8-Bit Bus Front-Loading-Latch

Transceivers

SN54/74LS651
SN54/74LS653

SN54/74LS652
SN54/74LS654

SN>4/ 74409 __  — —————————————

Features/Benefits

« Bidirectional bus transceivers and registers

e Independent registers for A and B buses

o Real-time data transfer or stored data transfer

» Simultaneous outputs on both buses

o 24-pin SKINNYDIP® saves space

 8-bit data path matches byte boundaries

« Three-state or open-collector outputs drive bus lines

o 'LS653/4 are open-collector in A direction,
three-state in B direction

Description

These 8-bit bus transceivers with 3-state (LS651, 'LSB52) or
open-collector (L5663, 'L S654) outputs have 16 D-type fiip-flops
and multiplexers. The bus-oriented pinout of the parts is shown
in the Pin Configuration. The internal gate-level hardware
configurations for the '1.S651/653 and 'LS652/654 are given in
their respective Logic Diagrams. The basic repeated element,
consisting of an edge-triggered flip-flop paralieled with a by-
passing path or “feed-through” into a two-way mux, is some-
times called a “front-loading latch.”

A pair of multiplexers are used to distribute two bytes of data
through the part. The data-routing combinations offered by the
multiplexers provide flexibility in directing data to of trom either
bus, and/or either register. Data is loaded into registers A or B
upon the rising edge of the appropriate clock signals. CKA clocks
register A, which receives data fromthe B bus directly atitsinputs.

Pin Configurations

'LS651/652/653/654
8-Bit Bus Front-Loading-Latch Transceivers
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Ordering Information

PART
NUMBER

EEE T L e

NS, JS, R
SN74LS652 NL (28) Noninvert

SN54LSB53 [JSW.L*| Mil
NS,JS, A bus opern-

SN74LS653 Invert

SN54LS654 [JS,W.L* B bus

three-state
SN74LS654 NS.JS, Com | Noninvert

PKG |TEMP|POLARITY|OUTPUTS POWER

* L package here is 128. The other packages are 24-pin.

Similarly, CKB clocks register B, which has the A bus available
directly at its inputs. Control of the multiplexers is provided by
two select lines (one per register), SRA and SRB. Command of
the outputs is performed by two enable lines, GAB and GBA.

When GABis Low and GBA is High, data from the buses can be
loaded into registers A and B. When GBA is Low, the A bus is
configured for output. When GABis High, the Bbusis configured
for output. The Aand B buses can be enabied at the same time, to
operate as outputs simultaneously.

SRA is used to select between register Aandthe B bus, and then
to route the data to a controlied buffer connected to the A bus.
Likewise, SRB selects between register B and the A bus, and
then routes the data to the B bus through a controlled buffer.

GAB SRB CKB NC VCC CKA SRA
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B4
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Plastic Chip Carrier
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SN54/74LS5651 SN54/74L8652 SN54/74LS653 SN54/74LS654
Logic Diagrams
’LS652/654 (Non-inverting)
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* For the 'LS652 devices, the A bus outputs are 3-state.
For the 'LS654 devices, the A bus outputs are open-collector.
The B bus outputs are 3-state for both devices.
'LS651/653 (Inverting)
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* For the 'LS651 devices, the A bus outputs are 3-state.
For the 'LS653 devices, the A bus outputs are open-collector.

The B bus outputs are 3-state for both devices.

Monolithic m Memogories

13-47



N54/74LS651 SN54/74LS652 SN54/74LS653 SN54/74L5654

_ sN54/74LS651 SN54/741LS652 X3

IEEE Symbols
'LS651 'LS653
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Block Diagrams

’LS652/654 (Non-Inverting) 'L8651/653 (Inverting)
ABUS A BUS
cKB c:s
REGISTER REGISTER
g8 —P>—, 1 Gea —>—, B

MUX
DATA SELECT

SRB MUX DATA SELECT,
DATA SELECT MUX SRB

REGISTER GAB REGISTER GAB
A A
CKA CKA
B BUS BBUS

* For the "LSB651/652 devices, the A bus outputs are 3-state.
For the 'LLS653/654 devices, the A bus outputs are open-collector.
The B bus outputs are 3-state for both devices.

Function Table
Nomenclature Description

SRA/SRB: To select the output data coming from the A/B

H le the A-to-B ation.
GAB: To enable the A-to-B operatl register if SRA/SRBis High levet; otherwise, directly

GBA: To enable the B-to-A operation. from the input data bus.
AQ-A7: Eight input/output pins on the A side.
GAB | GBA OPERATION DIRECTION B0-B7: Eight input/output pins on the B side.
CKA/CKB: Clock for Register A/B.
L L Bto A . .
- X: Hor L state irrelevant (“Don’t Care” conditions).
L H Aand B buses both are inputs (storage) 1 Positive edge of CK causes clocking, if clocking
H L ATand fB butses g%th a;e gutputs enable is asserted.
stored data to bus
(Transfer ) uc: Hor L or | case (nonclocked operation).
H H |AtoB RGTR:  Register.
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Bus Operation for 'LS651/653

CLOCK

CONTROL DATA I/O ENABLE

OPERATION BLOCK DIAGRAM
GAB|GBA|SRA |SRB | AD-A7 BO-B7

'LS651/653

No operation

. uc
By \ uc Real time A bus data — RGTR B
TR
B t UC |Real time B bus data — RGTR A
BUS
CKB CKA 1

’ | |Reat time A bus data ~ RGTRB

Real time B bus data — RGTR A
l uc ! uc lReal time B bus data — A bus

ve | 1 Real time B bus data — A bus
. Real time B bus data — RGTR B
Real time —
Real time B bus data — A bus
B-to-A 1 | YC |Real time B bus data — RGTR A

Operation

Real time B bus data — A bus
t t |Real time B bus data ~ RGTR A
Real time B bus data — RGTR B

RGTR A data — A bus

RGTRA data — A bus
RGTR A data — RGTR B

Real time B bus data — RGTRA
RGTR A data — A bus

Real time B bus data —~ RGTRA
RGTR Adata — A bus
RGTRA data — RGTRB

UC | UC |Real time A bus data — B bus
Real time A bus data — B bus J

Stored data

B-to-A L L H X jOutput| Input

Operation

Real time A bus data — RGTRB

Real time A bus data —~ B bus
Real time A bus data — RGTR A

Real time_—ﬁ bus data — B bus
t |Real time A bus data — RGTR A
Real time A bus data — RGTR B

luc [uc [RGTRB data ~ B bus

Real time A bus data — RGTRB
RGTR B data — B bus

ue RGTRB data — Bbus
RGTRB data —~ RGTRA
Real time A bus data — RGTRB

t |RGTR B data — B bus
RGTRE data ~ RGTRA

UC |RGTRA/B data — A/B bus
\RGTR /B data — A/B bus

Real time
A-to-B H H X L | input |Output

Operation

1

Stored data
A-to-B H H X H | input |Output

Operation

‘ RGTRAdata —~ RGTRB
\ e ‘RGTR A/B data — A/B bus

H | L |H |H |Outeut)Output RGTRB data — RGTRA

RGTR A/B data — A/B bus
i |RGTRAdata — RGTRB
RGTRB data ~ RGTRA
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Bus Operation for 'L$652/654

OPERATION

CONTROL

DATA1/O

GAB

GBA|SRA

SRB

A0-A7

CLOCK
ENABLE

BLOCK DIAGRAM
B0-B7

CKA [CKB

'LS652/654

Storage

Input

uc

uc

No operation

uc

1

Real time A bus data — RGTR B

Input H

!

uc

Real time B bus data — RGTR A

8US

A
BUS RGTR
A
RGTR
r B
CKB

CKA

1

1

Real time A bus data -~ RGTR B
Real time B bus data — RGTR A

Real time
B-to-A

Operation

Qutput

uc

uc

Real time B bus data — A bus

uc

1

Real time B bus data — A bus
Real time B bus data ~ RGTR B

Input

uc

Real time B bus data — A bus
Real time B bus data —~ RGTR A

Real time B bus data — A bus
Real time B bus data — RGTR A
Real time B bus data -~ RGTR B

Stored data
B-to-A

Operation

Qutput

uc

RGTR A data - A bus

uc

RGTR A data — A bus
RGTR A data -~ RGTRB

Input

Real time B bus data — RGTR A
RGTR A data — A bus

Real time B bus data ~ RGTR A
RGTR A data — A bus
RGTR A data — RGTR B

Real time
A-to-B

Operation

Input

uc

Real time A bus data — B bus

uc

Real time A bus data — B bus
Real time A bus data ~ RGTR B

Qutput

Real time A bus data — B bus
Real time A bus data — RGTR A

Real time A bus data — B bus
Real time A bus data — RGTR A
Real time A bus data — RGTR B

Stored data
A-to-B

Operation

Input

uc

RGTR B data — B bus

uc

Real time A bus data — RGTR B
RGTR B data —~ B bus

Qutput

RGTR B data —- B bus
RGTR B data - RGTR A

Real time A bus data - RGTR B
RGTR B data — B bus
RGTR B data — RGTR A

Transfer
Stored
Data

Qutput

uc

RGTR A/B data — A/B bus

RGTR A/B data — A/B bus
RGTR A data — RGTR B

Qutput

RGTR A/B data — A/B bus
RGTR B data — RGTR A

RGTR A/B data — A/B bus
RGTR A data — RGTR B
RGTR B data — RGTR A
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SN54/74L5651 SN54/74LS652

/

Absolute Maximum Ratings

SUPPIY VORAGE VG, - e -ssssreemmmms s s s s -05Vto7V
IIDULVOIAGE <+« v s e e ee e e s -15Vto7V
OF-SLALE OUEPUL VOIBGE -« -« <o e e e sen s see e s s om0 -05Vto55V
SHOMAGE TOMPEIAIITE oo srsssescesssrs s s e ser s s s es s -65°C to +150°C
Operating Conditions
MILITARY COMMERCIAL
SYMBOL PARAMETER MIN TYP MAX | MIN TYP MAX UNIT
Vee Supply voltage 4.5 5 55| 475 5 525 \
TaA Operating free air temperature -55 1251 0 75| °C
High 20 20
tw Width of clock ns
Low 20 20
. 'LS651 201 20t
tsu Setup time ns
'LS652 20t 201
’LS651 ot 0!
th Hold time ns
'LS652 0t ot
IoH High-level output current -12 -15 1 mA
oL Low-level output current 12 24 | mA
1 | The arrow indicates the transition of the clock input used for reference. | for the low-to-high transitions. | for the high-to-low transitions.
Electrical Characteristics Over Operating Conditions
MILITARY COMMERCIAL
‘:YMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | MIN TYP MAX UNIT
ViL Low-level input voltage 0.7 0.8 \
ViH High-level input voltage 2 2
Vic Input clamp voltage Voo =MIN I| = -18mA -1.5 -1.5
L Low-level input current Voo=MAX | V= 04 v -0.4 -0.4 | mA
hH High-level input current Voo = MAX Vi= 27V 20 20 | pA
i i AorB V= 55V
I Maximum input Voo = MAX [ 0.1 01| mA
current All others V=7V J
Voo =MIN | lg = 12mA 025 0.4 025 0.4
VoL Low-level output voltage VL =MAX \
Vig =2V loL =24 mA 035 0.5
Voo =MIN | loH= -3mA 24 34 24 3.4
VoH High-level output voitage Vi =MAX Vv
0 V|H =2V |OH =MAX 2 2
lozL Vo=04V -400 -400 | pA
Off-state output current —
lozH Vo=27V 20 20 | wA
los Output short-circuit current* -40 -225 | -40 -225 | mA
Outputs High 145 145
Qutputs Low 165 165
Outputs disabled 165 165 mA
lcc Supply current Outputs High 145 145
Outputs Low 165 165
Outputs disabled 165 165

* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.

13-52
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SN54/74LS651 SN54/74LS652

Switching Characteristics voc =5v, 74 = 25°C

TEST CONDITIONS ‘L5651 'LS652
SYMBOL PARAMETER (See Test Load/Waveforms) MIN MAX | MIN max |UNIT
t 15 151 ns
PLH Data to output delay
tpHL 15 20 ns
t 20 20 | ns
PLH Clock to output deiay
tPHL 30 30 | ns
t 35 351! ns
PLH Select‘ to output delay 1 C = 450F Ry = 6670
tpHL (data input High) 20 25| ns
tpLn Select to output delay 35 35| ns
tpHL (data input Low) 30 20| ns
pzL GBA to 25 25 | ns
tpzH A bus output enable delay 20 20 | ns
tpLz GBA to 25 25 | ns
tpHz A bus output disable delay C=5pF R _=6670 35 35 | ns
t 30 30 ns
PZL | GABto CL=45pF R =6670
tpzH B bus output enable delay 25 25| ns
tpLz GAB to B B 25 25 | ns
tpHz B bus output disable delay CL=5pF Ry =6670 35 35| ns
T see Figure 4.
Switching Characteristics over Operating Range
TEST CONDITIONS MiL com
(See Test Load/Waveforms) ’LS651 'LS652 'LS651 'LS652
SYmBoL PARAMETER MIN MAX IMIN MAX [MIN MAX |MIN MAx [UNIT
t 20 20 15 20| ns
PLH Data to output delay
tpHL 20 25 17 22| ns
t 25 25 22 221 ns
PLH Clock to output delay
tpHL 35 35 30 30} ns
t 40 40 35 35| ns
PLH Select' to outp_ut delay t C| - 45pF R = 6670
tpy, | (datainputHigh) 25 30 25 28| ns
tPLH Select to output delay 1 40 40 35 35| ns
tpyy | (datainput Low) 35 25 30 22| ns
tpzL | GBAto 30 30 25 25| ns
tpzH A bus output enable delay 25 25 20 20! ns
t ¢ 35 30 30 28| ns
PLz | GBAto : CL=50F R = 6670
tpHz A bus output disable delay 40 45 40 40| ns
t 35 35 30 32| ns
PzL | GABto Cy = 45pF R = 6670
tpzH B bus output enable delay 30 30 25 25| ns
t 35 35 30 30| ns
PLZ | GABto ‘ CL=5F Ry =6670
tpHZ B bus output disable delay 40 45 35 40| ns
1 See Figure 4.
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 SNeamaR e ————

Absolute Maximum Ratings

SUPPIY VOUBGE VGG, - -+ seeesse s mss s s -05Vto7V
Inputvoltage .........
Off-state output voltage
SHOrage tEMPEIAUIE . ... vovessrcmese e es et s

Operating Conditions
y MILITARY COMMERCIAL
);M”‘- PARAMETER wiIN TYP Max | Min TYp max |UN'T
Vee Supply voltage 4.5 5 55 | 4.75 5 525 v
Ta Operating free air temperature -55 125 | 0 75| °C
High 20 20
tw Wwidth of clock ns
Low 20 20
'LS653 20t 20t
tsu Setup time ns
'LS654 201 201
'LS653 ot ot
th Hold time ns
'1.5654 0! ot
VoH High-level output voltage (A bus only) \ 5.5 5.5 \
1OH High-level output current (B bus only) \ -12 -15 | mA
loL Low-level output current l 12 24 | mA

t | The arrow indicates the transition of the clock input used for reference. 1 for the low-to-high transitions, | for the high-to-low transitions.

-
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Electrical Characteristics over Operating Conditions

MILITARY COMMERCIAL
SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX | MIN TYP MAX UNIT
VL Low-level input voltage 0.7 0.8
VIH High-level input voltage 2 2
Vic Input clamp voltage Voo = MIN i) = -18mA -1.5 -15 |V
T8 Low-level input current Vee = MAX Vi= 04V -0.4 -0.4 | mA
IH High-level input current Voo = MAX Vi= 27V 20 20 | upA
Maximum input | AorB _ Vi= 55V
| Vee = MAX 0.1 0.1 | mA
! current Allothers | °C V=7V
Voo =MIN [IgL =12mA 0.25 04 025 0.4
VoL Low-level output voltage ViL =MAX v
ViH =2V loL =24 mA 035 0.5
VoH High-level output voltage \\;CC : ::/I:;( lon =-3mA 24 34 24 34 v
(B bus only) Vi =2V | loH =MaX 2 2
) Vee = MIN
High-level output current cC
IOH g P VL =MAX |[Voy=5.5V 100 100 | wA
(A bus only) ViH =2V
| Vee = MAX =04V = -
ozL Off-state output current V|CLC = MAX Vo 400 400 | wA
| (B bus only) _ V=27V
OzZH Vi =2V | (8 bus only) 20 20 | pA
Output short-circuit current* - _ _ _ ~
los (B bus only) Voe = MAX 40 225 | -40 225 | mA
Outputs High 145 145
'LS-
653 Outputs Low 165 165
= Outputs disabled 165 165
lcc Supply current \hlﬂc,:qcx - mA
QOutputs High 145 145
'LS-
654 Outputs Low 165 165
Qutputs disabled 165 165
* Not more than one output should be shorted at a time and duration of the short circuit should not exceed one second.
Monoclithic ﬁ.ﬁﬂ Memorles 13-55
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Switching Characteristics vcc =5V, Ta = 25°C

TEST CONDITIONS* L5653 'LS654
SYMBOL PARAMETER (See Test Load/Waveforms) MIN MAX | MIN max [UNT
t 25 25 | ns
PLH Data to A bus output delay
tPHL 20 25 ns
t 15 15 | ns
PLH Data to B bus output delay
tpHL 15 20 | ns
1, 30 30| ns
PLH Ciock to A bus output delay
tPHL 30 30 | ns
PLH 20 20 | ns
Clock to B bus output delay
tPHL 30 30 | ns
tpLH Select to A bus 1 - 45 45 | ns
tPHL output delay (data input High) Cy =45pF R = 6670 25 30 | ns
tPLH Select to A bus t 40 45 | ns
tPHL output delay (data input Low) 30 25 | ns
tpLH Select to B bus § 35 35| ns
tPHL output delay (data input High) 25 25 | ns
tPLH Select to B bus T 35 35 | ns
tpHL output delay (data input Low) 30 20 | ns
tpLH GBA to 35 35| ns
tpHL A bus output enable delay 25 30| ns
tpzL GAB to 30 30 | ns
tpzH B bus output enable delay 25 25 | ns
tpLz GAB to _ . 25 25| ns
tpHZ B bus output disable delay CL=5%pF R =6670 35 a5 | ns

*

For A bus, the test load will refer to the open-collector test load. See Figure 6.
For B bus, the test load will refer to the three-state test load. See Figure 7.
t See Figure 4.

/
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Switching Characteristics Over Operating Range

TEST CONDITIONS* MIL coMm
(See Test Load/Waveforms) 'LS653 ’LS654 ’LS653 ’'LS654
SYMBOL PARAMETER MIN MAX [MIN MAX [MIN MAX |[MIN max |YNIT
tpLH 30 30 28 30| ns
Data to A bus output delay
tpHL 25 30 23 28| ns
tpLH 20 20 18 18! ns
Data to B bus output detay
tPHL 20 25 18 20 ns
tpLH 40 40 35 35| ns
Clock to A bus output delay
tPHL 40 40 35 35| ns
tpLH 25 25 23 23] ns
Clock to B bus output delay
tpHL 35 35 30 30| ns
tPLH | Select to A bus output t 50 50 45 48| ns
tPHL delay (data input High) ) . 30 40 25 35! ns
CL =45pF R| = 6670
tPLH | Select to A bus output t 45 55 43 50| ns
tPHL delay (data input Low) 35 30 30 28| ns
tPLH | Select to B bus output t 40 35 35 35| ns
tPHL delay (data input High) 25 35 25 30| ns
tPLH | Select to B bus output } 40 45 35 40| ns
tpHL delay (data input Low) 35 25 30 23| ns
'PLH |GBAto 40 35 35 35| ns
tpHL A bus output enable delay 30 40 28 35! ns
tpzL GAB to 35 35 30 33| ns
tpzH B bus output enable delay 30 30 25 28| ns
t 35 35 30 30| ns
PLZ GAB to ' CL=5pF R = 6670
tPHZ B bus output disable delay 40 45 38 40| ns

* For A bus, the test load will refer to the open-cailector test load. See Figure 6.
For B bus, the test load will refer to the three-stale test load. See Figure 7.

t See Figure 4.
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Test Waveforms
Setup Time/Hold Time Bus Data To Bus Output Delay
3v
BUS DATA 7‘4;— j v
f_——- 3v N ov
ov Vom
BUS OUTPUT v v
(LS652/654) T T
DATA T T le—+—toLH toHL
-f__ VoH
tyy —o-th BUS OUTPUT vy vy
(LS651/653) / v
- 1 oL
Vy=13V toHL pLH
Vp=13V
Figure 1. Figure 2.
CK To Bus Output Propagation Delay Time
3v
DATA _7[7., )( vr
ov
——3V
cK % vr ZV'r \
ov
v,
BUS OUTPUT N v OH
(LS652/654) T VT
0| N Vo
le—>—"pLH tOHL
VoH
BUS QUTPUT vr Y vr
£LS651/653) VoL
toHL toLH
Figure 3 Vy=13V
Select To Output Delay
3V
DATA
OF BUS
ov
3V
DATA OF
REGISTER
ov
© O]
3y
SRA/SRB vt Z vy l vy
| ov
® 0
Vo
outpur @ vy vy }Z
— 1 Vol
(NON-INVERTING |« ! -
DEVICES ONLY) |ty 4y toHL 1oy toHL toLH
INPUT DATA HIGH T INPUT DATA LOW
Figure 4
NOTES: 1. Whan SRA/SRB is low, the input data will transfer to output bus.

2. When SRA/SRB is high,
3. For the inverting devices, the timing is similar,
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SN54/74L5651 SN54/74LS652 SN54/74LS653 SN54/74LS654
e o fmseshuioi

Enable/Disable Delay
GBA X

3v
/v

KT 7

av

GAB lv
A7

ov

—E 3v
OUTPUT ENABLE KVT 7[ vr
oV
[e—1tpLz—] s1AND
DATA OUTPUT $2 CLOSED
WAVEFORM 1 $1CLOSED v 15V
(SEE NOTE C) S2 OPEN T = 05V
VoL
[e——1tpzH— «—1tpHz— ? ‘
DATA OUTPUT — VoH
WAVEFORM 2 $10PEN vy 05V
(SEE NOTE C) $2 CLOSED —15V
ov
R S1AND
V13 v 52 CLOSED
Figure 5
Test Loads
vce
RL
TEST POINT*
s1
vce
. (SEE
¢ NOTE B)
n | 4
cL
TEST POINT* {SEE NOTE A} I 4
cL
T (SEENOTE &) y
f *
Load Circuit For Load Circuit For
QOpen-Collector Outputs Three-State Outputs

* The “TEST POINT" is driven by the output under test,
and observed by instrumentation.

Notes: A. C| includes probe and jig capacitance.

B. All diodes are TN916 or 1N3084.

C. Waveform 1 is for an autput with internal conditions such that the
output is low except when disabled by the output control.
Waveform 2 is for an autput with internal conditions such that the
output is high except when disabled by the output control

D. In the examples above, the phase relationships between inputs
and outputs have been chosen arbitrarily.

m

. Allinput putses are supplied by generators having the following

characteristics: PRR < 1 MHz. ZoyT =50 and tg =15 nstp <6 ns.
F. When measuring prapagation delay times of three-state outputs,
switches S1 and S2 are closed.
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