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e Bus Transceivers/Registers

* Independent Registers and Enables for A and

B Buses
e Multiplexed Real-Time and Stored Data
* Choice of True and Inverting Data Paths

* Choice of 3-State or Open-Caollector
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

‘LS663 Open-collector 3-State Inverting
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 realtime
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 fundamental
bus-management functions that can be performed with

the 'LSE51, 'LS652, and 'LS653.
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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 appropriate
clock pins {CAB or CBA) regardless of the select or enable control pins. When SAB or 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.

The SN54LS651 through SN54LS653 are characterized for operation over the full military temperature range of —55°C
to 125°C. The SN74LS651 through SN74LS653 are characterized for operation from 0°C to 70°C.

FUNCTION TABLE

INPUTS DATA I/0* OPERATION OR FUNCTION
GAB GBA CAB CBA SAB SBA | A1 THRU AB | B1 THRU B8 ' 'LS651, °'LS653 '1.S652, ‘LS654
L H HorL HorlL X X Input Input Isolation isolation
npu
L H t t X X P P Store A and B Data Store A and B Data
X H 1 Hor L X X Input Not specified | Store A, Hold B Store A, Hold B
H H t t X X Input Qutput Store A in both registers Store A in both registers
L X Hor L 1 X X Not specified Input Hold A, Store B Hold A, Store B
L L 1 t b4 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
Qutput 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 Qutput —
H H Hor L X H X Stored A Data to B Bus Stored A Data to B Bus
Stored A Data to B Bus and | Stored A Data to B Bus and
H L HorL ‘HorlL' | H H Output Output oree 2 e to u Store oea fo B pusand.
o Stored B Data to A Bus Stored B Data to A Bus

* The data output fgﬂctions 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 avery low-to-high transition on the clock inputs,
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logic diagrams (positive logic)

‘L5651, ‘L8653
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Pin numbers shown are for DW, JT or NT packages.
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logic symbolst
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TThis symbol is in accordance with ANSI;‘IEEE Std. 91-1984 and IEC Publication 617-12.
Pin numbers shown are for DW, JT, or NT packages.
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SN54LS651, SN54LS652, SN74LS651, SN74LS652
OCTAL BUS TRANSCEIVERS AND REGISTERS

SDLS191 — JANUARY 1981 — REVISED MARCH 1988

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

Supply voltage, VOQ <. vive s anae diaiae § SRR RS U A A A e w 7V
Input voltage: Control inputs, ............ G SRR O B SR e R e B 7V
IO POFEE o caivvonca ios wrave T P G SRS Y RS ismeiais BBN

Operating free-air temperature range: SN54LS651, SN54LS652. . . v v v v v vves e evnsssas. —B55°C to 125°C
SNTALSE5T, SNTALSBEZ, o nvn i vie sl s 0°C to 70°C

Storage temperature range — 65°C to 150°C

l
recommended operating conditions !

SN54LSE51 SN74L5651
SN54L5652 SN741L5652 UNIT
MIN NOM MAX | MIN NOM MAX
Vee  Supply voltage 4.5 6 55 | 4,75 5 5,25 v
ViH High-level input voltage 2 2 \Y
ViL Low-level input voltage 0.7 0g v
loH High-level output current —-12 =15 mA
loL Low-level output current 12 24 { mA
CEA or CAB high 15 15
tw  Pulse duration CBA or CAB low 15 15 ns
Data high or low 15 15
Setup time
U pefore CAB1or CBAT Aor8 19 1 m
Hold time
th AorB 0 0 ns
after CAB Tt or CBA t
Ta  Operating free-air temperature —55 125 0 0] °C

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

SN54LS651 SN74LS651
PARAMETER TEST CONDITIONS“' SN54L5652 SN741L5662 UNIT
MIN TYP$ mAaX | MIN TYP} MAX
ViK Vee = MIN, I =~ 18 mA —1.5 -1.5 | Vv
| =—3mA 24 3.4 2.4 3.4
y Vec=MIN,  Viy=2V, |°"'_ oy > v
OH V“_ =MAX, OH m
IoH = — 15 mA 2
v Veg = MIN, VIH=2V, loL=12mA 0.25 0.4 0.25 0.4 v
oL Vi = MAX, oL = 24 mA 035 05
| Control inputs Ve =MAX, V=7V 0.1 0.1 A
- m
! A or B ports Vee = MAX, V=55V 0.1 0.1
Control inputs 20 20
| v = MAX, V=27V A
M or B ports ce : 20 20| ¥
Control inputs —~0.4 — 0.4
hL il Voo =MAX, V=04V mA
A or B ports —=04 —0.4
lps$ Voo = MAX, Vo=0V —40 —226 | —40 — 225 mA
Qutputs high a5 145 a5 145
LS651 Qutputs low 103 166 103 165
Outputs disabled 103 165 103 165
I Vv = MAX A
cc ce Outputs high 95 145 95 145 |
LS652 OQutputs low 103 165 103 165
QOutputs disabled 120 180 120 180

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.
* All typical values are at Voo = 5V, Ta = 26°C,

Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
1 For 1/0 ports, the parameters ||y and |j_ include the off-state output current.
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switching characteristics, Vee =5V, Ta =25°C

FROM TO 'LS651 ‘L8652
PARAMETER TEST CONDITIONS UNIT
{INPUT) {OUTPUT) MIN TYP MAX MIN TYP MAX

t 4

PLH Clock Bus 14 2 15 25 ns
tPHL 23 35 24 36 ns
t

PLH Bus Bus 9 18 12 18 ns
tPHL 20 30 13 20 ns
PLH Select, with 31 a7 - - ne
t bus input 2 33 21 32

PHL high' Bus RL=6671,  C_=45pF, "

, with
tPLH Sele:lst witl See Note 2 o3 35 33 50 ns

- bus input
tPHL low! 19 30 15 23 ns
t -

PZH GaA A Bus 29 44 30 45 ns
tpz L 40 60 36 54 ns
T

PZH GAB B Bus 19 29 20 30 ns
tPzZL 26 40 25 38 ns
tPHZ = 25 38 25 38 ns

GBA A Busg
tpLz ¢ RL=667Q,  CL=6pF, 19 30 19 30 | ns
1 See Not

PHZ GAB B Bus ee Note 2 25 38 25 38 ns

tPLZ 19 30 19 30 ns

tpLH = propagation delay time, low-to-high-level output.
tpHL = propagation delay time, high-to-low-level output
tpzH = output enable time to high level

tpzL = output enable time to low level

tpHz = output disable time from high level

tpLz = output disable time from low lavel

T These parameters are measured with the internal output state of the storage register opposite to that of the bus input.

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

schematics of inputs and outputs

EQUIVALENT OF GAB INPUTS EQUIVALENT OF ALL OTHER INPUTS
Vee T
Vee ———= $Req
9 kE2NOM [
r
INPUT —¢ Y
y f6—e --
INPUT —y Y i
i+ an ry R
Py h 4 -
P Aand B: Rgq =16 k{2 NOM
GBA, CAB and CBA: Reg = 10 kS2NOM
SABand SBA: Req= 6k{2NOM

TYPICAL OF ALL QUTPUTS

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

SUPPIY VOIAOE, VO -« - - v vttt it it ittt et a et e e e e 7V
Input voltage: Allinputs and A I/O POrts ... ...t i e e A"
BIOPOMS ..... ..t e e e e ) a e s S e g e sl 55V
Operating free-air temperature range: SN54LS653............ ... .. .. ...... ~-55°C to 125°C
SN T ALSBE. ivnraomimmamnimsass s i o s i 0°C to 70°C
Storage tempPerature rANGE . . . v« v vt v v i e v e n s e e se e emne e snaensnens .. —65°C to 150°C
recommended operating conditions
SN54LS663 SN74LS653 UNIT
MIN NOM MAX | MIN NOM MAX
Vee Supply voltage 45 5 55| 475 5 525 v
ViH High-level input voltage 2 2 Vv
ViL Low-level input voltage 0.7 08 v
VoH High-level output voltage A ports 5.5 5.5 v
loH High-level output current B ports =12 =15 mA
loL. Low-level output current 12 24| mA
CBA or CAB high 15 15
ty  Pulse duration CBA or CAB low 30 30 ns
Data high or low 30 30
Setup time
tsu AorB 15 15 ns
before CABt or CBAt
th Hold time AcrB 0 1] ns
after CABt or CBAt
Tpa  Operating free-air temperature —55 125 0 70 °C
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
PARAMETER TeST conpiTions SNEB4LSE53 SN74L8653 UNIT
MIN TYP} MAX | MIN TYP§ MAX
Vg Vee = MIN, Ij=—=18mA - 15 -1.5 \J
Vee=MIN, V=2V, IgH = —3mA 2.4 3.4 24 34
VoH B ports ViL = MAX lpH=—12mA 2 v
IoH = — 15 mA 2
loH A ports Vec=MIN, Vou=55V 0.1 01 | mA
VoL Vee=MIN, V=2V, lpL=12mA 025 04 0.25 04 v
VL= MAX loL =24 mA 035 05
I Control inputs Veo=MAX, V=7V 0.1 0.1 mA
A or B ports Veo=MAX, V=55V 041 0.1
I i"::‘:p‘:::;s Voo =MAX, V=27V zg ;g A
m Control inputs Vee = MAX, Vi =04V - 0.4 -04 mA
A or B ports! —0.4 - 04
lpg$ B ports Vee=MAX, Vp=0V — 40 -226 | —40 —225 | MA
Qutputs high 95 145 95 145
LS653 QOutputs low 103 1656 103 1656
QOutputs disabled 103 165 103 165
lee e e Outputs high 95 145 95 a5 | ™
LSE54 Qutputs low 105 170 105 170
Qutputs disabled 120 180 120 180

T For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions.

* Al typical values are at Ve = 5V, T = 25°C.

5 Not more than one output should be shorted at a time, and duration of the short-circuit should not exceed one second.
1 For 1/0 ports, the parameters ljH and lj include the off-state output current.
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SN54LS653, SN74LS653
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switching characteristics, Vgc = 5 V, Tp = 25°C

FROM TO
PARAMETER T CON s MIN MA NIT
RA (INPUT) (OUTPUT) TEST CONDITION TYP X{ U
1]
PLH CBA A Bus 25 38 ns
tPHL 26 39
tpLH 15 23
CAB BB
tPHL - 24 36|
tPLH 10 18
AB B B
{PHL e * 20 30| ™
tpLH 21 32
B
tpL Bus A Bus 6 24 ns
t sBat = , = F, 7
PLH . ‘ A Bus RL = 667 @ CL=45p 38 5 ns
tPHL {with B high} See Note 2 26 39
t sBaf 4 1
PLH ) A Bus 3 5 ns
tPHL {with B low) 23 35
t T 4
PLH 'SAB . 8 Bus 32 s -
tPHL {with A high} 22 33
t T
PLH .SAB 8 Bus 24 36 ns
tPHL {with A low} 20 30
tpLH & 23 36
BA
tPHL A Bus 37 55 ns
tpZH 19 29
GAB B
tpzL Bus RL = 6672, C_ = 5 pF, 25 38|
t 2
PHZ GAB B Bus See Note 26 39 ns
tpLZ 19 29

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

NOTE 2: Load circuits and voltage waveforms are shown in Section 1.

schematics of inputs and outputs

EQUIVALENT OF GAB INPUTS | EQUIVALENT OF ALL OTHER INPUTS

Veem b
Vee——p———~-~ 2R
< ¢ eq
29k NOm
r
X, INPUT — ¥
Y 4 -
INPUT—w—K T Ty
1< ‘!—- ‘v . 4
'y Yy ”

_ Aand B: Rgq =15 k§2NOM
GBA, CAB and CBA: Req = 10 k2 NOM
SAB and SBA: Rgq= 6k{INOM

TYPICAL OF B OUTPUTS

Vee
50 £2NOM

QUTPUT

¥

TYPICAL OF A OUTPUTS

OUTPUT
-1
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (T1) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgment, including those
pertaining to warranty, patent infringement, and limitation of liability.

Tl warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tldeems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

Customers are responsible for their applications using T| components.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’'s products or services does not constitute Tl's approval, warranty or endorsement thereof.

Copyright © 2000, Texas Instruments Incorporated





