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Cellular Mobile Telephone System
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Abstract

This  project presents dovelopment of cellular mobile
telephone in " NMT " (Nordic Mobile Telephone system). Aim of the
project is trying to use MCS-51 im the comtrol unit of the
cellular mobile telephone. The data from handset will be detected

by the control unit and displayed onr computer.
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MCSe-51 :
8-BIT CONTROL-ORIENTED MICROCOMPUTERS

8031/8051

BO31AH/BO51AH

8032AH/B0S2AH

8751H/B751H-12
¢ Righ Performance HMOS Process & Boolean Processor
s Internal Timers/Event Counters . ® Bit-Addressable RAM
v 2-Level Interrupt Priority Structure ® Programmable Full Duplex. Serial Channel
8 32 /O Lines (Four 8-Bit Ports) ® 111 Instructions (64 Single-Cycle)
s 64K Program Memory Space 8 64K Data Memory Space

& Security Feature Protects EPROM Parts Against Software Piracy

The MCS*-51 produtts are optimized for contro! applications. Byte-processing and numerical operations on
small data structures are facilitated by a variety of fast addressing modes for accessing the internal RAM,. The
instruction set provides a convenient menu of 8-bit arithmetic instructions, including multiply and divide in
structions. Extensive on-chip support is provided for one-bit variables as a separate data type, allowing direct
bit manipulation and testing in control and logic systems thal require Boolean processing,

Internal Memory
Timers/

Device Program Data Event Counters Interrupts
8052AH 8K x 8 ROM 256 x B RAM 3 x 16-Bit 6
8051AH 4K x 8 ROM 128 x 8 RAM 2 x 16-Bit 5

8051 4K » B8 ROM 128 x § RAM 2 » 16-Bit 5
8032AH none 256 x 8 RAM 3 x 16-Bit 6
8031AH none 128 x 8 RAM 2 x 16-Bit 5

8031 | none 128 » B RAM 2 x 16-Bit 5
8751H’ 4K x 8 EPROM® 128 x B RAM 2 x 16-Bit 5
8751H-12 4K x 8 EPROM 128 x 8 RAM 2 x 16-Bit 5

The 8751H is an EPROM version of the 8051AH: that is, the on-chip Program Memory can be electrically
programmed, and can be erased by exposure to ultraviolet light. It is fully compatible with its predecessor, the
8751-8, but incorporates two new features: a Program Memory Security bit thal can be used to protect the
EPROM against unauthorized read-out, and a programmabile baud rate modification bit {SMOD). SMOD is not
present in the 8751H-12.
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Flgure 1. MCS*-51 Block Diagram

PIN DESCRIPTIONS

vcc

Supply voltage.

VvSS

Circuit ground.

Port 0

Port 0 is an 8-bit open drain bidirectional ¥O port. As
an output port each pin can sink 8 LS TTL inputs.

Port 0 pins that have 1s written to them Bioat, and in
that state can be used as high-impedance inputs.

Port 0 is also the multiplexed low-order address and
data bus during accesses to external Program and
Data Memory. In this application it uses strong inter-
nal pullups when emitting 1s, and can source and
sink 8 LS TTL inputs.

Port 0 also receives the code bytes during program-
ming of the EPROM parts, and outputs the code bytes
during program verification of the ROM and EPROM
parts. External pullups are required during program
verification.

Port 1
Port 1 is an 8-bit bidirectional 1O port with internal

pullups. The Port 1 output buffers can sink/source 4
LS TTL inputs. Port 1 pins that have 1s writien to

. them are pulled high by the internal pullups, and in

112

that state can be used as inputs. As inputs, Port 1

pins that are externally being pulled low will source
current (liL, on the data sheet) because of the internal
puliups.

Port 1 also receives the low-order address bytes dur-

ing programming of the EPROM parts and during’
program verification of the ROM and EPROM parts.
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Figure 2. ¥CS2-51 Pin Connectlions

In the B0O32AH and 8052AH, Fort 1 pins P1.0 and Port 3
P1.1 also serve the T2 and T2EX functions, respec-
tively. Port 3 is en B-bit bidirectiona! /0 part with internal
! - pullups. The Port 3 output butfers can sink/source 4
Port 2 LS TTL inputs. Port 3 pins that have 1s written to
o them are pulled high by the internal pullups, and in
Port 2 is an B-bit bidirectional #0O port with internal that state can be used as inputs. As inputs, Port 3
pullups. The Port 2 output bulfers can sink/source 4 ‘pins that are externally being pulled iow will source
LS TTL inputs. Porl 2 pins that have 1s written {0 current (1iL, on the data sheet) because of the pullups.
them are pulled high by the intemal puliups, and in
that state can be used as inputs. As inputs, Port 2 Port 3 also serves the functions of various special
pins that are externally being pulled low will source features of the MCS-51 Family, as listed below:

current (IIL, on the data sheet) because of the internal

pullups.

:’on 2 ;smits the hi'gl;-order a&dress byled guring Port Pin Alternative Function
elches from exiernal Program Memory and during —

accesses 1o external Data Memory that use 16-bil ig? %)((8 (ser_|axl "'*F;Ul 1portr)‘
addresses (MOVX @DPTR). In this epplication it ! m'r—o(sf:a ouput PO ,’0

uses strong internal puliups when emitting 1s. During P3-3 NTS (e x‘ema’ !nlerrupt 1)
accesses 10 external Date Memory that use B-bit ad- paa |70 (e eg’ax;" err'up )
dresses (MOVX @Ri), Port 2 emits the contents of P35 |11 (Q{::m: » :xtzrmng! :2233

the P2 Special Function Reg}ster. P3.6 WR (external data memory writs
Port 2 also receives the high-order address bits dur- strobe)

ing programming of the EPROM parts and during P37 |RD (etxtebrgal data memory read
program verification of the ROM and EPROM parts. strobe)

113
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AaST

Reset input. A high on this pin for tvo machine cycles
while the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the
low byte of the address during accesses to external
memory. ALE can drive 8 LS TTL inputs. This pin is
also the program pulse input (FROG) during pro-
gramming of the EPROM parts.

in normal operation ALE is emitted at a constant rate
of Ve the oscillator frequency, and may be used for
extarnal timing or clocking purposes. Note, however,
that one ALE pulse is skipped during éach access to
external Data Memory.

PSEN ¥

Program Store Enabie is the read strobe to external
Program Memory. PSEN can drive 8 LS TTL inputs.

When tha device is executing code from external Pro-
gram Memory, PSENis activated twice each machine
cycle, except that two PSEN activations are skipped
during each access to external Data Memory.

EA/VPP
External Access enable EA must be externally held

low in order to enable any MCS-51 device to fetch
code from external Program Memory locations 0 o

Note, however, that if the Security Bit in the EPROM
devices is programmed, the device will not fetch code
from any location in external Program iemory.

This pin also receives the 21V programming supply
voltage (VPP) during programming of the EPROM
parts.

XTAL1

Input to the inverting oscillator amplifier.
XTAL2

Output from the inverting oscillator amplifier.
OSCILLATOR CHARACTERISTICS

XTAL1 and XTAL2 are the input and output, respec-
tively, of an inverting amplifier which can ba confi-
gured for use as an on-chip oscillator, as shown in
Figure 3. Either a quartz crystal or ceramic resonator
may be used. More detailed information concerning
the use of the on-chip oscillator is available in
Application Note AP-155, “Oscillators fcr Micro-
controllers.”

To drive the device from an external clock source,
XTALt should be grounded, while XTAL2 is driven,
as shown in Figure 4. There are no requirements 8n
the duty cycle of the external clock signal, since the
input to the internal clocking circuitry is through a
divide-by-two flip-flop, but minimum and maximum

. high and low times specified on the Data Sheet must

OFFFH (0 to 1FFFH, in the 8032AH and 8052AH). be observed.
c2
M °
XTAL2
" EXTERNAL
OSCILLATOR ~———{ XTAL2
SIGNAL
3

.

Ct

Vss

<4 -

C1. €2 = 30 pF =10 pF FOR CRYSTALS .
= 40 pF = 10 pF FOR CERAMIC RESONATORS

———aq XTAL1

vSsS

Figure 3. Oscillator Connections
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Figure 4. External Drive Configuration
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8031/8051 ¢ B8031AM/8051AH
8032AH/B052AH e 8751H/B751H-12 FRELTMRLIR,

ABSOLUTE MAXIMUM RATINGS®

Ambient Temperature Under Bias . . .0°C 1o 70 °C
.Storage Temperature . . ..". -65°Cto +150°C
Voltage on EAVPP Pin 1o VSS .~0.5V to +21.5V
Voltage on Any Other Pinto VSS . -0.5Vto +7V

*NOTICE: Stresses above those listed under “Ab-
solute Maximum Ratings'' may cause permanent
damage 1o the device. This is a stress rating only
and lunctional operation of the device at these or any
other conditions above those indicated in the oper-
.ational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for

Power Dissipation . . . ... .. ERITIIR I 1.5W extended periods may affect Cevice reliability.
D.C. CHARACTERISTICS: (Ta = 0°C 10 70 °C: VCC = 5V =10%; VSS = 0V)
Symbel Parameter Min Max Unit Test Conditions
VIL Input Low Voltage (Except EA Pin of -05 0.8 v
8751H, 8751H-12)
viL1 input Low Voitage to EA Pin of 0 0.7 \Y
8751H, B751H-12
VIH Input High Voltage (Except XTAL2, 20 (VCC+05 \'%
RST)
VIH1 Input High Voltage to XTAL2, RST 25-{vcc+o0s5| V XTAL1 = VSS
VoL Output Low Voitage {Ports 1, 2, 3)° 0.45 A I0L = 1.6 mA
Output Low Voltage {Port 0, ALE,
VOL1 PSEN)®
0.60 \% I0L = 82mA
8751H, 8751H-12 0.45 \ IOL = 24 mA
All Others 0.45 A I0L = 3.2 mA
VOH Output High Voltage (Ports 1, 2, 3) 24 \ I0H = -80 pA
VOH1 Output High Voltage (Fort 0 in 24 \% I0H = -400 uA
Externa!l Bus Mode, ALE, PSEN)
I Logical O Input Current (Ports 1, 2, 3)
8032AH, BOS2AH R - - 800 pA Vin = 045V
All Others - 500 uA Vin = 045V
HL1 Logical 0 Input Current to EA Pin of -15 mA
8751H, 8751H-12 Only
n2 Logica! 0 Input Current (XTAL2) ~-3.2 mA Vin = 0.45V
Il Input Leakage Current (Port 0)
. 8751H, B751H-12 =100 pA 0.45 < Vin < VCC
All Others - =10 nA 0.45 < Vin < VCC
HH Logical 1 Input Current to EA Pin of 500 uA
B8751H, 8751H-12
HH1 Input Current to RST 1o Aclivate Reset 500 nA Vin < (VCC - 1.5V)
icc Power Supply Current:  8031/B051 160 mA | All Outputs Discon-
BO31AH/8051AH 125 mA nected; EA = VCC
B032AH8052AH 175 mA
8751H/8751H-12 250 mA
Cio Pin Capacitance 10 pF test freq = 1MHz

“Note: Capacitive Ioading on Ports 0 and 2 may cause spurious noise pulses to be superimposed on the VOLs of ALE and
Ports 1 and 3. The noise is due 1o extemnal bus capacitance discharging into the Port 0 and Port 2 pins when these pins make
1-¢-0 transitions during bus operations. in the worst cases (capacitive Ioading > 100 pF), the noise puise on the ALE fine
may exceed 0.8V. In such cases it may be desirable to qualily ALE with a3 Schmitt Trigger, o1 use an address laich with 2

Schmiti Tripger STROBE input.
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A.C. CHARACTERISTICS: (Tp = 0°Clo +70°C, VCC = 5V =10%, VSS = 0V,
Load Capacitance for Port 0, ALE, and PSEN = 100 pF,
Load Capacitance for All Other Outputs = 80 pF)

. 12MHz Osc Variable Oscillator
Symbol Parameter Min | Max Min Max Units
1 TCLCL | Oscillater Frequency 3.5 12 MHz
TLHLL . { ALE Pulse Width 127 2TCLCL-40 ns
TAVLL | Address Valid to ALE Low 43 TCLCL-40 ns
TLLAX | Address Hold After ALE Low 48 TCLCL-35 ns
TLLIV ALE Low to Valid Instr In ns
8751H, 8751H-12 183 4TCLCL-t50
All Others 233 4TCLCL-100
TLLPL | ALE Low'to PSEN Low 58 TCLCL-25 ns
TPLPH | PSEN Pulse Width
8751H, 8751H-12 190 3TCLCL-60 ns
All Others 215 3 3TCLCL-35 ns
TPLIV PSEN Low to Valid instr in
8751H, 8751H-12 100 3TCLCL-150 ns
All Others 125 3TCLCL-125 ns
TPXIX Input instr Hold After PSEN 0 0 ns
TPXI1Z Input Instr Float After PSEN 63 TCLCL-20 ns
TPXAV | PSEN lo Address Valid 75 TCLCL-8 ns
TAVIV Address to Valid Instr In
8751H, 8751H-12 267 STCLCL-150 ns
All Others 302 5TCLCL-115 ns
TPLAZ | PSEN Low to Address Float TBD 18D ns
TRLRH | RD Pulse Width 400 6TCLCL-100 ns
TWLWH | WR Pulse Width 400 6TCLCL-100 ns
TRLDV | RD Low to Valid Data In 252 5TCLCL-165 | ns
TRHDX | Data Hold After RD 0 0 ns
TRHDZ | Data Fioat After RD 97 2TCLCL-70 ns
TLLDV | ALE Low 10 Valid Data In 517 8TCLCL-150 ns
TAVDV | Address to Valid Data In 585 9TCLCL-185 ns
TLLWL [ ALE Low to BD or WR Low 200 300 3TCLCL-50 3TCLCL+50 ns
TAVWL | Address to RD or WR Low 203 4TCLCL-130 ns
TQVWX | Data Valid to WH Transition
8751H, B751H-12 13 TCLCL-70 ns
All Others 23 TCLCL-60 ns
TQVWH | Data Valig to WR High 433 7TCLCL-150 ns
TWHQX | Data Held After WR 33 TCLCL-50 ns
TRLAZ |RD Low o Address Float TB8D TBD ns
TWHLH | AD or WR High to ALE High
8751H, B751H-12 33 133 TCLCL-50 TCLCL+50 'f ns
All Others 43 123 TCLCL-40 TCLCL+40- ns
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EXTERNAL PROGRAM MEMORY READ CYCLE _ _ _ _

TLHLL =]
ALE / \
N
TLLPL I
TavLL TPLPK
L TLLIV —]
TPLIV
PSER J \
- ) PR e s
TPXAV
) TPLAZ —+ TPXIZ
TLLAX TPXIX
/ ¢ = ' wstn ) !
PORT 0 AG-A7 - A0-A7
N \
Pt——————— TAV]V =
V4
PORT 2 £5-A15 AE-A15
. 8031/3051 ¢ BO31AH/B051AH
1nte[ 8032AH/8052AH ® 8751H:8751H-12 FRELIAFIARY
EXTERANAL DATA MEMORY READ CYCLE
TLHLL — -~ TWHLH
ALE
PSEN -
/ , AN
TLLDY
e TLLWL TRLRH
’
RD \ j
~¢——— TRLOV ——— ——t <— TRMDZ
TAVLL —] le— — TALAZ .
=] TLLAX TRHOX
y AC-A7 I \} ag-A7 INSTR
PORT 0 Hx FROM I OR DPL DATA IN RO P:}_._( m
[ TAVWL .
- TAVDY ’
PORT 2 x( G P20-P2.7 OR AB-A1S FROM DPH x AB-A15 FROM PCH
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SERIAL PORT TIMING — SHIFT REGISTER MODE )
Test Conditions: T = 0°C to 70 °C; VCC = 5V =10%; VSS = 0V; Load Capacitance = 80 pF

12MHz Osc Variable Oscillator

Symbol Parameter Min | Max Min Max Units

TXLXL | Seriai Port Clock Cycle Time 1.0 12TCLCL us

TQVXH | Output Data Setup to Clock Rising | 700 10TCLCL-133 ns
Edge .

TXHQX | Output Data Hold After Clock - 50 2TCLCL-117 ns’
Rising Edge .

TXHDX |input Data Hold Aiter Clock Rising 0 -0 ns

" | Edge :

TXHDV | Clock Rising Edge to Input Data 700 10TCLCL-133 | ns

Vaiid

SHIFT REGISTER TIMING WAVEFORMS

) | R I G PR een DY SN I

et}
= Y2 LCRTIIASINIR 1D 1 T A7 1T
bt porear |
Suteut pary \;x y x 4 x ) 1 = X N X ; x 7
o o S

R CD G £ @ £ @ CO G €0 @ £ @ CD 8 € {
- ¢

Ctan m
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EXTERNAL DATA MEMORY WRITE CYCLE

TLHLL TWHLH —d
ALE X
PSEN / \ ,/
e TLLWL TWLWK —
WR /
F—] — TOVWX = TWHOX
TLLAX
TAVLL - TaVWH
AD-A7 y ohia oo A0-A7 INSTR
PORT 0 FROM RI OR DPL FROM PCL ™.
TAVWL

E_
PORT 2 X

P2.0-P2.7 OR AB-A1S FROM DPH

X AB-A1S5 FROW PCH

EXTERNAL CLOCK DRIVE

Symbol Parameler Min Max Units
V/TCLCL Oscillator Frequency 3.5 12 MHz
TCHCX High Time 20 ns
TCLCX Low Time 20 ns
TCLCH Rise Time 20 ns
TCHCL Fall Time 20 ns

EXTERNAL CLOCK DRIVE WAVEFORKS

25 . 25
f . 02

TCLCK —

—o—‘ ta— TCHCL
T

T

TCLCX

TCLCL

A.C. TESTING INP

UT, OUTPUT WAVEFORM

. — .
: 20 1
-
» TesT pomTs « 7
4 -
o .oz
Jas _——/

4 C TESTING wPUTE ARE
aND O3V FOP 2 LOGK D

DPIVEN AT 24 VFOR A LOGIC 1 AND Det VFOR

AULSOIC 0 TWING MEASUREMEINTS ARL MADE A 20v FOR & LOGIC 3
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EPROM CHARACTERISTICS:

Table 3. EPROM Programming Modes

Mode RST PSEN ALE EA P2.7 P2.6 P25 P2.4
Program 1 0 0° VPP 1 0 X X
Inhibit 1 0 1 X 1 0 X X
Verify 1 0 1 1 0 0 X X
Security Set 1 0 0 VPP 1 1 X X
Note: logic high for that pin ~ *ALE is pulsed low for 50 msac.

o
0 logic low for that pin

"X "don't care”

“VPP" = 421V = 0.5V

wounon

Programming the EPROM

To be programmed, the part must be running with a
4 10 6 MH2 oscillator. (The reason the oscillator needs
to be running is that the internal bus is being used to
transfer address dnd program data to appropriate in-
ternal registers.) The address of an EPROM location
to be programmed is applied to Port 1 and pins
P2.0-P2.3 of Port 2, while the code byte to be pro- -
grammed into that location is applied to Port 0. The
other Port 2 pins, and RST, PSEN, and EA should
be held at the "Program" levels indicated in Table 3.
ALE is pulsed low for 50 msec to program the code -
byte into the addressed EPROM location. The setup
is shown in Figure 5.

Normally EA is held at a logic high until just before
ALE is to be pulsed. Then EAisraised to + 21V, ALE
is pulsed, and then EA is returned to a iogic high.
Waveforms and detailed timing specifications are
shown in later sections of this data sheet.

Note that the EA/VPP pin must not be allowed to go
above the maximum specified VPP levei of 21.5V for
any amount of time. Even a narrow glitch above that
voltage level can cause permanent damage to the
device. The VPP source shouid be well regulated and
free of glitches.

Program Verification

If the Security Bit has not been programmed, the on-
chip Program Memory can be read out for verification
purposes, if desired, either during or after the pro-
gramming operation. The address of the Program
Memory location to be read is applied to Port 1 and
pins P2.0-P2.3. The other pins should be held at the
“Verify" levels indicated in Table 3. The contents of
the addressed location wili come out on Port 0. Ex-
ternal pullups are required on Port 0 for this operation,

The setup, which is shown in Figure 6, is the same
as for programming the EPROM except that pin P2.7
is held at a logic low, or may be used as an active-
low read strobe.

+5Y

vce J

soon. AO-AT i
CONONLFFFN »20 Po <Ecu oATA
2.0-
AS-ATT P23
ssm
x—d P24

X = “DON'T CARE™ R
X—=fr2s ALE be— ALE PROG
Vit —a] P2 g 5¢ ms PULSE TO GND

ViH ——eq 2.7

XTALZ ER f— EXvrp
LA
N =
T XTALY RST e vIH Y

-|)—I__U

vss PSEN —]-

+5V

vee _I
Pt PGM
ool Data
P20~ -~/ (USE 10K
?2.3 PULLUPS) .
STH
X {24 i
X = "DONT CARE" n
X-—eip2s ALE
.o Vit i P2 s }m
ENABLE ————=] P27 &
xTA
L 2
-y Y l—1 . RST fo— vl
3
T ETALY
¥s$ PSEN —]-

Figure 5. Programming Configuration
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EPROM Security

The security feature consists of a “locking™ bit which
when programmed denies electrical access by any
exlernal means to the on-chip Program Memory. The
bit is programmed as shown in Figure 7. The setup
and procedure are the same as for normal EPROM
programming, except that P2.6 is held at a logic high.
Port 0, Port 1, and pins P2.0-P2.3 may be in any
state. The other pins should be held at the “Security”
levels indicated in Table 3.

Once the Security Bit has been programmed, it can
be cleared only by full erasure of the Program Mem-
ory. While it is programmed, the internal Program
Memory can not be read out, the device can not be
further' programmed, and it can not execute out of
externzl program memory. Erasing the EPROM,
thus clearing the Security Bit, restores the device's
full functionality. It can then be reprogrammed.

Erasure Characteristics

Erasure of the EPROM begins to occur when the chip
is exposed to light with wavelengths shorte: than ap-
proximately 4,000 Angstroms. Since sunlight and
flourescent lighting have wavelengths in this range,
exposure to these light sources over an exiended
time (abou! 1 week in sunlight, or 3 years in room-
level flourescent lighting) could cause inadverient
erasure. If an epplication subjects the device to this
type of exposure, it is suggested thal an opaque label
be placed over the window.

Lx 14
X = “DONT CARE™

b vee J
—in
o <: x
P20~
Y Sy

P23 g
— P24 ALE pe—— ALE PROG

P25 $0 ms PULSE TO GND
P2¢

i 0 Y S
P2y s EAVPP
XL i

-

= ] RS fe— viNY

T XTALY

vss PSEN

]

:
I

Figure 7. Programming the Security Bit

The recommended erasure procedure is exposure o
ultraviolet fight (at 2537 Angstroms) to an integrated
dose of at least 15 W-sec/cm?. Exposing the EPROM
fo an ultraviolet lamp of 12,000 uW/cm rating for 20
to 30 minutes, at a distance of about 1 inch, should
be sutficient.

Erasure leaves the array in an ali 1s state.

EPROWN PROGRANMMING AND VERIFICATION CHARACTERISTICS:
(Ta = 21°C 1027 °C, VCC = 5V=10%, VSS = 0V)

Symbol Parameter Min Max Units
VPP Programming Supply Voliage 205 215 v
PP Programming Supply Current 30 mA
1/TCLCL Oscillator Frequency 4 6 MHz
TAVGL Address. Setup to PROG Low 48TCLCL
TGHAX Address Hold After PROG 48TCLCL
TDVGL Data Setup to PROG Low 48TCLCL
TGHDX Data Hold Atter PROG 48TCLCL
TEHSH P2.7 (ENABLE) High 1o VPP 48TCLCL .

TSHGL VPP Setup to PROG Low 10 : usec
TGHSL VPP Hold After PROG 10 , usec
TGLGH PROG Width 45 55 msec
TAavQv Address 10 Data Valid 48TCLCL
TELQV ENABLE Low to Data Valig 48TCLCL
TEHOZ Data Fioat Atler ENABLE 0 | 48TCLCL

(

i
!

123

N



intel

8031/8051 » 8031AH/8051AH
8032AH/8052AH e B751H/8751H-12

PRELGIIARY

EPROM PROGRAMMING AND VERIFICATION WAVEFORMS

PROGRAMMING

YERIFICATION

PLOPLY 4 )_
Spatyd -—-—{ ADDRESS > ADORESS
2 A A -
Tavav
PCAT O 4 DATA ¢ DATA OUT }-——
TOVGL -l —] TGHDX
TAVGL TGHAX i
ALE/PROG \ V
TSHG i TGHSL
Y TGLGH
21V = 5V
—
_ TTL HIGH [ \ TTL HIGH TTL HIGH TTL HIGH
eafver ]
TEMSH
- TELQV | TEHOZ

P27
(ENABLE) /4

FOR PROGRANMMING CONDITIONS SEE FIGURE §.

FOR VERIFICATION CONDITIONS SEE FIGURE 6.




Random-Access Memories (RAMs)

The RCA-COME2SL is 2 B182-worC &, 8-4" siatic random-
accecs Terory. ftis Cesighed for uge in memory sysiams
where high-speed, Iow power and simplcity in use sre
cesirabie. This Cevice has common calz input and data
CulpJt EnC utilizes 2 eingle power supply 0! 4 S VIO S5 V.

Either chip eneble (CEY or CE2Y, whennsivehd, wiligate off
the e5C-est 8n0 ouiput butfers and power Cown the chipto

CDM6264

CMOS 8192-Word by 8-Bit

Single power supply: 4.5V 1055V
Aliinputs and outputs directly TTL compatible

Industry standard 26-pin configuration

Input a0dress butfers gated off with chip disable

Fasi access time: 1,u=150 ns'120 ns (COMEZ64-3/COME264-4)

Low slanZly enc operaling power: lops =2 pA typicel, lorgny=40 mA

NC —d ) ar——vc,o
A12— 2 27— Wl .
iy xce LSI Static RAM
2t —d a 2t— 48
L:—1s 24r—~ 49 Features:
te— 6 23(— At . .
ar 17 2l ot : Fully ststic operation
t2— 0 21— a0
e —d9 20t— TEV .
Le —d10 19— 3/08 ® 3-stste oulputs
g /cy —4ilt 1t— 3/07 .
1702 —=12 1 f— 1/06 .
Terrediy rel— 3008 s
Vg g 14 12— 3/04 .
TIRVIEY  es-sraes maximum
TEAMINAL ASSIGNMENT ® Daiarelentionvoliege: 2 V min.

® Cperating tempe-alure range {mex. rating): 0° 10 70°C

minimurm standby power with inputs Topgling. The output
e~zble (OE) controis the output butlers 16 eliminate bus
contention,

The CDME264 is supplied in 26-lead. hermetic, duzl-in-line
side-brazed ceramic (D suffix) and in 26-leao dual-in-line
piastic {E suffix} packages.

412
1
a4 —ena - ‘
40 —— 1 —— z/08
29— ! ——— 31/07
NELY Y | 2% 12%6 NPT/
ot errefec DECODE wiwDFY OLIPLY p—— 3706
[ X804S ¢ .11 l @ATRiX LLYA
o =lf 1 SUFFERS |—— 3 /08
1§ — : ——— 3/0¢
o — 1 —— 1703
Le e : po——— 1702
P E— 1 F—— 1701
e 290 |
2l ——— j
40 < EnEB.E
\ 3
Ly ———oqf
CE2 ~——— CONTSOL
— LoL<
£ - Vpp
[3 Fip. 1 - Functiona! Liock diegram. w——0 V5s  spcw-ariie -
OF | WE ADTO A12 WODE DATA 1O c?;igec:‘r
H X X X X NOT SELECTED HIGHZ | STANDBY
X L X X X NOT SELECTED HIGHZ | STANDEY
L H L H STABLE READ DATAOUT | ACTIVE
L H X L STABLE WRITE CATAIN | ACTIVE
L H H H STABLE OUTPUT DISABLE HIGHZ ACTIVE
L:iOW H=HIGH X=ROFL .



CMOS Microprocessors, Memorles and Peripherais

CDOM<z264

MAX'MUM RATINGS, Adsolute-Maximyum Values:
DC SUPPLY-VOLTAGE PANGE, (Voo)

(VOIiBge celerences "D Vi rminBl) Lo i e eyt e st et 03t~y
INPUT VOLTAGE BANTGE ALLINPUT S ittt ittt eteiertrenranenaanienernosaaeeionettastaassusssissasanseionns ~03to -7y
POWER CiSSIPATION PER PACKAGE {Pg): -

For Taz 00 10 <80  C (PACKAGE TYPE E) .iiiiiiiiuseineasearacatsasaroncesostsacorioetrnetrosorotsoaoscsosatarsncnnnns.
FOrTaz =800 10 " ) C(PACKAGE TYPE Bl oivniiiiiiuniinienscntanisasacsacronionennns DerateLi X

ForTaz0% 10 =70  CiPATKAGE TYPE D) uiiiiiiiiiiiiiniiistirarsnraerinirernsesrennsarsracsnes
DEVICE DiSSIPATION BER QUTPUT TRANSISTOR

ForTar FULL PACKASE-TEMPERATURE RANGE .. ittt ittt teea e iesvssacaasestassancenusassiara sasonns 100 mw
CPERATING-TEMPERATURE RANGE (T,)

PACKAGE TYPE D it tieueeietner e tioenenaaatsensssnssersnenesasasesssoessnsnsnsnecsecstsssasnsusossasssanes cous 0to+70'C

P A CKAGE TYPE B tiiiiiitnrestatneeasaneossosessrsesossssnsasessssosnsssnasassrossaassssssssesnastssssiss ososas 0to+7C°C
STORAGE TEMPERATURE PANGE [Tog) ottt unianiorsiiiiaieersroranarensasossasussesnassosaresasinss -5510 +125°C
LEAD TEMPERATLFZ (DURING SOLDERING):

Atdistance V1€ = .32 'n {153 x 079 mm)fromcase for I8 Max, ... . .iiiiiiiiiiiiiiiiaiitti it e -285°C

OPERATING CONDITICNS at Ta= 0to +70°C
For mazimum rellability, operating conditions should be selected so that operaliza is always within the lollcw’rg raages:

] LIMITS
CHARACTERISTIC ALL TYPES UMNITS
MIN. MAX.
DC Cperal ng Vo''3;+ Sanrge 45 S5
fnput Voitage Sarze Vin 2.2 Voo + 03 v
Vi -03 08
inpu! S.gnal Pisz or Fall Tired t.te - 5 us

Binput signal rise 2~¢ ‘ail times with a duration greater than the maximuro value 2an cause loss of stored da's ‘nthe selacted
mode

STATIC ELECTRIZAL CHARACTERISTICS 81 Ta = 010+70°C, Voo = SV £ 10%, Except as noted

LIMITS
CHARACTERISTIC CONDITIONS ALL TYPES UNITS
Min, Typ." Maz.
Stardty Sevice Current docs CE1zV,. or CE2=Va, — (1573 ] mA
s e : TET-CE2 = Voo-0.2 V o — 12 [0l w8
ees: CE2<02V
) . _ losZ1mA — =247y
Outpul Voitage Low Lz el Voo Max. Tos1 oA P
low=-1 mA 24 -— -
Qutput Voltage High Level Vou Min.  {lon=-1pA . — Vpo0.1— v
tput Leakage Current fix Max, Vin=0 V 10 Voo . — 204 %24, -
, WA
3-State Output Leakage Current lour Vi050 V 10 Voo — 1105 *2
on Vin=Vie, Vin tcslsm | — |45 9
Operating Device Currant orens lec=120 N8 | — [225] 45 mA
: =18 - 1214
lorens® =02V tere
OrERZ Vln 02 . Voo-o 2V } lm=120 s o 20 m
. . V=0 V,
In ’ —
put Capacitance Cin 1=1 MHz, Ta=25°C 4 8 .
p
Output Capacitance Cio Vie=0V. —lele .
e f=1 MHz, TA=25°C

*Typical values are for T,=25"C and ncmunat Voo. - FOutputs open circuited.



Random-Access Memories (RAMs) o
s . s . — . CDM6264

$IGNAL DESCRIPTIONS

AC-A10 (Address Inputs); These inputs mustbe stedle priof to & write ope-ation, bul mey change asynchronousty during
read functions.
—_ 1701-1/08:  B-bit tristefe cute bus.
CE1, CE2 (Chip Ensble): Either chipenabie. whannoltrue, powers down the chip, digabies Read ang Write funclions. and
— pates ot adZress and output buliers. —
£ (Output Enable): Erabies tristste outputs it TET anc CE2 are valid ang WE Is high.
VB (Write Enable):  Erables Write function, it EET and CE2 are valid. WE will Sominste if both WE end BT are low
(l.e.. the bus will be irisiated and & Write will occur).
Voo, Yas: Power supply connections.

CYNARIC ELECTR!CAL.CHARACTER!STK:S B Tax010-70°C, Voo = 5V £ 10%,
Input 4, 4= 10 ng; €, = 100 pF and 1 TTL Load, Input Pulse Levels: 0.8 Vic 2.4 V

LIMITS
CHARACTERISTIC CDMWE284-3 CDM8264-4 UNITS
Rerd Cycle Times, See Fig, 2 MIN.? MAX. MmNt MAX,
Ret 2 Cycle Time tac 150 - 120 —_
AdCress Access Time faa - 150 - 120
Chip Ensble Access Time Licer.tacer - 150 - 120
Chip Eneble to Output Active teanden 10 - 10 -
Cuiput Erabie to Qutput Valid torv _ 70 — 50 ns
Cuput Enable to Output Active toex 5 — 5 a |
Ch:p Disable to Output “High 2 i lewzy 0 72 0 50
T_'put DiseSle 10 Output “High Z° touz 0 £0 0 BT
Cuoiput Hold from Address Chenge ton 30 - 30 -
tTire required by 8 limit cevice o a'low for the indicated function.
- 1 A’
JAE G g

X
- 4 ‘_'-———'nu——* ;%/ 77J

o L AN
é‘—':m—*‘ , I"'—"t-“""
w ;?KSSSRKTN! ' YA

oEy R Eainl .
forx {" ‘et
XX B
[

*2im-320%

ST 4 M0« DURING READ CYCLE TWIME wIafUNEMLNT REFENTwCE LEVEL 1S AV 3 A

Fig 2 - Fead-cychs t'ming warslorms.
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CDMe284

DYMAMIC ELECTRICAL CHARACTERISTICS ot Ta =0 1o +70°C, Voo = 3V + 10%,
Input Lt = 10 a5 C. = 100 pF and 1 TTL Load, Input Fulse Lavels: 0.8 Vio 24V

CMOS Microprocessors, Memories and Parpherals

1LiIMITS
CHARACTERISTIC COMEZ8L.) COMez3a4 UNITS

Write Cycle Times, Sea 5ig. 3 MIN.” MAX. MIN.T MAX.

Write Cycie Time twe 150 - 120 -

Chip Enabie io Ead of WRITE tewe tows 120 _— 100 -_—

Adcress Valid to End of WRITE taw 120 — 100 —

Address Satur Tire tas 0 —_ 0 -

Writs Enahig Wid'h tvrw 100 — 80 — s
Write Recovery Time twa 0 - 0 -

Write to Outpe! ‘High 2 ez - 70 —_ 50

Input Data Se'_z Tire tow 80 — 50 —

Input Da‘a Hsid Time tzm 0 — 0 —_

Output Active 'som Erd of Wrile tow 10 - 10 -—

trime requirec by a limit device to allcw for the indicated function,

WARITE CYCLE 1 (CE: CONTROL)

AT2elss *

w S0 XE\_\

n - Tewt

AS

L

NN\

ENNNNNN\N

AL

SSSSSN

V/

"DATA DuT /C::::,

Oata in

A ZTT 04 CE2 COMTAOLLED wriT CYCLE, THE OUTPUY BUFFIRY

P ow —Ot 15,

REWAIR I & SHCN INPEDARCE STATE, WhgThee 3T is wiCw oaL 0w,

THMIRG WCASURIMENT REFEAENCE LEYELIS 13 Y,

Fig. 2 - Wr::fl-c;rtlc timing waveforms.
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Random-Access Memorfes (RAMs)

CDMs264

WRITE CYCLE 2 (CE2 CONTROL)

asserss 3( i
taw ‘on I‘—
LI N VS

—— g [

cre 7(/;1 1L )

SANNANNRY SR rrrrss?

i ot SSSSSSV g7
LLLLLLA B\

SATA 1K _0

ma TTT 08 £L) CONTROLLED WRITE CYCLE, THE DUTPUY BUFFERS 9:CM- 37206
REMAIX IR L bo1Ge 1P EDANTE BTATEL. WHETES B 15 MIGH OK LOW, &
TIMNG MEASALWMENT REFERENTE LEVEL 1814V,

N

tow tom —>=

WRITE CYCLE 3 (WE CONTROL)

*Jr_

adseiss X
, o
NN FITTIT77

- )
L LS FONNNNANNY

@ "' ———eipard

= RN 4

Iq /
fwny I' -ty

Sata our AN g =

s ~at— D”—.j
~ :
YO TNt {X E___._
] 1.
# BT 5 wisw DURING & BT COVS DILEE wuiTe CvELE, $203-37207

TRE OUTPUT BUFFERS AEMI'N 1A £ MiGK tMPED A N o STAYE IN Tris #ERIDD,
Tehtinl MEASUNEWENT REFERENCE LEVEL 18 15 V.,

Fig. 3 - Write-cychs timing weveforms (cont'd).



CMOS Microprocessors, Memories and Perigherals

Ay

CON6264
DAT: RETENTION CHARACTERISTICS 31 T4 =010 70°C; See Fig. 4.
LiMITS
CHARACTERISTIC TESYT CCNDITIONS ALLTYPES UNITS
MIN. MAX,
. 4 CE12Vpo-02Vor
Minmum Data Retenticn Voitage Vza CEZOSO 2y 2 55 v |
. " Voo =3V, CEVCE22 g 3
G T . —
Da': Tetenticn Quiescent Current 120DR Van-02Vor CE2 0.2V 50 uA
Cr .7 szble to Data Relention Time tcoa See Fig 4 0 — :
ry
Racs.ery to Normal Operation Time ta See Fig. 4. *tag - i

*tac = Azad Tycle Time.

DATA RETENTION WAVEFOAM 1 (CE1 CONTROL)

- 7/222?21\1 TN\ CEl2vgp-0 v e

DATA AEZTENTICN WAVEFORM 2 (CE2 CONTROL)
- :

Voa ;2 2v

A j
ce? X\ 0.4v ctzso2v c.ev 1!' f 5 EA

Ba-a
LISE LR
wolt

" —.J|
5NN

CH -IT200

Fig. 4 - Low Vza Cals-retention timing wavelomrs.



TYPES SN54122, SN54123, SN541122, SN54L123, SN541S122, SN5415123,
SN74122, SN74123, SN741122, SN741123, SN741S122, SN741LS5123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

e D-C Triggered from Active-High or SNS54122, SN54LS122...JOR W
SN54L122...JORT

Active-Low d i
ow Gated Logic Inputs SN74122, SN74L122, SN74LS122.. . JORN

e Retriggerable for Very Long Output {TOP VIEW! (SEE NOTES 1 THRU 4)

Pulses, Up to 100% Duty Cycle Rext/

- . vee € :
e Overriding Clear Terminates Output Pulse CC Fest NC - Cext NC Riny Q
Wl fuaff2l jnf fo] fs s

¢ Compensated for V¢C and Temperature
Variations Rint

e ’122,°'L122, 'L.S122 Have Internal

Timing Resistors
CLR 0
"122,°1122,°LS122 '123,°1123,°'LS123 '-—, J—J
2 3 4 5

a

FUNCTION TABLE FUNCTION TABLE ] § b
INPUTS OUTPUTS INPUTS OUTPUTS Y] rY;
B1 B2 CLR a GND
CLEAR| A1 A2 81 82{ Q ] CLEAR] A B | Q 3
L X X X X H
x oM X x : . L X x|}t H logic: see function table
x {H x|t H - -
x X X L X L H NC~No interna! connection,
. 3 X Lt w
x X X X Lt{L =® f P
H L x t HiN U N
" Lt X H n v g boHpLY
' # (202 & il \ SN54123, SNS4LS123...JORW
“ X Lt Hin U SN5AL123...4 .
H X L H t N w SN74123, SN74L123, SN74LS123 ... JORAN
H H I H kI U {TOP VIEW) {SEE NOTES 1 THRU 4)
H LW R U
H I KR HIN U 1Rext/ 1 2
t L x H M| U Vee Cext Cexr 1@ 20 CLR 28  2A
t X L H W[4 U
See explanation of function tables on page 3-8.
ab CLR
description - 19
These d-c triggered multivibrators feature output & b
pulse width contro!l by three methods. The basic odn a
pulse time is programmed by selection of external
resistance and capacitance values {see typical applica- —‘—:
tion data). The "122, "L122, and 'LS122 have interna! t 2 3 4 [3 s 7 5
timing resistors that allow the circuits 1o be used with 1A 18 ) WG 20 Z 2 Rext/ GND
only an external capacitor, if so desired. Once CLR Cext | Caxt
triggered, the basic pulse width may be extended by X X
. . " . logic: see function table
retriggering the gated low-level-active (A} or high-

tevel-active {B) inputs, or be reduced by use of the
overriding clear, Figure 1 illustrates pulse control by
retriggering and early clear,

The ‘L5122 and "LS123 are-provided encugh Schmitt
hysteresis to ensure jitter-free triggering from the B
input with transition rates as slow as 0.1 mitlivolt per
nanosecond.
NOTES: 1. An external timing capacitor may be connected between Cgyy and Rgyt/Coxyt (Positivel).

2. To use the internal timing resistor of "122, *L122 or *LS122, connect RAjn, to V.
3. For improved pulse width sccuracy and repeatability, connect an external resistor batween Rgy/Coexy and Vg with Rige

open<circuited.
4. To obtain varisble pulse widths, connect an external variable resistpnce between R, of Rgy/Coxy and Ve,

107§
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TYPES SN54122, SN54123, SN541122, SN541L123, SN541S122, EN641S123,
SN74122, SN74123, SN741122, SN741123, SK741LS122, SN7418123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

P H RETRIGGER PULSE
description {continued) skn e
8 INPUT I l l

T T

tw 4 tPLK H
i
OUIPUT O 1

- Lo oo

~ VOUTPUT WITHOUT RETRIGGER

OUTPUT PULSE CONTROL USING RETRIGGER PULSE

BINPUTY I I

CLEAR l l
OUTPUT WITHOUT CLEAR
l = R = — =1
ouTPUT O I t
i

OUTPUT PULSE CONTRO! USING CLEAR INPUY
NOTE: Reripger pulse must not start before 0.22 Cy .y (in picotarads) nanoseconds afier previous trigoer pulse.

FIGURE 1-TYPICAL INPUT/OUTPUT PULSES

schematics of inputs and outputs
*122,°123.°L122, 'L 123 CIRCUITS

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS

Clear inpuis 01 °122,°123: Reg = 2«01 NOM
Other inputs 01°122,°123: Regq = 4 k2 NOM
Crear inputs of 'L122,°L123: Req = 4 k2 NOM
Other inputs 6! "L122,°L123. Req * B k1 NOM

*122,°123: R = 100 2 NOM
‘L122,°L123. R« 200 02 NOW

‘L5122, 'LS123 CIRCUITS

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS
— - 120 I NOM:
——
17 k2 NOM —_—
B -
ad
b o ¥ -
¥
m

Texas h:'STR‘L‘Jgﬂ ENTS

NCORPORA
POST OFFICL BO> $012 « DALLAS TEXAS 78552



TYPES SN54122, SN54123, SN74122, SN74123 .- . - ... ... .
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

recommended operating conditions

SN54° SN74* NI
MIN NOM  MAX | MIN NOM MAX

Supply voltage, vee 4.5 5 5.514.75 5 §6.25 v
High-evel output current, oy -800 —~800 | uA
Lowdevel output current, 10 . 16 16 | mA
Pulse width, t, 40 40 ns
External timing resistance, Roxq 5 25 S 50| kn
External capacitance, Coxy No restriction No restriction

Wiring capacitance at Rext/Coxy terminal 50 50 | pF
Operating free-air temperature, Ta ~55 125 0 7] “c

electrical characteristics over recommended free-air operating temperature range (unless otherwise noted)

‘122 ‘123
(3 NDITIONS T
PARAMETER TEST CONDITIONS MIN_TYP; MAX |MIN TvP: WAX UNIT
Viy High-level input voltage 2 2 v
Vi Low-evel input voltage 0.8 081 Vv
Vik Input clamp voitage . Vee = MIN, T = =12 mA —-1.5 -1.5 v
X Vee » MIN, “Ton = —800 sA, .
VoH High-level output voitage Ses Note 1 24 34 24 34 2%
Veg =MIN, 1oL =16 mA,
VoL Low-evel output voltage See Note 1 0.2 0.4 0.2 0.4 \"
1y Input current at maximum input voltage Vee = MAX, V=55V 1 1| mA
) Data inputs 40 40
)4 High-level input current Clear npor Vee = MAX, Vi=24V 56 ~501 KA
. Dat inputs —1.6 —1.6
I Loweievel input current Cieat inoot Vee = MAX, V=04V ~33 53 mA
t0g  Shortcircuit output current Ve » MAX, See Note 5 -10 -40 | -10 —30| mA
icc  Supply current {quiescent or triggered) Voo =~ MAX, See Notes 6 and 7 23 28 46 66| mA
TFor conditions shown as MIN or MAX, use the value tfiad uncer r ded operating conditions.

1Al typicst values are 82 Ve = 5V, T4 = 25°C.
*Not more than one butput shoutd be shorted at a tima.
NOTES: S, Ground Ceyy 1o measure Vo 8t Q, Vo at @, or 10g 8t Q. Cqxq is OPen to messure Vo at G, VoL 8t Q, or tng st a.
6, Quisscent ice is maasured (sfter cleering) with 2,4 V applied to sl clear and A inputs, B inputs grounded, sli outputs open, Coxt
= 0.02 uF, andt Rgyy = 25 k2. R, 0f "122 Is open.
7. lge is messured in the triggered stata with 2.4 V appiisd to all clesr and 8 inputs, A inputs grounded, all cututs open, Couy
0.02 uF, and Royy ™ 25 kE2. Rjne 01 *122 Is open. 4

switching characteristics, VCC =5 V, TA = 25°C, see note 8

FROM 1o 1120 123
PARAMETERY (INPUT) ROUTROT) TEST CONDITIONS MIN TYP MAX [ MIN TYP MAX | UNIT

A X 22 33 2 nl
PLH B 19 28 19 28

A
PHL 5 a Cext =0, Rext = S k02, 50 40 20 40 ns

27 36 27 36
C =15pF, Ry = 4000

tPHL Ctear Q 18 27 18 27 s
tPLH a 30 40 30 40
tw( {min) Aor8 [*] 45 65 45 65 ns
. Cext = 1000 pF, flgyq = 10 %47,
tnQ AorB Q CrsSDF: R wavon |98 342 376(276 303 337( us

\i P H E oropagation detay tims, low-to-high-level outout
PHL = propsgation deley time, high-to-fow-level output ~
twQ Z width of pulse at outout Q

NOTE 8: Load cireult snd voltage waveforms are shown on page 3.10,
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TYPES SN541122, SN541123, SN741122, SN74L123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

recommended operating conditions

[f SN5AL SN74L°
. uMtT
MIN NOM MAX | MIN NOM MAX

Supply voliage, Voo 4.5 5 £5(4.75 5 525 \
Highdevel outpui current, 101 -400 ~400 | pA
Lovwleve! output current, 10y 8 8 | mA
Pulse width, 1,4 50 50 ns
Externz! timing resistance, Rex, 5 25 5 50§ kn
External capacitance, Coxy No restriction No restriction

Wiring capazitance & Rpy1/Ceyxy terminaf 50 50 pf
Operating {ree-air temperature, Tp -£5 125 0 0} ‘c

.

electrical characteristics over recommended free-air operating temperature range (unless otherwise noted)

‘L122 ‘L123
PARAMETER TEST CONDITIONS !
AMET ONOITIONS MIN TYP$ MAX [MIN TYP3 MAX unIT
Vi Hiph.level input volispe 2 2 v
Vit Loweve! input vaitagt 0.6 ue | VvV
ViK Input ciamp volispe Vee * MIN, 1= —-12mA =15 ~-1.5
K Vee = MIN, 1oy = —400 A,
5.
VoR High-level output voitage See Note 1 2.4 34 24 3.4
Voo = MEY, oL *8mA,
. 2 i . h !
VoL Low-level output voitage Ser Nowe 1 0.2 04 0.2 04 V
1 Input current 3t MaxIMum: input voitags Veg = MAX, Vieb55V 1 1] mA
Datz inputs 20 20
level i =N
fi4  Highelevel input cusrent Ciear mpot Voo = MAX, V=24V 20 20 pA
Dz1z inputs =08 —0.8
" . = =04
i Lowdevel input current Chrir oot Vee = MAX, V=04V e TE mA
los  Shori-circuit output current® Ve = MAX, See Note 8 -5 =20 -5 -20 | mA
tcc Supply cusrent {guiescen or trigpered) Vee = MAX, See Notes 10anc 11 11 14 22 321 mA

1F or concinons shown e MIN of MAX, use the vaiue specified under récommendec operating conditions.
dan typicel values are 8t Vee = 65V, T = 25°¢C.
*Not mote then one output should be shorted 51 8 trme.

NOTES: @, Ground Ceyy 10 measure Vo 21 C, Vo 810, 07 Ing 81 Q Cyyq s open 1o measure Vou 91 Q. Vo 810, or tog a1 G.
10. Quiescent ice is messured (afrer clerring’ wit~ 2.4 \ applied 10 all clazr #nd A inputs, B Inputs grounded, o!! DUTPLTS ODen, Cext

= 0.02 #F, and Rgyq = 25 52, Rjn; 01 L1122 is coen.

1. lge i\meuuvec in the trippered state with 2.4 V applied 1o il clear and B inputs, A inputs prouncad, st outputs open, Cex1 ™

0.02 uF, and Ag, e = 25 k&2, R ny 08 "L122 is Open.

switching characteristics, VoC =5 V, TA = 25°C, see note 8

FROM 10 23 Lyzy .
parameTert | PR | TEST CONDITIONS MIN_ TYP MAX |MIN YYP MAX | UNIT
' A o) a4 . 66 a4 66 s
PLH 0 36 56 B/ 56
HL : o Cext = 0. Rexy * § k22, _fj 33 gg Sg ns
_ CL = 1€ oF, AL~ 8000
PHL e 5) 36 64 ¥
in ) 80 80 80 80
O {mint Ao ) 30 135 90 135 m
Cext* 400pF,  Rexq = 10N .
o AorB o STl Aieon | 17 19 23 20 ] g

' 1P H = Propagation Ot lay time, 10w 10 hiph-level output
tpeqy E Propagsiion delay time, high-1c-low-leve! output
w0 = wioth of puls¢ »3 outp1 O
NOTE B: Load circuit and voliape waveforms sre shown on page 3-10,

TEXAS INSTRUMENTS
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TYPES SN54LS122, SN54LS123, SN74L5122, SN7418123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

recommended operating conditions

SNS4LS’ SN74LS’
MIN NOM MAX [ MIN NOM MAX UNIT

Supply voltage, Vce - 45 5 55 14.75 5 525 v
Highdevel output current, ion —~400 400 | uA
Lowdevel output current, Iy 4 8| mA
Pulse width, ty, 40 40 ns
External timing resistance, Rext S 180 5 260 | kn
External capacitance, Caxy No restriction No restriction

Wiring capacitance at Rgy/Coy¢ terminal 50 50| pF
Operating free-air temperature, TA -55 125 0 70} °C

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

+ SN54LS’ SN74LS’
PARAMETER TEST CONDITIONS MIN TYP; MAX |MIN TYP: MAX UNIT
Viy  High-level input voltage 2 2 [ v
Vy  Low-level input voltage 0.7 08| Vv
Vik __ Input clamp voltage Vee = MIN, ip = =18 mA -1.5 -15]| Vv
= M1 =
VoM High-devel output voitage zﬁ_c‘ \er:"‘“ :/OI: , 2’00 wA 25 35 2.7 35 \
Ve = MIN, Vin=2V. [loL =4 mA 025 04 0.25 04
-1, 1
Vot Low-lavel output voltage ViL = VyLmax o ~tma 535 0% v
T ¥ Vee =MAX, V=7V 01 01| ma
maximum input voitage
§j4  High-leve! input current Ve = MAX, Vi=27V 20 20 | pA
) Loweieve! input current Vce = MaX, Vi=04V 0.4 -0.4 | mA
fos  Short<ircuit output current® | Vee = MAX 20 -100 | ~20 -100 | mA
Supply current = TLs122 6 i1 6 11
'ce {quiescent or triggered) Vee = MAX, A i'LSI 23 12 20 12 20 mA

TFor conditions shown es MIN or MAX, usa the appropriats velue spacifisd under recormmendsd operating conditions.
LAl typical values are st Vee =5V, Ta= 25°C.
#Notinors than one outut should be shorted at a time snd durstion of the short-circuit shouid not excesd one second.
NOTES: 12. To memsurs Voy 8t Q, Vo a1 Q, or Igs at @, 9round Ry, /Cexy, 200ty 2 V to B and clear, snd pulse A from 2V e 0V,
13, With all outputs open and 4.5 V applied to all data and clear inputs, lgc is measured after & momantery ground, then 45V, is
20plied to clock,

switching characteristics, VoG = 5 V, TA = 25°C, see note 14

FROM T0
1
PARAMETER (tNPUT) {OUTPUT) TEST CONDITIONS MIN  TYP MAX | UNIT
- A d 23 33 ns
PLH ] 23 44
4

tPHL A a Cext = G, Rext = 5 ki1, 32 5 ns

8 34 56

Cp = 15oF, Ry =2k
PHL, Ciear Q 20 271
tPLH a 28 45
twQ (min) Aor B Q 116 200 ns
Cext = 1000 pF,  Reyp = 10 k02,
4
twQ AorB [o] L= 15pF, AL =2 k02 4 5 5 us
b} 1P & propagstion delsy time, low-to-high-level ouut
UL T propagstion dalay time, high-to-iow-level dutput
Qg & width of pulse at oupur Q
NOTE 14: Load circuit and voltage waveforms are shown on page 3-11,
£-80 TEXAS INSTRUMENTS -
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TYPES SN54122, SN74122, SN54123, SN74123 o
SNE41122, SN741122, SN541123, SN741123,
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS

TYPICAL APPLICATION DATA FOR "122, '123,°L122,'L123

v
cc
For pulse widths when Cext < 1000 pF, See
Figures 4 and 5. Ay
The outout pulse is primarily a function of the
external capacitor and resistor, For Cexi > 1000 pF,
the output pulse width (1) is defined as: Cont
K:RT°C 1 07 T
tw = K RT " bext A
RT ToCeyy To Rexq/Coxt
termingl terminal
where
TIMING COMPONENT CONNECTIONS
K is 0.32 for *122, 0.28 for '123, FIGURE 3
0.37 for 'L122, 0.33 for ‘L123 *122,°123

Ry isin kS7 {internal or external timing resistance. TYPICAL OUTPUT PULSE WIDTH
V!

s
EXTERNAL TIMING CAPACITANCE

Cext isin pF i
7o00f Voo 5Y TR
. E 10 2'C 4
Ty is i nanoseconds conf — 1 Z
- o Ol P %AV A
To prevent reverse voliage across Cext. it is recom: : I l ] | p:W ;I
mended that the method shown in Figure 2 be § o 3 Pt L
B ) " . f g e
employed when using electrolytic capacitors and in i Y A =
N A
applications utilizing the clear function. In all epplica- H g’ =atiil L/s;m%. Z TITH
tions using the diode, the pulse width ist Y ] L
3 et ” { ® - S0KNDT
0.7 & ! ' a3 o
tw=Kp *RT* Cext | 1+~ 3 T ] SRy - r0adt
RT : T Ry 5852
K i [ERE I
Kp is 0.28 for 122, 0.25 for 123, -, it B
0.33 for 'L 122, 0.29 for ‘L123 [ (il :
%
1 2 4 I T 40 W0 200 400 1000
Cext-Enrerna Timeng Capaciiancy -pf
Vee FIGURE &
‘L122
TYPICAL OUTPUT FULSE WIDTH
Reypy € 0.6 Ry max. vs
{See recommended operating EXTERNAL TIMING CAPACITANCE
conditions for R,y max.} 13 zg Evu 5V = = 255
Uya25C 13 ).
4000 (= a7y AL
. 2000 pal
[ Any silicon switching diode E L“:UV /4»‘
ext such es 1NG16, 1N3064, etc. £ % - e
2 st Ay, 88 o e
’ 420 i L Z 3 1
E i 27 538 I e 6
R B a1 P IR
ToCepy 70 Rexy/Cext £ —1 ,4.1" PN Bemr o 8200
1erminal 1erminal ¢ . L Aoy * 30107
i< 3 ° 355 R, » 2080
TIMING COMPONENT CONNECTIONS WHEN - } "
Cext > 1000 pF AND CLEAR IS USED b Aeny® 10402
. F Rezy * & 002
FIGURE 2 . 0 = !
ol [N
T 2 4 10 20 4> 100 270 00 1000

. . .. . . Ca~Esrems Tomuing Conmcrtance—pF
Applications requiring more precise pulse widths {up FIGURE 5
to 28 seconds) and not requiring the clear feature can 1 These values ©f resisisnce sxceed the meximum recommenced for usre |

best be satisfied witk the ‘1 21 or ‘LI21. over the full tempersture range of the SH5&’ and SNS5&L" cireults,
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T TYPES SNB4LS138, SN541S139, SN545138, SN54S139,
MSI SN7415138, SN741S8138, SN745138, SN745139
DECODERS/DEMULTIPLEXERS

BULLETIN NO. DL-S 7611804, DECEMBER 1972-REVISED OCTOBER 197§

Designed Specifically for High-Speed: .
Memory Decoders SNS4LS138, SN54S138...J OR W PACKAGE
Data Transmission Systams SN7aLs138, Sm;,s;?v','s;;',m NPACKAGE
‘§138 and ‘LS138 3-to-8-Line Decoders
Incorporate 3 Enable Inputs to Simplify
Cascading and/or Data Reception

¢ 'S139 and 'Lt S139 Contain Two Fully
Independent 2-to-4-Line Decoders/
Demultiplexers

CATA OUTFUTS
—A

e Schottky Clamped for High Performance

{25 ]

TYPICAL
TYPICAL
TYPE PROPAGATION DELAY
POWER DISSIPATION
(3 LEVELS OF LOGIC) A 8 C ,\GIA Gz G! ou‘v'l\nmo
‘LS138 22ns 2 mw SELECT ENABLE
‘$138 8ns 245 mwW
‘LS139 22 ns 34 mW
‘1z 7.5 ns 300 mW positive logic: ses function table
description =
These Schottky-clamped TTL MSH circuits are SNS54LS$139, SN54S139 . ., J OR W PACKAGE
designed to be used in high-performance memory- SN74L5139, SN745139,..J OR N PACKAGE
decoding or data-routing applications requiring very {TOP VIEW)
short propagation delay times. In high-performance
memory systems these decoders can be used to TIILE SELECT OATA QUTPUTS
munimize the effects of system decoding. When VeC 26 J2A 28 M/2v0 vl 2¥2  2v3

employed with high-speed memories utilizing a fast- WU ngniiviis

enable circuit the delay times of these decoders and
the enable time of the memory are usually less than
the typical access time of the memory. This means
that the effective system delay introduced by the
G

r{ . .

1123

G 1 18

Schottky-clamped system decoder is negligible,

Yo _vi_v: v3
N A4
IRIEBILRIREIL

v

Y2 1Y) GND

The 'LS138 and ‘S138 decode one-of-eight lines
dependent on the conditions at the three binary T
select inputs and the three enable inputs. Two ENaBLE
active-low and one active-high enable inputs reduce
the need for external gates or inverters when
expanding. A 24-line decoder can be implemented
without external inverters and a 32.line decoder positive logic: see function table
requires only one inverter, An enable input can be
used as a data input for demultiplexing applications.

1)

SELECT DATA OUTPUTS

The ‘L5139 and "S139 comprise two individual two-line-to-four-line decoders in a single package. The active-low enable
input can be used as a data line in demultiplexing applications.

All of these decoders/demultiplexers feature fully buffered inputs each of which represents only one normalized Series
54LS/74LS load ('LS138, 'LS139) or one normalized Series 545/74S load ("S138, 'S139) to its dfiving circuit. Al
inputs are clamped with high-performance Schottky diodes to suppress line-ringing and simplify system design. Series
54LS and 545 devices are characterized for operation over the full military temperature range of —55°C to 125°C;
Series 74LS and 74S devices are characterized for 0°C to 70°C industrial systems.
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TYPES SN541S138, SN54S138, SN5415138, SN54S139
SN7415138, SN74S138, SN74LS139, SN74S139
DECODERS/DEMULTIPLEXERS

functional block diagrams and logic

‘L8138, 'S138

‘15138, 'S138
FUNCTION TABLE

- INPUTS
OUTPUTS
-a)bﬁ'vo ENABLE SELECT
- bar, Gl _G2°JC B A|Y0 Yl Y2 Y3 Y& Y5 Y6 ¥7
— 1
oo r X H[X X X{H HHHHEGHH®H
i SRR Dﬂ'n L X [X X X{H HHHHEHTIEH
G2+
s ——\ 1., H oL e ¢t LU HHHHHHDGEH
.q_}’_ou H L L t H|H L HHHHMHH
‘DA’
é_}gn,jw,,m H oL L W L|{HH L HHHHH
N H L L H H|HHHLHKGHHGH
11 T —— 0ol
T e N =N H oL M t L|HHHHLHIEEH
H Lt IH ¢t HIH HHHHL HEH
SELECT 21N IS - 2l ve,
weuts § 0T LTV EDay H L |H H L|{HHHHHHLR
in
] v H L IH H ®|lH HHHHAHL
¢ [21] D J
*G2=G2A + G2B
H = high level, L = low fevel, X = irrelevant
*L$139, 5138
£
" e ‘L$139, '5139
{EACH DECODER/DEMULTIPLEXER)
(3}
enanie 16 LS %D’ﬂ"' FUNCTION TABLE
16}
1Y2
INPUTS
{21
2> ﬁ'>-—1 OUTPUTS
seeeer J M4 ) ENABLE | SELECT
INPUTS ‘!ﬂ_Do_J 1v3
- G B A|Y0YlvYzvs
nay [oureurs H X X|H HHH
{1 L L tltL H HH
EnanLe 36 T > = gy il L L HIH L HH
0__:{_’._—}2", L H L|iHHLH
L H H H H #H t
14
7A——{ - “11 ——
‘s:::fs‘ an © 2Y3 + = high level, L = low level, X = jrrelevant
u—Do—-A )

schematics of inputs snd outputs

EQUIVALENT OF EACH EOUIVALENT OF EACH TYPICAL OF OUTPUTS TYPICAL OF QUTPUTS

INPUT OF ‘15138, 'LS139 INFUT OF "$135, 5139 OF "LS13§, 'LS5139 OF "513¢g, "5138
e a— Vee STt Vee

250 O NOM 50 2 NOM
Vee - Vee -= ]
20 k1 NOWM 2.8 kI NOM|E — .
" i
INPUT rva ) INFUT - OUTPUT OUTPUT
3 -
L
7 ¥
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TYPES SN54LS138, SN541S139, SN741S138, SN7415139,
DECODERS/DEMULTIPLEXERS

REVISED DECEMBER 1980

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Ve see Note 1) . . .

input voltage . . .

Operating free-air temperature range SN54LS138 SN54L5139 CH‘CUIIS
SN74LS138, SN74LS139 Circuits

Storage temperature range

NOTE t

recommended operating conditions

Vottage values are with respect 1o network ground terminal,

7V
R AV,
- -55c«>125c
. 0°C to 70°C
—65°C t0 150°C

SNS4LS138 SN74LS128
SN54LS139 SN74LS139 UNIT
MIN NOM MAX [ MIN NOM MAX
Supoly voltage, Ve 4.5 5 6.5 [4.75 5 525 \%
High-level output current, gy —400 —400 | xA
Low-lavel output current, lg 4 8| mA
Operating free-air temperature, T 5 -55 125 0 70| °c
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SNS54LS138 SN74LS138
PARAMETER TEST CONDITIONS' SNS4L5129 SN74LS139 UNIT
MIN TYP? MAX {MIN TYP! MAX
Vin High-level input volitage 2 2 v
Vi Low-level input voltage 0.7 08| Vv
Vi Input clamp voltage Vee = MIN, i} = ~18mA -1.5 ~1.5} Vv
/ Ve = MIN, ViH=2V,
Vou High-tevel output voltage Vit * VIt mas. 10H = —400 A 25 34 27 34 v
vl b2 Vag Veo=MIN. | Vig=2V, ot = 4 mA 025 04 025 oaf
O = ViL = VIL max oL -8mA 035 05
n P Vec = MAX, V= 7V 0.1 0.1 ma
maximum input voltage
I High-level input current Ve = MAX, V=27V 20 20} wA
lj  Low-ievel input current Vec=MAX, V=04V -0.4 ~0.4; mA
10§ Short circuit output current § Vee = MAX t::zg __2: _:gg _Zg —_I‘Otz) mA
Vee = MAX, ‘L5138 63 10 63 10
los  Supply current Outputs enabled and open ‘LS139 6.8 1% 6.8 11

"For conditions shown as MiN or MAX, use the appropriate vaive specified under recammaended oosrating conditions for the aoplicable device

typa,

Pt typical values are 3t Voo = 5V, T4 » 25°C.
$Not mors than one output should be shorted at a tume.

switching characteristics, VCC =5V, Ta = 25°C

FROM 10 LEVELS SN54{.5138 SNS4LS133
PARAMETERY (INPUT) (OUTPUT) | OF DELAY TEST CONDITIONS SN74L5138 SN741LS139 UNIT
MIN TYP MAX |MIN TYP MAX
PLH ) 13 20 1320 | ns
tPHL Binary 27 41 22 33 ns
Any

tPLH Sefect 3 c 15 oF 18 27 18 29 | ns

tPHL RL .2 u; ‘ 26 39 25 38 | ns

P L ' 12 18 16 24 | s

2 See Note 2 -

PHL Ensble an 21 32 21 32 | o

PLR n v 3 17 26 ns

1PHL 25 38 ns |

IpLH = propagation delay time, fow-to-high-level output; tpy | E propagation delay time, high-to-iow-tevel output.

NOTE 2 L0ad circuits and weveforms are shown on page 3.11,

36
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TYPES SN548138, SN54S139, SN745138, SN74S139
DECODERS/DEMULTIPLEXERS

sbsolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supplyvoltage, Ve fseeNote 1 . . . . . . L L P A Y
Input voltage EE T - R
Operating free-air temperature range: SN545138, SN545138 Cireuits . ... . . . . . . . . ~B5°C10125°C

SN745138, SN748139Circwits . . . . . . . . . . . . . 0°Cto70°C
Storagetemperaturerange . . . . . . . . ... ... .. ... ... ... —85Ct0150°C

NOTE 1: Volisge vaiues sre with respect to network ground terminal.

recommended operating conditions

SN545138 SN745138
SN545139 SN745139 UNIT
MIN NOM MAX | MIN NOM MAX
Supply voltage, Voo 4.5 5 55 | 4.75 5 52% v
High-level output current, IgH -1 -1 | mA
Lowwfeve! output current, It 20 20 | mA
Operating free-sir temperature, Ta -55 125 [¢] 70] °C
electiical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SN545138 SN545139
PARAMETER TEST CONDITIONS? SN745138 SN74S139 UNIT

MIN TYP3 MAX [MIN TYPI MAX
Vi High-level input voltaoe 2 2 4
Vi Lowlevel inpu: voltage 0.8 o8Bl v
ViK Input clamp voliage Ve ? MIN, 1) =-18mA -1.2 -12] v

. Vee=MIN, V=2V, SNB4S" | 2.5 3.4 25 3.4

Vo [pigh-fevelovtogr ¥ ik Vi =08V, lon=—ima| SN78S" | 27 a4 27 34 v
VoL Lowdevel output voltage z?::-‘oh.:;t.. l\g:‘: :ovr;m 05 o8| v
I input current a1 maximum input voliage Vee = MAX, V=55V 1 1{ mA
fjq  High-level input current . | Veoc=MAX, V=27V 50 50| pA
li  Low-leve! input current Vee = MAX, V=05V -2 -2 ma
10s  Shori-circuit output current & Vg = MAX 40 —100| —40 ~100] mA
ice Supply current Ve = MAX, Outputs enabled and open 49 74 60 0| mA

1For conditions shown 8s MIN or MAX, use the spproprisie value specitisd under recommended operating conditions 10r the applicable devite

type.
LAl typical veiues sre a1 Vee =5V, Ta=25"C.
§Nm more than one output shouid be shoried a1 s 1ims, anc duration of the short-circuil 1est should not exceed one second.,

switching characteristics, Vcg =5V, Ta = 25°C

SN545138, SN528139
FROM TO LEVELS TEST
PARAMETERS UNPUT) (OUTPUT) OF DELAY CONDITIONS SN745138 SN748139 ikl
MIN TYP MAX|MIN TYP MAX
4.5 7 5 15
PLH 2 ~
1PHL Binary Any 7 1058 €.5 10
el . 1
tpLH select 3 €L~ 15 pF. 7: 2 ; :: .
1PHL R~ 280 2, 12
PLH 2 See Note 3 : 8 3 : ‘g ns
1 11 E
ida ¥ Enable Any
PLH 3 7 " -~ cos o] ™
P 7 AR
$pL K = Propegston cefey time, low-10-high-Ibve! oulput
1pH & propegaton delay time, high-to-low-level output
NOTE 3: Load circuits and waveforens sre shown on page 3-10.
TEXAS INSTRUMENTS 743
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TYPES SN541S240,SN541S241,SN54LS244,SN545240,SN545241,
SN741S240,SN741S241,SN741LS244,SN74S240,SN745241

CGCTAL BUFFERS AKD LINE DRIVERS WITH 3-STATE OUTPUTS

Typica! Typical Typics! Propsgation Typica! Typics! Powsr
ot oK Delay Times Enable/ Dissipation
*{Sink (Source Disable {Enabled)
Current] Current}) Inverting  Noninverting  Times inverting  Noninverting
SN54LS* 12mA  —12mA  105ns 12ns 18 ns 130 mW 135 mw
SN74LS’ 24mA -15mA  105ns 12 ns 18 ns 130 mW 135 mwW
SN545° 4B mA ~12 mA 45ns € ns Sns 450 mwW 5§38 mw
SN74S° 64mA —15mA 45ns 6 ns ons 450 mW 538 mW
. . SNGS4LS240, SN525240 .., J
3.State Outputs Drive Bus Lines SN74LS240, SN745240...J OR N
or Buffer Memory Address Registers (TOP VIEW)
. Vee 2% vy 2a v2 A 1yl 247 N M
P-N-P inputs Reduce D-C Loading mEniinininininioic
Hysteresis at Inputs Improves
Noise Margins
description T / / /
These octal buffers and line drivers are designed ’/ / / /
specifically to improve both the performance and F@ 4 +
density of three-state memory address drivers, clock
drivers, and bus-oriented receivers and transmitters,
The desi h hoice of selected binati f -

e designer has a choice of selected combinations o T s s e THiFH:tHw
inverting and noninverting outputs, symmetrical e YT %At Zve A2 V3 VA3 3vZ  tAad IV)  GNE
(active-low output control) inputs, and comple-
mentary G and G inputs. These devices feature high SN;":;:?‘:&;"S‘:?“ cend N
fan-out, improved fan-in, and 400-mV noise-margin. (‘Tsor v'?ew"“J or
The SN74LS’ and SN74S° can be used to drive S

L i d 10 133 ohms (=9 2% 11 244 Yyl 283 WYY 3ar W4 2a%
terminated lines down to . wl[w]l [wl [0 r_J,‘ wl el fol el n
schematics of inputs and outputs
°LS240, ‘L5241, ‘LS244
EOQUIVALENT OF TYPICAL OF ALL o
EACH INPUT OUTPUTS / ///'
\ T |/ /
cc o o . -
INPUT 1
2e- h-‘L
5 N b e TS BafiseDeDellisHe DRl
3 < "y Ve "2 3 143 v a4 vy [
3 t R
“ e __I SNS4L5284 ...
SN74LS244 ... JORN
{TOP VIEW]
UTPUT
¥er 3T TY1 o 2ae IVZ O 2A3 3Y) A7 Ive  2AY
*$240 "S241 2ef fwi fw| jol fw|fulul ol o |n
EQUIVALENT OF Ko
A
EACH INPUT GND
gy
T
T |
NP —
uT *L§240,°LS241,°LS244;
R = 50 N NOM L
'5240,'524%:
L 4
R 25 0 NOM : 1] sHeMHHsHsim
"w AT} ve w2 n2 w kAt AL ™ D




TYPES SN54LS240,SN541S241,SN5415244,

SN74LS240,SN741LS241,SN7415244
BUFFERS AND LINE DRIVERS WITH

3-STATE OUTPUTS

recommended operating conditions

SNS4LS" SN74LS’ UNIT
PARAMETER MIN NOM_MAX | MIN _NOM _MAX
Supply voltage, Vo (see Note 1) 4.5 5 55 {4.75 5 5.25 \"
High-leve! output current, IoH —12 ~15 | mA
Low-evel output current, 101 12 24 | mA
Operating free-air temperature, T ~55 125 [ 70 [+]
NOTE 1: Voltage valuss are with respect to natwork ground terminal.
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SNS54LS” SN74LS’
P T TEST CONDITIONS?
ARAMEZER j CQNOITIONS MIN_ TYPT WAX | MIN TYPT MAX |
ViH High-level input voltage 2 2 v
ViL Low-evel input voitage 0.7 0.8 v
Vik input clamp voltage Vee = MIN, Ty = -18 mA —15 —1.5 |
Hysteresis (Vy4 ~ VT-! Vee = MIN 0.2 0.4 0.2 0.4 v
= M1 -
eCaiVi: [ THiH\=2Y, 24 34 24 34
\7 High-level output voltage Vi = Vi max. loy = —3mA v
on 79 Vec = MIN, | Vip =2V, B 2
Vi, =05V, ioH = MAX
Vec = MIN, | 15 =12mA 04 0.4
VoL Low-level output voitage Vig=2V, v
Vi = ViLmax foL =24 mA 0.5
Qff-state output current, v 3
oz high-level voitage applied x‘C:- ;wcx, Vo=271V 20 20 R
Off-state output current, \ H
lozu fow-level voltage applied Vip ® ViLmax | Vg =04 V -2 -20
(nput current at MmaxiIMum
Vi M =
h input voltage cc=MAX, V=TV 9.1 0.1 | mA
[ High-level input current, any nput Veoe = MAX, V=27V 20 20 HA
UITH Low-level input current Veg * MAX, Vi =048V —0.2 -0.2 mA
Tos Shortcircuit output current® Ve = MAX —40 —225 ] ~40 —225 | mA
Outputs high All 17 27 17 27
Vee = MA
ovoen S N (3 X isz0 44 TS
icc Supply current P ety SR ‘LS241,'LS244 . 27 46 27 46
All outputs ‘LS240 29 S0 29 S0
disabled ‘L5231, °LS244 32 54 32 54
TFor conditions shown a1 MIN or MAX, use the appropriate value specified undar recommended ooerating conditions.
LAl typicsl values sre at Vee = SV, T4 = 25°C.
*Not mors than one output should ba shorted et s tima, and duration of the short-circuit should not excesd one second,
switching characteristics, Vcc = 5V, TA=25°C
‘LS240 ‘L8241, ‘LS244
T ITION L
PARAMETER EST CONDITIONS WIN TYP MAX | MiN  TYP MAX UNIT
Propagation delay time,
tPLH low-to-high-level output 9 14 2 '8 n
Propagation delay time, Cp =45pF, R =6670Q,
TPHL high-to-low-level output See Note 2 12 8 12 18 "
tPZL Output enable time 10 fow level 20 30 20 30 ns
PZH Output enable time to high level 15 23 15 23 ns
PLZ QOutput disable ime from low ievel CiL=5#F, R =667 02, 15 25 15 25 ns
tPHZ Output disabie time from high level See Note 2 10 18 10 18 ns

NOTE 2: Load circuit snd voltage waveforms sre shown on page 3-1%.
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’ TYPES SN5415245, SK7415245
OCTAL BUS TRARSCEIVERS WITH 3-STATE OUTPUTS

BULLETIN NO. oL 12471, OCTOBER 1976-REVISED FEBRUARY 1879

description

SN541L8245 ... JPACKAGE
SN74LS245...JOR N PACKAGE

¢ Bidirectional Bus Transceiver in a
High-Density 20-Pin Package

(TOP VIEW)
¢ 3.State Outputs Drive Bus Lines Directly
e P-N-P Inputs Reduce D-C Loading on o v
. Vi B 4 85 L3 L BE
Bus Lines _!m iniainininioiic

¢ Hysteresis at Bus Inputs improve Noise Lj
Margins ’J F'ﬁ

e Typical Propagation Delay Times,
Port-to-Port... 8 ns

e Typical Enable/Cisable Times ... 17 ns

e lor
TYPE {SINK (SOURCE t
: ;
‘ CURRENT] CURRENT) TP F RS EsF LTL“.TJ
SN541.5245 12 mA ~12mA DIR Al A? A3 AL AL AB &) AE GRD
SN74L8245 24 mA ~15mA

positive lopic: see function table

These octal bis transceivers sre designed for asynchronous two-way communication between data buses. The control
{function implementation minimizes external timing requirements.

The device allows dats transmission from the A bus to the B bus or from the B bus to the A bus depending upon the
fogic level at the direction control {DIR) input, The enable input {G) can be used to disable the device so that the buses
are effectively isolzted.

The SN5%1S245 is characterized for -operation over the full military temperature range ot —55°C 10 125°C. The

SN74LS245 is cheracterized for operation from 0°C to 70°C. ~
schematics of inpists and outputs FUNCTION TABLE
i :
EQUIVALENT OF EACH INPUT | TYPICAL OF ALL OUTPUTS gnapLe DIRECTION
C.-) — Vee e CONTROL | OPERATION
Ve TN 5C 2 NOM DIR
o .
i\ ¢ ! f:——‘ L L B dats 10 A bus
L H A dats to B but
weuT+—{ X
A OuUTPUT H X isolation
J
x it H = nigh level, L = low fevel, X = irreievant

r

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)

Supply voltage, Vog (seeNote 1} .o e iinianen U U U .. 1V
INPUIVOMAGE . vv v venvene creaer st e nnannn e e ettt e e YAY
Ot-state outputvoltage . .....covoovnns eneeaen ettt tcer e eeeee-... BBV
Operating free-air temperature range:  SN54LS*  ........ e teeenes i viv... =55°C10125°C

SNTALS' i ittt e 0°Cro 70°C

Storage 1emperature fange ... ...ooeroe-eases feeeteeeee e

NOTE 1: Voltage values sre with respect 10 network ground terrninal,

Copyright © 1879 by Texass Instruments Incorporsted
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TYPES SN5415245, SN7415245

OCTAL BUS TRANSCEIYERS WITH 3-STATE OUTPUTS

REVISED FEBRUARY 1979

recommended operating conditions

PARAMETER SN54LS245 SN74L524S UNIT
MIN NOM MAX [MIN NOM MAX
Supply volrage, Voo 45 5 5.5 |4.75 5 5,25 \4
High-level cutput current, IQK -12 -15] mA
Lowlevel ouput current, iy 12 24| mA
Operating free-air temperature, T —-55 125 [ 0} °C

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

PARAMETER TEST CONDITIONS ! SN3ALS248 SITILENS UNIT
MIN TYP! MAX |MIN TYP! mAX
Vi  Highdevel input voltage 2 2 \4
Vit Lowdevel input voitage 0.7 0.8 v
Vik Input clamp voltage Vee = MIN, ff = =18 mA -1.5 -1.5 v
Hysteresis (VT4 — VT_)A or Binput Veg = MIN 0.2 0.4 0.2 0.4 \4
Vee ~ MIN, IoH * ~3mA] 24 3.4 2.4 3.4
Vou Highdevel output voltage ViH=2V, v
VL = Vip max 1o = MAX 2 2
Vee s MIN, o = 12mA 04 . 04
VoL Lowdevel output volizge Vin=2V, v
V)L = Vi max loL =24 mA 0.5
Oft-state output current,
! Vo=*27V 20
0ZH highdevei voltage spplied Vee = MAX, Y »
Off-state output current, Gat2Vv uA
| Vo=04V -2 -200
ozL lowdevel voltage applied Q 00
{nput current at Aor8 Vi=55V 0.1 0.1
1 Veg = MAX
! maximum input voltage | DIR or G cc ¥ Vi=2Vv 0.1 0.1 mA
iy Highdevel input current Voo = MAX, ViH= 2.7V 20 20 { uA
[ Low-level input current Vee = MAX, V=04V —0.2 —0.2 | mA
los  Short<ireuit ouut currentt Vee = MAX —40 -225 |40 ~225 | mA
Tota!, outputs high 48 70 48 70
lcc  Supply current | Total, ouputs low | Vg = MAX, Ouputs open 62 S0 62 90 | mA
Outpuss at Hi-Z 64 a5 64 95
tEor conditions shown as MIN or MAX, uts the apprapriate value ifled Under rec ded operating conditions, .
$Al typicsl velues sre at Vo = 5V, Ta = 25°C.
€ Not more than one output should be shorted at » time, and durstion of the short-circult should not exceed one second,
-
switching characteristics, Voc =5V, Tp = 25°C .
PARAMETER TEST CONDITIONS MIN  TYP MAX [ UNIT
PLH Prcpagn.;on delay time, 8 12 o
fow-to-high-level output
P tion delay time,
L L nen dey E CL=45pF,  R_=6678, SesNots2 8 12] ne
high-to-low-level output
wpzy Ouwmput enable time to low level 27 40 ns
pZH Outut enable time to high level 25 40| ns
disabie time f tow level 15 25 $
Lz Outout disable time from low level CL=55F. RL =667, SesNote2 = = r'iu

tpHz Output disable time from high level

NOTE 2: Losd circuit and weveforma ars shown on page 1-15,



TYPES SN541S373, SN54LS374, SN54S373, SN54S374,

ITL SN74LS373, SN74LS374, SN74S373, SN74S374
NS OCTAL D-TYPE TRANSPARENT LATCHES AND
— EDGE-TRIGGERED FLIP-FLOPS

BULLETIN NO. DL-§ 12350, OCTOBE R 1975 — REVISED JUNE 1679

- ¢ Choice of 8 Latches or 8 D-Type Flip-Flops EN54LS372, SN54S373 .., J PACKAGE
In a Single Package : SN74LS373, SN745373 ...J OR N PACKAGE
o (TOP VIEW)
¢ 3-State Bus-Driving Outputs
¢ Full Parallel-Access for Loading Ve W ® w % e @ w éo o
¢ Buffered Control lnputs - R - NERRERI RS RER SAR . RULRERTEIED)
e

¢ P-N-P Inputs Reduce D-C Loading on
Data Lines ('S373 and 'S374) ﬂ'
e SN54LS363 and SN741.S364 Are Similar But

Ctock/Enable Input Has Hysteresis to Improve = !
Noise Rejection
5 D

: LY ry ¢ L5 r
Have Higher Vo For MOS Interface
€ Higher Yor 2 s[{eNiss7ss|w
ouUThRNT W0 10 = t -] E ] E 40 0 -
EONTROL
‘LS373, 8373
FUNCTION TABLE lopic: see funciion table
. oUTPUT ENABLE o OUTPUT
ENABLE LATCH
m " v SN54LS374, SN5£S374 .., J PACKAGE
L $N7fL5374, §N7l$374 ... ORNPACKAGE
L H L B (TOP VIEW)
i L X Qp
H X X Z 80 cLocK
12201
BT
&
‘L8374,°5374
FUNCTION TABLE
]
AL” CLOCK o] OUTPUT :
ENABLE $(lIw
L 1 H H oo
L 1 L L
L L X Qg
H X X z logic: see function table
See explanstion of function tables on page 1-13.

description -

These B-bit registers feature totem-pole threestate outputs designed specifically for driving highly-capacitive or
relatively low-impedance loads. The high-impedance third state and increased high-logic-level drive provide these
registers with the capability of being connected directly to and driving the bus linesdin 2 bus-organized system without
need for interface or pull-up components. They ‘are particularty attractive for implementing buffer registers, 1/0 ports, i
bidirectional bus drivers, and working registers.

The eight latches of the ‘L5373 and 'S373 are transparent D-type latches meaning that while the enabie {G) is high the 1
Q outputs will follow the data (D} inputs, When the enable is taken low the output wiil be latched 21 the level of the ;
data that was set up.

PR



TYPES SN541S373, SN54LS374, SN54S373, SNbB4S3T4,
SN74LS373, SN741S374, SN748373, SN74S5374

OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

description (continued)

OUTPUT _‘_‘L.__.c{>_ - outeut {1
CONTROL CONTROL

The eighfflip-flops of the 'LS374 and 'S374 are edge-triggered D-type fiip-fiops. On the positive transition of the clock,
the Q ourputs will be set to the logic states that were setup at the D inputs.

Schmitt-trigger buffered inputs at the enable/clock lines simplify system design as ac and dc noise rejection is improved
by typically 400 mV due to the input hysteresis. A buffered output control input can be used to place the eight
outputs in either a normal logic state {high or low logic levels) or a high-impedance state. In the high-impedance state
the outputs neither joad nor drive the bus lines significantly, . N

The output control doss not affect the internal operation of the latches or flip-flops. That is, the oid data can be
retained ot new data can be entered even while the outputs are off, -

‘18373, °S373 ‘1.5374,°5374
TRANSPARENT LATCHES POSITIVE-EDGE-TRIGGERED FLIP-FLOPS

ID-(s’ D [ 100 3 [»] [
—AG g cK
s & 2 4 5 12 .4
4) 4
20 ¢ D [ - o 4
b—a3 —cK
D) B =,
] 7
30 4 B} L 30 2 D 4
—qgs >k
5 (I a LI
& 18)
40 - o L a0 D 1
s—d 5 §—cpck
g & 90 G LI
13) 13)
50 ¢ o 4 sD ! D J
*+—qaa6 l *-—JP>CK
~ 12 {12}
6 4% 5Q 6 50
(14} {14}
60 D 4 en o L
»—q% l +—C>CK
15, 15
6"——CL>(_)-6° a :1}‘ ' sa
(n " un
70 o] _] [ 70 0 r
a5 (16) —>CK .
a — 70 ) 70
ap 18 o gp 118 o
43 (19) $—pcx 119
4 8Q a 8Q
ENABLSE (11} iy
G —l >°-! cwcx—-l o



TYPES SN541S373, SN5415374, SN741S373, SN74LS374
OCTAL D-TYPE TRANSPARENT LATCHES AND
’ EDGE-TRIGGERED FLIP-FLOPS

REVISED DECEMBER 1980

schematic of inputs and outputs *LS373
ENUIVALENT OF DATA INPUTS EQUIVALENT OF ENABLE AND TYPICAL OF ALL OUTPUTS
OUTPUT CONTROL INPUTS
-= — Vee
Vee——y - vee o 100 2 NOM
Req ® 20 kD2 NOM 1
Q"2 ° 17 kN1 NOM . E
INPUT —-F -
INPUT memg b 4
y ¥ OUTPUT
r x St —_—
o - ™
. g :
~”r
‘L8374
EQUIVALENT OF EQUIVALENT OF CLOCK TYPICAL OF ALL OUTPUTS
DATA INPUTS AND OUTPUT CONTROL INPUTS v
™ —Vce
vee o 100 1 NOM
Vee j& 17 k0 NOM &1 |
30 k0 NOM
INPUT — ¢ = INPUT =g r
b OUTPUT
+ 0z 7 S
X b 4
) o
”m
”m

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Ve (see Note 1) © AQUE L DS TPEN Q@ T Y. . L 7,
Inpurivoitagh . . =L Iy - o0 €. Wa7ZE. CMWJIe . @ FFY . . v
Of{-state output voltage . P UYL P T 2. . .. ) . . 7V:
Operating free-air temperatura range: SNS4LS' . . . . . . . . . oo . .. . -55°C1o 125°C

SN74LS* . . . . . . . . . . . .. ...... 0CrC
Storage tempersturerange . . . . . . . . . ., . .. .0 . . ... ... -B5Cro 150°C

NOTE 1: Voltage veluas o8 with respect 10 network ground verminal,

recommended operating conditions

SN54LS SN74LS*
MIN NOM MAX MIN NOM MAX uniT
Supply voltape, Voo 45 3 55 | 475 5 525 | v
Higheve! output volmge, Vou 6.5 55 \%
Highdevel output current, Iy -1 ~-2.6 mA
Width of diock/ensble pulse, t,, High 15 L ns
i Low 15 15
) ‘LS373 51 51
Dats setup time, ey s374 201 701 ns
Date hold.ﬁme, th tzz;i 28: zg; ns
Operating freeair temperature, Ta —55 125 0 70 ‘C

1 The srrow indicates the transition of the clock/ensble input used 1or reference: 1 for the low-1o-high transitign, § tor we high-10-dow transi.
tion,

-

!



TYPES SN54LS373, SN54LS374, SN74LS373, SN74LS374

OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

REVISED AUGUICT 1077

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

SN54LS’ N74
PARAMETER TEST CONDITIONS? SN7aLS’ UNIT
MIN TYP{ MAX [MIN TYP! MAX
VIiH High-evel input voltage 2 2 \4
ViL Lawdevel input voltage 0.7 0.8 v
ViK Inout clamp voltage Veg*MIN, (= -18mA ~15 -15 \
v High-fevel output volt Vee = MIN. Vg =2V, 24 24 24 34
evel o volta X . X .
OH 9 vty g VL = ViLmax, toy = MAX - v
Vee=MIN, Viu=2V, ligL=12mA 0.25 0.4 . .4
VoL  Low-level output voitage o H oL 0.25 o \4
Vi = Vipmax oL " 24 mA 0.35 0.5
Off-state output current, Ve = MAX, Vig=2V,
ozn ° ‘ cc IH 20 20! pa
highJeve! voitage applied Vo=27V
Off-state output current, Voo " MAX, Viy=2V,
lozL . cc it =20 -~20| mA
low-level voltags applied Vo=04V
input current at
0 ® . A Vec = MAX, Vi=1V 0.1 0.1} mA
maximum input voitage
hH Highdevel input current Ve =MAX, V=27V 20 20| uA
I Low-level input current Veg =MAX, V=04V —0.4 04} mA
ips  Short-circuit output currentd | Vg = MAX -30 -130 | -30 ~130] maA
' sl coront Vee = MAX, ‘L5373 28 40 24 s0]
urren
S 7 M Outputconwrol 2t 4.5V |'Ls374 277 40 2740
TFor conditions shown at MIN or MAX, uss the sppropriste valus soecified under recommended operating conditions.
$Al tyolcal valuas are at Ve =5V, Ty = 25°C.
§Not more than one output shouid be shorted at a time and duration of the short circult shouid not exceed one second,
switching characteristics, VCC =5V, TA = 25°C
PARAMETER ERDY shie TEST CONDITIONS g FS374 UNIT
{INPUT) {OUTPUT) MIN TYP MAX [MIN TYP MAX
frmax 35 50 MHz
1 1 1
:LH Data Any Q 1§ ’: ns
PHL C = 450F, Ry =667 02,
{PLH Cierkar Any Q Ses Notes 23nd 3 0 S
20 Notes 2 an
AL ecable L : 8 30 19 2| ™
tP2H Output 15 28 20 28
Aoy Q 1 ns
tPZL Control 25 36 21 28
PHZ Output CL =SpF, A =667R2, 12 20 12 20
Any Q - 2 ns
?PLZ Control See Note 3 15 25 14 25

NOTES: 2. Maximum ciock frequency is tested with ali outpui» locded,
3. See 1220 circults and waveforms on page 3-11,

fman ® marimum clock fraquency

1p p ® pronegation dalay tims, low-to-high-Teval output
tpy & nropagetion delay time, high-to-low-level cutput
tpzp E output snable tims to high level

tpZ | = output anable time to low level

tpHZ ¥ outpur diseble time from high level

tpLZz M output disable time from low level
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TYPES SNb548373, SN548374, SN74S373, SN74S374
OCTAL D-TYPE TRANSPAREKNT LATCHES AND

EDGE-TRIGGERED FLIP-FLOPS

schematic of inputs and outputs

EQUIVALENT OF EACH INPUT

Vee -

28 kﬂ::
NOM §

INPUT

TYPICAL OF ALL OUTPUTS

—————Vcc
< 508
:f NOM
‘i
< OoUTPUT

absolute maximum ratings over operating free-air temperature range (untess otherwise noted)

Supply voltage, V3 (see Note 1)

fnputvoltage . . . . .
Off-state output voltage
Operating free-air temperature rangs: SN548'
SN74S°
Storage tempersture fange . . . . . . . .

NOTE 1: Vottage values dre with raspect to network ground merminast,

recommended operating conditions

P A
55V
55V
~55°C 10 125°C
0°C 10 70°C
—~65°C t0 150°C

SN54S° SN748°
MIN NOM MAX MIN NOM MAX UNTY

Supply voltage, Voo 4.5 ] 55 4.78 5 5.25 v
Highdeve!l output volmage, VoR 55 55 \%
Hiphdeve! output current, I -2 -—6.5 mA
Width of dock/ensbie pulse, Hish e _ s ns

Low 73 3
Dats setup time, 1y, 373 o4 ol n

5374 51 5¢

. ‘8373 10y 10} -

Dete hold time, 1), 5374 2t 21 ns
Operating tree-eir 1emporsiure, Ta ~55 125 0 70 ‘c

3 The srrow indicates the tanshion of the clock/snable Input used for raferance: T for the low-10-high srensition, 3 for the high-to-tow trengi-

tion,



TYPES SN54S373, SN54S374, SN748373, SN745374
OCTAL D-TYPE TRANSPARENT LATCHES AND

EDGE-TRIGGERED FLIP-FLOPS

electrical characteristics over recommended operating free-air temperature range {unless otherwise noted)

PARAMETER TEST CONDITIONS? MIN et wmax  {unir
ViH Highsvel input voltage 2 v
Vip Low-leve! input voltage 08 \';
VK ____Input clamp voltage Ve = MIN, fj~~18 mA -1.2 \
SN54S’ Vee = MIN, Vig=2V, 24 34
v High-lave! output volt ;
OH  Highlevel cutputvolase 1= iole Vi =08V, low = MAX 24 3.1 v
’ Vee ® MIN, ViH=2V,
A7 Lowdevel output volt. - o}
o Put voltage ViL=08V, loL = 20 mA s v
Off-state output current, Vee = MAX, ViH=2V,
lozn . . 50 uA
highdeve! voltage applied Vo=24V
OH-stats output current, Vee = MAX, Vin*2V,
L
OZL  (owtovel voltage applied V=05V et Has
1y Input current st maximum input volmage Vg = MAX, Vi=55V 1 mA
IiH High<evel input current Ve = MAX, Vy=2.7V 50 A
UTH Low-levsl input current Vee = MAX, V=05V —250 BA
1os  Short<circuit output currentd Vee = MAX —40 ~100 mA
] [ saz3 105 160
1 Supply currant Vee = MAX
cc pelY &€ [ sa7a 0 a0 | ™
tEor conditions shown 8s MIN or MA X, use the approprists vatue specified under r ded operating
$ A1l typicai values are at VeSSV, Ta= 25°C.
§ Not mors then one output should be shorted st s time and duration of the short circuit should not exceed one sscond.
switching characteristics, Voo = 5V, Ta= 25°C
FROM TO
PARAMETER TEST CONDITIONS A E L L UNIT
{INPUT) {OUTPUT) MIN TYP MAX {MIN TYP MAX
fmax 75 100 MHz
1 1
lPLH Data Any Q ! ‘i ns
o Ciock o T 7 1 8 15
ock or
PLH Any Q See Notes 2 and & ns
tPHL enable 12 18 11 17
PZH QOutput 8 15 8 15
Any Q ns
tPZL Control 11 18 11 18
t Out =5pF, R =2804,
PHZ utput Any Q Cp = 59pF, L o 6 9 5 9 s
Lz Control See Noto 3 8 12 7 12

NOTES: 2. Maximum clock frequency is tested with all outputs loaded,
4. Ses load clrcuits and wavetarms on pags 3-10.

frmax ¥ maximum clock frequency

tPLH® propagation delasy time, low-to-high-level output
tpHL & propagstion delay tims, high-to-iow-level ouput
tpzH ¥ output enable time to high fevel

tpz = output ensdle time to low level

tpHz B output disable time from high level

tp 2z % output disable time from fow level




TYPES SN541S374, SN54S8374, SN741LS374, SN74S374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

TYPICAL APPLICATION DATA

BIDIRECTIONAL BLE DRIVER

ouTruT
CONTROL { 1
1) A 1
20 o
—_— o 0
BIDIAECTIONAL o Lg:ﬂ «© RIDIRECTIONAL
OATABUS 2
DATA BUE 1 s394 W
©
™ 20
cx
o A 0
cLOCK 1 _ r cLoek 2
Lo AY4 1
iz ex 20
0 0
L8374
«© a0
OR
'O g4 %P
| sl [ 1:
4] b}
80 v )
7 ouTruT
CONTROL 2

cece s o -—-l_,—

ot

EXCHANOE | ’

cLocK -—l_r~
cLock2 W

CLOCK CIRCLNT FOR BUS EXCHANGE

EXPANDASLE &WOADEYSSBIT GENERAL REGISTER FILE
W2 IN74LS139

‘LS374 OR 'S374 i—
OR §N7e$138

;—T‘W}-—— S ‘LS37£ OR ‘5374

Y

a T
R ‘L5374 OR *S374

ENADLE BELECT {

‘LS374 OR "s374

12 SN74LSY39
OR ENY45139

CreeK
RLECT cL6cK



t -~
LANFAI TR

- - - S QS QY L e T Py —_ . -

1. wileiai feafusevy Tnsdt pdoud uazﬁﬁanwsﬂ?hméaqTﬂsﬁwﬁtﬂgauﬁ
2890T¥N UauAsa (Dancall 7000 NMT System Description)

2. wiedafeatusyuy Insdwh rafoud uazﬁﬁanws?ﬁLﬂ?aoTnsﬁwﬁLﬂgauﬁ
289u3¥n B3ANU (Ericsson Automatic Mobile Telephone System - Survey)

3. nae¥y Jsennd, U RAM 2 mowu IBM - PC " 913 3Ldienu
FaianisiaanIsied, ainf 94 , 2532, win 253-257

4. " ﬂﬁaiuﬁwwaén WaEWiIEAIWIN (Chip Support and Memory) " ,
%LSﬂglﬂ%u, 2529

5. " ﬁﬁa1a%1uTﬂ$TﬁiLﬁaLﬁa§ (Microprocessor Data Book) " ,
?Lgﬂgtﬂéu, 2529

6. " Analog Data Book " , Signetics , 1983

7. " Invitation to BID economic and social development
project 1984-1992 cellular mobile telephone system first expansion
Qolume 3 technical specification " , aaéﬂ157ﬂ7ﬁuﬁuﬁ0U7:Lﬂﬁ1ﬂa

8. " MCS-8051 Family of Single Ship Microcomputers
Use's Manual " , 1981

9. " The TIL Data Book for Design Engineering .

Texas Instrument Incorporated , 1981



NesnTsUUTEMA

a < ¢ o K . ° < . “ e P P -
mrl@'mwﬁawumm?rxmL‘:‘-aismo Lsdse ‘Dﬂ'ﬂaWTzﬂﬂl 7d. nIw WU

€

[

Ve € & < 1 D . = . L a_ a
NABY IRAUITET urined HOY WUTT VMEOBTTHIRREOELQUD 2 *'UGI'QMLWU’A“;'{iﬂf‘]ﬂuﬂ

L w
13 . | ¥ =y = <~ .2 < =
DY BNIND 1Y WASYIRAGTHINETIRY FIED RDTUUY Y IEYSE R EUSE RN





