TYPES SN54LS651 THRU SN54LS654
SN74L5651 THRU SN74LS654
OCTAL BUS TRANSCEIVERS AND REGISTERS

D2637, JANUARY 1981 — REVISED DECEMBER 1983

Bus Transceivers/Registers

Independent Registers and Enables for A and
B Buses

Multiplexed Real-Time and Stored Data
Choice of True and Inverting Data Paths

Choice of 3-State or Open-Collector
Outputs to A Bus

Dependable Texas Instruments Quality and
Reliability

DEVICE A OUTPUT B OUTPUT LOGIC
LS651 3-State 3-State Inverting
LS652 3-State 3-State True
LS653 Open-collector 3-State Inverting
£S654 Open-collector 3-State True

description

These devices consist of bus transceiver circuits, D-type
flip-flops, and control circuitry arranged for multiplexed
transmission of data directly from the data bus or from
the internal storage registers. Enable GAB and GBA are
provided to control the transceiver functions. SAB and
SBA control pins are provided to select whether real-
time or stored data is transferred. A low input level
selects real-time data, and a high selects stored data.
The following examples demonstrate the four fun-
damental bus-management functions that can be per-
formed with the ‘LS651, ‘LS652, ‘L5663, and ‘LS654.
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PRODUCTION DATA

This document contains information current as
of publication date. Products conform to
specifications per the terms of Texas Instruments
standard warranty. Production rrocessing does
not necessarily include testing o

all parameters.

Texas {’f

INSTRUMENTS

POST OFFICE BOX 225012 ® DALLAS, TEXAS 75265

3-1251



TYPES SN54LS651 THRU SN54LS654
SN74LS651 THRU SN74LS654
OCTAL BUS TRANSCEIVERS AND REGISTERS
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Data on the A or B data bus, or both, can be stored in the internal D flip-flop by low-to-high transitions at the appropriata

clock pins {CAB or CBA) regardless of the select or enable control pins. When SAB and SBA are in the real-time transfer

mode, it is also possible to store data without using the internal D-type flip-flops by simultaneously enabling GAB and GBA.

In this configuration each output reinforces its input. Thus, when all other data sources to the two sets of bus lines are at

high impedance, each set of bus lines will remain at its last state.

w

The SN541.S651 through SN54LS654 are characterized for operation over the full military temperature range of —55°C to

125°C. The SN74LS651 through SN741.S654 are characterized for operation from 0°C to 70°C.

e | FUNCTION TABLE
- INPUTS DATA 1/O0* OPERATION OR FUNCTION
U GAB GBA CAB CBA SAB SBA | A1 THRU A8 | B1 THRU BB ‘LS651, ‘'LS653 ‘LS652, 'LS654
m L H Hort HorlL X X Isolation Isolation
< input Input
- L H t 1 X X Store A and B Data Store A and B Data
(@] X H t Hor L X X tnput Not specified | Store A, Hold B Store A, Hotd B
m H H t t X X Input QOutput Store A in both registers Store A in both registers
L X Hor L ot specifie nput o . Store Hold A, Store B
(7] T X X | N fied ' Hold A, Store B
L L 1 t X X Qutput Input Store B in both registers Store B in both registers
L L X X X L Real-Time B Data to A Bus | Real-Time B Data to A Bus
Output Input -
L L X Hor L X H Stored B Data to A Bus Stored B Data to A Bus
H H X X L X Real-Time A Data to B Bus | Real-Time A Data to B Bus
Input Output —_
H H Hor L X H X Stored A Data ta B Bus Stored A Data to B Bus
Stored A Data ta B Bus and | Stored A Data to B Bus and
H L HorL HorlL H H Qutput Qutput -
Stored B Data to A Bus Stored B Data to A Bus

* The data output functions may be enabled or disabled by various signals at the GAB and GBA inputs. Data input functions are always
enabled, i.e., data at the bus pins will be stored on every low-to-high transition an the clack inputs.
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TYPES SN54L.S651 THRU SN54LS654
SN74LS651 THRU SN74L.5654
OCTAL BUS TRANSCEIVERS AND REGISTERS

logic diagrams (positive logic}

‘L8651, ‘LS653
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Pin numbers shown on legic notation are for DW, UT or NT packages.

-

TTL DEVICES H

TEXAS “?

INSTRUMENTS

POST OFFICE ROX 225012 @ DAL LAS TEXAS 75265

3-1253



TYPES SN54LS651 THRU SN54LS654
SN74LS651 THRU SN74LS654
OCTAL BUS TRANSCEIVERS AND REGISTERS

logic symbols

w

S30IA3A 111

‘LS651 ‘LS652
eeatZll ~Jen (Al Gea-2l ___~Jend [BA)
GAB—(%’— EN2 [AB) cag -3 EN2 [AB]
cea-= b.ca CBA ——g:; :>c4
SBA G5 sea <220 |
CAB ((;') P> cé cas U Pce
SAB o7 i sag 2!
(20) (20
(4) >14 |5 AD}p-+9—<81 (4) 1D 15 aD] B1
Al = - A1 =
A 1 »—T V! 5
6D 7 1 6D 7] =1
i > Dzv = 2V
a2 t5) 17 (19) np l8) 17 Q.
:4*—32 “Fﬁ jﬁ
s 8 (18) A3 8 qe
m—«o—as :T*’-
ad (7} 117) M*{;)’-C: {17) Ba
'3#84 —4—»1: j—<->—
s Y 116) a5l 08 .
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R 4 g—‘-"BS j‘*ﬁﬁ
a7 (10) {14) A7 TOTE (14)
>y m—Q—b— 87 -*t j“"‘ B7
A8 {1 T_" {13) o8 AB (11} (13) 68
‘LS653 ‘L8654
Gea-2l  fenq(8al [ WAL PN
GAB%——— EN2 [AB) cre -3 len2 (a8l
ceatBl b cBa B }ca
saa 22 G5 sea 22 __ lge
CAB ((12’) cs CAB:;;— cs
SAB G7 i saB ——— g7
(20) L (20
{4) P> (4)
[6D 7 1 6D 71 =1
7=, 1=,
ap_i5) 17 a9, a8 17 ug
s d8) @ as.d8) : 118)
x—o—»—a +t r»—as
Y S aa {17)
‘j«»a +t j-q—»-&t
a5 18) DL o) 116}
-9 34-»-3 A j—o—»as
a2 - (15) a6 115)
@ ‘Q—Q-FBG —*’g : T +>—B6
a0 (14) ap 10 (14)
<« :I.‘.’_ B7 —Qt j“"- B7
as 11 - DE s 1Y 13)
_‘t ﬁ—d—b—BB
Pin numbers shown on logic notation are for DW, JT or NT packages.
TExas bi
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TYPES SN54LS651, SN54LS652, SN74LS651, SN74LS652
OCTAL BUS TRANSCEIVERS AND REGISTERS

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

SUPPIY VOIAGE, VG -+« v o v e v e ettt it it e e e e e e e e e 7V
Input voltage: Control INPUTS . . . . o oot i e i e e e e 7V
140 T oo 7 55V

Operating free-air temperature range: SNB54LS651, SNG4ALSE52. . . ... ... .ot . — B5°C to 125°C
SN74LS651, SN74LS652. . . . .. ... .. ... 0°C to 70°C

Storage temperature range

recommended operating conditions

SN54L8651 SN74L5651
SN54L8652 SN74L5652 UNIT
MIN NOM MAX | MIN NOM MAX
Ve Supply voltage a5 5 55 | 4.75 5 525 A"
V|H High-level input voltage 2 2 \
V| Low-evel input voltage 0.7 08 A"
IpH High-level output current -12 —-15 mA
oL Low-level output current 12 24 mA
CBA or CAB high 15 15
T Pulse duration CBA or CAB low 30 30 ns
Data high or low ao 30
Setup time
su AorB 15 15 ns
before CAB 1 or CBAt
Hold time
th AorB 0 0 ns
after CAB1® or CBA 1
_TA Operating free-air temperature — &5 126 0 70 °C

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

TTL DEVICES M

SN54LS651 SN74L8651
PARAMETER TEST coNDITIONS! SN541L.5652 SN74L8662 UNIT
MIN TYP¥ MAX | MIN TYP¥ max
VIK Ve = MIN, lj =~ 18 mA -15 —-15 \2
1 =—3mA 2.4 3.4 2.4 3.4
v Vec=MIN. Vi =2V, AOH 12mA 2 v
=—12m
OH VL = MAX, OH
loH=— 15 mA 2
v Veg = MIN, Vig=2V, 1oL = 12mA 0.25 0.4 0.25 0.4 v
oL V)L = MAX, oL =24 mA 035 05
| Control inputs Vee = MAX, V=7V a1 0.1 A
' [&orBports Voo - MAX, V=55V 01 o1 | 7
: Control inputs v - MAX V=27V 20 20 A
H Aor B ports A cc ! ! : 20 20 “
Control inputs —04 —-0.4
hL Vee = MAX, V=04V mA
A or B ports A -0.4 - 0.4
ios ¢ Vie = MAX, Vpo=0V — 40 —225 | —40 —225 mA
Qutputs high 95 145 95 145
LS651 Qutputs low 103 165 103 165
Qutputs disabled 103 165 103 165
lcc Vee = MAX - mA
Qutputs high 95 145 95 145
LS652 Qutputs low 103 165 103 166
Qutputs disabled 120 180 120 180
+ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
$ Al typical values are at Voo =5V, Ta = 25°C.
{ Not more than ane autput should be shorted at a time, and duration of the short-circuit should not excead one second.
A For |/O ports, the parameters | and I inciude the off-state output current,
g
l EXAS 3-1255
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TYPES SN54LS651, SN54LS652, SN74LS651, SN74LS652
OCTAL BUS TRANSCEIVERS AND REGISTERS

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

FROM TO ‘L8651 ‘L8652
PARAMETER TEST CONDITIONS UNIT
(INPUT) {OUTPUT) MIN TYP MAX | MIN TYP MAX
t 14 24 1 5
PLH Clock Bus 5 2 ns
tPHL 23 35 24 36 ns
t 9 1 1
PLH Bus Bus 8 12 8 ns
tPHL 20 30 13 20 ns
tpLH Select, with 3 47 23 15 ns
bus input 22 33 21 22
t
PHL hight . RL=-66792,  CL=45pF, m
us
Select, with See Note 2
tPLH ‘ w 23 35 33 50 ns
bus input
TPHL lowt 19 30 15 23 ns
t = 29 44 4!
PZH &BA A Bus 30 5 ns
tpZL 40 60 36 54 ns
t 19 29
PZH GAB B Bus 20 30} ns
tpZL 26 40 25 38 ns
t - 25 3 5
PHZ EBA A Bus 8 2 38 ns
tpLZ R =667 2, CL =5pF, 19 30 19 30 ns
t See Note 2 25
PHZ GAB B Bus 38 25 38 | ns
tpLZ 19 30 19 30 ns
tp|_ 4 = pPropagation delay time, low-to-high-level output.
tpH L = Propagation delay time, high-ta-low-levei output
tpzH = output enable time to high level
tpzL = output enable time to low level
tpz = output disable time from high level
tpLz = output disabie time from low level
3 T These parameters are measured with the internal output state of the storage register opposite to that of the bus input.
NOTE 2: See Ganeral Information Section for ioad circuits and voltage waveforms.
:'l schematics of inputs and outputs
-~
U EQUIVALENT OF GAB INPUTS EQUIVALENT OF ALL OTHER INPUTS TYPICAL OF ALL OUTPUTS
m NS
s Vog——— - ——— — $Req Vee
O 29 k2NOM
m 3 4
INPUT —¢
@ 4 foe—g--
INPUT —g T b
C -QUTPUT
14 b ry y
ry y
Ppa Aand B: Rgg =15 k§INOM
GBA, CAB and CBA: Req =10 kS NOM
SAB and SBA: Reg = 6k§INOM
TEXAS b’
3-12566
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TYPES SN54LS653, SN54LS654, SN74LS653, SNTALS654
OCTAL BUS TRANSCEIVERS AND REGISTERS

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)
SUPPIY VOIage, VO« o i e e

Input valtage: All inputs and A 1/O ports
B /O ports
Operating free-air temperature range:

Storage temperature range

recommended operating conditions

SNB41.5663, SN541.5654
SN741.5653, SN741L5654

INSTRUMENTS

I sN54LS653 SN74LS653
SN54LS654 SN74L5654 UNIT
MIN NOM  MAX | MIN NOM MAX
Veoe  Supply voltage 4.5 5 5.5 4.78 5 5.25 \2
V|y High-level input voltage T Tz 2 A\
Vi Low-level input voltage - 0.7 0.8 \Y
Vo High-level output voltage A ports 5.5 5.5 A%
ioH High-level output current 1 48_‘3(_]},1;,_7, T T2 —- 18 mA
lpL.  tow-level output current 12 24 mA
CBA or CAB high 15 15
tyw Pulse duration CBA or CAB low 30 30 ns
Oata high or law 30 30
Setup time R
tsu AorB 15 15 ns
before CABt or CBAT
Hoid time B
th AorB 0 0 ns
after CAB' or CBA?
Ta  Operating free-air temperature -- 55 125 0 70 ‘c
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 3
SN541.8653 SN74LS653
PARAMETER TEST CONDITIONST SN54LS654 SN741.5654 UNIT
MiN Typi max [ MIN TYPE MAX (/5]
ViK Voo = MIN, 1= — 18 mA - ~15 15 | v Lt
Voo = MIN, | Vig=2V, | IgH = -3 mA 24 34 24 34 9
VoH | Boports VL = MAX IoH = — 12 mA v >
IgH = - 15 mA 2 L
IOH A ports Vee=MIN,  Vop =55V 0.1 0.1 | mA o
VoL Vee = MIN,  vig=2V, oL = 12 mA T 025 04 0.25 04 v -d
ViL = MAX oL =24 mA 0.35 Q.5 -
Control inputs Vgo = MAX, V=7V 0.1 a.t b_
s A or B ports Ve = MAX, V| =55V 0.1 a.t mA
Control inputs 20 20
I Veg = MAX, V=27V pA
A or B ports & 20 20
e Control inputs Vee - MAX, V=04V -Nn4 — Q0.4 mA
AorBnportsa — 0.4 ~ 0.4
10s ® | Bports Voo =MAX, Vg=0V - 40 ~225 | -40 _9295 | MA
Qutputs high 95 145 95 145
L8653 Gutputs low 103 165 103 166
Qutputs disabied 103 165 103 165
lee Ve = MAX - - — mA
Quiputs high a5 145 95 145
.S654 Qutputs low 105 170 105 170
Gutouts disabled | 120 180 120 180
t For conditions shown as MIN or MAX, use (be appropriate vaiue specified under recommendad operating conditions.
1 All typical values are at Voo =56V, Tp =25 C.
{ Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
A For 1/O ports, the parameters |4 and || include the off-state output current.
Texas P
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TYPES SN54L5653, SN54LS654, SN74LS653, SN74LS654
OCTAL BUS TRANSCEIVERS AND REGISTERS

switching characteristics, Vec =5 V, Ta = 256°C

FROM TO 'LS653 ‘LS654
PARAMETER TEST CONDITIONS uUNIvy

{INPUT} (OUTPUT} MIN TYP MAX | MIN TYP MAX
1 25 38 22 33
PLH CBA A Bus ns
PHL 26 39 24 36
t 15 23 14 21
PLH CAB B Bus ns
tPHL 24 36 22 33
1 10 18 10 18
PLH A Bus B Bus ns
tPHL 20 30 20 30
1 R =667 Q, Cp =45 pF, 21 32 1 7
PLH B Bus A Bus L L P & 2 ns
tPHL See Note 2 16 24 14 21
v BAT 8 57 4
PLH . S X A Bus 3 32 d ns
tPHL {with B high) 26 39 21 32
t BAT 4
PLH S A Bus 3 51 36 54 ns
tPPHL {with B low) 23 35 19 29
1 T 4
PLH ) SAB ' 8 Bus 32 8 23 35 ns
tPHL {with A high) 22 33 18 27

ABT 24

PLH SAB 8 Bus 36 30 45 s
PHL (with A low) 20 30 14 21
t = 3
PLH GBA A Bus 2 ¥ z 3 ns
tPHL 37 55 35 53
t 1
Pz GAB B Bus ° 2 19 2 ns
PPZL Ry =667 2, CL=5pF, 25 38 22 33
t See Note 2
PHZ GAB B Bus e Note 26 39 26 39 s
tpLZ 19 29 19 29

1t These parameters are measured with the internal output state of the storage register opposite to that of the bus input,

NOTE 2:

See General Information Section for load circuits and voltage waveforms.

=f schematics of inputs and outputs
—
- EQUIVALENT OF GAB INPUTS | EQUIVALENT OF ALL OTHER INPUTS | TYPICAL OF B OUTPUTS ] TYPICAL OF A OUTPUTS
> Vee 00—
-— 9 kE2NOM
o R 4
m INPUT —g OUTPUT
2] 9 fe—3 -- -
'NPUT_"—K ] ’ OUTPUT
T« 3 3 y
ry y -
pe _ Aand B: Rgq = 15 kS NOM
GBA, CABand CBA: Rgq = 10 k{2 NOM
SAB and SBA: Rgq = 6 k§INOM
T {1’
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