable interrupt (with.
the mask enabled) before operation can
resume. While halted, the CPU executes
NOP's 1o maintain memory refresh
activity.

Input, sctive low. WAIT indicates 1o the
Z-80 CPU that the addressed memory or
1/Q devices are not ready for « data
transfer. The CPU continues Lo enter wail
states for as long a3 this signal is active.

Input, sctive low. The Interrupt Request
signal is generated by 1/0 devices. A
request will be honored at the end of the
current instruction if the internal soft-
ware controlled interrupt enable Nip-flop
(IFF) is enabled.

Inpul, active low. The non-maskable
nllnﬁmquﬂt line has a higher priority
than and is always recognized at the
end of the current instruction, indepen-
dent of the status of the interrupt enable
Nip-Nop. NMT sutomatically forces the
Z-80 CPU 1o restart to location 0066y,

Input, active low, RESET initislizes the
CTPU a1 follows: reset interrupt cnsble
fNip-Nop, clear PC and registers | and R
and set interrupt to BOBDA mode, During
reset time, the address and data bus go o
1 high impedance state and all control
output signals go to the inactive state.

Input, active low. The bus request signal has

2 higher priority than NMT and is always rec.

ognized at the end of the curient machine
cycle and Is used lo request the CPU address
bus, data bus and tri-state oulput conlrol
signals 10 go to & high Impedance state so
that other devices can control these busses.

Output, active low. Bus ackrBwledge is
used Lo indicate to the requesting device
that the CPU address bus, data hus and
tri-stale conirol bus signals have been set
to their high impedance state and the

external device can now control these signals.

ab



Timing Waveforms

INSTRUCTION OP CODE FETCH
' The program ¢

(PC) is placed vn the -
address bus immediately at the start of the cycle. Oue half 3 " = ' "
clock time later MREQ goes active. The fallin edge of - L_\_‘\_‘_}_\_‘
MREQ can be used directly as a chip enable Ig dynamic 4\ : -
memaries, RD when.active Indicates that the memory - e U L —
data should be enabled onto the CPU data bus, The CPU wn T ! [, 1 Sy gy P Y
samples data with the rising edge of the clock state T3. - T 1
Clock states Ty and T4 of a letch cycle are used 1o rz!rmh = =
dynamic memories while the CPU iy internally decoding o o
and execuling the instruction. The refresh control signal - T / P
Stlindicates that a refresh read of all dynamic memaries .o —=)
should be accamplished. ™ —i1_ r

MEMORY READ OR WRITE CYCLES

Iustrated here is the timing of memory read. ur write Rt e
cycles ather than an OP code fetch (M eycle). The MREQ . W " . . " 1y
and RD signals are used exactly as in the fetch cycle. fn : -_L_L_\_;_\__q_\_x—
the case of 2 memory write cycle, the MREO also becomes . B 1 e S T
sctive when the address bus is stable sa that it can be used S e
directly as a chip enable for dynamic memories, The = L I - ]
line is active when data on the data bus is stable 5o that it o NN v b J
can be used directly asa R/W pulse 1o virtually any type of - | f
umicondl:lemu memary, .- EH— TRt
o) It _J"__‘L.._-::___‘l.'____'.:'_'_'l_t' PRy T
INFUT OR OUTPUT CYCLES |
Mustrated here.is the timing for an 11O read or 1/0 write 2 " ' " "
operation. Notice that during 1/O aperations & single wait . — O
state is automatically inserted (Tw*). The reason for this is -y T TooT eoRt T
that<luring 1/O operations this extra state allows sulficient o B —
thne for an I/0 port 1o decode its address and activate the s ——
WATT line if 2 wait s required. — }":
e o (- u FE () gy e b e
- Y o e -
- e o Y e

INTERRUPT ﬂEQU_ES T/ACKNOWLEDGE cYCLE

et

The interrupt signal is sampled by the CPU with the
rising edge of the last clock at the end of any instruction.
When an interrupt is aceepted, a special My cycle is
generated. During this M cycle, ilie signal becomes

[P
-

el b

- -‘-—--‘ I s _:___-
active (instead of MREQ) to indicate that the interrupting =
device can place an 8-bit vector on the data bus. Two wait - I = Lovve
states (Tw*) are automatically added 1o this cycle so that a = Y
ripple priority Interrupt scheme, such as the one used in the @ i
Z80 peripheral controllers, can be easily implemented. - — —
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8-8IT LOADS

16-BIT LOADS

EXCHANGES

Z80, Z80A Instruction Set

The following is a summary of the Z80, ZROA Instruction

set showing the hly languag ic and the sym-
bolic nperation performed by the instruction. A more de-
tailed Hsting appears in the Z8BO-CPU technical manual, and
assembly language programming I. The instr

are divided into the following categories:

B.bil loads Miscellancous Group
16-bit loads Rotates and Shifis
Exchanges Bit Set, Reset and Test

Memary Dlock Moves Input and Output

Memory Block Searches Jumps
Bbit arithmetic and logic Calls
16-bit aritlhinetic Restarts
General purpose Accumulator  Returns

& Flag Operations
In the table the following terminology is used
b = 3 bit number in any 8-bil register or memory

any 8-bit destination register or memory location
any 16-bit destination register or memory location
8-bit signed 2's complement difplacement used in
relative jumps and indexed addressing

8 special call locations in prge zera. In decimal
nolation these are 0, 8, 16, 24, 32, 40, 48 and 56
any B-bit hinary number

any 16-bit binary number

any B-hit general purpose register (A, B, C, D, E,
H,or L)

any B-bit source register or memory location

a bit in a specific 8-hit register or memory location
8 E any |6-bil source register or memory location
subscript "L = the low order 8 bits of 2 16-bit register
subecript “1I" ® the high order 8 bits of a 16-bit register

() = the contents within the ( ) are to be used asa
puinter (o a memory location or 1/O port number

location B-bit registers are A, B.C. D, E H, L, land R
ecc = flag eondition code 16-bit register pairs are AF, BC, DE and HL
!;Z = non zero 16-bil registers are SP, PC, IX and |Y
A = zero
NC & noncarry Addressing Modes impl d include combinations of
C 2 carny the following:  Immediate Indexed
PO = Tarity odd or no over flow Immediate extended  Register
PE . = Parily even or over low Modified Page Zero  Implied
P = Positive Relative Register Indireet
M = Negative (minus) Extended Bit
Mnemonic Symbolic Operation Comments Mnemonic | Symbolie Operati €
LDrs ret 2% 1,0, (L), LDI (DE) = (HL), DE « DE+1
(1X+e), (1Y e} ; HL = ML+, 8C - BC-1 -
LDd, ¢ de=1t d= (L), r 2 LDIR (DE) = (1iL), DE ~ DE#+1{
(1Xte), (1Y ve) e HL = HL#+1, BC = BC-)
LDd,n d=n d= (L), § Repeat until BC = 0
(IX+e), (1¥+e) | 2| LDD (DE) = (HL), DE ~ DE-1
LDA,;s - A= s = (RC), (DE). E HL = lIL-1, BC = BC-1
(mn), 1L R E LDDR (DE) « (1IL), DE - DE-1
LDd, A d=A d=(BC).(DE), | = WL -~ HL-1, BC -~ BC-|
{im). 1. R Repeat umiil BC =0
LDdd,nn. | dd ~nn , dd = BC, DE, | CP A=(11L), 1L = 1L+
He.seax.1y | 2 BC ~ HC-1
LD dd.(nn) | dd = (nn) dd = BC, DE, g CMR ALY, HL = 11L+) A-HL) sets
L. SPIX, 1Y o BC = DC-1, Repeat the Mags only.
LD (nn),ss | (nn) 55 15 = 0C, DF, g until NC =0 or A =(1IL) | Alsnot affected
HL.SPIXAY | S| epp ALY, 1L = 11L-1
LD SP, ss SI* -5 . = 1L, IX, 1Y : BC - ;‘:E‘-I
A Z = x
(USTEs [ ASPet)an:(SP-2) ooy sy | 2] cror ALY, ML = 11L-]
. o leN, - BC = NC-1, Repeat
; H
POP dd ddy = (S ddy, = (SP+1) ;ld = AC, DE, until BC= 0 ur A = (11L)
. IL, AF, IX, 1Y T PSP - .
EXDE.JIIL | DE 1L ADC s A=A+s+CY CY Is the
EX AF.AF' | AF - AF" ; SUD s KA e carry flag
EXX nc nc’ =| SBCs A=A-3-CY 15,0, (L)
ﬁr | DE 2| AND Av-AAs (IXve), (1Y ve)
N . 1L
ORs A=-AVvs
EX(SP).ss [ (SP)eoss (SPHR)-essy | ss=HL XY XOR s I




48IT ALU

16-81T ARITHMETIC

GP ACC. A FLAG

MISCELLANEOUS

ROTATES AND SHIFTS

maskable interrupt

Mnemonle | Symbolic Operation Comments Mnemonic | Symbolic Operati C [l
i 3
(o A=t s=r,n(HL) w|BITb,s Z"‘% Z is zerd Nag
INC d d=d+l (IX#e), (1Y+e) : SETb,s ! sEr (1IL)
d=r(lL) g | RESb. 3 3 =0 (1Xte). (1Y4¢)
(1Y =
DEC d degd-1 Ui i A (M) | A=(m
N (C) 1=(C) Set Mags
ADD HL, s | 1IL = HL + s ol w, g'.'_";(f”"' -l
ADCHL, st | HL = HL # 35+ CY oSy 3 '
i - IL.se Ly~ -
SSCllL.n HL ~ HL - 13 - CY HL.sP INIR g.lr‘g _ff).lil. HU + 1
ADDIX, s | IX=IX 4w ss = BC. DE. Repest until B =0
. 1X.SP .
IN HL) ~(C),MIL ~JIL -1
ADDIY,ss | 1Y = 1Y 38 ss ™ BC, DE, D ' ;_B_(P
1y, sr
4IL) =(C). HL - e
INC dd adcapen 4d = BC, DE, E INDR tu__ln*(fl IL=HL-1
HL.5P,1X. 1Y a Repeat until B =0
DEC dd dd ~dd -1 dd = BC, DE, %l otmm. 4 |m=-a
HLSPEIXIV ] Slounoye |-
DAA Converts A contents into | Operands must Zlourti (€)= (HL), HL =1L + |
packed BCD following add | be In packed B=B-1
orante oc s oTIR (€)= (L), HL = 11L + 1
- B-B-1
ICFL ‘A-A Repeat until B =0
NEG A ".1}0_-_!\ ouTD (C)=(ML)L. ML ~HL -1
CCF CY ~CY B~=B-1I
SCF CY~1 OTDR (C)=(HL). L= 1L -1
B~B-1
NOP ¢ No operation
s R -
HALT Halt CPU el ki
Dt - Dicable Interrupts JP nn PC ~nn NZ 1O
El Enable Intermupts JP cc.nn Il condition ec is true | cc Z PE
MO Set interrupt mode 0 B0BOA mude 'PC. = nn, else contlnue zc :'
M1 Set interrupt mode | Call to 0028y ¢ Re PC-FCoe
M2 Set Intertupt mode 2 Indirect Call 3 TRk, e If condition kk is Iruel Kk NZ NC .
- - =l PC = PC + e, else continue zZ C
RLC s ' E—'—E’ IP (s5) PC = s s =1L, IX. 1Y
§ : DINZ e B~B-1ifB=0
RLs .-. continue, eise PC =PC te
s
CALL in (SP-1) = PCyy NZ PO
RRC s =0 1 (SP-2) = PGy.. PC ~ nn zZ P
1 = CALL ce, nn | If condition ce is lalse e S ne P
RR s E&] " cuntinue, else same as C M
' 1 CALL nn
stas L= |s=ruy g[RsTL (SP=1) = PCyy
' ' (1X ve). (1Y ve) ';‘ . LS(!‘-!]-—I"CL.P("I..D
SRA 4 (=6 g Lo
: RET PCy_ = (SP),
SRLs = Ry = (SP+1)
3 RET ¢c If condition cc is lalse N2
RLD I‘E‘rm g continue, else sane as RET LM
- W " . "
A [ E RETI Retwen from interrupt, - ':“ !
H same as RET M
RRD v efee RETN Retuin from non-
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A.C. Timing Diagram

Timing measurements are made at the following

voltages, unless otherwise specified: v"-“ o ‘;\:'
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Aﬁmlute Maximum Ratings
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A.C. Characteristics Z80A-CPU
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AD Is a tristate signal which indicates that the CPU wishes 1o rentl data lrom eilher memory or an 1/0 device a5

identilied MAEQ o TON0D

WH Is a tristate control signal which indicates that the CPU wishes to write data 1o memory or an /0 device as in-
dicated by MNED and TOND Some 280 1/0 devices have no WI input These devices assume a Wrile operstion when
TORG is low and AD is high D low specilies a Read operation
The various wavs in which the three control signals M1 TOR0. and AD may be intarnreted are summarized in Table
7.5, which occurs in the descnintion ol the ZB0 P10 device

AFSH i3 » control signal used to refresh dynamic memories. When AFSH is outpul low. the current MREQD signal
should be used 10 relresh dvnamic memaory. as addressed by the lowar seven bits ol the Address Bus. AQ - A6

Next we will describa CPU control signals.
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Silicon Gate MOS 8251

PROGRAMMABLE COMMUNICATION INTERFACE

* Synchronous and Asynchronous
- Operalion

* Synchronous:
5-8 Bll Characlers
Internal or Exlernal Characler
Synchronization
Aulomalic Sync Inserlion

* Asynchronous:
5-8 Bll Characlers
Clock Rale — 1,16 or 64 Times
Baud Rate
Break Characler Generalion
1,15, or 2 Slop Bits
False Start Bil Detecllion

Baud Rale —DC lo 56k Baud (Sync Mode)

DC 10 9.6k Baud (Async Mode)

Full Duplex, Double Bulfered,
Transmitler and Recelver

Error Deleclion — Parity, Overrun,
and Framing &

Fully Compatible with 8080 CPU
28-Pin DIP Package

All Inputs and QOutputs Are
TTL Compatible

Single 5 Voll Supply
Single TTL Clock

The B251 is a Universal Synchronous}Awnchrohous Receiver/ Transmitter (USART) Chip designed lor data

. communications in microcomputer systems. The USART is used as a peripheral device and is programmed

by the CPU to operate using virtually any serial data transmission technique presently in use (including 1BM
Bi-Sync). The USART accepts data characters from the CPU in parallel format and then converts them inta
8 continuous serial data stream for transmission, Simultaneously it can receive serial data streams and con-
verl them into parallel data characters for the CPU. The USART will signal the CPU whenever it can accept
@ new character for transmission or whenever it has received a character for the CPU, The CPU can read the
complete status of the USART at any time. These include data transmission errors and control signals such
as SYNDET, TxEMPT. The chip is constructed using N-channel silicon gate technology.
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SILICON GATE MOS 8251

8251 BASIC FUNCTIONAL DESCRIPTION
General

The B251 is a2 Universal Synchronous/Asynchronous Re-
ceiver/Transmitter designed specifically for the B0BO Micro-
computer System, Like other 1 /O devices in the BOBO Micro-
computer System lts functionsl conliguration is programmed
by the systems soltware for maximum flexibility. The 8251
can support virtually any serial data technique currently
in use lincluding IBM “hi-syne™),

In » communication environment an interiace device must
convert parallel format system data into serial format for
iransmisson and convart incomang sarial {orraai dats into
parallel system data for reception. The interface dbvice must
ziso delete or inser! blts er charecters that ere functionally
unique to the communication techniaue, In essence, the
inlerface shouid appear “transparent” to tne CPU, a simpie
input or output of byte-oriented system data,

Data Bus Buffer

This 3-state, bi-directional, B-bit bulfer is used 10 interface
the B251 to the BOBO system Data Bus. Data is transmitted
or received by the bufier upon execution of INput or OUT-
put instructions of the BOBO CPU, Control words, Command
words and Status information are also transierred through
the Data Bus Buller,

Read/Write Control Logic

This functional block accepts inputs from the 8080 Control
bus and generates control signals for overall device operstion.
It contains the Control Word Register sand Command Word
Register that store the various control formats lor device
lunctional definition.

RESET (Reset)

A "high” on this input forces the 8251 into an “idle” mode.
The device will remain at “Idle” until 8 new set of control
words Is written into the B251 to program its funcrional
definition.

CLK (Clock) .

The CLK input is used to generate internal device timing
»nd is normally connected 10 the Phase 2 (TTL) output of
the 8224 Clock Generator. No external inputs or outputs
are relerenced to CLK but the trequency of CLK must be
grule‘r than 30 times the Receiver or Transmitter clack in-
puts for synchronous mode (4 times for ssynchronous
model. ’ .

WR (Writa)

A “low™ on this inpul informs the 8251 that the CPU is
outputling data or control words, in essence, the CPU is
writing out to the B251,

RD (Read)

A “low" on this Input informs the 8251 that the CPU s in
putting data or status information, in essence, the CPU is
reading from the B251.

C/D (Control/Data)

This input, in conjunction with the WR and RD inputs in.
forms the 8251 that the word on the Data Bus is either a
data character, control word or status inlormation.
1=CONTNOL 0O=DATA

CS (Chip Select)

A “low” on this input enables the B251, No reading or writ-
ing will occur unless the device is selected.

~e
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SILICON GATE MOS 8251

Modem Control

The 8251 has 8 set of control inputs and oulpuls that can
be used to simplily the Interface to slmost sny Modem.
The modem control signals are general purpose in nature
and can be used lor functions other than Modem control,
Il necessary.

DSR (Data Set Ready)

The DSA input signal is general purpose In nature. Its con-
dition cen be tested by the CPU using a Status Read opers-
tion. The DSA Input is normally used to test Modem con-
ditions such as Data Set Ready.

DTR (Data Terminal Ready)

The DTR output signal is general purpose in nature. It can
be set “low” by programming the appropriate bit in the
Command Instruction word. The DTR output signal Is norm-
slly used for Modem control such as Doté Terminal Ready
or Rate Select. '

RTS (Request to Send)

The RTS output signal is genersl purposs In nature. It con
be set “low” by programming the sppropriate bit in the
Command Instruction word. The TS output signal Is norm-
ally used for Modem control such as Request to Send.

¥

€T3 (Clear to Send)

A “low" on this input enables the B251 1o transmit data
{serial] if the Tx EN bit in the Command byte is set 10 a

- "

one,

Transmitter Bﬁﬂec

The Transmitter Bulfer accepts parallel data from the Data
Bus Bulfer, converts it to a serial bit stream, inserts the ap-
propriate characters or bits (based on the communication
technique) and outputs a composite serial stream of data on
the TxD output pin.

Transmitter Control

The Transmitter Control manages all activities associated
with the transmission of serial data. 11 accepts and issues
signals both externally and internally to sccomplish this
function.

TxRDY (Transmitter Ready)

This output signals the CPU that the transmitter is ready
to accept @ data character. |1 cen be used as an Interrupt 1o
the system or for the Polled operation the CPU can check
TxRDY using a status read operation, TxRDY is automatic-
ally reset when a character is loaded from the CPU,

TxE (Transmitter Empty)

When the 8251 has no characiers to transmit, the TxE out-
put will go “high”, It resets sutomatically upon recelving a
character from the CPU. TxE can he used lo indicate the
and of & transmission mode, so that the CPU "knows" when
to "turn the line around” in the half-duplexed operstional
mode. .

In SYNChronous mode, 8 “"high™ on this output indicates
ihat a character has not been loaded and the SYNC charac-
tet or characters are ahout 1o be transmitted automatically
as “lillers™,
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TxC (Transmitter Clock)

The Trensmitter Clock controls the rate at which the char-
acter is 1o be transmitted. In the Synchronous transmission
mode, the frequency of TxC is equal to the sctual Baud
Rate [1X). In Asynchronous transmission mode, lhc_lrt-
quency of TxC Is a multiple of the sctual Baud Rate. A
portion of the mode instruction selects the value of the
multiplier: it can be 1x, 16x or 64x tha Baud Rate.

For Example:

- I Baud Rate equals 110 Baud,
TxC equals 110 H:Ilht!
TxC equals 1.76 kHz (16x)
TxC equals 7.04 kHz (B4x).
if Baud Rate equals 8600 Baud,
TXC equals 614.4 kHz (64x),

The falling edge of TXC shifts the serlal data out of the
8251. :

&a



SILICON GATE MOS 8251

Neceiver Bufler

The Receiver accepts serial data, converts this serial input
o parallel format, checks for bits or characiers that are
unique to the communication technique and sends an
“assembled”’ charncter 10 the CPU. Serlal data is Input 10
the AxD pin. '

Receiver Control

This lunctional block manages all receiver-related activities.

RxADY (Receiver Ready)

This output indicates that the 8251 contains a character that
Is ready to be input to the CPU, RxRDY can be connected
to the interrupt structure of the CPU or lor Polled opers-
tion the CPU can check the condition ot RxRDY using a
simtus read operation, AxADY is automatically reset when
the character is read by the CPU.

AxC (Receiver Clock])

The Receiver Clock controls the rate at which the character
is 1o be received. In Synchronous Mode, the Ireauency ol
RxCT is equal to the sctual Haud Rate (1x). In Atvnchronous
Mode, the frequency of AxG is a multiole of the actual
Baud Rate. A portion of the mode instruction selects the
value of the multiplier; it can be 1x, 16x or B4x the Baud
RAate.

For Example: IT Baud Rate equals 300 Baud,
AxC equals 300 Hz (1x)

AxC equals 4800 Hz (16x)

AxC equals 19.2 kHz (64x).

Il Baud Rate equals 2400 Baud,
AXC eausls 2400 Hz (1x)

AxC equals 38.4 kHz (16x)
AxC equals 153.6 kHz (64x).

Data is sampled into the 8251 on the rising edge of AxC.

NOTE: In most communications systems, the 8251 will be
handling both the transmission sand reception nmutioru ol
a single link. C. sently, the Receive and Transmit Baud
Rates will be the some, Both T«C and AxC will require iden-
tical frequencies for thisoperstion and can be tied together
snd connected 10 a single frequency source (Baud Rate
Generator) to simplily the interface.

SYNDET (SYNC Detect)

This pin is used in SYNChronous Mode only. It is used as
either input or output, progremmable through the Control
Word. It is reset to “low” upon RESET, When used as an
output [internal Sync model, the SYNDET pin will go
“high” to indicate that the 8251 has located the SYNC
character in the Receive mode, If the B251 is programmed
10 use double Sync characters |bi-sync), then SYNDET will
9o “high” in the middle of the last bit of the second Sync
character. SYNDET is automatically reset upon a Status
Read operation.

When used as an Inpul, (external SYNC detect mode), a
positive going signal will cause the B251 1o start assombling
data characiers on the lalling edge of the next RxC. Once
inSYNC, the “high" input signal can be removed. The dura-
tion of the high signal should be at least equal to the pariod
of AxC.
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SILICON GATE MOS 8251

DETAILED OPEHATION DESCRIPTION
General

The complete functional definitlon of the B251 is program-
med by the systems soliware. A set of control words must
be sent out by the CPU 1o initialize the 8251 to sypport the
desired communications format. These control words will
program .the: BAUD RNATE, CHARACTER LENGTH,
NUMBER OF STOP BITS, SYNCHRONOUS or ASYNCH-
RONOUS OPERATION, EVEN/ODD PARITY etc. In the
Synchronous Mode, options are also provided to select either
internal or external character synchronization,

Once_programmed, the B251 is ready to perform s com-
-munication functions. The TxRDY output is raised “high™
to signel the CPU that the B251 is ready to receive » char-
acter. This output (TxRDY) Is reset sutomaticelly when the
CPU writes s charscter into the B251. On the other hand,
the B251 receives ferlsl data from the MODEM or 1/0 de-
vice, upon recelving an entire charecter the AxADY output
is raised “high” to signal the CPU that the B251 has a com-
plete character ready for the CPU 10 fetch. AxRDY is reset
automaticelly upon the CPU read operation,

The B251 cannot begin transmission until the TxEN{Trans-
mitter Enable) bit is sat in the Command Instruction and
it has received & Clear To Send (CTS) input. The TxD out-
put will be held in the marking state upon Reset,

Programming the 8251

Pl‘iﬂlt 10 starting data transmission or reception, the 8251
must be loaded with a set of control words generated by
the CPU. These control signals define the complete func-

All control words written into the 8251 alter the Mode In.
struction will load the Command Instruction, Command In-
structions can be written into the B251 at any time in the
data block during the operation of the 8251, To return 1o

+the Mode Instruction format 8 hit In the Command Instruc-

tion word can be set 1o initiate an internal Reset operation
which automatically places the B251 back into the Mode
Instruction format. Command: Instructions must follow the
Mode Instructions or Sync charocters,

e MODE INETALCTION
cl-n EYNC CHARACTEA §

SYNC MOOE
e EYNC CHARACTER 2 oty
efie i | CommanD NETRLCTION
ch-p & DATA
e =1 | commans maTRLETION

'

gﬂ_ -9 4 DATA
=1 | COMMAND WETRUCTION

“The srond BYNC ohurssior b shoprad # MODE brwrtreres
e programmad W UT81 w0 siewts charscier inwenal §TNC
Mose. Both BYMC ohm mrvers 09 thomad B MOOT beorurton
ot gy e W 1181 b ABYIC by

tional definition of the B251 and muslt i diately foll
» Reset operation (internal or external).

The control words are split into two formats:

1. Mode Instruction
2. Command Instruction

Mode Instruction

This format defines the general opﬂiliunll chearacteristics
of the B251, It must follow a Reset operation [internal or
external). Once the Mode instruction has been written into
the B251 by the CPU, SYNC characters or Command in-
structions may be inserted.

Command Instruction

This format defines a status word that is used to control
the sctual operation ol the B251,

Both the Mode and Command instructions must conform to
2 specified sequence for proper device operation. The Mode
Instruction must be inserted immediately following 3 Reset
operation, prior to using the 8251 for date communication.

P

Typical Data Block
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SILICON GATE MOS 8251

Mode Instruction Definition

The 8251 can be used lor either Asynchronous or Synchro:
nous cdata communication. To understand how the Mode
Instruction delines the lunctional operation of the 8251 the
designer can best view the device as 1wo separate components
sharing the same package. One Asynchronous the other
Synchronous. The format definition can be changed “on

. the fly” but for explanation purposes the two formats will

be isolated.

Asynchronous Mode [Transmission)

Whenever » data character is sent by the CPU the B251
automatically adds a Start bit (low level) and the program-
med nomber of Stop bits to eoch character. Also, an even
or ocd Parity bit is inserted prior to the Stop bitls), as de-
lined by the Mode Instruction. The character is then trans-
mitted a3 # serial data stream on the TxD output. The serial
data is shilted out on the falling edge of TxC at a rate equal
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode
Instruction. BREAK characters can be continuously sent 1o
the TxD If commanded to do so.

When no date characters have loaded into the 8251 the
TxD output remains **high” (marking] unless a Break (con-
tinuously low) has been programmed.

Asynchronous Mode 'lﬂ.uceivel

The RxD line is normally high. A falling edge on this line
trigaers the beginning of a START bit. The validity of this
START bit is ¢checked by sgain strobing this bit at its nom-
inal center, If 2 low is detected sgain, it is a valid START
bit, and the bit counter will ttart counting. The bit

o, B, O G ©, B D, O,

Lelele el o] s w]]
L

BALUD RATE FACTDR
L] 1 L] L]

Bvme
WOOE T | 1vex) | )

EMARACTER LENGTH
L] 1 L] 1

L} L] ] '
] [} 1 ]
BITE | MITE | BITE | BITE

PARITY ENARLT
Ve ENARLE 0= DigABLE

TVENPARITY OFNERATIONCHECK
=000

|

LR L L]
WUMBER OF ETOP BITE
L] 1 L] ]
L] L] 1 1

T ™ T
WMVALID| giv | ity | miTs

Mode Instruction Format, Asynchronous Mode

TRANSITTER DUTFT
v

o S| i [Comitn [ ] 46 |

locates the center ol the data bits, the parity bit (if it ex-
ists] and the stop bits, If parity error occurs, the parity er-
ror flag is set. Data and parity bits are sampled on the AxD

pin with the rising edoe of RxC, If a low level is detected as

the STOP bit, the Framing Error flag will be set. The STOP
bit signals the end ol a character, This character is then
loaded into the parallel 1/0 bufler of the B251. The RAxADY
pin is raised to signal the CPU that a charecter is ready to
be fetched, If a previous character has not been letched by

the CPU, the present character replaces it in the 1/0 bul- ~

fer, and the OVERRUN {iag is ralsed (thus the previous
characier is lost]. All of the error flags can be reset by »
command instruction. The occurrence ol any ol these er-
rors will not stop the operation of the 8251,

L alul

l sran sanity | gTOe |
L] "t ‘{ DATA BT ] "t l Pt

TRANTELION FOMMAT
EFU BYIE IS8 pITSONAR)

[ oosouwmcrn |

ASEPRLED STAIAL DATA QUTAIT (TaDd

TTART o rARITY Tor
[ " I DATACHARACTER I it ] s

MECTWT [ORMAT
BINIAL DATA WryT (A.0)
T | omracwmers [ ] -.;ga
CrUBYTE A MISCHARY

| DATACHARACTES ]

FHOTE: 1P CHARACTER LPNOTH M DFFED AL B DA )
WITE T8I UNUSED BILE ARE §1T T0 “TE®0"

Asynchronous Mode



SILICON GATE MOS 8251

Synchronous Mode {Transminion]

The TxD output is conti Iy high until the CPU sends
its first character 1o lhe B251 which ususlly is a SYNC
character. When the CTS line goes low, the lirst character
is serially transmitied oul. All characters are shilted out on
the falling edge of TxC. Data is shilted out at the same
rate as the TxC,

Once transmission has started, the data stream at TxD out-
put must continue at the TxC rate. |1 the CPU does not pro-
vide the 8251 with a character before the B251 becomes
empty, the SYNC characters (or character if in single SYNC
word mode) will be automatically inserted in the TxD dats
stream. In this case, the TxEMPTY pin is raised high 10 sig:
nal that the B251 is empty snd SYNC characters are being
sent out. The TxEMPTY pin is internally reset by the next
character being written into the B251,

Synchronous Mode (Receive)

In this mode, character synchronization can be internally
or externally achieved. Il the internal SYNC mode has been
programmec, the receiver starts in @ HUNT mode. Data on
the RxD pinis then sampled in on the rising edge of AxC.
The content of the Rx bufler is continuously compared
with the first SYNC charactar until » match, occurs. 11 the
8251 has been programmed for two SYNC characters, the
subsequent received characier is also cdmpared: when both
SYNC characters have been detecied, the USART ends the
HUNT mode and is in character synchronization. The SYN-
DET pin is then set high, and is reset automatically by a
STATUS READ.

In the external SYNC mode, synchronizastion is achieved by
2pplying a high level on the SYNDET pin. The high level can
be removed alter one RxC cycle.

Parity error and overrun error are both checked in the same
way #s in the Asynchronous Rx mode.

The CPU can command the receiver to enter the HUNT
mode If synchronization is lost,

% o © 0, ©° O b .

(Lo L] )
It

CHARACTER LENGTH
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SILICON GATE MOS 8251

COMMAND INSTRUCTION DEFINITION

Once the funciional definition of the 8251 has been pro-
grammed by the Mode Instruction and the Sync Characters
are loaded (if in Sync Mode) then the device is ready to be
used for dats communicstion. The Command Instruction
controls the actual operstion of the selected format. Func-
tlon: such as: Enable Tronsmit/Receive, Error Reset and
Modem Controls are provided by the Command Instruction,

Once the Mode Instruction has been written Into the 8251
and Sync characters inserted, if necessary, then all further
“control wrltes” (C/D = 1) will load the Command In-
struction. A Reset operation [internal or external) will
return the B251 to the Mode Instruction Format.

STATUS READ DEFINITION

In date communication systems it is often necessary o
examine the “status” of the sctive device to mscertain If
errors have occurred or other condlitions that require the
processor’s attention. The B251 has facllities that allow the
programmer 1o “read” the status of the device st any time
during the functional operation,

A normal “read” command is issued by the CPU with the
C/D input at one to sccomplish this function.

Some of the bits in the Status Read Format have Identical
meanings to external output pins so that the 8251 can be
used in a completely Polled environment or in an interrupt
driven environment.

5, ® © O, O, O D, D0,
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SILICON GATE MOS 8251

APPLICATIONS OF THE 8251
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SILICON GATE MOS 8251

D.C. Characteristics: Ta =0°C 10 70°C: Vg = 45V 45%: Vg = OV

Symbol | Parameter 5 Min. Tyn. Max. Unit Test Conditions
ViL Input Low Voliage ' 8 v
Vin Input High Voliage 2.0 v
: loL=2.0mA (DBgy).
4
Voo Output Low Voltage . v 1.6mA (Others)
=150uA (DBg 4],
v 4 lon=1
Vou Output High Voltage 2 v . 1004A (Others)
lee Power Supply Current 80 mA . Gm,
It Input Load Current 10 BA Vin=0V to 5.25v
ILoL Output Leskage Current (G3 Low) -100 A | Voijr=0.4v
ILom Output Leakage Current (D8 High) +10 A 1 Vour=Véc
A.C. Characteristicst T, = 0°C 10 70°C: Vo = +5V £5%. Vgg = DV
Symbol Parameter Min. | Typ. Max. Unit Test Conditions
oy Clock Period . o rl 480 | . ns
tow Clock Pulse Width i ' 220 ns
tco Clock Pulse Delay 260 A ns
tRte Clock Rise and Fall Time % “ 50 ns
i Write Pulse Width A 400 . ns '
Ips Data Set-Up Time for WRITE alll i 300 ns
oK Data Hold Time for WRITE 4t ;20 ns
top Data Delay from AEAD '350 ns | C_=150pF
Fo READ to Data Flosting . 160 ns Cy = 150pF
T — -
tTaw Address Staple before WRITE AL ns
wa Address Hold Time for WRITE _ - 40 ns
taR Address Stable belore READ 0 ns
RA Address Hold Time for READ 0 ns
OTx TxD Delay.from Rising Edge of TxC 300 ns
IsAx Rx Data Set-Up Time to Sampling Pulse 500 ns
IHRx Rx Data Hold Time to Sampling Pulse 6 CLK
A Period
1« Transmitter Input Clock Frequency
1X Baud Rate 56 KHz
16X and 64X Baud Rate 615 KHz
lRx Receiver Input Clock Frequency
1X Baud Rate 56 KHz
16X and 54X Baud Rate 615 KHz
17 TxRDY Delay from Center of Data Bit 8 CLK | &y =500F
Period
("™ RxRADY Delay from Center of Data Bit 6 CLK
Period
us Internal SYNDET Delay from Center of 6 CLK
Data Bit Period
tes External SYNDET Se1-Up Time before Rising 6 CLK
Edge of RxC Period




SILICON GATE MOS 8251

READ AND WRITE TIMING
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Intel 2716*

16K (2K x 8) UV ERASABLE PROM

» Fast Access Time m Pin Compalible to Intel® 2732 EPROM
— 350 ns Max. 2716-1

- :90 ns Max. 2;16'2 » Simple Programming Requirements
== 430,08 Max. 4118 — Single Locatlon Programming

— 490 ns Max. 27185 =4 L g |
— 650 ns Max. 2716-6 fogra 50 ms Pulse

» Single + 5V Power Supply = Inputs and Outputs TTL Compatible

= Low Power Dissipation during Read and Program

— 525 mW max. Aclive Power
— 132 mW Max, Standby Power s Completslv Static

The Intel™ 2716 is a 16,384 bit ultraviclet erasable and elecirically programmable read-only memory (EPROM) The 2718
ooerates from 3 single Svolt power tupply. has a ttatic itandby mode, and features last single address location program-
ming. It makes dengning with EPROMs faster, easier and more economical,

The 2716, with its single 5-volt supply and with an N'.:lon time up 10 350 ns, is ideal lor use with the newer high performance
+5V microprocessors such as Intel’s BOBS and BOB6. A selected 2716-5 and 2716-6 is available lor slower speed applicstions.
The 2716 is also the first EPROM with a static stendby mode which reduces the powsr dissination without increasing sceen
time, The maximum active nower dissiostion is 525 mW while the maximum standby power dissipation is only 132 mW, o
75% savings,

The 2716 has the simplest and fastest method yet devised for programming EPROM: — tingle pulse TTL level programming,
No need for high voltage puliing bacause afl programming controls are handled by TTL sipnals, Program any location at any
time —qither individually, sequentially or st random, with the 2716 single addresi location programming. Total progremming
time lor all 16,3B4 birts is only 100 seconds,

PIN CONFIGURATION . MODE SELECTION
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27186

PROGRAMMING

The programming snecifications sre described in the Data Catalog PROM/ROM Programming Instructions Section.

Absolute Maximum Ratings*

Tempersture Under h-lal ;

St age Temperatune

AN Input or Dutput Volteges wath
Respect to Ground . ., .. ... .

-10°C 10 +80°C
-65°C10 +125°C

. .-+6V 10 0.3V

"COMMENT  Sireires sbove those linted under “Abinlute Mess.
mum Ralngp’ may Couse orrmenent demase 10 the device. This i s
AW 18y onty and huncienet noetson o the Srect 8t e o

Y 8ihet Condi1ont sbove thowe mdwcaied m The oovistionsl e

tiemt B! thiy it ot " net wmp E 10 sb
Ve Supply Voliage with Rewpect raring 9i v d periods may ol ledh device
to Ground During Progrsm . 426.5V 10 -0.3V sehiabality .
DC sand AC Operating Conditions During Read
2716 i 27161 2716-2 2718-5 2716-8
Temperature Range 0"C - 70°C 0°C - 70°C 0°C - 70°C 0'c-70°C 0°c - 70°C
Ve Power Supply!'.2) 5V t5% 5V 110% 5V 5% 5V $5% 5V £5%
Vpp Power Supply 12! Vee Vee Vee Vee Vee
READ OPERATION
D.C. and Operating Charactaristics
Limin
Symbol Paramater 5] Unit Condlitiom
Min. Tye. Mex.
- Input Load Current 10 uA Viy = 6.25V
Lo Output Leakage Current 10 uA Vour = 5.25V
pey!?) | Vpp Current 5 mA | Vpe " 525V -
icer'?! | Ve Current (Standby . 0 25 | mA | EFe vy OF= vy
Icc:"' Ve Current (Active) 57 100 mA OE=CE=v,
Vie Input Low Vollage ° =01, 08 v
Vim Input High Voltage 2.0 Vee*! v
Voo *Output Low Voltage 0.45 vV | lgL=2.1mA
Vou Output High Voltage 24 2 v lon = 400 wA
NOTES: 1. Ve mutl be soohed wemutiencously o belore Vpp #nd removed timdlteneoutly of slier Vs,
1 Vpp mav be connected directly 1o \l;cc rcent during programmeng The tupply current would Ihen br the tum of Ice end Ippy.
3. Tyows velur ser lor Ty = 297 C send nomnsl woply volteget
4 Tho peremetsr n only semoled snd n not 100% teried. -
A.C. Cherpcteristics
“ Limits (nel
i ITe e ITVe-32 T8 T Tem
Symbel Perarmeter . [T
Min, Mex, | Min. Men, | Min. Mex, | Min, Mex, | Min. Mex,
tagc | Address 10 Ouiput Deley 480 3850 90 450 450 |CE - OF = v |
teg CE 1o Outout Deley 4s0 180 %0 90 850 |OF = v,
ot Outpul Ensble 1o Output Delsy 120 120 120 180 200 |CE =V,
‘os Ouipui Eneble High 1o Outout Flem | © 100 4] 100 /] 100 o 100 /] 100 |CE-v,,
o Output Hold lrom Addreises, CE of o o 0 o o €E - 5 - Vi
OF whichawer Octurred Furnt

&l



2716
A.C. Characteristics
Limits (ms)
2716 2718-1 2718-2 2718-8 27188 | . Tem
{symbol r
¥ AL Min. Max. | Min, Mex. | Min.  Max. | Min, Max. | Min.  Mex, CNaion
tace Addrets to Output Delay . 450 3s0 280 450 450 |CE=GOE =V
tce | CE to Outout Detay 450 350 390 490 650 |OE = vy,
o Oultput Enable 1o Oulput Delsy 120 120 120 180 200 [CE=v,
or Output Ensble High 1o Output Flost| 0 100 | 0 100 | o 100 | o 100 | o 100 |[EE=vy
lom Output Hold from Addressss, CEor | 0 0 0 0 0 CE=-TE- VL
DE whichever Occurred Flrst
Capacitance (4] Ta=25"°C, =1 MHz A.C. Tast Conditions:
Symbol Paramaeter Typ. | Max. | Unit | Conditions Output Load: 1 TTL gate and C = 100 pF

Input Rise and Fall Times: <20 ns
Input Pulse Levels: 0.8V to 2.2V
Cout Output Capscitance 8 12 pF | Vour=0V Timing Measurement Refarence Level:
Inputs 1V and 2V

Qutputs 0.8V and 2V

% , \

ADDRESSES

Cin Input Capacitance 4 8 pF | V=0V

A. C. Waveforms (1]

ADDRESSES VALID
3 ! /
CE
a ¢ . '..'.

(sl tom
PR —————} — o

facc

f # 8 @ ® # 2.
HIGH 2 /;;;;2; \ HIGH Z
outrur VALID QUTPUT|

tog —i
—

NOTE: 1. Vg mutt be spplied simultsnsously or belors Vpp snd removed simultansously or alter Vpp.
2. Vpp mey be connected directly 10 Vg excent during programming. The supply current would then be the sum of lgg and lppy.
3. Typlcst values are for T, = 26°C and nominsl supply volteges,

4. This pacamater Is only 1smnled and It not 100% tested.

6. Thivp Is only lac and I not 100% tested. ;

8. OE may ba delayed up 10 IACC - 10E #/ter tha Islling edge of CE without imosct 00 tacC.

7. \pf I wecitied rom OE or CE, whichaver aceurs fhent,
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2716

ERASURE CHARACTERISTICS

The erasure characteristics of the 2716 are such that erasure
begins to occur when exposed to light with wavelengths
shorter than approximately 4000 Angstroms (A). It should
be noted that sunlight and certain.types of fluorescent
lamps have wavelengths in the 3J000—4000A range. Data
show that constant exposure to' room level fluorescent
lighting could erase the typical 2716 in approximately 3
years, while it would take approximatiey | week to causa.
erasure when exposed to direct sunlight. If the 2716 is to
be exposed to these types of lighting conditions for ex-
tended s of time, opaque labels are available from
Intel which should be placed over the 2716 window to
prevent unintentional erasure.

The recommended erasure procedure (see Data Catalog
PROM/ROM Programming Instruction Section). for the
2716 is expgsure o shortwave ultraviolet light which has
a wavelength of 2537 Angstroms [A). The integrated dose
fi.e., UV intensity X exposure time) for erasure should be
a minimum of 15 W-sec/cm?, The erasure time with this
dosage is aporoximately 15 to 20 minutes wsing.an ultra-
violet lamp with 2 12000 uW/em? power rating. The 2716
should be placed within 1 inch of the lamp tubes during
erasure, Some lamps have a filter on their tubes wnich
should be removed before erasure.

DEVICE OPERATION

The five modesof operation of the 2716 are listed in Table
I. It should be noted that all inputs for the five modes are at
TTL levels. The cower supplies required are a +SV Ve and
a Vpp. The Vop power supply must be at 25V during the
three programming modes, and must be at 5V in the other
two modes.

TABLE «. MOOL SELECTION

Eirom 8T ves vge  ourumn

| » e 1200 (LTt T R E T
4 m.\\ i : ! i Y

Aeea i iy H O . L LS
L H Yim Con'iCorw | 4 | =4 i —n [
Frowen [ TR | L™ e L D
Piogrem Venby | Vi ] iy, (B Sour
Proprem batigmt | Wiy } Wisa Feld g =% | el

READ MODE

The 2716 has two control functions, both of which must be
logically misf_i_e_d in order to obrain data at the outputs,
Chip Enable (CE) is the power control and should be used
for device selection, Output Enable (OE) is the output
control and should be used to gate data to the outout
pins, independent of device selection. Assuming that
addresses are stable, address access time (tace) is equal to
the delay from CE to output (tgg). Data is available-at
the outouts 120 ns (tog) after the falling edge of OE,
assuming that CE has been low and addresses have been
stable for at least tace — tge-

STANDBY MODE

The 2716 has a standby mode which reduces the active
power dissipation by 75%. from 525 mW to 132 mW, The
2716 is placed in the standby mode by applying a TTL high
signal to the CE input. When in standby mode, the outputs
are in a high i e ttate, ir 1t of the OE input.

QUTPUT OR-TIEING

Because 2716's are usually used in larger memory arrays,
Intel has. provided a 2 line control function that accomo-

.dates this use of muiltiple memory connections. The two

line control function allows for:
a) the fowest possible memory power dissipation, and
bl complete assurance that output bus contention will
not occur:
To most efficiently use these two control lines, it is recom-
mended that CE (pin 18) be decoded and.used as.the
primary device selecting function; while OE (pin 20) be
made a common connection to all devices in the array and
connected to the READ line from the system control bus.
This assures that all deselected memory devices are in their
low power standby mode and that the output pins are only
active when data is desired from a particular memory
device. . '
PROGRAMMING (See Programming Instructlon Saction
for Wavelorms.) )
Initially, and atier eacn erasure, all bits of the 2716 are in
the 1" state. Data 15 introduced by selectively program-
ming 0’5" into the desired bit locations. Althougn only
“0°%"" will be programmed, both "“1's" and "'0's" can be
presented in the data word. The only way to change a 0"
10 a1 is by ultraviolet light erasure.

The 2716 is in the programming mode when the Vpp power
supply is at 25V and OF s at V. The data to be pro-
grammed is aoplied 8 bits in parallel to the data outout
pins. The levels required for the address and data inputs are
TTL,

When the address and data are stable, a 50 msec, acuive
high, TTL program pulse is applied to the CE/PGM input.
A program pulse must be aoplied at each address location
1o be programmed. You can program any location at any
time - either individually, sequentially, or at random,
The program pulie has a maximum width of 55 msec. The
2716 must not be programmed with a DC signal applied to
the CE/PGM input.

Programming of multiple 2716s in parailel with the samas
data can be easily accomplished due to the simplicity of
the programming requirements. Like inputs of the paral-
leled 27165 may be connected together when they are pro-
grammed with the same data, A high level TTL pulse
aoplied to the CE/PGM input programs the paralleled
2716s,

PROGRAM INHIBIT

Programming of multiple 27165 in parallel with different
data is also easily accomplished. Except for CE/PGM, all
like inputs (including OE) of the parallel 27165 may be
common. A TTL level program pulse applied to a 2716's
CE/PGM input with Vpp at 25V will program tnat 2716,
A low level CE/PGM input inhibits the other 2716 from
being programmed.,

PROGRAM VERIFY

A verify should be performed on the programmed bits to
determine that they were correctly programmed. The verify
may be performed with Vep at 25V. Except during pro-
gramming and program verily, Vep must be at 5V.
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LINEAR
INTEGRATED CIRCUITS

TYPES SN52555, SN72555
PRECISION TIMERS

BULLETIN NO, OL-§ 7312031, SEFTEMBER 1873

functionsl block diagram

Timing from Microseconds to Hours
Astable or Monostable Operation
Adjustable Duty Cycle

Up to 200-mA Sink or Source
Output Current

TTL Compstible Qutput

Designed to be Interchangeable with
Signstic; SEEES/NEBSBS-

glararintian

The SN52565 and SN72555 sre monolithic timing
circuits capable of producing accurate time delays or
osclllation. In the time-delay or monostable mode of
operation, the timed intsrval is controlied by a single

_ external resistor and capacitor network. In the astable

mode of operation, the frequency snd duty cycle
may be Independently controlied with two external
resistors and » single externesl cepacitor,

The threshald and trigger levels are mormally two-
thirds and one-third, respectively, of Vee. Thess
levels can be altered by use of the control voltage
terminal. When the trigger input falls below the
wigger level, the flip-fiop Is set and the output goes
high. When thae threshold Input rises above the
threshold level, the flip-llop is reset and the output
poet low. The resat input can override all other inputs
and can be used to initiste & new timing cycle. When
the resat input vov) low, the flin-flop is reset and the
output goes low. When the output it low, & low:
impedance path is provided betwean the discharge
terminal snd ground.

The output clrcult Is capable of sinking or sourcing
current up to 200 milliamperes. Operation Is recified
for supplies of 5 to 15 volts. With a 5-valt supply,
output levels are compatible with TTL inputs.

COm TROL
ver YOLTAOH
.‘L m

J° OR P DUAL-IN-LINE PACKAGE

{TOP VIEWI
CONTROL
D15 THRES vOLT.
Ve CHAROEMOLD  AGE
BIRINE
1121314
GND TRIG- OUT. RESET
aEm  PUT

L PLUG-IN PACKADE
(TOP VIEW!

veo

7/ CONTROL
VOLTAGE

RESET

PIN 115 IN ELECTRICAL
CONTACT WITH THE CASE

" L]

FLeLO"

@AW




slectrical charncteristics at 257 C free-air tompaernture, Vee =5V to 15 V (unless otherwise noted)

FARAMETER TEET CONDITIONS ENS288S BN12958 UNIT
E MIN  TYP MAX |MIN TYP MAX
Theathold voltegs level ss o
percantage of supply voltage oo 567 *
, Threshold cunent (s Note 3) 0.1 025 0.1 25 A
N Vee= 16V 4.8 ] 5.2 5
Triggnt volisgs level s -
Vec -6V 145 167 19 1.67 v
Trigame current 0.6 0.5 uA
Fieset voltape levyl 04 0.7 1 0.4 0.7 1 v
Resel current 0.1 0.1 mA
Ennllul volisge Vec= 16V 9.6 10 104 9 10 1
lopen<circuit) Vee=6V 29 33 38 | 26 13 4 4
loL = 10 mA 0.1 0.6 0.1 0.25
Vee- 15V :OL - :O—-M.l‘ 0.4 0.5 04 075
Lowlevel outout voltage ~ L e &= 2 v
IgL = 200 mA 1.5 2.5
! - A A 3
vty oL-5m 0.1 0.25
lpL=BmA 0.16 035
1 - ;. 12,78 .
Vee® 15V OH 100 mA 13 133 2 13.3
High-lrvel output voltage lgH = —200 mA 12.6 12.5 v
Yec=5V IgH = =100 mA 3 a3 .75 33
Outout low, Vee= 15V 10 12 10 15
Nal =5V k|
Supoly current o d yee o * = 2 : mA
Oumut high, Ve =15V 2 N 9 14
Nolosd Vec=5V 2 4 2 ]

3: This persmaetar Inllusnces the masimum value of the Timing reviton A,

valus s P = Ry sRg = 20 MIL

operating characteristics, Vcc =5V and 15 V

wnd Py For ssampis when UCC = 5 W the menimum

SN52555 . SNTI5RS
PARAMETER TEST CONDITIONS! T
MIN  TYP MAX [MIN  TYP Max
Initisl sceu 1
i - ARa=1 k10100 kN | T4 =25 C 0.5 2 1 %
timing interval
Temperature comfbiclant Ta = MIN
b Ag =010 100 k), & - 30 50 pomlC
ol timing Inrervel o MAX
Supply vol Ithv!
phv ol sty C=0.1uF Ta=25C 0005 002 0.01 %V
of timing interval
Ourput pulse rise time f 100 100 L
Cy = 16 pF Ta=25C
CHAReF, £ 100 100 n

Output pulse fall time

"For canditians shown ss MIN or MAX, use the sporopriste velue soeciied under recommended poesreting conditions,

THERMAL INFORMATION

DISTPATION DERATING CURNVE

ianl I TYITE I S O
1 Yoo j— MAx T, MAX T, _qH h
-0
ESYEIGN
. N
oo N
200 \"‘ 1<
| 70 HF® BERATL  FAD=|
1 aewe n'c N
vofl # taew’c w'c
3 F__aomwic  mW'C

W30 0 W0 R TO R0 WO N ITMIX
Ta—treehi Tompmrstim—"C
FIGURE 1



schematic
(Ll

vee + * 2 ¢ t
T nie arh "
r[ L IN4
el L
THREsoLD -2 i 204 2L Burrut
- L
CONTROL _(5) AR
VOLTAGE -
4
it
121
TRIGGER p
AEser 6 2'33{
2
DISCHARGE
L) 210w 2100 & :,St‘j :,‘rn
Grouno L —
) /;: Veud
. 100
Aeririor velues shown are nomine! snd in ohma.
absolute maximum ratings over operating free-gir temperature range (unless otherwiss noted J
Supply voltage, Vo (see Note 1) . : 18V
Input voltege (control voliage, reset, thnmld !nngfl -+« . Vee
Output current 3 v o . 1225 mA
Continuous total dmlpltlon at Inr btlowl 25 C iree -air lzn'uuratun Im Noll 21 w o+ o+ o+ . . BODOmMW
Opersting free-air tempersture range: SN52555 -55 Cto 125°C
SN72555 0°C 10 70°C
Storage temperature range —65°C to 150°C
Lead temperature 1/16 inch trom case !or GO -nondt .I'r" or L mdmn 300°C
Lead tempersture 1/16 inch from case for 10 seconds: P package 260°C
NOTES: 1. All voltegs weluey sre uplm to & grownd
2. For operation soove 28" C tren.air temperaturs. refer 10 Dimiostion Dersting Curve, Figurs 1.
+ recornmended opersting conditions
SN52555 SNT2556
UNIT
- |MIN NOM MaAX [MIN NOM MAX
Supoly voltage, Ve 45 18| 45 18| Vv
Input voltage, V) lcontrol voluga, resat, threshold, trigger) Vee + Veo v
OQumut Curreny, Ig 1200 1200 maA
Oparsting Iree-ait temperaturs, T4 —65 125 0 70| *C
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TIMER—ASTABLE OR MONOSTABLE

CLCT T ISt
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This circuii may be used for astable or monostable in timing appli-
cations from microseconds to hours. Complete detoils for its use ap-
peor in Chopter 4.

As o monostable, the circuit is triggered by bringing the Trigger in-
put momentarily below 2 volts. The autput pulse width is determined
by R and C, and the curves are shown in Fig. 4-26. R can vary from
1K 10 3.3 megohms, C can ronge from 500 pF up. TTL fan-out is
more than ten,

As an ostable, the circuit is free running. The charging time is de-
termined by R, and Ry, in series with C. The discharging time is de-
termined by C ond R,. Design curves oppear in Fig. 4.16. The
minimum value of R, is 1K; the maximum value of R, -+ R, is 3.3
megohms. TTL fan-out is more than ten.

The RST input (pin 4) will drive the output low if it is grounded. If
unused, it should be tied to 15 volis. The Bypass input should be
bypassed to ground with a suvitable copociter (0.1 pF upward) in
critical timing opplicatinns.

The output is high during the monosioble on time and low otherwise.
The output is high during the ostable charging time and low during
the discharge time.

Operating current . . . 5 g ; . ... 3 miliamperes
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SN541L.S00/SN74LS00

QUAD 2-INPUT NAND GATE

oinioinicinio

D)

GUARANTEED OPERATING RANGES

DpopopoananaD

SUPFLY VOLTAGE
PART NUMBER -
UMBERS MIN v MAX TEMPENATURE
SN54LS00X a5 v 50v 55 v -55°C 10 125°C
SN74LS00X 475V 50V 525 v 0°C 10 70°C

X = package tyoe: W 1or Filatoak,  J tor Ceramic Dip, N for Pigyile Din. See Packaging information Section far packapes svalisble on thiy preduct

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)

LIMITS
YM PARAM R 1] ITION
SYMBOL ETE NN o AKX UNITS TEST CONDITIONS (Note 1]
Vin Input HIGH Voliage 20 ' v Guaranieed Input HIGH Voliage
54 0.7
ViL Input LOW Voliage = Y] A Guarsnieed Inpult LOW Voliage
Veo Input Clamp Diode Voliage ~0.65 -1.5 v Vee = MIN, Ly = -18 mA
Vv Ourput HIGH Volifige i i as v v MIN, | 400 pA, V v
u = . - - 4 -
oH 74 - 2.7 94 cC OH v IN‘ [
54,74 0.25 D¢ v Veer =MIN, I =40 mA, Vi, =20V
vV, Output LOW Vol A cc oL IN
oL i 74 0.35 05 v Ve = MIN. I, = BOmA. Vjy = 2.0V
i Inout HIGH Current Lo 20 lasts Jpe AL N BT Y.
0.1 mA Vee = MAX vy =10V
i Input LOW Current 0.4 mA Vee = MAX, Vi =04V
Qutput Short Circuit
'os Current [Note 3) 1S -100 WA Vee = MAX. Vgyr =0V
lecH Suoply Current HIGH N 08 16 | ma | vee=MAX. vy=0v
ICCL .Suwhf Current LOW 2.4 44 mA Ve = MAX, Inputs Open
AC CHARACTERISTICS: Ty = 25°C (See Chapter 1 for Waveforms)
LIMITS
SYMBOL PARAMETER NIT TEST NDITIONS
MIN TYe MAX v 5 e o
IpLH Turn Off Delay, Inpul 1o Outbut 50 10 ns Vee = 50V
1PHL Turn On Delay, Input to Output 50 10 ns CL =160f
NOTES:
1. For conditions thown st MIN or MAX, use Wie spnropriste value specilied under recommended operating conditi for the b
davice type.

2. Typical limitsare st Ve =50V, Ty =
3

25°C.

Not more than one output should be shorted at » time




SN541L.S04/SN741L.S04

HEX INVERTER
[ (3 fel (51 {51 (51 (5]

Y, B
Do D

A2 [ 0 0 I (1 R 3

GUARANTEED OPERATING RANGES

SUFPLY VOLTAGE
Al TEMP
PART NUMBERS T —— AR EMPERATURE
SNS4LS04aX 45 V 50V 55 Vv -55°C 10 125°C
SN74LS04X 475V 50V §25V 0°C 10 70°C

X = peckage type; W Tor Filatpak, J Tor Caramic Dip, N 1or Plastic Dlp. See Packaging Inlormation Sectian lor packsqes avallable on this product.

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (uniess otherwise specilied)

SYMBOL PARAMETER MIN L'M::i MAX UNITS TEST CONDITIONS (Note 1)
Viy Input HIGH Voltage 2.0 v Guaranteed Input HIGH Voltage
54 0.7
ViL Input LOW Voltage v Guaranieed Input LOW Voltage
74 08
Vep Input Clamp Diode Vollage -0.65 -1.85 v Vee = MIN, Ijyy = =18 mA
. 54 2.5 14
VDH Qutput HIGH VOINHGO 72 27 34 v Vcc = MIN. ’OH = -400 pA, ViN = VL
; 54,74 0.25 0.4 v Vee = MIN, I = 40 mA, Viy = 2.0V
v Valt
oL SRR 74 0.35 05 v Vee = MIN. lg = BOmA. Vi = 20V
1.0 20 LA Vcc = MAX, V;N =27V
™ Input HIGH Current B = Voo = MAX, Vg = 10V
e Input LOW Current T ] —04 mA Vee = MAX, vy =04 Vv
Qutput Shert Circunt
- - A Ver = MAX, V ov
‘os Cutrent (Note 3) 12 190 m cc - Vour *
'ceH Supply Current HIGH 1.2 24 mA Vee = MAX. Viy =0V
lecL Supply Current LOW 16 6.6 mA Ve = MAX. Inputs Open

AC CHARACTERISTICS: T4 = 25°C (See Chapter 1 for Waveforms)

SYMBOL PARAMETER v L'::':s T UNITS TEST CONDITIONS
'pLH Turn Of! Delay, Inpul to Qutpul 5.0 10 ns Vec =50V
1pHL Turn On Delay, Input 1o Output 5.0 10 ns CL = !SpF

NOTES:

1. For conditions sthown as MIN or MAX, yse the aporopriste value speciliad under recommended operating conditions lor the aoolicable
device type.

2. Typical limits are st Voe = 5.0V, Ta = 25°C.

J. Mot more than one output should be shorted at & time,




SPEED/PACKAGE AVAILABILITY

54 F.w T4 AF

SWITCHING CHARACTERISTICS vge- 5V, T4 = 25°C

54/T4
Cy = 15pF
TEST CONDITIONS AL = 1101
PARAMETER MIN | TYP | MAX | UNIT
Propagation delny lime
IpLH  Low-lo-high 6 10 ns
tpHL  High-to-low 20 30 ns

Lond croult snd iypical wavsiorms sip shown sl ine ot ol sechon

PIN CONFIGURATION

=l
a9y
-C

AT

L

AF.W PACKAGE

i

i

L
?’1—1

1_||_I|_.I'_JLJLJ

SPEED/PACKAGE AVAILABILITY

PIN

CONFIGURATION

54 F.w 74 AF
S4H F.W 744 AF S4/TATAH,54/T4LS, 54/T48 S4H
54LS F.W 74LS AF AF.W PACKAGE W PACKAGE
545 F.W 745 AF Wl T vee
. {1 1+
LLE K] 1 an
e ;’“ g -
‘n\C av _[:’- ’ l:
n E% (=] 3 -C] -
o o ol I R
ano[7] [ +] av ] in]=
SWITCHING CHARACTERISTICS vgg- 5V, Ta = 25°C
54/74 S54/T4H S4/TALS 54/748
Cy =~ 15pF Cy -25pF Cyp =15pF Cp=15pF
TEST CONDITIONS R_~400101 Ry =2800 Ry =2kM A =2800
PARAMETER. MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | MIN | TYP | MAX | UNIT
Ptontqn‘;lon delay time
pL  Low-lo-high 17.5 27 7.6 12 8.5 15 4.5 7 ns
Cy = 500F
6
lpHL  High-to-low 12 19 8.8 12 B 20 5 1.5 ns
Cy ~50pF
| 15 |

Lond circui and lyrical wavelonms are shown el the hoid of saction -
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SN541L.S32/SN741L832

QUAD 2-INPUT OR GATE

Yee
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GUARANTEED OPERATING RANGES

SUPPLY VOLTAGE
PART NUMBER! TEMPERAT
5 MIN TYpP MAX M URE
SN54LS532X 45 Vv 50V 55 Vv =5§5°C 10 125°C
SN74LS532X 4975V 50V 525V 0°C to 70°C

X = packppe tvpa: W lor Fiatpek_ J lor Ceramic Dip, N tor ®jastic Din. Sas Packaging Infarmation Section inf packagss availahie on this oroduct

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless otherwise specified)
LIMITS
YM FARAMET T L
SYmMBoOL ETER - P AR UNITS TEST CONDITIONS (Note 1}
Vi4 Input HIGH Vollage 2.0 3 v Guaranieed Input HIGH Vohage :
54 0.7
ViL Input LOW Voliage = 08 v Gueranieed Inpul LOW Voliage
Vep Input Clamp Diode Volisge _ -0.65 =1.5 v Vee = MIN, iy = =1 B mA
54 2.5 3.4
Vo Output HIGH Voliage >3 27 34 v Vee = MIN, gy = =400 wA, Vi = Viy
54,74 ']
TNy Output LOW Voliag p 0.25 o v Ve = MIN, g, = 40 mA, Viy =V
74 0.35 05 v Vee = MIN, Ig = B.O mA. Vi = Vy
) 1.0 20 A Vee = MAX, V=27V
[ HIGH cc IN
i AR HIGH Quien 01 | mA | Vec = MAX Vjy =10V
i Input LOW Current -0.4 maA Vee = MAX, vy =04V
Quiput Short Circuit
los Current {Note 3) =15 100 mA Vgg = MAX. Vgyr =0V
lecH Supply Current HIGH 3.1 6.2 mA Vee = MAX. Inputs Open
lecL Supply Current LOW 4.9 9.8 mA Vee = MAX, Vi =0V

AC CHARACTERISTICS: T = 25°C (See Chapter 1 for Waveforms)

IMIT
SYMBOL PARAMETER T prs MAK UNITS TEST CONDITIONS
pLH Turn Off Delsy. Input 10 Outpul 30 1.0 " ns Veg =50V
IpHL Turn On Delay. Inpul to Qutput 30 7.0 1" ns CL = 15pF
NOTES:

1. For conditions shown s MIN ar MAX, use the sppropriste value spacilied under recommended operating conditions for the spplicable
device type,

2. Typical limits are a1 Voo = 5.0V, Ta = 25°C,

3. Not more than one output thould be shorted st l‘llﬂ'ﬂ'.
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SN541LS42/SN74LS42

ONE-OF-TEN DECODER

DESCRIPTION — The LSTTL/MSI SNS54LS42/SN74LS42 is a Multipurpose
Decader designed to accept four BCD inputs and provide ten mutually exclusive
outputs. The LS42 is fabricated with the Schotiky barrier diode process for high
speed and is completely compatible with all Motorola TTL families.

* MULTI-FUNCTION CAPABILITY

s MUTUALLY EXCLUSIVE ODUTPUTS

e« DEMULTIPLEXING CAPABILITY

* INPUT CLAMP DIODES LIMIT HIGH SPEED TERMINATION EFFECTS

e FULLY TTL AND CMOS COMPATIBLE

PIN NAMES LOADING (Note a)
HIGH LOwW

Ag — A3 Address Inputs 0.5 U.L. 0.25 U.L.

0109 Outputs, Active LOW (Note b) 10 U.L. 5(2.5) U.L.

NOTES:

s 1 TTL Unit Load (U.L.) = 40 pA HIGH/1,6 mA LOW,
b. The Outout LOW drive factor is 2.6 U.L. lor Military (54) snd 5 U.L. tor Commarcisl (74)
Temperature Ranges.

LOGIC SYMBOL

15 14 13 12

Veg = Pin 16
GND » Pin B8

LOGIC DIAGRAM

bl

nd By
i@ & %ﬂ'
Y

A g IU ]
HJCD @ SJ@) (o} ® Lﬁ@ LI)@ é@ L@- LIJC\
] T b ; 3 T T ¥ T ? A ]

Vee  Pin 16

GND =Pin B

o = Pin Numbery

CONNECTION DIAGRAM
DIP (TOP VIEW)

1 ] uu“:u
O ag[J s
s aldn
«Os sEn
s e
s ildn
O i[Jw
2 CJono i[Jde
NOTE:

The Filatpak version has the sama
pinouts [Connection Disgram) e the
Dun! In-Line Package




SNG41L.S42/SN741.542

FUNCTIONAL DESCRIPTION — The LS42 decoder accepts four active HIGH BCD inputs and provides ten mutually’
axclusive active LOW outputs, as shown by logic symbol or diagram. The active LOW outputs lacilitate addressing other MSI

units with sctive LOW input enables.

The logic design of the LS42 ensures that all outputs are HIGH when binary codes greater than nine are applied to the

inputs.
The most significant input A3 produces a uselul inhibit function when the LS42

* input can also be used as the Data input in an B-output demultiplexer application.

is used as a onn-of-eight decoder. The Ag

TRUTH TABLE

AN Ay A3 A3 | DT 2 3T EE TR B
L L oL LHHHHHHHHM
H L L L |HLHHHHHHHH
L H L L |HHLHHHHHHH
H H L L |HHHLHHHHHH
{SSSS L L HHHHLHHHHEH
H L W L HOH M H ML HHHH
L H H L HHHHHHLHHHN
H H H L HHHHHHHLHH
L L L H|HHHHHHHHLH
H L L H|HHHHHHHHHL
L H L HIHHHHHHHHHM
H H L H | HHHHHHHHHEH
L L M H|HHHHHHHHHMH
H L H HIHHHHHHHHHH
L H H HI{HHHHHHHHHMH
H H H HIHHHHHHHHMHMH

H = HIGH Voltage Lavel
L = LOW Voltage Level

ABSOLUTE MAXIMUM RATINGS (above which the uselul life may be impaired)
Storage Temperaiufe
Temperature (Ambient) Under Bias
Ve Pin Potential to Ground Pin
*Input Voltage Idc)
*Input Current (dc)

—65°Cto +150°C
-55°C 10 +125°C
—05Vrio+70V
=05V 1o +15V
=30 mA 10 +5.0 mA

Voltage Applied to Outputs (Qutput HIGH) -0.5 V10455V

Output Current (dc) (Output LOW) +50 mA
*Either Input Voltsge limit or Input Current limit is sullicient 10 protect the inputs
GUARANTEED OPERATING RANGES
PART NUMBERS = SUPPLY VOLTAGE (Vi) TEMPERATURE

MIN TYP MAX

SNBALS42X 45 v 50V 55 Vv -55°C 10+ 125°C
SN7aLSs42X LAY 50V 5.25V 0°C to +70°C

X * package type: W lor Finipas . J for Ceramic Dip, N for Plasile Din Ses Packaging Information Section lor pack soes avallahie on this product




SN541.S42/SN74LS42

DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE [unless otherwise specified)

LIMITS
™ PARAM R NIT. T N
SYMBOL ETE N v AR UNITS TEST CONDITIONS
Gusranteed Input HIGH Thrashold
\/ L HIGH Volta ; v
H ot NG os 20 Voliage lor All Inputs
3 54 07 | Guarsntesd Input LOW Threshold
Vi I OW Volr v
n Gty P 74 0.8 Valtage lor All Inputs
Vep Inout Clamp Diode Volisge -065 | -1.5 v Vee = MIN, Iy = —18 ma-
54 25 34 Ver ™ MIN, |qy = =400 pA
Vou Outout HIGH Volisge v cc oH "
74 27 34 . ViN = Vi of Vy per Truth Table
54,74 | ; 4 v - = MIN, Vi *
VoL Output LOW Voltage 929 8 0L = 40 mA [V = MIN. ViN = Vi o
5 74 0.35 05 v lgL = 8.0 mA Vi per Truth Table
20 v, MAaX, Vi, =27V
Iy Input HIGH Curramt ot cc” N2
0.1 mA Vcc-m\""" nov
TR Input LOW Current =0.4 mA Vee = MAX, vy =04 v
Qutout Short Circun
1 o -
0s Current (Note 4) )p 190 o Vee = MAX. Voyr= oV
lec Power Supply Current 1.0 12 mA Veg = MAX
NOTES:

1. Conditions lor testing, not shown in the Table, ace chosen to guerantee ooeration under “worst case’ conditions. .

2. The soecilied LIMITS renresent the "worst case” value for the parameter, Since thase “worst case” valuss normally occur at the
temperature and SUDDIV voltage Extremes, ional noige § ity and guerd banding can be achieved by decransing the sllovwsble tystem
QDErsting ranges,

Tyoical limits are m Voo = 5.0V, Ty = 25°C.

Not more than one outout should be shorted at & time,

o

AC CHARACTERISTICS: Ty = 25°C

LIMITS
YM PARAM T
SYMBOL ETER "IN YP AN UNITS EST CONDITIONS
Iy - Propagation Delay 1 18 ns Fig 2
(Yordy 12 Levels) 8 28 Vec=Sov
tpLu Propagation Delay 12 20 ns Fig 1 CL = 150F
tpHL 13 Levels) 19 27

"
Ying -1 - v Vi - 13w -1V

L_I i L'..,-1 I—.|— l--.t..-l

Fig. 1 Fig. 2




LINE DRIVERS AND RECEIVERS
for Modem/Terminal Applications

Voltage Mode

MC1488 — Quad: output current Limiting,

DRIVER

RS-232C SPECIFICATION

MC1489

RECEIVERS

- Quao; 0.25 V input hysteresis.

MC1489A = Quad: 1.1 V :nput hysteresis.

e "
T E a Yeg el & E e Yoo
. a EJ i ’| |_'g Rzt OV :::-::.-. B 13] voms
~ L= ) 5 /'l‘ messanse
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Sea | -—-—-3 Durewt © . S E D—B Duiwt €
tPHL
Vow VoL | | PHL Device Input VgL Input Viey | @ AL =390N
2 Veg/Veg » “90V i@ VeoiVgg = -2 ov || Igs i. Cy * 150F Number Valus Volits ns Max
Volts Min Volts Max maA ns Mex wCi1289 *Orors | 371510125 | 50
30 -30 e -k S 78 i} Ci4e9a t7560225 ! 07560125 | 50
RS-422/423 SPECIFICATION
DRIVER RECEIVER

MC3487 - Quad; three-state outpuls,

MC3486 - Quaa;:hree-state oulpuls-ana input vsieresis,
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20 | 0.5 2.0 -] 02 I 325 | 20/2% 2%




Advounce Information

SN54L.S373/SN74L.S373
OCTAL TRANSPARENT LATCH
WITH 3-STATE OUTPUTS

DESCRIPTION — The 54LS/74LS373 consists ol sighl Ialches wilh 3-slale oulpuls lor
bus organized system applications. The llip-llops appsar iransparent lo the data (dala
changes asynchronqusly) when Latch Enable (LE! is HIGH When LE is LOW. the dala
thal meels the set-up limes i3 lalched Dala appears on the bus when the Output Enable
IOE) is LOW. when OE is HIGH Ihe bus oulpul is in the high impedsence sials

EIOHT LATCHES IN A BINGLE PACKAGE
J-STATE OUTPUTS FOR BUS INTEAFACING

IMOUIY £ p o (iOe g LineiT midein Bre gl FenminaTion IFFECTS

L
.
® HYSTERESIS ON LATCH ENABLE
-
-

FULLY CMOS AND TTL COMPATABLE

LOADING INote a!

PIN NAMES
HIGH LOwW
Do - D7 Data Inputs ERVE 025UL
LE Latch Enable ( Active HIGH! 05UL pBsUL
npul
(e]3 Output Enable (Active LOW) 0S5 UL 0.25UL
input
Og - O Outputs (MNote b! 6525t UL 15018 UL
NOTES

sl 1 TTL Unit Losd (UL | = 40 oA HIGH/T § mA LOW

bl The Outout LOW derve Tactor 1t 75U L. for Military and 25 U.L. tor Commaercisl 174)
Temperature Ranges. The Ourput HIGH deres lacior m 75 UL, lpe Mititery [54] and
6% U.L. lor Commarcisl [74) Tempersture Renges.

vb

LOOIC sYMBOL

"—it

f—cfor

3
|
Do

]

o

"

[

« Oy v O

T

|

-—{9

s
I
]

vee™ M 20
GNO = Pini0

AL L]

CONNHECTION DIAGRAM
DIP (TOP VIEW!

o
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o
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LOGIC DIAGRAM
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(1JSTEPPING MOTOR

S SUMMARY OF SFECIFICATION

MODEL | SVEP |EXCITING| VOLT |CURRENT|HOLDING| ROTOR | WEIGHT | DRVE
NUMBER | ANGLE | METHOD | TORQUE | INERTIA
| DEG) | M | Wy | (kgeml | kgem®)| (kg |Fg| E | C | R
f 1
1037756 | 1.8 2/1-2 | 225 15 1.7 0.057 038 | 1 [2a! 1| —
103770-1 | 18 212 1 51 10 43 | 0.105 057 | 1 |24 ] 2 | —
P 1037702 | 1.8 212 | 13 3.9 4.3 0:105 057 | 1 |2a| 1| —
103-770-3 | 18 2/1-2 | 24 0.22 4.3 0.105 0.57
1032708-4 | 1.8 212 | 12 07 39 | o105, o057 | 1| 12103 —
10327085 | 1.8 2/1-2 6 12 3.6 0.105 057 | 1 |24 | 1| —
1032710-1 1.8 2/1-2 5.4 15| 6 0.220 11 1 |24 | 21—
1032710-2 1.8 2712 3 27 8 0220 1.1 1 24| 2! —
103-721-1 5 212 | 54 1.5 3 10210 1.1 1128} 3 | —
1037151 1.8 2/12 | 47 1.8 8 0220 1.1 1 24| 2| —
1037152 18 212 | 17 37 8 0220 1.1 1 (28 2| —
1037461 | 18 | 212 | 34 | 29 08 | 0322 | 135 | 1 |24 2| —
_ 037462 | 1.8 | 2/1-2 2rX—t=a6 | SR 0322 1.35 1|26} 2| =
» 1037311 | 18 | 212 & A9 | Fs=_" 0090 056 | 1 ;24 2 i —
1037351 | 1.8 ! 12 39 A4 1 23 o00ss ! 037 | 1 24| 2| —
1037241 | 5 | 212 87 /i/ Narkl 2 N\ %0108 057 | 1 |24, 2 | —
| ' i i !
103-807-4 18 | 212 12 ' /08 12 | 0560 1.4 1] 12 ] -
103-807-5 18 | 12 5 /118 2 0.560 1.4 1|24 P -
103-807-5 13 | 212 ¢ 20/ {305 [108 | 0520 14 | L
1038077 | 18 | 212 . 18 /| 48 108 | 0520 | 14 | L
103-809-2 18 | 12| 28 |34 72 0.530 15 i 1 |2a | 50—
| i . i
1038101 | 18 | 212 3 s |l os00 | 25 | 125 |-
103-815-2 1.8 ! 12 | 28 46 | 218 1.125 25 | 1 |2a! 5| =
) 103-845-1 18 | 212 - D S 1.550 4.5 l 1 (a8 8 —
& 103-845-2 18 | Y12 4350h 87 43 1.550 45 | 1 ;48 ;81 —
103-880-11 | 2 L 22 8 1 14 | 8 | 0500 5 1123 —
o3e831 | 2 | w12 | as 28 | 14 0.96 25 (112515 | —
103-860-11 | 25 |-2/12 | "3 4 17 0000 | 25 ! 1285 —
103-865-3 2.5 22y 8 | 8 28 1.550 45 1 124 51 —
103-8911-16 | 1.8 2/%2 | 23 8.1 45 3.900 36 1 l2e ! a !l —
103-8911-26 | 1.8 212 | 17 8 45 3.00 36 124 4 | -
|
103-8920-26| 1.8 2/1-2 : 5.3 34 | 80 6.100 57 11 | 24 | 2 | -
4 103-8930-26 | 1.8 212 | 36 8.1 81 8.000 6.6 1 24| 8 | -
103-8930-36| 1.8 2/1-2 1+ 18 127 | N 8.000 6.6 1 |24 110 —
103-901-1 0.72 212 20 i 2% 145 37.700 18 |24 10; -
v = i ; : B
a- | 103-308-1 % | 1 |las | oz 0.220| 00042| 016 | 2 | 16| — | 33
(1037056 | 90 ' 28 | 02 0.450 | 0.022 043 | 3 |20 | — | —
| 103-703-1 7.5 2 2 |on 0.190 | 00095| 020 | 1 | 12}01| —
8| 103-703-3 7.5 2 | 24 | 0085 | 02001 00095 020 | P
3| 103-7801-2 j 75 | @ L35 | s : 1.6 | 0.130 057 | 1 |24 | | -




103-775-6 103-770-1

[ ACCURACY HOLDWG | ROTOR LEAD

ION!
MOOEL Na. | ANGLE = VOLT | CURRENT nssnsrmcs!mucnncz NPUT | foroue | merTi | €T | cooe !omcns s

[ UNIT | (DEG) (DEG) (V) | (a/4) (Q/4) | (mH/4) (W) Ihl-cm} (gem') | (kg)

103-775-6| 1.8 |%0.054{20.00 | 225 | 1.5 oo | s 7 | 57 | o038 | e PAGE 11
103-770-1| 1.8 |£0.054[20.09 | 5.1 | 1.0 50 | 9o 0 | 4«3 | 108 057 | 6 | PagE n
103-770-2| 1.8 |x0.054|20.09 | 1.3 | 39 033 | o053 |.10 | 43 | w05 | 057 | 85 | PaGE 1
103-770-3| 1.8 |20.054|20.09 |24 | 022 | 10 | 200 | w06 | 43 | 105 - -052 | 65 | PAGE 1

TORQUE VS. FREQUENCY LOAD INERTIA VS. STARTING RATE
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PERFORMANCE CURVES ARE BASED ON SANYO STANDARD DRIVING CIRCUITS




oe

103-70C TYPE BASIC MOTOR | OIMENSION
« &
206 4 19.05; TYPL'_,_ | 8
: 56.4 =il ! m] L E 103-7135-00 | )
losazon T szl a8 B @ 1031700
i/ T ﬂ - o 103-724-2C 50.8
T B : 2 ; — S 1032708-CC
SE G/\fﬂ & 2 103-715-00 |
L2 ai 3l 8 103Z710- 82.5
- o i 1] = 103-721-0L |
8= ) = =" == =
o b ~ 103-746-_C | 101.5
N T i i 103-7131-C | 51
103-80C TYPE BASIC MOTOR | DIMENSION
8 i ¢ TYPE Al B | C
= : i E z
N i —-an ~§ 103-807-230 1 52 |30.2|285
' il E R =
~ & = T 103-809-C0C 62 |14.6|18.4
ﬂ ey | s
;l _\l: z = B i 103-815-00 | 93.5{30.2 | 30.2
s 3 T s et 8 S—
S z3 i ; 2] 103-810-C20 |
&\ ( z g o gte.OF | 93:5|31.8]31.2
U . 103-845-C | ve il
q—J— . TReewe=l . 103-265-100 } 135 {25.425.4
103-890JC TYPE BASIC MOTOR | DIMENSION
sies Tap wit TYPE | a1 B 1 C
e . A : \‘ i |I ‘
PCBMMEL N 103-8911-000 | 120 31.8 |2.525
: TERMINAL \ i= !
i =— R 103-8920-0C lm.sl 3.9 12.7
~ ‘ﬁ_t ’ | l |
! : i : i ‘i |
RLET S ES 103-8930-CC !IGI.BI 35 |15.875
a A : |
103-801. TYPE BASIC MOTOR |
TYPE ;
i
.F
i
|
103-880-11 TYPE ., 4 as 103-883-1 TYPE 632, a4y
r et 1-47.14 §96=0.1 a i !
PR ¢ - E— i ‘ap z |
“pt wezon wap! ﬂ_.u 3 °q |
™ -y ——— { .g - —+ -
e w Al |F - 2|
-] E : E -
s: [ o : £ =EH |
2 )\ : 2 zl
| . st UNESE 8l




8. CONNECTION DIAGRAMNM e
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TYPE PLOT.Z80

BUFFER

KEY
WAIT

AMIT
XKCOM

woHAR

GETSCRN

OREG
JE
Nk
ne
[
M

FUSH
IN
AN
JF
PO
ouY
RET
FUSH
FLSH
FUSH
FUSH
L3
CalL
FOF
FOF
FOF
FOF

RET
FUGH

FUE
FUEH
FLSH
LI
.1
CAali.
FOF
O
e
F O
T
PG
FUEH
FUSH
FLUSH
L1
CALL
FOF
= OF
F O
O
RET

LOOH

.I.NI r:’ ').f

a0

a2

LERHy “FLEASE KEY COMMAND »ODHy QAMy 747

LEHy ‘FLEASE WATT UNTIL FINISHED?»ODHyOAHy "¢’

AF SDATA TRANSMISSION ROUTINE
Ay 02 3H

001 H

7y XOOM

AF

e A

Q22 o

HL. SR T
[
we
Al

Gy %

5
i
BC
DE
1.

CEE O TER  DTEPLAY ROGTINE

il FWRTTE  CONTROL CHRARASTER TO CRT
UF

|'Ir

"~

Loy
(‘\ " Al

¥
(s

Q ]::'
v
OE
HL. ®

il SGET COMMAND FROM CRT
[

kG

“F

Cel10

=1
G
I
L.



BEGIN

BGN

EXIT
SENTD

TRAN

*ATCH

HOR
aun
ouyY
(HURE
(I
ourT
[
QU
Lo
GuT
N
N
Cal.L
LI
Call
LI
CALL
LI
CAlL.
Lo
Cabll
LI
(U
Cr
JF
JF
HB L
CalL
LI
call.
LI
THC
L
T
L0
ALl
(]
JF
TNC
B
LI
Call
Call
Cal.L.
.1
Cal.l.
JF
ENI

& SINLITIALLIZE 1C 8251
DA A

GoUHy 6

Gy A

iy O40H

D2EH 2

Ay QCFH

D2EH

B O27H

QIFHy A

By O22H

fiy a7
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