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NNational Semiconductor

74LCX00

PRELIMINARY

Low Voltage Quad 2-Input NAND Gate

with 5V Tolerant Inputs

General Description

The LCX00 contains four 2-input NAND gates. The inputs
tolerate voltages up to 7V allowing the interface of 5V sys-
tems to 3V systems.

The 74LCX00 is fabricated with advanced CMOS technolo-
gy to achieve high speed operation while maintaining CMOS
low power dissipation.

Features
m 5V tolerant inputs
B 5.2 ns tpp max, 10 pA Iccq max

Power down high impedance inputs and outputs
2.0V-3.6V V¢ supply operation
+24 mA output drive
Implements patented Quiet SeriesT™ noise/EMI reduc-
tion circuitry
Functionally compatible with 74 series 00
Latch-up performance exceeds 500 mA
ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbol Connection Diagram
Pin Assignment
IEEE/IEC for SOIC and TSSOP
A & _ 1 N\ 14
g —1 S Oy Ap = [_Vcc
0 2 13
" ; o P
L5, 52 @;%
By ——d A 4 11 52
:2 ] 0, gy — 2 s
2] 58— s
Ay — - 7 8 5
3 GND == f— 03
By —
TL/F/12408-1 TL/F/12408-2
Pin Names Description
An, Bn Inputs
On Outputs
SOIC JEDEC SOIC EIAJ TSSOP
Order Number 74L.CX00M 74LCX00SJ 74LCXO0OMTC
74LCX00MX 74LCX00SJX 74LCX00MTCX
See NS Package Number M14A M14D MTC14

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice.
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LCXo00

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voltage —0.5t0 +7.0 Vv
\ DC Input Voltage —0.5t0 +7.0 \'
Vo DC Output Voltage —0.5toVge + 0.5 Output in High or Low State (Note 2) \')
liK DC Input Diode Current —50 V| < GND mA
lok DC Output Diode Current —50 Vo < GND mA
+50 Vo > Vee

lo DC Output Source/Sink Current +50 mA
Icc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
Tsta Storage Temperature —65t0 +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: Ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6

\ Input Voltage 0 5.5 Vv

Vo Output Voltage HIGH or LOW State 0 Vee Vv

lon/loL Output Current Vee = 3.0V — 3.6V +24 mA
; Voo = 2.7V +12

Ta Free-Air Operating Temperature —40 85 °C

At/AV Input Edge Rate, Vi = 0.8V-2.0V, Vg = 3.0V 0 10 ns/V

DC Electrical Characteristics

Symbol Parameter Conditions Vee Ta = —40°Cto +85°C Units
V) Min Max
Vi HIGH Level Input Voltage 2.7-3.6 2.0 Vv
ViL LOW Level Input Voltage 2.7-3.6 0.8 \'
VoH HIGH Level Output Voltage loy = —100 pA 2.7-3.6 Vcc — 0.2 \'
loy = —12mA 2.7 2.2 \'%
loy = —18mA 3.0 2.4 \Y
loH = —24 mA 3.0 2.2 \
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 Vv
loL = 12mA 2.7 0.4 \
loL = 16 mA 3.0 0.4 \'%
loL = 24 mA 3.0 0.55 v
I Input Leakage Current 0 <V, <55V 2.7-3.6 +5.0 nA
loFr Power-Off Leakage Current VjorVg = 5.5V 0 100 pA
Icc Quiescent Supply Current V| = Vggor GND 2.7-3.6 10 pA
3.6V < V), Vg £ 5.5V 2.7-3.6 +10 pA
Alcc Increase in Igc per Input Vg = Vg —0.6V 2.7-3.6 500 HA




AC Electrical Characteristics (preliminary)

Symbol

Parameter

Tp = —40°C to +85°C

Vge = 3.3V +£0.3V Vee = 2.7V Units
Min Max Min Max
tPHL Propagation Delay 1.5 5.2 1.5 6.0 ns
tPLH 1.5 52 1.5 6.0
tosHL Output to Output Skew (Note 1) 1.0 ns
tosLH 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (togHi) or LOW to HIGH (tosLH).

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta — 25°C Unit
V) Typical

VoLp Quiet Output Dynamic Peak Vo CL = 50 pF, Vi = 3.3V, V| = 0V 33 0.8 \
VoLv Quiet Output Dynamic Valley Vo CL = 50pF, V| = 3.3V, VL =0V 3.3 0.8 \"
Capacitance

Symbol Parameter Conditions Typical Units
Cin Input Capacitance Ve = Open, V) = 0V or Voo 7 pF
Cout Output Capacitance Vce = 3.3V, V| = 0VorVcc 8 pF
Cpp Power Dissipation Capacitance Vce = 3.3V, V= 0VorVge, F = 10 MHz 25 pF

00X01



LCX00

74LCX00 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are

defined as follows:

74LCX 00

Temperature Range Family
74 = Commercial

Device Type

Package Code

M X

Special Variations

nyn —

=Tape and Reel
" " =Rail/Tube

M = Molded Small Outline Package, JEDEC
SJ=1(0.300" Wide) Molded Small Outline, Package EIAJ
MTC = Thin Shrink Small Outline Package, JEDEC
4.4 mm Body Width

TL/F/12408-3




NNational Semiconductor

74LCX02

PRELIMINARY

Low Voltage Quad 2-Input NOR Gate with 5V Tolerant

Inputs

General Description

The LCX02 contains four 2-input NOR gates. The inputs
tolerate voltages up to 7V allowing the interface of 5V sys-
tems to 3V systems.

The 74LCX02 is fabricated with advanced CMOS technolo-
gy to achieve high speed operation while maintaining CMOS
low power dissipation.

Features

| 5V tolerant inputs

@ 5.2 ns tpp max, 10 pA Igcq max

@ Power down high impedance inputs and outputs

W 2.0V-3.6V V¢ supply operation
® 24 mA output drive
W Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
m Functionally compatible with 74 series 02
B Latch-up performance exceeds 500 mA
m ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbol Connection Diagram
Pin Assignment
IEEE/IEC for SOIC and TSSOP
Ay — =1 _ _ N 14
B — — Go— — Vee
A: AO_Z; é P &32
P 0, By 3 ( ] | 12 B,
8y — = 4 11
Ay —— % f 5
2 P 0, A 3] 10 05
By — 6 é 9
Ay ] 8 By
3 S sNo—4 2
B; —
TL/F/12409-1 TL/F/12409-2
Pin Names Description
An, Bn Inputs
On Outputs
SOIC JEDEC | SOIC EIAJ TSSOP
Order Number 74LCX02M 74LCX028J 74LCX02MTC
74LCX02MX 74LCX02S8JX | 74LCX02MTCX
See NS Package Number M14A M14D MTC14

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice.
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LCX02

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.
Symbol Parameter Value Conditions Units
Veo Supply Voltage —0.5t0 +7.0 \
\/] DC Input Voltage —0.5t0 +7.0 Vv
Vo DC Output Voltage —0.5to Vo + 0.5 Output in High or Low State (Note 2) \
lik DC Input Diode Current —50 V; < GND mA
lok DC Output Diode Current —50 Vo < GND mA
+50 Vo > Veo
lo DC Output Source/Sink Current +50 mA
Icc DC Supply Current per Supply Pin +100 mA
laND DC Ground Current per Ground Pin +100 mA
Tsta Storage Temperature —65t0 +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The ‘““Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: Ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
\7 Input Voltage 0 5.5 \')
Vo Output Voltage HIGH or LOW State Vece \']
lon/loL Output Current Vgc = 3.0V — 3.6V +24 mA
Voo = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, Viy = 0.8V-2.0V, Vo = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta = —40°Cto +85°C Units
V) Min Max
Vi HIGH Level Input Voltage 2.7-3.6 2.0 Vv
ViL LOW Level Input Voltage 2.7-3.6 0.8 \'
VoH HIGH Level Output Voltage loq = —100 pA 2.7-3.6 Vo — 0.2 Vv
lon = —12mA 2.7 2.2 v
loH = —18mA 3.0 2.4 \
loH = —24mA 3.0 2.2 \
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \'J
loL = 12 mA 2.7 0.4 1
loL = 16 MA 3.0 0.4 \
loL = 24 mA 3.0 0.55 \
Iy Input Leakage Current 0<V, <55V 2.7-3.6 +5.0 pA
lore Power-Off Leakage Current VjorVp = 5.5V 0 100 pA
lcc Quiescent Supply Current V) = Vgc or GND 2.7-3.6 10 nA
3.6V <V}, Vo <55V 2.7-3.6 +10 rA
Alcc Increase in Igg per Input Viy = Vgg —0.6V 2.7-3.6 500 MA




AC Electrical Characteristics (preliminary)

Ta = —40°Cto +85°C

Symbol Parameter Vee = 3.3V £0.3V Vee = 2.7V Units
Min Max Min Max

tPHL Propagation Delay Time 1.5 5.2 1.5 6.0 ns

tPLH 1.5 5.2 1.5 6.0

tosHL Output to Output Skew 1.0 ns

tosLH (Note 1) 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (togHy) or LOW to HIGH (tosi ).

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta— 25€C Units
) Typical
VoLp Quiet Output Dynamic Peak Vo CL = 50pF, V| = 3.3V, VL = 0V 3.3 0.8 \
VoLv Quiet Output Dynamic Valley Vo Cp = 50pF, V) = 3.3V, V)L = 0V 3.3 0.8 \"
Capacitance
Symbol Parameter Conditions Typical Units
Cin Input Capacitance Vce = Open, V| = 0V or Voo 7 pF
Cout Output Capacitance Vo = 3.3V, V| = 0VorVge 8 pF
Cpp Power Dissipation Capacitance Voe = 3.3V, V| = 0VorVcg, F = 10 MHz 25 pF

¢0XO1




LCX02

74LCX02 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 02 M X
I

Temperature Range Family T—Special Variations
74 = Commercial "X =Tape and Reel
Device Type " " =Rail /Tube

Package Code
M = Molded Small Outline Package, JEDEC
SJ=(0.300" Wide) Molded Small Outline Package, EIAJ
MTC = Thin Shrink Small Outline Package, JEDEC, 4.4 mm Body
Width

TL/F/12409-3




NNational Semiconductor

74LCX04

PRELIMINARY

Low Voltage Hex Inverter with 5V Tolerant Inputs

General Description

The LCX04 contains six inverters. The inputs tolerate volt-
ages up to 7V allowing the interface of 5V systems to 3V
systems.

The 74LCX04 is fabricated with advanced CMOS technolo-
gy to achieve high speed operation while maintaining CMOS
low power dissipation.

Features

| 5V tolerant inputs

W 5.2 ns tpp max, 10 pA Igcq max

m Power down high impedance inputs and outputs
m 2.0V-3.6V V¢ supply operation

B 124 mA output drive
u Implements patentend Quiet Series™ noise/EMI reduc-
tion circuitry
B Functionally compatible with 74 series 04
m Latch-up performance exceeds 500 mA
w ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbol Connection Diagram
Pin Assignment
IEEE/IEC for SOIC and TSSOP
%o — ! % ] B A (75N
A - o cc
! [ - - 3 13 Ay
Ay — % a3 ? 12 3,
Ay — —3; a4 Y 11,
Ay — P~ 0 'S i 10 -
5 A= 0,
As = —— = 8 ? 9
TL/F/12410-1 02— —As
- oNp—1 E 25,
TL/F/12410-2
Pin Names Description
An Inputs
[ Outputs
SOIC JEDEC SOICEIAJ TSSOP
Order Number 741L.CX04M 74L.CX04SJ 74LCX04MTC
74LCX04MX 74LCX04SJX | 74LCX04MTCX
See NS Package Number M14A M14D MTC14

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice.
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LCX04

Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.
Symbol Parameter Value Conditions Units
Vee Supply Voltage —0.5t0 +7.0 Vv
\ DC Input Voltage —0.5t0 +7.0 v
Vo DC Output Voltage —0.5t0Vgc + 0.5 Output in High or Low State (Note 2) \
ik DC Input Diode Current —-50 Vi < GND mA
lok DC Output Diode Current -50 Vo < GND mA
+50 Vo > Vee
lo DC Output Source/Sink Current +50 mA
lcc DG Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
Tsta Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these

limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Ratings. The “Ri jed Operating
Conditions™ table will define the conditions for actual device operation.
Note 2: Ig Absolute Maximum Rating must be observed.
Recommended Operating Conditions
Symbol Parameter Min Max Units
Vee Supply Voltage Operating 20 3.6 v
Data Retention 1.5 3.6
\'/] Input Voltage 0 5.5 \']
Vo Output Voltage HIGH or LOW State 0 Vee \']
lon/loL Output Current Vce = 3.0V-3.6V +24 mA
Voo = 2.7V 12
Ta Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, Vjy = 0.8V-2.0V, Voo = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta = —40°Cto +85°C Units
V) Wiin Max
ViH HIGH Level Input Voitage 2.7-3.6 2.0 \']
Vi LOW Level Input Voltage 2.7-3.6 0.8 Vv
VoH HIGH Level Output Voltage loqg = —100 pA 2.7-3.6 Voc — 0.2 \']
lon = —12mA 2.7 2.2 Vv
loH = —18 mA 3.0 2.4 \
lon = —24 mA 3.0 2.2 \']
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \']
loL = 12mA 2.7 0.4 \']
loL = 16 MA 3.0 0.4 Vv
loL = 24 mA 3.0 0.55 \']
I Input Leakage Current 0<V, <55V 2.7-3.6 +5.0 pA
loFF Power-Off Leakage Current VjorVg = 5.5V 0 100 pA
lcc Quiescent Supply Current V| = Vggor GND 2.7-3.6 10 pA
3.6V <V}, Vo <55V 2.7-3.6 +10 pA
Alcc Increase in Icc per Input Viy = Vge —0.6V 2.7-3.6 500 pA
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AC Electrical Characteristics

(Preliminary)

TA = —40°C to +85°C

Symbol Parameter Vge = 3.3V £0.3V Vee = 2.7V Units
Min Max Min Max

tPHL Propagation Delay Time 1.5 5.2 1.5 6.0 ns

tpLH 1.5 5.2 1.5 6.0

tosHL, Output to Output Skew 1.0 ns

tosLH (Note 1) 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (togHi) or LOW to HIGH (TogLn)-

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25C Units
v) Typical

VoLp Quiet Output Dynamic Peak Vo CL = 50pF,V|y = 3.3V,V|L= 0V 3.3 0.8 \"
VoLv Quiet Output Dynamic Valley Vo CL = 50pF, V| = 3.3V, V)L =0V 3.3 0.8 \
Capacitance

Symbol Parameter Conditions Typical Units
Cin Input Capacitance Vce = Open, V) = 0V or Vo 7 pF
Cout Output Capacitance Ve = 3.3V, V| = 0VorVee 8 pF
Cpp Power Dissipation Capacitance Vec = 3.3V, V| =0VorVcg, F = 10 MHz 25 pF

141) Con



LCX04

74LCX04 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 04 M X

Temperature Range Family T—Special Variations
74 = Commercial "X" = Tape and Reel
Device Type " " =Rail /Tube

Package Code
M = Molded Small Outline Package, JEDEC
SJ=(0.300" Wide) Molded Smali Outline Package, EIAJ
MTC =Thin Shrink Small Outline Package, JEDEC
4.4 mm Body Width
TL/F/12410-3

12




. ) ADVANCE INFORMATION
National Semiconductor

74LCX05
Hex Inverter (Open Drain) with 5V Tolerant Inputs

General Description Features
The 74LCXO05 is an open drain hex inverter. The 74LCX05 W 5V tolerant inputs
requires the addition of an external resistor to perform a  ® Power down high impedance inputs and outputs
wire-NOR function. LCX devices are designed for low volt-  m 2.0V-3.6V Vg supply operation
age (3.3V) operation with the added capability of interfacing  w +24 mA output drive
to a 5V signal environment. ® Implements patented Quiet Series™ noise/EMI reduc-
The 74LCX05 is fabricated with advanced CMOS technolo- tion circuitry
gy to achieve high speed operation while maintaining CMOS  w Fuynctionally compatible with 74 series 05
low power dissipation. m Latch-up performance exceeds 500 mA
m ESD performance:
Human body model > 2000V
Machine model > 200V

Connection Diagram

vee A8 Y6 A5 Y5 A4 Y4
|14 |13 |12 |11 |1o Is Is
1 2 3 4 E) [] 7
J1 Y|1 A|2 V|2 A|3 Yl3 Gr|(D TL/F/12425-1
Top View
Logic Diagram Typical Application
Vee Veo

TL/F/12425-3

TL/F/12425-2  Note: Can be extended to more than 2 inputs.

13
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LCXo8

&National Semiconductor

74LCX08

PRELIMINARY

Low Voltage Quad 2-Input AND Gate

with 5V Tolerant Inputs

General Description

The LCX08 contains four 2-input AND gates. The inputs tol-
erate voltages up to 7V allowing the interface of 5V systems
to 3V systems.

Features

| 5V tolerant inputs

® 5.5 ns tpp max, 10 pA Iccq max

m Power down high impedance inputs and outputs

W 2.0V-3.6V Vg supply operation
B 124 mA output drive
m Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
m Functionally compatible with 74 series 08
B Latch-up performance exceeds 500 mA
m ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbol Connection Diagram
Pin Assignment
IEEE/IEC for SOIC JEDEC, EIAJ and TSSOP
— &
Ao —— 0y Ag=L L vee
B — 2 13,
A — N 3 12,
B — — 0 % » " By
Ay — N 5 10 %
B, ] — 02 By — A3
2 ) 8] : ENFY
Ay — ' g
B, | —0; GND = — 03
3
TL/F/12411-1 TL/F/12411-2
Pin Names Description
An, Bn Inputs
Op Outputs
SOIC JEDEC SOIC EIAJ TSSOP
Order Number 74L.CX08M 74LCX08SJ 74LCX08MTC
74LCX08MX 74LCX08SJX 74LCX08MTCX
See NS
Package Number M14A M14D MTC14

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice.
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Absolute Maximum Ratings (vote 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

80X01

Symbol Parameter Value Conditions Units
Vce Supply Voltage —0.5t0 +7.0 Vv
\ DC Input Voltage —0.5t0 +7.0 \'
Vo DC Output Voltage —0.5to Vgc + 0.5 Output in High or Low State (Note 2) \
ik DC Input Diode Current —50 Vi < GND mA
lok DC Output Diode Current —50 Vo < GND mA
+50 Vo > Veo

lo DC Output Source/Sink Current +50 mA
lcc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
TsTG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: Ip Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
\ Input Voltage 0 5.5 \]
Vo Output Voltage HIGH or LOW State 0 Vce \'J
lon/loL Output Current Vce = 3.0V — 3.6V +24 mA
Vee = 2.7V +12

TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, Viy = 0.8V-2.0V, Voc = 3.0V 0 10 ns/V

DC Electrical Characteristics

Symbol Parameter Conditions Vee Ta = —40°Cto +85°C Units
V) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 \
ViL LOW Level Input Voltage 2.7-3.6 0.8 \
VoH HIGH Level Output Voltage loy = —100 pA 2.7-3.6 Vee — 0.2 \']
loy = —12mA 2.7 2.2 \
lon = —18mA 3.0 2.4 \'
lo4 = —24 mA 3.0 2.2 \'
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \
loL = 12mA 2.7 0.4 \
loL = 16 mA 3.0 0.4 Y
loL = 24 mA 3.0 0.55 \'
Iy Input Leakage Current 0<V, <55V 2.7-3.6 +5.0 pA
loFF Power-Off Leakage Current VjorVg = 5.5V 0 100 pA
lcc Quiescent Supply Current V| = Vg or GND 2.7-3.6 10 pA
3.6V <V, Vo <55V 2.7-3.6 +10 pA
Alcc Increase in Igc per Input ViH = Vgg —0.6V 2.7-3.6 500 pA

15




LCXo08

AC Electrical Characteristics

Ta = —40°C to +85°C
Symbol Parameter Vee = 3.3V 0.3V Vee = 2.7V Units
Min Max Min Max
teLH Propagation Delay 1.5 55 1.5 6.2 ns
tPHL 15 5.5 1.5 6.2
tosLH Output to Output Skew 1.0 ns
tosHL (Note 1) 1.0
Note 1: Skew is defined as the absolute value of the difference b the actual prop ion delay for any two separate outputs of the same device. The
specification applies to any outputs ing in the same direction, either HIGH to LOW (togn1) or LOW to HIGH (tosLH).

Dynamic Switching Characteristics

Vee Ta = 25°C
Symbol Parameter Conditions Units
v) Typical
VoLp Quiet Output Dynamic Peak Vo CL = 50pF, Vjy = 3.3V, V)L = 0V 3.3 0.8 \"
VoLv Quiet Output Dynamic Valley Vo CL = 50 pF, V| = 3.3V, V)L = OV 3.3 0.8 \"
Capacitance
Symbol Parameter Conditions Typical Units
Cin Input Capacitance Vcc = Open, V| = 0V or Voo 7 pF
Cout Output Capacitance Vcc = 3.3V, V= 0VorVcc 8 pF
Cpp Power Dissipation Capacitance Vo = 3.3V, V; = 0VorVcc, F = 10 MHz 25 pF

74L.CX08 Ordering Information
The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:
74LCX 08 M X
Temperature Range Family ] LSpeciaI Variations
74 = Commercial "X" =Tape and Reel
Device Type J " " = Rail /Tube

Package Code
M = Molded Small Outline Package, JEDEC
SJ = Molded Small Outline Package, EIAJ

MTC =Thin Shrink Small Outline Package, JEDEC

4.4 mm Body Width
TUF/12411-3
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. ] ADVANCE INFORMATION
National Semiconductor

74LCX10
Triple 3-Input NAND Gate with 5V Tolerant Inputs
General Description Features

The 74LCX10 is a triple 3-input NAND gate with buffered B 5V tolerant inputs
outputs. LCX devices are designed for low voltage (3.3V) ®m Power down high impedance inputs and outputs

operation with the added capability of interfacing to a 5V m 2.0V-3.6V Vg supply operation

signal environment. B 124 mA output drive

The 74LCX10 is fabricated with advanced CMOS technolo-  m Implements patented Quiet Series™ noise/EMI reduc-
gy to achieve high speed operation while maintaining CMOS - tion circuitry

low power dissipation.

Functionally compatible with 74 series 10
Latch-up performance exceeds 500 mA
ESD performance:

Human body model > 2000V

Machine model > 200V

Connection and Logic Diagrams

W C YT €3 B A3 VY3
Iu B i |u |1o |9 8

At B1 A2 B2 c2 Y2 GND
TL/F/12427-1

Top View

A e

s— JoPo>o—

(e

TL/F/12427-2
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LCX11

ﬂNational Semicondu

74LCX11

ADVANCE INFORMATION
ctor

Triple 3-Input AND Gate with 5V Tolerant Inputs

General Description

The 74LCX11 is a triple 3-input AND gate with buffered out-
puts. LCX devices are designed for low voltage (3.3V) oper-
ation with the added capability of interfacing to a 5V signal
environment.

The 74LCX11 is fabricated with advanced CMOS technolo-
gy to achieve high speed operation while maintaining CMOS
low power dissipation.

Features
® 5V tolerant inputs
Power down high impedance inputs and outputs
2.0V-3.6V V¢ supply operation
+24 mA output drive
Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
Functionally compatible with 74 series 11
Latch-up performance exceeds 500 mA
ESD performance:
Human body model > 2000V
Machine model > 200V

Connection and Logic Diagrams

Dual-In-Line Package

Vec €1 Y1 €3 B3 A3 Y3
[14 |13 2 |11 |10 |o | 8
1 2 3 4 5 6 7
A1 Bi A2 B2 C2 Y2 GND
TL/F/12426-1
Top View

TL/F/12426-2
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&National Semiconductor

74LCX14

PRELIMINARY

Low Voltage Hex Inverter with
5V Tolerant Schmitt Trigger Inputs

General Description

The LCX14 contains six inverter gates each with a Schmitt
trigger input. They are capable of transforming slowly
changing input signals into sharply defined, jitter-free output
signals. In addition, they have a greater noise margin than
conventional inverters.

The LCX14 has hysteresis between the positive-going and
negative-going input thresholds (typically 1.0V) which is de-
termined internally by transistor ratios and is essentially in-
sensitive to temperature and supply voltage variations.

The inputs tolerate voltages up to 7V allowing the interface
of 5V systems to 3V systems.

Features
@ 5V tolerant inputs
@ 6.5 ns tpp max, 10 pA Iccq max
® Power-down high impedance inputs and outputs
@ 2.0V-3.6V V¢ supply operation
® 24 mA output drive
@ Implements patented Quiet Series™ noise/ EMI reduc-
tion circuitry
@ Functionally compatible with 74 series 14
@ Latch-up performance exceeds 500 mA
® ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbol
IEEE/IEC
b—r P70,
- >0,
L,— T P>,
e i -0y
L,— T P,
s— T r"as

TL/F/12412-1

Connection Diagram

Pin Assignment
for SOIC and TSSOP

1
2

¥ s

3 125,

5 [

5 10 -

h 04
=4
-

TL/F/12412-2

Pin Names Description
In Inputs
On Outputs
Truth Table
Input Output
A [¢]
L H
H L
SOICJEDEC | SOICEIAJ TSSOP
Order Number 74LCX14M 74LCX14SJ 74LCX14MTC
74LCX14MX | 74LCX14SJX | 74LCX14MTCX
See NS Package Number M14A M14D MTC14

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice.
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LCX14

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.
Symbol Parameter Value Conditions Units
Vce Supply Voltage —0.5t0 +7.0 \
\ DC Input Voltage —0.5t0 +7.0 Vv
Vo DC Output Voltage —05to Vg + 0.5 Output in High or Low State (Note 2) \
ik DC Input Diode Current —50 V) < GND mA
lok DC Output Diode Current —-50 Vo < GND mA
+50 Vo > Veo
lo DC Output Source/Sink Current +50 mA
lcc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
TstG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: Ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
\] Input Voltage 0 5.5 \']
Vo Output Voltage HIGH or LOW State 0 Vee \']
lon/loL Output Current Vec = 3.0V — 3.6V +24 mA
Voe = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, Vi = 0.8V-2.0V, Vg = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta= —40°Cto +85°C Units
\d Win Max
Vit Positive Input Threshold 3.0 1.2 2.2 \
Vi— Negative Input Threshold 3.0 0.6 1.5 \
VH Hysterisis 3.0 0.4 1.2
VoH HIGH Level Output Voltage lon = —100 pA 2.7-3.6 Ve — 0.2 \
loH = —12mA 2.7 2.2 \'
loy = —18 mA 3.0 2.4 \
loy = —24 mA 3.0 2.2 \
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 Vv
loL = 12 mA 2.7 0.4 \
loL = 16 mA 3.0 0.4 \
loL = 24 mA 3.0 0.55 Vv
Iy Input Leakage Current 0<V, <55V 2.7-3.6 +5.0 pA
lorr Power-Off Leakage Current ViorVp = 5.5V 0 100 pA
Ilcc Quiescent Supply Current V| = Vg or GND 2.7-3.6 10 MA
3.6V < V), Vg < 5.5V 2.7-3.6 +10 pA
Alcc Increase in g per Input Vi = Vo —0.6V 2.7-3.6 500 pA
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AC Electrical Characteristics

Ta = —40°C to +85°C
Symbol Parameter Vee = 3.3V £0.3V Vee = 2.7V Units
Min Max Min Max
tPHL Propagation Delay 15 6.5 1.5 7.5 ns
tpLH 15 6.5 1.5 7.5
tosLH Output to Output 1.0 ns
tosHL Skew (Note 1) 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (tosHi) or LOW to HIGH (tos ).

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25C Units
v) Typical
VoLp Quiet Output Dynamic Peak Vo CL = 50pF, V| = 3.3V, V|L = 0V 3.3 0.8 Vv
VoLv Quiet Output Dynamic Valley Vo CL = 50pF, V|4 = 3.3V, V)L = 0V 3.3 0.8 "
Capacitance
Symbol Parameter Conditions Typical Units
CiN Input Capacitance Vcc = Open, V| = 0V or Vo 7 pF
Cour Output Capacitance Vee = 3.3V, V| = 0VorVce 8 pF
Cpp Power Dissipation Capacitance Vec = 3.3V, V= 0VorVgg, F = 10 MHz 25 pF
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LCX14

74LCX 14 Ordering Information
The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 14 M X

Temperature Range Family | L-Special Variations
74 = Commercial "X" =Tape and Reel
Device Type " " = Rail/Tube

Package Code
M = Molded Shrink Small Outline, JEDEC
SJ=(0.300" Wide) Molded Shrink Small Outline, EIAJ
MTC = Thin Shrink Small Outline Package, JEDEC

4.4 mm Body Width
TL/F/12412-3




NNational Semiconductor

74LCX32

PRELIMINARY

Low Voltage Quad 2-input OR Gate

with 5V Tolerant Inputs

General Description

The LCX32 contains four 2-input OR gates. The inputs toler-
ate voltages up to 7V allowing the interface of 5V systems
to 3V systems.

The 74LCX32 is fabricated with advanced CMOS technolo-
gy to achieve high speed operation while maintaining CMOS
low power dissipation.

Features

| 5V tolerant inputs

| 5.5 ns tpp max, 10 pA lgcq max

® Power down high impedance inputs and outputs

W 2.0V-3.6V Vg supply operation
B +24 mA output drive
m Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
® Functionally compatible with 74 series 32
m Latch-up performance exceeds 500 mA
m ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbol Connection Diagram
Pin Assignment
IEEE/IEC for SOIC and TSSOP
Ay — >1 o, o N\ 1,
BO — 0 [ 'cc
g 2 ] E 13,
Ay —— o — — A2
8, —] — 0p—= L }i2 g
4 11
Ay —— o A " ” 0y
8, — [~ 2 B A3
6 [}
= Shy
B, —| — % oND—L4] 2o,
TL/F/12413-1 TL/F/12413-2
Pin Names Description
An, Bn Inputs
On Outputs
SOIC JEDEC SOICEIAJ TSSOP
Order Number 74LCX32M 74LCX328J 74LCX32MTC
74LCX32MX 74LCX328JX 74LCX32MTCX
NS Package M14A M14D MTC14
Number

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice.
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LCX32

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for avallability and specifications.

Symbol Parameter Value Conditions Units
Veec Supply Voltage —0.5t0 +7.0 \
\ DC Input Voltage —-0.5t0 +7.0 \'/
Vo DC Output Voltage —0.5toVge + 0.5 Output in High or Low State (Note 2) Vv
ik DC Input Diode Current —50 V| < GND mA
lok DC Output Diode Current —-50 Vo < GND mA
+50 Vo > Vgo

lo DC Output Source/Sink Current +50 mA
Icc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
TsTG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics" table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units

Vce Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6

Vi Input Voltage 0 5.5 \')

Vo Qutput Voltage HIGH or LOW State 0 Vee \'

lon/loL Output Current Vec = 3.0V — 3.6V +24 mA

Vee = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, Vi = 0.8V-2.0V, Vo = 3.0V 0 10 ns/V

DC Electrical Characteristics

Symbol Parameter Conditions Vee Ta= —40°Cto +85°C Units
V) i fiax
ViH HIGH Level Input Voltage 2.7-3.6 2.0 \"
ViL LOW Level input Voltage 2.7-3.6 0.8 Vv
VoH HIGH Level Output Voltage lon = —100 pA 2.7-3.6 Vce — 0.2 \']
loH = —12mA 2.7 2.2 Vv
loH = —18 mA 3.0 24 \'
loH = —24mA 3.0 2.2 Vv
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \
loL = 12mA 2.7 0.4 \
loL = 16 mA 3.0 0.4 \]
loL = 24 mA 3.0 0.55 Vv
I Input Leakage Current 0<V|<55V 2.7-3.6 +5.0 pA
lorr Power-Off Leakage Current ViorVg = 5.5V 0 100 pA
lcc Quiescent Supply Current V) = Vgc or GND 2.7-3.6 10 pA
3.6V <V}, Vo < 5.5V 2.7-3.6 +10 pA
Alcc Increase in I per Input Vi4 = Vcc —0.6V 2.7-3.6 500 pA
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AC Electrical Characteristics (preliminary)

Ta = —40°Cto +85°C

Symbol Parameter Vee = 3.3V £0.3V Vee = 27V Units
Min Max Min Max

tpHL Propagation Delay 15 5.5 15 6.2 ns

tpLH 1.5 55 1.5 6.2

tosHL Output to Output 1.0 ns

tosLH Skew (Note 1) 1.0

Note 1: Skew is defined as the absolute value of the difference betv

the actual propag

spacification applies to any outputs switching in the same direction, either HIGH to LOW (togHt) or LOW to HIGH (tosLH).

Dynamic Switching Characteristics

delay for any two separate outputs of the same device. The

Symbol Parameter Conditions Vee Ta = 25°C Unit
L)) Typical

VoLp Quiet Output Dynamic Peak Vo CL = 50 pF, V| = 3.3V, V)L = 0OV 3.3 0.8 v
VoLv Quiet Output Dynamic Valley Vo CL = 50 pF, Vi = 3.3V, VL = 0V 3.3 0.8 v
Capacitance

Symbol Parameter Conditions Typical Units
CiNn Input Capacitance Vcc = Open, V| = 0V or Vo 7 pF
Cour Output Capacitance Vee = 3.3V, V| = 0VorVcge 8 pF
Cpp Power Dissipation Capacitance Vec = 3.3V, V= 0VorVge, F = 10MHz 25 pF
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LCX74

&National Semiconductor

74LCX74
Low Voltage Dual D-Type

PRELIMINARY

Positive Edge-Triggered Flip-Flop with 5V Tolerant Inputs

General Description

The LCX74 is a dual D-type flip-flop with Asynchronous
Clear and Set inputs and complementary (Q, Q) outputs.
Information at the input is transferred to the outputs on the
positive edge of the clock pulse. After the Clock Pulse input
threshold voltage has been passed, the Data input is locked
out and information present will not be transferred to the
outputs until the next rising edge of the Clock Pulse input.

Asynchronous Inputs:
LOW input to Sp (Set) sets Q to HIGH level
LOW input to Cp (Clear) sets Q to LOW level
Clear and Set are independent of clock
Simultaneous LOW on Cp and Sp makes both Q and Q
HIGH

Features
W 5V tolerant inputs
| 7.0 ns tpp max, 10 pA Igcq max
m Power down high impedance inputs and outputs
W 2.0V-3.6V V¢ supply operation
B +24 mA output drive
m Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
B Functionally compatible with 74 series 74
m Latch-up performance exceeds 500 mA
m ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbols Connection Diagram
Pin Assignment
& & IEEE/IEC for SOIC and TSSOP
Sor | 5 B B | 14
17 4+ = b o
o, —o; _ " %2
—qcp, —]cp, 501—h R [>—0, 125,
11
o jo— Spp = . ;EPZ
1 ] o Q, jO— Pyt Q, _g_sm
? ? icay 3, a—fz
TL/F/12414-1 2= “
- TL/F/12414-2
TL/F/12414-3
TL/F/12414-4
Truth Table Each Half)
Pin Names Description Inputs Outputs
D1, Dy Data Inputs Sp Cp CcP D Q Q
CP4, CPy Clock Pulse Inputs L H X X H L
Cp1, Cp2 Direct Clear Inputs H L X X L H
Spy1, Sp2 Direct Set Inputs L L X X H H
Q4,Q4, Qp, Q2 Outputs H H e H H L
H H e L L H
H H L X Qo Qo
H = HIGH Voltage Level _/~ = LOW-to-HIGH Clock Transition
L = LOW Voltage Level Qo(@p) = Previous Q(Q) before LOW-
X = Immaterial to-HIGH Transition of Clock
SOIC JEDEC SOIC EIAJ TSSOP
Order Number 74LCX74M | 74LCX74SJ | 74LCX74MTC
74LCX74MX | 74LCX74SJX | 74LCX74MTCX
See NS
Package Number M14A M14D MTC14

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice.
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voltage —0.5t0 +7.0 \
\ DC Input Voltage —0.5t0 +7.0 \"
Vo DC Output Voltage —0.5to Vo + 0.5 Output in High or Low State (Note 2) \
ik DC Input Diode Current —50 V| < GND mA
lok DC Output Diode Current —50 Vo < GND mA
+50 Vo > Vee

lo DC Output Source/Sink Current +50 mA
lcc DC Supply Current per Supply Pin +100° mA
IaND DC Ground Current per Ground Pin +100 mA
TstG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics™ table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating

Conditions” table will define the conditions for actual device operation.
Note 2: ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 20 3.6 v
Data Retention 1.5 3.6
\ Input Voltage 0 5.5 Vv
Vo Output Voltage HIGH or LOW State 0 Vee Vv
lon/loL Output Current Vce = 3.0V — 3.6V +24 mA
Vee = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, V| = 0.8V-2.0V, Vg = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta = —40°Cto +85°C Units
A Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 Vv
ViL LOW Level Input Voitage 2.7-3.6 0.8 Vv
Von HIGH Level Output Voltage loy = —100 pA 2.7-3.6 Vge — 0.2 \'
loH = —12mA 2.7 2.2 \'
loH = —18mA 3.0 2.4 \'
loH = —24mA 3.0 2.2 \
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 Vv
loL = 12mA 2.7 0.4 \']
loL = 16 mA 3.0 0.4 Vv
loL = 24 mA 3.0 0.55 v
I Input Leakage Current 0 <V, <55V 2.7-3.6 +5.0 nA
loFr Power-Off Leakage Current ViorVp = 5.5V 0 100 pA
Icc Quiescent Supply Current V| = Vggor GND 2.7-36 10 pA
3.6V <V}, Vg < 5.5V 2.7-3.6 +10 pA
Alcc Increase in Igc per Input Viq = Vcc — 0.6V 2.7-3.6 500 pA
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LCX74

AC Electrical Characteristics (preliminary)

Ta = —40°Cto +85°C

Symbol Parameter Vce = 3.3V £0.3V Vee = 2.7V Units

Min Max Min Max
fMAX Maximum Clock Frequency 150 MHz
tPHL Propagation Delay 1.5 7.0 1.5 8.0 ns
tpLH CPtoQ 1.5 7.0 1.5 8.0
tPHL Propagation Delay 1.5 7.0 15 8.0 ns
tpLH S/R 1.5 7.0 15 8.0
ts Setup Time 25 2.5 ns
th Hold Time 1.5 1.5 ns
tw Pulse Width CP and S/R 3.3 3.3 ns
trem Removal Time 0.0 0.0 ns
tosHL Output to Output Skew 1.0 ns
tosLH (Note 1) 1.0

Note 1: Skew is defined as the absolute value of the difference b

the actual propag:

specification applies to any outputs switching in the same direction, either HIGH to LOW (togHi) or LOW to HIGH (tosi ).

Dynamic Switching Characteristics

ion delay for any two separate outputs of the same device. The

Symbol Parameter Conditions Vec Ta = 25C Unit
(\)} Typical
VoLp Quiet Output Dynamic Peak Vo Cp = 50pF, Vi = 3.3V, V| = 0V 3.3 0.8 \"
VoLv Quiet Output Dynamic Valley Vo CL = 50pF, Vg = 3.3V, V)L = 0V 3.3 0.8 Vv
Capacitance
Symbol Parameter Conditions Typical Units
Cin Input Capacitance Vee = Open, V| = 0V or Vgo 7 pF
Cout Output Capacitance Vecc = 3.3V, V| =0VorVce 8 pF
Cpp Power Dissipation Capacitance Vee = 3.3V, V| = 0VorVgg, F = 10 MHz 25 pF
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74LCX74-Ordering Information
The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

741CX 74 M X

1

Temperature Range Family T—Special Variations

74 = Commercial "X" = Tape and Reel
Device Type " " = Rail /Tube
Package Code

M = Molded Small Outline Package, JEDEC

SJ=(0.300" Wide) Molded Small Outline Package, EIAJ

MTC =Thin Shrink Small Outline Package, JEDEC
4.4 mm Body Width

TL/F/12414-5
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LCX86

&National Semiconductor

74L.CX86

PRELIMINARY

Low Voltage Quad 2-Input Exclusive-OR Gate

with 5V Tolerant Inputs

General Description

The LCX86 contains four 2-input exclusive-OR gates. The
inputs tolerate voltages up to 7V allowing the interface of 5V
systems to 3V systems.

The 74LCX is fabricated with advanced CMOS technology
to achieve high speed operation while maintaining CMOS
low power dissipation.

Features
| 5V tolerant inputs
® 6.5 ns tpp max, 10 pA Iccq max

| Power down high impedance inputs
B 2.0V-3.6V V¢ supply operation
m +24 mA output drive
m Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
m Functionally compatible with 74 series 86
® Latch-up performance exceeds 500 mA
u ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbol Connection Diagram
Pin Assignment
IEEE/IEC for SOIC, SSOP and TSSOP
-/ Ay — =1
1 14
— f—V, e O
: _2 j—‘—l 13 AZC By = 0
%% —F—Ss LL_L i'az " — 0
»y =4 Y ] 11, & ]
g —= | 0, Ay — Lo,
3
5 INgl B B, —
o — — e
i v v e iy - .,
TL/F/12415-2 TL/F/12415~1
Pin Names Description
Ag-Ag Inputs
Bo-B3 Inputs
0p-03 Outputs
SOIC JEDEC | SOIC EIAJ TSSOP
Order Number 74LCX86M 74LCX86SJ 74LCX86MTC
74L.CX86MX | 74LCX86SJX | 74LCX86MTCX
See NS Package Number M14A M14D MTC14

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice.
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voltage —0.5t0 +7.0 Vv
\] DC Input Voltage —0.5t0 +7.0 \'
Vo DC Output Voltage —0.5to Vg + 0.5 Output in High or Low State (Note 2) \'
lik DC Input Diode Current —-50 V| < GND mA
lok DC Output Diode Current —-50 Vo < GND mA
+50 Vo > Ve

lo DC Output Source/Sink Current +50 mA
Icc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
TstG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: Ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
\Y Input Voltage 0 5.5 Vv
Vo Output Voltage HIGH or LOW State 0 Vece \
lon/loL Output Current Vce = 3.0V-3.6V +24 mA
Vgo = 2.7V +12
(Ta) Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, Vi = 0.8V-2.0V, Vgc = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta= —40°Cto +85°C Units
V) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 Vv
ViL LOW Level Input Voltage 2.7-3.6 0.8 Vv
VoH HIGH Level Output Voltage loH = —100 pA 2.7-3.6 Voc — 0.2 \
lo = —12mA 2.7 2.2 \']
lo4 = —18 MA 3.0 2.4 \']
loy = —24 mA 3.0 2.2 Vv
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \'
loL = 12mA 2.7 0.4 Vv
loL = 16 MA 3.0 0.4 \
loL = 24 mA 3.0 0.55 \'
Iy Input Leakage Current 0 <V, <55V 2.7-3.6 +5.0 RA
lorr Power-Off Leakage Current VjorVp = 5.5V 0 100 pA
Icc Quiescent Supply Current V| = Vg or GND 2.7-3.6 10 pA
3.6V < V|, Vo < 5.5V 2.7-3.6 +10 nA
Alcc Increase in Icc per Input Viq = Vgc —0.6V 2.7-3.6 500 pA
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LCX86

AC Electrical Characteristics

Ta = —40°Cto +85°C
Symbol Parameter Vee = 3.3V £ 0.3V Vee = 2.7V Units
Min Max Min Max
tpHL Propagation Delay 1.5 6.5 15 7.0 ns
tpLH 1.5 6.5 15 7.0
tosHL Output to Output Skew (Note 1) 1.0
ns
tostH 1.0
Note 1: Skew is defined as the absolute value of the difference b the actual prc delay for any two separate outputs of the same device. The

specification applies to any outputs g in the same direction, either HIGH to LOW (togHL) or LOW to HIGH (tos H).

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta - 25°C Units
v) Typical
VoLp Quiet Output Dynamic Peak Vo CL =50pF,V|y=3.3V,V,. =0V 3.3 0.8 \
VoLv Quiet Output Dynamic Valley Vo CL = 50pF, V|g = 3.3V, V=0V 3.3 0.8 \
Capacitance
Symbol Parameter Conditions Typical Units
CiN Input Capacitance Vce = Open, V) = 0Vor Voo 7 pF
Cout Output Capacitance Vee = 3.3V, V) = 0VorVgo 8 pF
Cpp Power Dissipation Capacitance Vce = 3.3V, V| = 0Vor Ve, F = 10 MHz 25 pF

74LCX86 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are

defined as follows:

74LCX 86 M X

Special Variations
"X" =Tape and Reel
" " = Rail/Tube

Temperature Range Family
74 = Commercial

Device Type

Package Code
M = Molded Small Outline Package, JEDEC
SJ=(0.300" Wide) Molded Small Outline Package, EIAJ
MTC = Thin Shrink Small Outiine Package, JEDEC
4.4 mm Body Width

TL/F/12415-3
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&National Semiconductor

74LCX109

ADVANCE INFORMATION

Dual J-K Flip-Flops with Preset and Clear

with 5V Tolerant Inputs

General Description

The 74LCX109 are dual J-K flip-flops. Each flip-flop has in-
dependent J, K, PRESET, CLEAR, and CLOCK inputs and
Q, Q outputs. These devices are edge sensitive and change
state on the negative going transition of the clock pulse.
Clear and preset are independent of the clock and accom-
plished by a low logic level on the corresponding input. LCX
devices are designed for low voltage (3.3V) operation with
the added capability of interfacing to a 5V signal environ-
ment.

The 74LCX109 is fabricated with advanced CMOS technol-
ogy to achieve high speed operation while maintaining
CMQOS low power dissipation.

Features
B 5V tolerant inputs
m Power down high impedance inputs and outputs
W 2.0V-3.6V Ve supply operation
B +24 mA output drive
® Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
E Functionally compatible with 74 series 109
®m Latch-up performance exceeds 500 mA
m ESD performance:
Human body model > 2000V
Machine model > 200V

Connection and Logic Diagrams

Vec CLR2 J2 K2 Clk2 PR2 Q2 @2
N N O N R N L

1 2 3 4 s 6 7
CLR1 J1 K1 CLK1 PR1 Q1 Q1

l 8
GND
TL/F/12423-1

Function Table

Inputs Outputs

PR CLR CLK J K Q Q
L H X X X H L
H L X X X L H
L L X X X H* H*
H H T L L L H
H H 1 H L TOGGLE
H H T L H Qo Qo
H H T H H H L
H H L X X Qo Qo

?

o
=

-

-

-lE|—s'| m—lEI—

[x]
P

oo

TL/F/12423~-2
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LCX112

NNational Semiconductor

74LCX112

ADVANCE INFORMATION

Dual J-K Flip-Flops with Preset and Clear

with 5V Tolerant Inputs

General Description

The 74LCX112 are dual J-K flip-flops. Each flip-flop has in-
dependent J, K, PRESET, CLEAR, and CLOCK inputs Q, Q
outputs. These devices are edge sensitive and change state
on the negative going transition of the clock pulse. Clear
and preset are independent of the clock and accomplished
by a low logic level on the corresponding input. LCX devices
are designed for low voltage (3.3V) operation with the add-
ed capability of interfacing to a 5V signal environment.

The 74LCX112 is fabricated with advanced CMOS technol-
ogy to achieve high speed operation while maintaining
CMOS low power dissipation.

Features
m 5V tolerant inputs
m Power down high impedance inputs and outputs
m 2.0V-3.6V Ve supply operation
m +24 mA output drive
m Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
| Functionally compatible with 74 series 112
B Latch-up performance exceeds 500 mA
m ESD performance:
Human body model > 2000V
Machine model > 200V

Connection and Logic Diagrams

Vcc CLR1 CLR2 CLK2 K2 J2 PR2 Q2
|1s |15 14 |13 12 |11 |1o 9
L&
CLR _
K [}
b CLK

=

|2 3 la |s 6 7

! lo

Truth Table

Inputs Outputs

PR CLR CLK J K| Q@ @
L H X X X| H L
H L X X X| L H
L L X X X| Lt L
H H d L L|Q Qo
H H d H L| H L
H H 1 L H| L H
H H 1 H H | TOGGLE
H H H X X] @ Qo

*This is an unstable condition, and is not guaranteed.

CLK1 K1 J1 PR1 Q1 Q1 Q2 GND
TL/F/12424-1
Top View
CLEAR

cL cL
PRESET <
CLOCK:

Do o x
e punn w—
B &
T o a
- T T
Q TU/F/12424-3
T

TL/F/12424-2
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&National Semiconductor

74L.CX125

PRELIMINARY

Low-Voltage Quad Buffer with
5V Tolerant Inputs and Outputs

General Description

The LCX125 contains four independent non-inverting buff-
ers with TRI-STATE outputs. The inputs tolerate voltages up
to 7V allowing the interface of 5V systems to 3V systems.

Features
m 5V tolerant inputs and outputs
B 6.0 ns tpp max, 10 pA lccq max

m Power down high impedance inputs and outputs
B 2.0V-3.6V Ve supply operation
W 124 mA output drive
@ Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
W Functionally compatible with 74 series 125
m Latch-up performance exceeds 500 mA
m ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbol Connection Diagram
Pin Assignment for
IEEE/IEC SOIC and TSSOP
— 1 _ -/
% Y s il T
Ao_h EN . _2] 13 2
o 2
B — 3 i | % 12
_ vi9 0p = — B.
A, =B 2 4 112
By — N 5 10 %
2 0. -1 AL
A, M B — :l ?—I s
B —l 0 I B—Bs
3 — — po—
o v 0s GND 03
TL/F/12416-1 TL/F/12416-2
Pin Names Description
An, Bn Inputs
On Outputs
Truth Table ‘
Inputs Output
An Bn On
L L L
L H H
H X z
H = HIGH Voltage Level
L = LOW Voltage Level
Z = High Impedance
X = Immaterial
SOIC JEDEC SOIC EIAJ TSSOP
Order Number 74LCX125M | 74LCX1258J | 74LCX125MTC
74LCX125MX | 74LCX1258JX | 74LCX125MTCX
See NS Package Number M14A M14D MTC14

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice.
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LCX125

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voltage —-0.5t0 +7.0 \'
Vi DC Input Voltage —0.5t0 +7.0 v
Vo DC Output Voltage —0.5t0 +7.0 Output in TRI-STATE Vv
—0.5to Vge + 0.5 Output in High or Low State (Note 2) Vv
ik DC Input Diode Current —50 V| < GND mA
lok DC Output Diode Current -50 Vo < GND mA
+50 Vo > Voo
lo DC Output Source/Sink Current +50 mA
Icc DC Supply Current per Supply Pin +100 mA
laND DC Ground Current per Ground Pin +100 mA
TsTG Storage Temperature —65t0 +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: Ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
V| Input Voltage 5.5 \
Vo Output Voltage HIGH or LOW State 0 Vee v
TRI-STATE 0 5.5
lon/loL Output Current Vce = 3.0V-3.6V +24 mA
Vee = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, Vjy = 0.8V-2.0V, Vo = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Ta = —40°Cto +85°C Units
Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 Vv
ViL LOW Level Input Voltage 2.7-3.6 0.8 \'
VoH HIGH Level Output Voltage loH = —100 nA 2.7-3.6 Ve — 0.2 \'
loy = —12mA 2.7 2.2 \
loH = —18mA 3.0 2.4 \
loH = —24mA 3.0 2.2 \
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \
loL = 12mA 2.7 0.4 Vv
loL = 16 mA 3.0 0.4 \
loL = 24 mA 3.0 0.55 \
Iy Input Leakage Current 0 <V <55V 2.7-3.6 +5.0 pA
loz TRI-STATE Output Leakage 3 |s=v\2Hso‘.:,.5l\L/ 27-36 £5.0 A
loFr Power-Off Leakage Current ViorVp = 5.5V 0 100 pA
Icc Quiescent Supply Current V| = Vgg or GND 2.7-3.6 10 pA
3.6V <V, Vo <55V 2.7-3.6 +10 rA
Alcc Increase in Igc per Input Vg = Voo —0.6V 2.7-3.6 500 pA

36




AC Electrical Characteristics

Ta = —40°Cto +85°C

Symbol Parameter Ve = 3.3V £ 0.3V Vee = 2.7V Units
Min Max Min Max

tPHL Propagation Delay 15 6.0 1.5 6.5 ns

tpLH 1.5 6.0 1.5 6.5

tpzL Output Enable Time 15 7.0 1.5 8.0 ns

tpzH 15 7.0 1.5 8.0

tpLz Output Disable Time 15 6.0 1.5 7.0 ns

tPHZ 15 6.0 15 7.0

tosHL Output to Output Skew (Note 1) 1.0 ns

tosLH 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (tosn1) or LOW to HIGH (tosLH).

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25%C Units
(V) Typical

VoLp Quiet Output Dynamic Peak Vo CL = 50pF,Vig = 3.3V, VL =0V 3.3 0.8 \"
Vorv Quiet Output Dynamic Valley Vo Cp = 50 pF, V|y = 3.3V, V) = 0V 3.3 0.8 \"
Capacitance

Symbol Parameter Conditions Typical Units
CiN Input Capacitance Vcc = Open, V) = 0V or Vco 7 pF
Ci/o Input/Output Capacitance Vec = 3.3V, V= 0VorVce 8 pF
Cpp Power Dissipation Capacitance Vec = 3.3V, V) = 0VorVge, F = 10 MHz 25 pF
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LCX125

74LCX125 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 125 M X

Temperature Range Family Special Variations
74 = Commercial "X'" =Tape and Reel
Device Type - " ' = Rail /Tube

Package Code
M = Molded Small Outline Package, JEDEC
SJ=(0.300" Wide) Molded Small Outline Package, EIAJ
MTC = Thin Shrink Small Outline Package, JEDEC
4.4 mm Body Width

TL/F/12416-3
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NNational Semiconductor

74LCX138

PRELIMINARY

Low Voltage 1-0f-8 Decoder/Demultiplexer

with 5V Tolerant Inputs

General Description

The LCX138 is a high-speed 1-of-8 decoder/demultiplexer.
This device is ideally suited for high-speed bipolar memory
chip select address decoding. The multiple input enables
allow parallel expansion to a 1-of-24 decoder using just
three LCX138 devices or a 1-of-32 decoder using four
LCX138 devices and one inverter.

The 74LCX138 is fabricated with advanced CMOS technol-
ogy to achieve high speed operation while maintaining
CMOS low power dissipation.

Features
m 5V tolerant inputs
m 6.0 ns tpp max, 10 pA Igcq max
m Power down high impedance inputs and outputs
m 2.0V-3.6V Vgc supply operation
M +24 mA output drive
m Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
m Functionally compatible with 74 series 138
m Latch-up performance exceeds 500 mA
m ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbols Connection Diagram
Pin Assignment
|EEE/IEC for SOIC and TSSOP
I | | BIN/OCT ~

-Olg, % A R op— 0, ! N
Ay =1 i3 A =2 15p=0,

—Ofc, A —2 2p— 3, ;12—3 14—_6‘1

—e e = §—4 13}-3,

5 0 0 0, 05 0, 05 05 O 2 s A 12}-3.
99999 ‘ ‘L z 5,
5 — sh— 5, E;—6 11}=0,
TL/F/12417-1 £ - EN o— 5, o, —{7 10}—05
£, = b5, GND—] 8 905
TL/F/12417-2 TL/RM2417-3
Pin Names Description
Ag-Az Address Inputs
Ei-E Enable Inputs
E3 Enable Input
0Oo-07 Outputs
SOIC JEDEC SOICEIAJ TSSOP
Order Number 74L.CX138M | 74LCX138SJ 741.CX138MTC
74LCX138MX | 74LCX138SJX | 74LCX138MTCX
See NS Package Number M16A M16D MTC16

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice.
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LCX138

Functional Description

The LCX138 high-speed 1-of-8 decoder/demultiplexer ac-
cepts three binary weighted inputs (Ag, A4, A2) and, when
enabled, provides eight mutually exclusive active-LOW out-
puts (Op-07). The LCX138 features three Enable inputs,
two active-LOW (E4, Ep) and one active-HIGH (Eg). All out-
puts will be HIGH unless Ey and E, are LOW and Eg is
HIGH.

The LCX138 can be used as an 8-output demultiplexer by
using one of the active LOW Enable inputs as the data input
and the other Enable inputs as strobes. The Enable inputs
which are not used must be permanently tied to their appro-
priate active-HIGH or active-LOW state.

Truth Table
Inputs Outputs
Ei | Eo | E3 | Ao | Ay | A [ Og | O1 | Op | O3 | O4 | O5 | Og | Oy
H X X X X X H H H H H H H H
X H X X X X H H H H H H H H
X X L X X X H H H H H H H H
L L H L L L L H H H H H H H
L L H H L L H L H H H H H H
L L H L H L H H L H H H H H
L L H H H L H H H L H H H H
L L H L L H H H H H L H H H
L L H H L H H H H H H L H H
L L H L H H H H H H H H L H
L L H H H H H H H H H H H L
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Logic Diagram
Ay A Ag § 5 g
67 66 65 64 63 32 61 _0
TL/IF/12417-4
Please note that this diagram is provided only for the und ding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Ve Supply Voltage —0.5t0 +7.0 Vv
\ DC Input Voltage —0.5t0 +7.0 \
Vo DC Output Voltage —0.5toVgg + 0.5 Output in High or Low State (Note 2) Vv
ik DC Input Diode Current —50 V| < GND mA
lok DC Output Diode Current —50 Vo < GND mA
+50 Vo > Veco

lo DC Output Source/Sink Current +50 mA
lcc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
TsTGa Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics™ table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: |p Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
\ Input Voltage 0 5.5 \]
Vo Output Voltage HIGH or LOW State 0 Ve Vv
lon/loL Output Current Vce = 3.0V-3.6V +24 mA
Vog = 2.7V +12
Ta Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, V| = 0.8V-2.0V, V¢ = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions ‘(’3;: Ta= —40°Cto +85°C Units
Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 Vv
ViL LOW Level Input Voltage 2.7-3.6 0.8 \]
VoH HIGH Level Output Voltage lon = —100 pA 2.7-3.6 Vcc — 0.2 Vv
loH = —12mA 2.7 2.2 \’
loH = —18 mA 3.0 2.4 \'
loH = —24 mA 3.0 2.2 Vv
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 Vv
loL = 12mA 2.7 0.4 \'
loL = 16 MA 3.0 0.4 \'
loL = 24 mA 3.0 0.55 \'
Iy Input Leakage Current 0 <V <55V 2.7-3.6 +5.0 pA
lorFr Power-Off Leakage Current VjorVp = 5.5V 0 100 pA
lcc Quiescent Supply Current V| = Vg or GND 2.7-3.6 10 RA
36V <V,Vo<55V | 27-36 +10 kA
Alcc Increase in Igc per Input ViH = Vgc —0.6V 2.7-3.6 500 pA
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LCX138

AC Electrical Characteristics (preliminary)

Ta = —40°C to +85°C

Symbol Parameter Vce = 3.3V £ 0.3V Vee = 2.7V Units
Min Max Min Max

tPHL Propagation Delay 15 6.0 1.5 7.0 ns

tpLH A-Y 1.5 6.0 1.5 7.0

tPHL Propagation Delay 15 6.5 15 7.5 ns

tPLH E3-Y 1.5 6.5 1.5 7.5

tPHL Propagation Delay 15 6.0 15 7.0 ns

tPLH En-Y 15 6.0 15 7.0

tosHL Output to Output Skew (Note 1) 1.0 ns

tostH 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (togp() or LOW to HIGH (tosLH)-

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta=25C Units
v) Typical
VoLp Quiet Output Dynamic Peak Vo CL = 50pF, V| = 3.3V, V)L =0V 33 0.8 \
VoLv Quiet Output Dynamic Valley Vo CL = 50pF, V|g = 3.3V, VL = 0V 3.3 0.8 \
Capacitance
Symbol Parameter Conditions Typical Units
Cin Input Capacitance Vce = Open, V| = 0V or Voo 7 pF
Cout Output Capacitance Veoc = 3.3V, V) = 0VorVge 8 pF
Cpp Power Dissipation Capacitance Ve = 3.3V, V) = 0VorVgg, F = 10 MHz 25 pF
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74LCX 138 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 138 M X
=T

Temperature Range Family Special Variations
74 = Commercial "X" =Tape and Reel
Device Type " " = Rail /Tube

Package Code
M = Molded Small Outline Package, JEDEC
SJ=(0.300" Wide) Molded Small Outline Package, EIAJ
MTC =Thin Shrink Small Outline Package, JEDEC
4.4 mm Body Width

TL/F/12417-5
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LCX240

ﬂNutional Semiconductor

74LCX240 |
Low-Voltage Octal Buffer/Line Driver
with 5V Tolerant Inputs and Outputs

General Description u Power-down high impedance inputs and outputs

The LCX240 is an inverting octal buffer and line driver de- : ig‘:—ri:\;xo& Zu?pely operation
signed to be employed as a memory address driver, clock putdrive ) )
driver and bus oriented transmitter or receiver. The deviceis ™ IMPplements patented Quiet Series™ noise/EMI
designed for low voltage (3.3V) Vg applications with capa- reduction circuitry
bility of interfacing to a 5V signal environment. m Functionally compatible with the 74 series 240
The LCX240 i fabricated with an advanced CMOS technol- ™ Latch-up performance exceeds 500 mA
ogy to achieve high speed operation while maintaining ® ESD performance:
CMOS low power dissipation. Human Body Model > 2000V
Machine Model > 200V
Features
m 5V tolerant inputs and outputs
| 6.5 ns tpp max, 10 pA lccq max

Logic Symbol Connection Diagram
Pin Assignment
IEEE/IEC for SOIC, SSOP and TSSOP
3, - en =, 1 ~ e Yeo
2 19 <
. o= —<b OF,
lp = > vh(_)o 5‘—3\——5—_' 18 5
h— - —_\ = o
+— : R\t [ g
Iy i 03 I _6_ \ r—-}' 15 I
- s
0, =B EN Iy—— —% s
- INEE
1, — > vp—0, 10 11
~ GND —— 1,
ls =1 —t
[— L?,, TL/F/11993-2
b~ 0,
TL/F/11993-1
Pin Names Description
OE,, OE, TRI-STATE® Output Enable Inputs
lo-l7 Inputs
0p-07 Outputs
Truth Tables
Inputs Outputs Inputs out
puts
OE,4 In (Pins 12, 14, 16, 18) OE, In (Pins 3,5,7,9)
L L H L L H
L H L L H L
H X z H X z
H = HIGH Voltage Level L = LOW Voltage Level X = i ial Z = High Impedance
SOIC JEDEC SOIC EIAJ SSOP Type Il TSSOP
Order Number 74L.CX240WM 74L.CX240SJ 74LCX240MSA 74LCX240MTC
74LCX240WMX | 74LCX240SJX | 74LCX240MSAX | 74LCX240MTCX
See NS Package Number M20B M20D MSA20 MTC20
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voltage ~0.5t0 +7.0 \4
' DC Input Voltage —0.5t0 +7.0 \'/
Vo DC Output Voltage —0.5t0 +7.0 Output in TRI-STATE \
—0.5toVgg + 0.5 Output in High or Low State (Note 2) \'/
lik DC Input Diode Current —50 V) < GND mA
lok DC Output Diode Current —50 Vo < GND mA
+50 Vo > Vee
lo DC Output Source/Sink Current +50 mA
lcc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
TstG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The ““Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: Io Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vce Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
Vi Input Voltage 0 5.5 Vv
Vo Output Voltage HIGH or LOW State 0 Vce v
TRI-STATE 0 5.5
lon/loL Output Current Vce = 3.0V-3.6V +24 mA
Vee = 2.7V +12
Ta Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, Vi = 0.8V-2.0V, Voo = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions ‘{3;: TAMI_n —40°Cto + ::;f Units
ViH HIGH Level Input Voltage 2.7-3.6 2.0 \')
VL LOW Level Input Voltage 2.7-3.6 0.8 \
VoH HIGH Level Output Voltage lo = —100 pA 2.7-3.6 Vcc — 0.2 \'
lon = —12mA 2.7 2.2 \
loy = —18 mA 3.0 2.4 \
lon= —24mA 3.0 2.2 Vv
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \
loL = 12mA 2.7 0.4 \
loL = 16 MA 3.0 0.4 \'
loL = 24 mA 3.0 0.55 \
I Input Leakage Current 0 <V, <558V 2.7-3.6 +5.0 pA
loz TRI-STATE Output Leakage 3 |S= V\szo:s.\?l\( 2.7-36 £50 A
loFr Power-Off Leakage Current ViorVg = 5.5V 0 100 nA
lcc Quiescent Supply Current V| = Vgg or GND 2.7-3.6 10 pA
3.6V < V), Vp < 5.5V 2.7-3.6 +10 pA
Alcc Increase in I per Input Vig = Vgc — 0.6V 2.7-3.6 500 pA
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LCX240

AC Electrical Characteristics

Ta = —40°Cto +85°C

Symbol Parameter Vce = 3.3V 0.3V Vee = 2.7V Units

Min Max Min Max
tPHL Propagation Delay 1.5 6.5 1.5 7.5 ns
tPLH Data to Output 1.5 6.5 1.5 7.5
tpzL Output Enable Time 1.5 8.0 1.5 9.0 ns
tpzH 15 8.0 1.5 9.0
tpLz Output Disable Time 1.5 7.0 1.5 8.0 ns
tpHZ 15 7.0 1.5 8.0
tosHL Output to Output Skew (Note 1) 1.0

ns
tosLH 1.0
Note 1: Skew is defined as the absolute value of the difference b the actual p ion delay for any two separate outputs of the same device. The

specification applies to any outputs switching in the same direction, either HIGH to LOW (togyy) or LOW to HIGH (tosiH)-

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25°C Units
v) Typical

VoLp Quiet Output Dynamic Peak Vo CL =50pF,V|g = 3.3V,V)L =0V 3.3 0.8 Vv
VoLv Quiet Output Dynamic Valley Vo CL =50pF,V|y =3.3V,V)L =0V 3.3 0.8 \"
Capacitance

Symbol Parameter Conditions Typical Units
CiN Input Capacitance Vcc = Open, V) = 0V or Voo 7 pF
Cout Output Capacitance Vce = 8.3V, V= 0VorVge 8 pF
Cpp Power Dissipation Capacitance Vgoe = 3.3V, V| = 0VorVcg, F = 10 MHz 25 pF
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74L.CX240 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 240 WM X

Temperature Range Family ] T—-Special Variations
74 = Commercial "X" = Tape and Reel
. " " = Rail/Tube
Device Type

Package Code

WM = (0.300" Wide) Molded Small Outline Package, JEDEC
SJ = (0.300" Wide) Molded Small Outline Package, EIAJ
MTC = Thin Shrink Small Outline Package, JEDEC, 4.4 mm Body
Width
MSA = Molded Shrink Small Outline Package, EIAJ, Type lI

TL/F/11993-3
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LCX244

&National Semiconductor

74LCX244
Low-Voltage Buffer/Line Driver
with 5V Tolerant Inputs and Outputs

General Description Features

The LCX244 contains eight non-inverting buffers with M 5V tolerant inputs and outputs

TRI-STATE® outputs. The device may be employed as a @ 6.5 ns tpp max, 10 pA Igcq max

memory address driver, clock driver and bus-oriented trans-  m Power down high impedance inputs and outputs
mitter/receiver. The LCX244 is designed for low voltage @ 2,0v-3.6V Vg supply operation

(3.3V) V¢ applications with capability of interfacing to a 5V ® +24 mA output drive

signal environment. m Implements patented Quiet Series™ noise/EMI
The LCX244 is fabricated with an advanced CMOS technol- reduction circuitry

ogy to achieve high speed operation while maintaining g Functionally compatible with the 74 series 244

CMOS low power dissipation. B Latch-up performance exceeds 500 mA
m ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbol Connection Diagram
Pin Assignment for
IEEE/IEC SOIC, SSOP and TSSOP
o —1 OF,
o — > vl ol \_ = |, 2
- . N ey
2= 2 i al [ '4
i3 = —0s 05—:- %——{E :: S
1= '\— < ls
&, - on 05__:_\ 1,
! > v}—o '3-—9\_ = TIN
Cham [ 4
Iy = — 07_0 H—— Eos
ls =1 — 05 GND =] \Q— Iy
l, — e
TL/F/11994-1 TL/F/11994-2
Pin Names Description
OE,, OEz TRI-STATE Output Enable Inputs
lo-l7 Inputs
0p-07 Outputs
Truth Tables
Inputs Outputs Inputs Outputs
oF, n (Pins 12, 14, 16, 18) OF, n (Pins 3,5,7,9)
L L L L L L
L H H L H H
H X zZ H X Y4

H = HIGH Voltage Level X = Immaterial L = LOW Voltage Level Z = High Impedance

SOIC JEDEC SOIC EIAJ SSOP Typell | TSSOP JEDEC
Order Number 74LCX244WM | 74L.CX244SJ | 74LCX244MSA | 74LCX244MTC
74LCX244WMX | 74LCX244SJX | 74LCX244MSAX | 74LCX244MTCX
See NS Package Number M20B M20D MSA20 MTC20
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Absolute Maximum Ratings (ote 1)
If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.
Symbol Parameter Value Conditions Units
Vce Supply Voltage —0.5t0 +7.0 Vv
\ DC Input Voltage —0.5t0 +7.0 Vv
Vo DC Output Voltage —0.5t0 +7.0 Outputin TRI-STATE \
—0.5toVge + 0.5 Output in High or Low State (Note 2) \
lik DC Input Diode Current -50 V) < GND mA
lok DC Output Diode Current ~50 Vo < GND mA
+50 Vo > Veo
lo DC Output Source/Sink Current +50 mA
lcc DC Supply Current per Supply Pin +100 mA
laND DC Ground Current per Ground Pin +100 mA
TsTtg Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device shouid not be operated at these
limits. The parametric values defined in the “Electrical Characteristics™ table are not guaranteed at the Absolute Maximum Ratings. The ““Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: Ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
\ Input Voltage 5.5 \
Vo Output Voltage HIGH or LOW State 0 Vece v
TRI-STATE 0 5.5
lon/loL Output Current Vce = 3.0V — 3.6V +24 mA
Voo = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
(At/AV Input Edge Rate, Vy = 0.8V-2.0V, Voo = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta= —40°Cto +85°C Units
W) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 \
ViL LOW Level Input Voltage 2.7-3.6 0.8 \
VoH HIGH Level Output Voltage loy = —100 pA 2.7-3.6 Vec — 0.2 Vv
lon = —12mA 2.7 2.2 \
loy = —18mA 3.0 2.4 \']
loH = —24mA 3.0 2.2 \'J
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 Vv
loL = 12mA 2.7 0.4 Vv
loL = 16 MA 3.0 0.4 \'/
loL = 24 mA 3.0 0.55 \
I Input Leakage Current 0<V)<55V 2.7-3.6 +5.0 MA
loz TRI-STATE Output Leakage ?/,S= V\(/),Hso?.\i\,{ 2.7-36 £50 A
lorr Power-Off Leakage Current ViorVg = 5.5V 0 100 MA
lcc Quiescent Supply Current Vi = Vgc or GND 2.7-3.6 10 MA
3.6V < V), Vg < 5.5V 2.7-36 +10 pA
Alce Increase in Igc per Input Vig = Vgc —0.6V 2.7-3.6 500 MA
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LCX244

AC Electrical Characteristics

Ta = —40°Cto +85°C

Symbol Parameter Vee = 3.3V £0.3V Vee = 2.7V Units
Min Max Min Max

tPHL Propagation Delay 1.5 6.5 1.5 7.5 ns

tPLH Data to Output 1.5 6.5 15 7.5

tpzL Output Enable Time 1.5 8.0 1.5 9.0 ns

tpzH 1.5 8.0 15 9.0

tpLz Output Disable Time 1.6 7.0 1.5 8.0 ns

tPhz 1.5 7.0 1.5 8.0

tosHL Output to Output Skew (Note 1) 1.0 ns

tosLH 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (tosni) or LOW to HIGH (tosin).

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25C Units
V) Typical
VoLp Quiet Output Dynamic Peak Vo CL = 50 pF, Vjy = 3.3V, V)L = 0V 3.3 0.8 \
VoLv Quiet Output Dynamic Valley Vo CpL = 50pF, Vg = 3.3V, V)L = 0V 33 0.8 \
Capacitance
Symbol Parameter Conditions Typical Units
Cin Input Capacitance Vcc = Open, V) = 0V or Voc 7 pF
Cout Output Capacitance Ve = 3.3V, V| = 0VorVce 8 pF
Cpp Power Dissipation Capacitance Vec = 3.3V, V) = 0VorVcg, F = 10 MHz 25 pF
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74LCX244 Ordering Information
The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 244 WM X

Temperature Range Family Special Variations
74LCX = Commercial "X'" = Tape and Reel
. " " = Rail/Tube
Device Type

Package Code

WM = (0.300" Wide) Molded Small Outline Package, JEDEC
SJ = (0.300" Wide) Molded Small Outline Package, EIAJ
MTC = Thin Shrink Small Outline Package, JEDEC, 4.4 mm Body
Width
MSA = Molded Shrink Small Outline Package, EIAJ, Type II

TL/F/11994-4

122401
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"LCX245

&National Semiconductor

74L.CX245
Low-Voltage Bidirectional Transceiver
with 5V Tolerant Inputs and Outputs

General Description Features

The LCX245 contains eight non-inverting bidirectional buff- M 5V tolerant inputs and outputs

ers with TRI-STATE® outputs and is intended for bus orient- @ 7.0 ns tpp max, 10 pA lccq max

ed applications. The device is designed for low voltage m Power down high impedance inputs and outputs
(3.3V) Vg applications with capability of interfacingtoa 5V w 2,0v-3.6V Vg supply operation

signal environment. The T/R input determines the direction g . 24 mA output drive

of data flow through the device. The OE input disables both .

the A and B ports by placing them in a high impedance
state.

The LCX245 is fabricated with an advanced CMOS technol-
ogy to achieve high speed operation while maintaining
CMOS low power dissipation.

reduction circuitry

B ESD performance:

Machine model > 200V

Human body model > 2000V

Implements patented Quiet Series™ noise/EMI

B Functionally compatible with the 74 series 245
Latch-up performance exceeds 500 mA

Logic Symbols Connection Diagram
Pin Assignment
|EEE/IEC for SOIC, SSOP and TSSOP
o % T/R—{1 ~ 20—,
/R 3 ENY (BA) N [ ‘cc
ﬁsmz(m Ay —2 19 |—OE
A =13 188,
LI 111 dT Al [ AARS. T a4 i ol
Ao M Ay Ay AL hs Ag Ay > v A5 168,
—Ofoe = MK A =6 1518,
A2—1+ -‘-’_82
—r A . A =7 14}—~8,
8 B B, B; B, Bs B B A3 ; I 138
4 4
[T T 1T TT] NDie DG bs 2ls,
TL/F/12006-1 A ] & GND —10 18
Ay = =8 TL/F/12006-3
TL/F/12006-2
Pin Names Description
OE Output Enable Input
T/R Transmit/Receive Input
Ag-A7 Side A Inputs or TRI-STATE Outputs
Bo-B7 Side B Inputs or TRI-STATE Outputs
SOIC JEDEC SOIC EIAJ SSOP Typell | TSSOP JEDEC
Order Number 74L.CX245WM | 74LCX245SJ | 74LCX245MSA | 74LCX245MTC
74LCX245WMX | 74LCX245SJX | 74LCX245MSAX | 74LCX245MTCX
See NS Package Number M20B M20D MSA20 MTC20
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Truth Table

Logic Diagram

Inputs
— — Outputs
OE T/R
L L Bus Bp-B7 Data to Bus Ag—Az
L H Bus Ag-A7 Data to Bus Bp—B7
H X HIGH Z State on Ag-A7, Bo-B7

H
L
X
z

= High Voltage Level
= Low Voltage Level
= Immaterial

= High Impedance

/R

P -

bt o

e

1of 8

i

1
< !

IBo

TL/F/12006-4
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LCX245

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Veo Supply Voltage —0.5t0 +7.0 \
\'/] DC Input Voltage —0.5t0 +7.0 \
Vo DC Output Voltage —0.5t0 +7.0 Output in TRI-STATE \Y
—0.5toVge + 0.5 Output in High or Low State (Note 2) Vv
ik DC Input Diode Current —50 V) < GND mA
lok DC Output Diode Current —-50 Vo < GND mA
+50 Vo > Ve
lo DC Output Source/Sink Current +50 mA
lcc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
Tsta Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: Ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
\ Input Voltage 0 5.5 \
Vo Output Voltage HIGH or LOW State 0 Vce v
TRI-STATE 0 5.5
lon/loL Output Gurrent Vco = 3.0V — 3.6V +24 mA
Voo = 2.7V +12
TA Free-Air Operating Temperature —-40 85 °C
At/AV Input Edge Rate, V| = 0.8V-2.0V, Voo = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta = —40°Cto +85°C Units
V) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 Vv
ViL LOW Level Input Voltage 2.7-3.6 0.8 \Y%
VoH HIGH Level Output Voltage loq = —100 pA 2.7-3.6 Ve — 0.2 Vv
loH = —12mA 2.7 2.2 \
loH = —18 MA 3.0 2.4 Vv
loH = —24mA 3.0 2.2 \%
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \
loL = 12 mA 2.7 0.4 \Y
loL = 16 mA 3.0 0.4 \']
loL = 24mA 3.0 0.55 \
Iy Input Leakage Current 0 <V| <55V 2.7-3.6 +5.0 pA
loz TRI-STATE I/0 Leakage 3 | S=v\‘/)|:of€.\i 27-36 +5.0 A
loFr Power-Off Leakage Current ViorVp = 5.5V 0 100 pA
lcc Quiescent Supply Current V| = Vgc or GND 2.7-3.6 10 pA
3.6V < V), Vo < 5.5V 2.7-3.6 +10 pA
Alcc Increase in Igc per Input Vi = Vgg —0.6V 2.7-3.6 500 pA
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AC Electrical Characteristics
Ta = —40°Cto +85°C

Symbol Parameter Vce = 3.3V +0.3V Vee = 2.7V Units

Min Max Min Max
tPHL Propagation Delay 1.5 7.0 1.5 8.0 ns
tPLH AntoBnorBptoAp 1.5 7.0 1.5 8.0
tpzL Output Enable Time 1.5 8.5 1.5 9.5 ns
tpzH 15 8.5 15 9.5
tpLz Output Disable Time 15 7.5 1.5 8.5 ns
tpHz 1.5 7.5 1.5 8.5
tosHL: Output to Output Skew 1.0 s
tosLH (Note 1) 1.0

Note 1: Skew is defined as the absolute value of the difference bety

the actual prop ion delay for any two separate outputs of the same device. The

specification applies to any outputs switching in the same direction, either HIGH to LOW (togH) or LOW to HIGH (tosH).

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25°C Units
V) Typical

VoLp Quiet Output Dynamic Peak Vo CpL = 50 pF, V| = 3.3V, V| = 0V 3.3 0.8 Vv
VoLv Quiet Output Dynamic Valley Vo Cp = 50 pF, Vi = 3.3V, V)L = 0V 3.3 0.8 \"
Capacitance

Symbol Parameter Conditions Typical Units
Cin Input Capacitance Vee = Open, V) = 0V or Voo 7 pF
Civo Input/Output Capacitance Vec = 3.3V, V; = 0VorVce 8 pF
Cpp Power Dissipation Capacitance Veec = 3.3V, V| = 0VorVgg, F = 10 MHz 25 pF

74LCX245 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

Temperature Range Family

JALCX 245 WM X

74 = Commercial

Special Variations
"X" = Tape and Reel
" " = Rail /Tube

Device Type

Package Code

WM = (0.300" Wide) Molded Small Outline Package, JEDEC
SJ = (0.300” Wide) Molded Small Outline Package, EIAJ
MTC = Thin Shrink Small Outline Package, JEDEC, 4.4 mm Body

Width

MSA = Molded Shrink Small Outline Package, EIAJ, Type Il

TL/F/12006-5
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LCX373

&National Semiconductor

74LCX373

Low-Voltage Octal Transparent Latch
with 5V Tolerant Inputs and Outputs

General Description

The LCX373 consists of eight latches with TRI-STATE® out-
puts for bus organized system applications. The device is
designed for low voltage (3.3V) V¢c applications with capa-

bility of interfacing to a 5V signal environment.

The LCX373 is fabricated with an advanced CMOS technol- m

Features

m 5V tolerant inputs and outputs
®m 8.0 ns tpp max, 10 pA lgcq max
® Power-down high impedance inputs and outputs

m 2.0V-3.6V Ve supply operation

+24 mA output drive

ogy to achieve high speed operation while maintaining g Implements patented Quiet Series™ noise/EMI

CMOS low power dissipation.

reduction circuitry

= Functionally compatible with the 74 series 373
| Latch-up performance exceeds 500 mA

@ ESD performance:

Human Body Model > 2000V
Machine Model > 200V

Logic Symbols Connection Diagram
Pin Assignment for
|EEE/IEC SOIC, SSOP and TSSOP
OF —ByEN OE—{1 ~ 20f=Vee
LE—] C1 0 =2 1910,
LUl e i B wolo
Dp Dy D, Dy Dy D5 Dg Dy o — o, 0,4 17}-0;
B D) —— {0, 0o =5 16 =05
—Oj0E 05 — L— 03 0,16 1505
0 O 0, 05 0, 05 05 Oy 0, — Lo, 0,~47 14}=0g
Dy ——t L0, D;—8 1310,
HERRERR o . 0o 120,
TL/F/11995-1 5 —] [, oo 10 I
TL/F/11995-2 TL/F/11995-3
Pin Names Description
Do-D7 Data Inputs
LE Latch Enable input
OE Output Enable Input
00-07 TRI-STATE Latch Outputs
SOIC JEDEC SOIC EIAJ SSOP Type ll TSSOP JEDEC
Order Number 74L.CX373WM 74LCX373SJ 74LCX373MSA 74LCX373MTC
74LCX373WMX | 74LCX3738JX | 74LCX373MSAX | 74LCX373MTCX
See NS Package Number M20B M20D MSA20 MTC20
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Functional Description

The LCX373 contains eight D-type latches with TRI-STATE
standard outputs. When the Latch Enable (LE) input is
HIGH, data on the Dy, inputs enters the latches. In this con-
dition the latches are transparent, i.e. a latch output will
change state each time its D input changes. When LE is
LOW, the latches store the information that was present on
the D inputs a setup time preceding the HIGH-to-LOW tran-
sition of LE. The TRI-STATE standard outputs are con-
trolled by the Output Enable (OE) input. When OE is LOW,
the standard outputs are in the 2-state mode. When OE is
HIGH, the standard outputs are in the high impedance mode
but this does not interfere with entering new data into the
latches.

Logic Diagram
Dy D, D,

Truth Table
Inputs Outputs
LE OE Dn On
X H X z
H L L L
H L H H
L L X Op

H = HIGH Voltage Level
L = LOW Voltage Level
Z = High Impedance

X = Immaterial

[o)

o = Previous Og before HIGH to LOW transition of Latch Enable

o

o
—

o
—

o

L

— <
=

o

o

—

0,

TL/F/11995-4

0 0 0 0 0 0 0 0
G _| G ] G _l G ] G -| G _‘ G -| G
0 ‘°> 1 - T 1 1 - 1
[N o, 0, 0y 0, 0 05
Please note that this di is provided only for the und. ding of logic operations and should not be used to estimate propagation delays.
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LCX373

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vce Supply Voltage —0.51t0 +7.0 \
Vi DC Input Voltage —0.5t0 +7.0 \'/
Vo DC Output Voltage —0.5t0 +7.0 Outputin TRI-STATE )
—0.5t0 Vgc + 0.5 Output in High or Low State (Note 2) \
lik DC Input Diode Current —50 V) < GND mA
lok DC Output Diode Current -50 Vo < GND mA
+50 Vo > Vee
lo DC Output Source/Sink Current +50 mA
Icc DC Supply Current per Supply Pin +100 mA
laND DC Ground Current per Ground Pin +100 mA
Tsta Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: Ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
Vi Input Voltage 5.5 \']
Vo Output Voltage HIGH or LOW State 0 Vce v
TRI-STATE 0 5.5
loH/loL Output Current Vcc = 3.0V-3.6V +24 mA
Voo = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, V|y = 0.8V-2.0V, Vg = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions ‘:Sf T:‘ I; —40°Cto +l;:xc Units
ViH HIGH Level Input Voltage 2.7-3.6 2.0 \
ViL LOW Level Input Voltage 2.7-83.6 0.8 \
VoH HIGH Level Output Voltage loy = —100 pA 2.7-3.6 Voc — 0.2 \'/
loH = —12mA 2.7 2.2 \Y%
loy = —18 mA 3.0 2.4 \Y%
loH = —24 mA 3.0 2.2 \
VoL LOW Level Output Voltage loL = 100 pA 2.7-36 0.2 \'
loL = 12mA 2.7 0.4 Vv
loL = 16 mA 3.0 0.4 \Y
loL = 24 mA 3.0 0.55 \
Iy Input Leakage Current 0 <V|<55V 2.7-3.6 +5.0 pA
loz TRI-STATE Output Leakage 3 |S= V\(/)[Hsof.\il\: 27-36 £50 A
loFF Power-Off Leakage Current VjorVp = 5.5V 0 100 pA
Icc Quiescent Supply Current V| = Vgc or GND 2.7-3.6 10 pA
3.6V <V}, Vg < 5.5V 2.7-3.6 +10 pA
Alcc Increase in Icc per Input V|4 = Vgg — 0.6V 2.7-3.6 500 pA
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AC Electrical Characteristics

Ta = —40°Cto +85°C

Symbol Parameter Vee = 3.3V £0.3V Vee = 2.7V Units

Min Max Min Max
tPHL Propagation Delay 1.5 8.0 15 9.0 ns
tPLH Dnp to Op 1.5 8.0 15 9.0
tPHL Propagation Delay 1.5 8.5 15 9.5 ns
tPLH LEto Op 1.5 8.5 1.5 9.5
tpzL Output Enable Time 1.5 8.5 1.5 9.5 ns
tpzH 1.5 8.5 1.5 9.5
tpLz Output Disable Time 1.5 7.5 1.5 8.5 ns
tPHZ 1.5 7.5 1.5 8.5
ts Setup Time, D to LE 25 25 ns
tH Hold Time, Dy to LE 1.5 1.5 ns
tw LE Pulse Width 3.3 3.3 ns
tosHL Output to Output Skew 1.0 ns
tosLH (Note 1) 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (togHL) or LOW to HIGH (tosin)-

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25°C Units
V) Typical

VoLp Quiet Output Dynamic Peak Vo Cp = 50pF, Vg = 3.3V, V). = 0V 3.3 0.8 \"
VoLv Quiet Output Dynamic Valley Vo Cp = 50 pF, V|y = 3.3V, V| = 0V 3.3 0.8 \"
Capacitance

Symbol Parameter Conditions Typical Units
CiNn Input Capacitance Vcc = Open, V; = 0V or Ve 7 pF
Cout Output Capacitance Vec = 3.3V, V) = 0Vor Vg 8 pF
Cpp Power Dissipation Capacitance Ve = 3.3V, V| = 0VorVcg, F = 10 MHz 25 pF
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74LCX373 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 373 WM X

Temperature Range Family Special Variations
74LCX = Commercial "X" = Tape and Reel
X " " = Rail/Tube
Device Type

Package Code
WM = (0.300" Wide) Molded Small Outline Package, JEDEC
SJ = (0.300" Wide) Molded Small Outline Package, EIAJ

MTC = Thin Shrink Small Outline Package, JEDEC,
4.4 mm Body Width

MSA = Molded Shrink Small Outline Package, EIAJ, Type Il

TL/F/11995-5
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&National Semicondu

74L.CX374

ctor

Low-Voltage Octal D Flip-Flop
with 5V Tolerant inputs and Outputs

General Description

The LCX374 consists of eight D-type flip-flops featuring sep-
arate D-type inputs for each flip-flop and TRI-STATE® out-
puts for bus-oriented applications. A buffered clock (CP)
and Output Enable (OE) are common to all flip-flops. The
LCX374 is designed for low-voltage (3.3V) Vcc applications
with capability of interfacing to a 5V signal environment.
The LCX374 is fabricated with an advanced CMOS technol-
ogy to achieve high speed operation while maintaining
CMOS low power dissipation.

Features

® 5V tolerant inputs and outputs

m 8.5 ns tpp max, 10 pA Iccq max

® Power-down high impedance inputs and outputs

@ 2.0V-3.6V V¢c supply operation

W 124 mA output drive

| Implements patented Quiet Series™ noise/EMI
reduction circuitry

® Functionally compatible with the 74 series 374

Latch-up performance exceeds 500 mA
ESD performance:

Human Body Model > 2000V
Machine Model > 200V

Logic Symbols Connection Diagram
Pin Assignment for
IEEE/IEC SOIC, SSOP and TSSOP
OF EN oE —{1 ~ 20 b= Vo
cp ct - -
LIyl l]]] %2 o
Do Dy Dy D3 Dy D5 Dg Dy oo—o > vi—o %3 I
—Jer 0 0 D —{4 1705
B % o, —5 16 =0
—0loe D —] =0, 0,6 15f=o0
2 5
O O 0 03 04 05 05 O Dy — 03 0, =17 I
2 5
Frrrrrrl 0 — % ;=8 13},
TL/F/11996-1 D5 : :05 0,9 12}-o,
D % eno—{ 10 1f=cp
L — %
TL/F/11996-2 TL/F/11996-3
Pin Names Description
Do-D7 Data Inputs
CP Clock Pulse Input
OE Output Enable Input
0p-07 TRI-STATE Outputs
SOIC JEDEC SOIC EIAJ SSOP Type Il TSSOP JEDEC
Order Number 74L.CX374WM 74LCX374SJ 74LCX374MSA 74LCX374MTC
74LCX374WMX | 74LCX374SJX | 74LCX374MSAX | 74LCX374MTCX
See NS Package Number M20B M20D MSA20 MTC20
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LCX374

Functional Description

The LCX374 consists of eight edge-triggered flip-flops with
individual D-type inputs and TRI-STATE true outputs. The
buffered clock and buffered Output Enable are common to
all flip-flops. The eight flip-flops will store the state of their
individual D inputs that meet the setup and hold time re-
quirements on the LOW-to-HIGH Clock (CP) transition. With
the Output Enable (OE) LOW, the contents of the eight flip-
flops are available at the outputs. When the OE is HIGH, the
outputs go to the high impedance state. Operation of the
OE input does not affect the state of the flip-flops.

Logic Diagram

Truth Table
Inputs Outputs
D, cp OE On
H e L H
L e L L
X L L O
X X H z
H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial
Z = High Impedance
-/~ = LOW-to-HIGH Transition
Op = Previous Og before HIGH to LOW of CP
03 Dy D5 D b7

Jigie = o m

0 0 0,

Please note that this diagram is provided only for the

03

ding of logic op

0, 05 0

--JOU

o,

TL/F/11996-4

and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (ote 1)
If Military/Aerospace specified devices are required, please contact

Distributors for availability and specifications.

the National Semiconductor Sales Office/

Symbol Parameter Value Conditions Units
Veo Supply Voltage —0.5t0 +7.0 \
V) DC Input Voltage —0.5t0 +7.0 \
Vo DC Output Voltage —0.5t0 +7.0 Outputin TRI-STATE Vv
—0.5toVge + 0.5 Output in High or Low State (Note 2) \]
lik DC Input Diode Current —50 V| < GND mA
lok DC Output Diode Current —50 Vo < GND mA
+50 Vo > Vco
lo DC Output Source/Sink Current +50 mA
Icc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
TstG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: g Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
Vi Input Voltage 0 5.5 Vv
Vo Output Voltage HIGH or LOW State 0 Vee v
TRI-STATE 0 5.5
lon/loL Output Current Vce = 3.0V-3.6V +24 mA
Voo = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, V)y = 0.8V-2.0V, Vcc = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions ‘:S;: TAM?n —40Cto + :::: Units
ViH HIGH Level Input Voltage 2.7-3.6 2.0 Vv
ViL LOW Level Input Voltage 2.7-3.6 0.8 Vv
VoH HIGH Level Output Voltage loy = —100 pA 2.7-3.6 Vec — 0.2 Vv
loy = —12mA 2.7 2.2 Vv
loy = —18mA 3.0 24 \Y
loy = —24 mA 3.0 2.2 \%
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \'
loL = 12mA 2.7 0.4 \'
loL = 16 mA 3.0 0.4 \'
loL = 24 mA 3.0 0.55 \'
Iy Input Leakage Current 0 <V, <55V 2.7-3.6 +5.0 pA
loz TRI-STATE Output Leakage 3 | szv\‘i-,leo‘f.\?l\( 27-36 +5.0 A
loFr Power-Off Leakage Current VjorVp = 5.5V 0 100 pA
lcc Quiescent Supply Current V| = Vgg or GND 2.7-3.6 10 pA
3.6V <V),Vp <55V 2.7-3.6 +10 pA
Alcc Increase in I per Input Vi = Vgc — 0.6V 2.7-3.6 500 pA

63

p2£X01



LCX374

AC Electrical Characteristics

Ta = —40°C to +85°C

Symbol Parameter Vee = 3.3V £0.3V Vee = 2.7V Units

Min Max Min Max
fmax Maximum Clock Frequency 150 MHz
tPHL Propagation Delay 15 8.5 1.5 9.5 ns
tPLH CPto Oy 15 8.5 1.5 9.5
tpzL Output Enable Time 15 8.5 15 9.5 ns
tpzH 15 85 1.5 9.5
tpLz Output Disable Time 1.5 7.5 1.5 8.5 ns
tpHZ 1.5 7.5 1.5 8.5
ts Setup Time 25 25 ns
tH Hold Time 1.5 1.5 ns
tw Pulse Width 3.3 3.3 ns
tosHL Output to Output Skew (Note 1) 1.0

ns

tosLH 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (tosH) or LOW to HIGH (tosLH)-

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25C Units
\} Typical

VoLp Quiet Output Dynamic Peak Vo CL = 50pF, Vi = 3.3V, V)L = 0V 3.3 0.8 \
VoLv Quiet Output Dynamic Valley Vo CL = 50pF,V|y = 3.3V, V| = 0V 33 0.8 \"
Capacitance

Symbol Parameter Conditions Typical Units
CiN Input Capacitance Ve = Open, V) = 0V or Voo 7 pF
Cout Output Capacitance Vce = 3.3V, V| = 0Vor Ve 8 pF
Cpp Power Dissipation Capacitance Ve = 3.3V, V, = 0VorVcg, F = 10 MHz 25 pF
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74LCX374 Ordering Information
The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 374 WM X

Temperature Range Family T——Special Variations
74 = Commercial "X" = Tape and Reel
Device Type = Rail/Tube

Package Code
WM = (0.300" Wide) Molded Small Outline Package, JEDEC

SJ = (0.300" Wide) Molded Small Outline Package, EIAJ
MTC = Thin Shrink Small Outline Package, JEDEC,
4.4 mm Body Width
MSA = Molded Shrink Small Outline Package, EIAJ, Type Il

TL/F/11996-5
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L.CX540

. ) PRELIMINARY
National Semiconductor

74LCX540
Octal Buffer/Line Driver with
5V Tolerant Inputs and Outputs

General Description Features

The LCX540 is an octal buffer/line drivers designed to be M 5V tolerant inputs and outputs

employed as memory and address drivers, clock driversand ~ ® 6.5 ns tpp max, 10 pA Igcqg max

bus oriented transmitter/receivers. m Power down high impedance inputs and outputs

These devices are similar in function to the 'LCX240 while & 2.0V-3.6V Vg supply operation

providing flow-through architecture (inputs on opposite side  m +24 mA output drive

from outputs). This pinout arrangement makes these devic-  m |mplements patented Quiet Series™ noise/EMI reduc-
es especially useful as output ports for microprocessors, tion circuitry

allowing ease of layout and greater PC board density. ® Functionally compatible with 74 series 540
The LCX540 is designed for low voltage (3.3V) Vcc applica- @ Latch-up performance exceeds 500 mA
tions with capability of interfacing to a 5V signal environ- g pgp performance:

ment. The LCX540 is fabricated with an advanced CMOS Human body model > 2000V
technology to achieve high speed operation while maintain- Machine model > 200V

ing CMOS low power dissipation.

Logic Symbol Connection Diagram  Truth Table
Inputs
Pin Assignment — — Outputs
IEEE/IEC for SOIC, SSOP and TSSOP OF; OE; |
& Y L L H L
_ — 1 20
OF, — OE‘——tj_' == Vee H X X z
0E, —B> & =2 19 52 X H X V4
2 O] g i
= =5, L L L H
R L ot [P
. N o ’) h H = HIGH Voltage Level
Iy D> v % Iy _5 Lt,_L 16 5, L = LOW Voltage Level
[p— 0, b _ X = Immaterial
! L-‘ I4—6 _‘t' 1S 03 Z = High Impedance
= o L _‘—t.—'Lg_g_a
Iy — ~—0; = o Py
Iy~ ~—0, Y e o PR
I5 =1 >—05 ol e
C 5, GND— — 0,
6
Iy —— >—0, TL/F/12403-2

TL/F/12403-1

SOIC JEDEC SOIC EIAJ SSOP Typell | TSSOP JEDEC

Order Number 74LCX540WM [ 74LCX540SJ | 74LCX540MSA | 74LCX540MTC
74LCX540WMX | 74LCX540SJX | 74LCX540MSAX | 74LCX540MTCX
See NS Package Number M20B M20D MSA20 MTC20

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice.




Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voltage —-0.5t0 +7.0 "
\ DC Input Voltage ~0.5t0 +7.0 \)
Vo DC Output Voltage —0.5t0 +7.0 Output in TRI-STATE Vv
—0.5toVge + 0.5 Output in High or Low State (Note 2) \']
liK DC Input Diode Current —50 V| < GND mA
lok DC Output Diode Current —-50 Vo < GND mA
+50 Vo > Vge
lo DC Output Source/Sink Current +50 mA
lcc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
TstG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: Io Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Veo Supply Voltage Operating 20 3.6 v
Data Retention 1.5 3.6
\ Input Voltage 5.5 \'
Vo Output Voltage HIGH or LOW State 0 Vee v
TRI-STATE 0 5.5
lon/loL Output Current Vce = 3.0V — 3.6V +24 mA
Voo = 2.7V +12
Ta Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, V| = 0.8V-2.0V, Vg = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta = —40°Cto +85°C Units
V) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 \'
ViL LOW Level Input Voltage 2.7-3.6 0.8 \
VoH HIGH Level Output Voltage loq = —100 pA 2.7-3.6 Voc — 0.2 Vv
loH = —12mA 2.7 2.2 \'
loy = —18 mA 3.0 2.4 \]
loq = —24mA 3.0 2.2 Vv
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 Vv
loL = 12mA 2.7 0.4 \']
loL = 16 MA 3.0 0.4 \'
loL = 24mA 3.0 0.55 \'/
Iy Input Leakage Current 0 <V <55V 2.7-3.6 +5.0 pA
loz TRI-STATE Output Leakage 3|S= V\?leof.\?l\( 27_36 +5.0 A
lorr Power-Off Leakage Current VjorVp = 5.5V 0 100 pA
Icc Quiescent Supply Current V| = Vgc or GND 2.7-3.6 10 pA
3.6V < V|, Vo <55V 2.7-3.6 +10 pA
Alcc Increase in Icc per Input Vip = Vgg —0.6V 2.7-3.6 500 pA
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LCX540

AC Electrical Characteristics

Ta = —40°Cto +85°C

Symbol Parameter Vge = 3.3V £0.3V Vee = 2.7V Units

Min Max Min Max
tpHL Propagation Delay 15 6.5 1.5 7.5 ns
tpLH 1.5 6.5 1.5 7.5
tpzL Output Enable Time 1.5 8.0 1.5 9.0 ns
tpzH 1.5 8.0 1.5 9.0
tpLz Output Disable Time 1.5 7.0 1.5 8.0 ns
tpHZ 1.5 7.0 1.5 8.0
tosHL Output to Output Skew (Note 1) 1.0

ns

tosLH 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (tosHt) or LOW to HIGH (tosH).

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25C Units
v) Typical
VoLp Quiet Output Dynamic Peak Vo CL = 50pF, V| = 3.3V, V| =0V 3.3 0.8 \
Vorv Quiet Output Dynamic Valley Vo CL = 50pF, V| = 3.3V, VL =0V 3.3 0.8 \
Capacitance
Symbol Parameter Conditions Typical Units
CiN Input Capacitance Vce = Open, V) = 0V or Ve 7 pF
Cout Output Capacitance Voe = 3.3V, V|, = 0VorVcc 8 pF
CpDp Power Dissipation Capacitance Ve = 3.3V,V,; = 0VorVge, F = 10 MHz 25 pF
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74LCX540 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 540 WM X

Temperature Range Family Special Variations
74 = Commercial "X" = Tape and Reel
X " " = Rail/Tube
Device Type

Package Code
WM = (0.300" Wide) Molded Small Outline Package, JEDEC

SJ = (0.300" Wide) Molded Small Outline Package, EIAJ
MTC = Thin Shrink Small Outline Package, JEDEC, 4.4 mm Body
Width
MSA = Molded Shrink Small Outline Package, EIAJ, Type |l

TL/F/12403-4
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LCX541

gNational Semiconductor

74L.CX541

Octal Buffer/Line Driver with

PRELIMINARY

5V Tolerant Inputs and Outputs

General Description

The 'LCX541 is an octal buffer/line driver designed to be
employed as memory and address drivers, clock drivers and
bus oriented transmitter/receivers. The 'LCX541 is a nonin-
verting option of the 'LCX540.

This device is similar in function to the 'LCX244 while pro-
viding flow-through architecture (inputs on opposite side
from outputs). This pinout arrangement makes this device
especially useful as an output port for microprocessors, al-
lowing ease of layout and greater PC board density.

The 'LCX541 is designed for low voltage (3.3V) V¢c applica-
tions with capability of interfacing to a 5V signal environ-
ment. The 'LCX541 is fabricated with an advanced CMOS
technology to achieve high speed operation while maintain-
ing CMOS low power dissipation.

Features
W 5V tolerant input and outputs
W 6.5 ns tpp max, 10 pA Igcq max
m Power-down high impedance inputs and outputs
W 2.0V-3.6V Vg supply operation
® +24 mA output drive
| Implements patented Quiet Series™ noise/ EMI reduc-
tion circuitry
@ Functionally compatible with 74 series 541
m Latch-up performance exceeds 500 mA
m ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbol Connection Diagram Truth Table
Pin Assignment
IEEE/IEC for SOIC, SSOP and TSSOP Inputs Outputs
el ° o N\ 20 Eqy OF; |
1 - OF, — —Vee
= e Bl L vy
'1—i ﬂt_L %Oo X H o X z
I, P 1o L L L L
o= P V% o e
l,— — 0, ] -—S 1 > P :02 H = HIGH Voltage Level
[p— L_o W1 b ——03 L = LOW Vo]tage Level
|2 — — 02 5 — _I_t g l04 ; Z ::I'i‘gr?\al:;aeldanoe
13 03 = b L3,
|‘ o‘ b= [ b L2,
N N ot R=uy
6| %6
7= — 0 TL/F/12404-2
TL/F/12404~-1
SOIC JEDEC SOIC EIAJ SSOP Type il TSSOP JEDEC
Order Number 74LOX541WM | 74LCX541SJ | 74LCX541MSA | 74LCX541MTC
74LCX541WMX | 74LCX541SJX | 74LCX541MSAX | 74LCX541MTCX
See NS Package Number M208 M20D MSA20 MTC20

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice.
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voltage —0.5t0 +7.0 \
\ DC Input Voltage —-0.5t0 +7.0 Y
Vo DC Output Voltage —0.5t0 +7.0 Outputin TRI-STATE \']
—0.5toVgg + 0.5 Output in High or Low State (Note 2) \
lik DC Input Diode Current —50 V) < GND mA
lok DC Output Diode Current —50 Vo < GND mA
+50 Vo > Veo
lo DC Output Source/Sink Current +50 mA
lcc DC Supply Current per Supply Pin +100 mA
laND DC Ground Current per Ground Pin +100 mA
TsTG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The ‘“Recommended Operating

Conditions” table will define the conditions for actual device operation.
Note 2: Ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
Vi Input Voltage 0 5.5 \
Vo Output Voltage HIGH or LOW State 0 Vee v
TRI-STATE 0 5.5
lon/loL Output Current Vcec = 3.0V — 3.6V +24 mA
Voo = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, Vy = 0.8V-2.0V, Vg = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta= —40°Cto +85°C Units
V) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 \"
ViL LOW Level Input Voltage 2.7-3.6 0.8 \'
VoH HIGH Level Output Voltage lon = —100 nA 2.7-3.6 Ve — 0.2 \
loH = —12mA 2.7 2.2 \
loy= —18mA 3.0 24 \Y%
lo4 = —24 mA 3.0 2.2 \
VoL LOW Level Output Voltage loL = 100 uA 2.7-3.6 0.2 \)
loL = 12mA 2.7 0.4 \
loL = 16 mA 3.0 0.4 \
loL = 24 mA 3.0 0.55 \
Iy Input Leakage Current 0 <V <55V 2.7-3.6 +5.0 nA
loz TRI-STATE Output Leakage 3 |S=V\(/3|Hso§.\/5|\|f 27-36 £5.0 A
lorFr Power-Off Leakage Current ViorVp = 5.5V 0 100 nA
lcc Quiescent Supply Current V| = Vgc or GND 2.7-3.6 10 pA
3.6V < V|, Vo < 5.5V 2.7-3.6 +10 pA
Alcc Increase in Igc per Input ViH = Vo —0.6V 2.7-3.6 500 pA
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AC Electrical Characteristics (preliminary)

TA = —40°Cio +85°C

Symbol Parameter Vee = 3.3V £0.3V Vee = 2.7V Units
Min Max Min Max

tPHL Propagation Delay 1.5 6.5 1.5 75 ns

tPLH 1.5 6.5 1.5 7.5

tpzL Output Enable Time 1.5 8.0 1.5 9.0 ns

tpzH 1.5 8.0 15 9.0

tpLz Output Disable Time 1.5 7.0 15 8.0 ' ns

tpHZ 1.5 7.0 1.5 8.0

tosHL Output to Output Skew 1.0 ns

tosLH (Note 1) 1.0

Note 1: Skew is defined as the absolute value of the difference b the actual p delay for any two separate outputs of the same device. The

specification applies to any outputs switching in the same direction, either HIGH to LOW (togHi) or LOW to HIGH (togpH)-

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25°C Units
V) Typical

VoLp Quiet Output Dynamic Peak VoL CL = 50pF,V|q = 3.3V, V)L = OV 3.3 0.8 \'
Vorv Quiet Output Dynamic Valley Vo Cp = 50 pF, Vi = 3.3V, V|L = OV 3.3 0.8 \
Capacitance

Symbol Parameter Conditions Typical Units
CiN Input Capacitance Vgc = Open, V} = 0V or Vgo 7 pF
Cout Output Capacitance Vee = 3.3V, V| =0VorVcg 8 pF
Cpp Power Dissipation Capacitance Vee = 3.3V, V) =0VorVcg F = 10 MHz 25 pF
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74L.CX541 Ordering Information
The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 541 WM X

Temperature Range Family ] T—Special Variations
74 = Commercial "X" = Tape and Reel
) " " = Rail/Tube
Device Type

Package Code
WM = (0.300" Wide) Molded Small Outline Package, JEDEC
SJ = (0.300" Wide) Molded Small Outline Package, EIAJ

MTC = Thin Shrink Small Outline Package, JEDEC,
4.4 mm Body Width

MSA = Molded Shrink Small Outline Package, EIAJ, Type Il
TL/F/12404-4

L¥SXO1
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LCX573

&N@tional Semiconductor

74LCX573

Octal Latch with 5V Tolerant Inputs and Outputs

General Description

The 'LCX573 is a high-speed octal latch with buffered com-
mon Latch Enable (LE) and buffered common Output En-
able (OE) inputs.

The 'LCX573 is functionally identical to the 'LCX373 but has
inputs and outputs on opposite sides.

The 'LCX573 is designed for low voltage (3.3V) applications
with capability of interfacing to a 5V signal environment. The
'LCX573 is fabricated with an advanced CMOS technology
to achieve high speed operation while maintaining CMOS
low power dissipation.

Features
5V tolerant inputs and outputs
7.0 ns tpp max, 10 pA Iccq max
Power down high impedance inputs and outputs
2.0V-3.6V V¢ supply operation
+24 mA output drive
Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
Functionally compatible with 74 series 573
Latch-up performance exceeds 500 mA
m ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbols Connection Diagrams
IEEE/IEC Pin Assignment
| I | I | I | I oF EN1 for SOIC, SSOP and TSSOP
Do 0 Dy Dy Dy Ds Dg Dy Le —]en2 — -/
—ic OE— 1 20 Voo
Dp—110 Vo0, Dy 2 190,
_°°EO o o 0; 0, 05 05 O 0, — —o, o3 18f=o0,
0 O 0y O3 904 O5 O
EREEERR 1 N oo
TL/F/12405-1 3 3 3 3
D, — —0, D,—6 150,
D5 — — 05 05— 7 1405
Dg — Og Dg— 8 13}—0g
D; = % b7 =19 121=0,
TL/F/12405-2 GND—{ 10 t1f=LE
TL/F/12405-3
Pin Names Description
Do-D7 Data Inputs
LE Latch Enable Input .
OE TRI-STATE Output Enable Input 7
0p-07 TRI-STATE Latch Outputs
SOIC JEDEC SOIC EIAJ SSOP TYPE Il TSSOP JEDEC
Order Number 74LCX573WM | 74LCX573SJ 74LCX573MSA | 74LCX573MTC
74LCX573WMX | 74LCX573SJX | 74LCX573MSAX | 74LCX573MTCX
See NS Package Number M20B M20D MSA20 MTC20
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Functional Description Truth Table

The 'LCX573 contains eight D-type latches with TRI-STATE

output buffers. When the Latch Enable (LE) input is HIGH, Inputs Outputs
data on the Dy, inputs enters the latches. In this condition OE LE D On
the latches are transparent, i.e., a latch output will change

state each time its D input changes. When LE is LOW the L H H H
latches store the information that was present on the D in- L H L L
puts a setup time preceding the HIGH-to-LOW transition of L L X Qo
LE. The TRI-STATE buffers are controlled by the Output H X X b4

Enable (OE) input. When OE is LOW, the buffers are en-

E . PR H = HIGH Voltage
abled. When OE is HIGH the btfffers are in the hlgh imped- L = LOW Voltage
ance mode but this does not interfere with entering new Z = High Impedance
data into the latches. X = Immaterial
Og = Previous Og before HIGH-to-LOW transition of Latch Enable

Logic Diagram

D 0 D, D3 Dy D5 D b

[ oo [=
O~
=]
O~
o

Y
+O
—O)
O~
O~

TL/F/12405-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voltage —0.5t0 +7.0 \'J
\ DC Input Voltage —0.5t0 +7.0 Vv
Vo DC Output Voltage —0.5t0 +7.0 Output in TRI-STATE Vv
—0.5to Vgc + 0.5 Output in High or Low State (Note 2) \J
ik DC Input Diode Current —~50 Vi < GND mA
lok DC Output Diode Current —50 Vo < GND mA
+50 Vo > Veo
lo DC Output Source/Sink Current +50 mA
lcc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
TstG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The ‘“Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: Ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vece Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
\'/ Input Voltage 0 5.5 \'J
Vo Output Voltage HIGH or LOW State 0 Vee v
TRI-STATE 0 5.5
lon/loL Output Current Vcg = 3.0V—-3.6V +24 mA
Vee = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, Viy = 0.8V-2.0V, Vg = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta = —40°Cto +85°C Units
V) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 \
ViL LOW Level Input Voltage 2.7-3.6 0.8 \
VoH HIGH Level Output Voltage loy = —100 pA 2.7-3.6 Vec — 0.2 \
loH = —12mA 2.7 2.2 \
loH = —18 mA 3.0 2.4 \
loy = —24 mA 3.0 2.2 \%
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 Vv
loL = 12mA 2.7 0.4 Vv
loL = 16 mA 3.0 0.4 \
loL = 24 mA 3.0 0.55 \Y%
I Input Leakage Current 0<V, <55V 2.7-3.6 +5.0 pA
loz TRI-STATE Output Leakage 3 |S=V\2Hsof€|\|{ 27-36 £50 A
lorr Power-Off Leakage Current VjorVg = 5.5V 0 100 pA
lcc Quiescent Supply Current V| = Vgg or GND 2.7-3.6 10 pA
3.6V <V, Vo <55V 2.7-3.6 +10 pA
Alcc Increase in g per Input ViH = Vgc —0.6V 2.7-3.6 500 pA
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AC Electrical Characteristics

Ta = —40°C to +85°C

Symbol Parameter VCC = 3.3V £0.3V VCC =27V Units

Min Max Min Max
tPHL Propagation Delay 1.5 7.0 1.5 7.5 ns
tpLH Dp to Op 1.5 7.0 1.5 7.5
tPHL Propagation Delay 1.5 75 1.5 8.5 ns
tPLH LEto Op 1.5 75 1.5 8.5
tpzL Output Enable Time 1.5 7.5 1.5 8.0 ns
tpzH 1.5 7.5 1.5 8.0
tpLz QOutput Disable Time 1.5 6.0 1.5 6.5 s
tPHZ 1.5 6.0 1.5 6.5
ts Setup Time, D to LE 25 2.5 ns
tH Hold Time, Dy to LE 1.5 1.5 ns
tw LE Pulse Width 3.3 3.3 ns
tosHL Output to Output Skew (Note 1) 1.0

ns

tosLH 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (togn|) or LOW to HIGH (togLH)-

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25°C Units
v) Typical
VoLp Quiet Output Dynamic Peak Vo CL = 50pF,V|y = 3.3V,V|L =0V 3.3 0.8 \"
VoLv Quiet Output Dynamic Valley Vo CL = 50 pF, V|q = 3.3V, V|_L = 0V 3.3 0.8 Vv
Capacitance
Symbol Parameter Conditions Typical Units
CiN Input Capacitance Vcc = Open, V| = 0V or Vo 7 pF
Cout Output Capacitance Voe = 3.3V, V| = 0Vor V¢ 8 pF
Cpp Power Dissipation Capacitance Vee = 8.3V, V) = 0VorVgg, F = 10 MHz 25 pF
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74LCX573 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 573 WM X

Temperature Range Family T—Special Variations
74 = Commercial "X" = Tape and Reel
R " " = Rail/Tube
Device Type

Package Code
WM = (0.300" Wide) Molded Small Outline Package, JEDEC
SJ = (0.300" Wide) Molded Small Outline Package, EIAJ

MTC = Thin Shrink Small Outline Package, JEDEC,
4.4 mm Body Width
MSA = Molded Shrink Small Outline Package, EIAJ, Type I

TL/F/12405-6
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NNational Semiconductor

74LCX574
Octal D-Type Flip-Flop with

5V Tolerant Inputs and Outputs

General Description

The 'LCX574 is a high-speed, low power octal flip-flop with a
buffered common Clock (CP) and a buffered common Out-
put Enable (OE). The information presented to the D inputs
is stored in the flip-flops on the LOW-to-HIGH Clock (CP)
transition.

The 'LCX574 is functionally identical to the LCX374 except
for the pinouts.

The 'LCX574 is designed for low voltage (3.3V) Vg applica-
tions with capability of interfacing to a 5V signal environ-
ment. The 'LCX574 is fabricated with an advanced CMOS
technology to achieve high speed operation while maintain-
ing CMOS low power dissipation.

Features
5V tolerant inputs and outputs
7.5 ns tpp max, 10 pA Igcg max
Power down high impedance inputs and outputs
2.0V~3.6V Ve supply operation
+24 mA output drive
Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
m Functionally compatible with 74 series 574
®m Latch-up performance exceeds 500 mA
B ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbols Connection Diagrams
|EEE/IEC Pin Assignment
l I I I I I I I _ for SOIC, SSOP and TSSOP
0F —MEN
Dy By D D5 Dy D5 Dg Dy cp ¢t oE—] 1 7 20 Ve
—]cp
0p— 2 19}-0
—Ojoe R LA Dc:-- 3 18fo,
D, i — 1
O O 0, 03 0, 05 0 0 D' | _0' 0,4 17}-o0,
HEEEERR S ) 055 16}-o,
TL/F/12406-1 03 ] _03 0,—6 150,
04— _04 0;—7 14}—05
s
Pin Names Description 05 —1 | 0: Dg— 8 13—0g
Do-D7 Data Inputs o, — —o, D;—19 12}—0;
CP Clock Pulse Input TL/F /124064 GND—1 10 t1f—=cp
OE TRI-STATE® Output
Enable Input TL/F/12406-2
0g-07 TRI-STATE Outputs
SOIC JEDEC SOIC EIAJ SSOP Type Il TSSOP JEDEC
Order Number 74LCX574WM 74LCX574SJ 74LCX574MSA 74LCX574MTC
74LCX574WMX | 74LCX574SJX | 74LCX574MSAX | 74LCX574MTCX
See NS M20A M20D MSA20 MTC20
Package Number
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LCX574

Functional Description

The 'LCX574 consists of eight edge-triggered flip-flops with
individual D-type inputs and TRI-STATE true outputs. The
buffered clock and buffered Output Enable are common to
all flip-flops. The eight flip-flops will store the state of their
individual D inputs that meet the setup and hold time re-
quirements on the LOW-to-HIGH Clock (CP) transition. With
the Output Enable (OE) LOW, the contents of the eight flip-
flops are available at the outputs. When OE is HIGH, the
outputs go to the high impedance state. Operation of the
OE input does not affect the state of the flip-flops.

Logic Diagram

Function Table
__ Inputs Internal | Outputs Function
OE CP Q
H H NC Hold
H H NC Hold
H L Load
H 7 Load
L
L
L H
L H

IrIrIr-cIr|O
-

zz o

8z NNNN|S

Data Available
Data Available
No Change in Data
No Change in Data

H = HIGH Voltage Level

L = LOW Voltage Level

X = Immaterial

Z = High Impedance

—/~ = LOW-to-HIGH Transition
NC = No Change

Do Dy D, D3 Dy D5 Dg by
S S S S S P S P S P P
c D c 0 c D ¢ D ¢ o ¢ D ¢ 0D c D
a a a a a Q q a
OF . . e ® ® .
:D | I | | | | |
% 0 0, 03 04 05 0% %
TL/F/12406-5

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (ote 1)
If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voltage —0.51t0 +7.0 \'
\ DC Input Voltage —0.5t0 +7.0 \'
Vo DC Output Voltage —0.5t0 +7.0 Outputin TRI-STATE \')
—-0.5toVgo + 0.5 Output in High or Low State (Note 2) v
lik DC Input Diode Current —-50 V) < GND mA
lok DC Output Diode Current —-50 Vo < GND mA
+50 Vo > Vece
lo DC Output Source/Sink Current +50 mA
Icc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
TsTG Storage Temperature —65to0 +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed The device should not be operated at these

limits. The parametric values defined in the “Electrical Characteristics” table are not g d at the Ab Ratings. The “Recommended Operating
Conditions™ table will define the conditions for actual device operation.
Note 2: Ig Absolute Maximum Rating must be observed.
Recommended Operating Conditions
Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
Vi Input Voltage 5.5 Vv
Vo Output Voltage HIGH or LOW State 0 Vee v
TRI-STATE 0 5.5
lon/loL Output Current Ve = 3.0V-3.6V +24 mA
Voo = 2.7V +12
(Ta) Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, Viy = 0.8V-2.0V, Vg = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta= —40°Cto +85°C Units
W) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 \']
ViL LOW Level Input Voltage 2.7-3.6 0.8 \';
VoH HIGH Level Output Voltage loH = —100 pA 2.7-3.6 Vce — 0.2 Vv
loy = —12mA 2.7 2.2 Vv
lon = —18 mA 3.0 2.4 \"
lo = —24 mA 3.0 2.2 \'
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \'
loL=12mA 2.7 0.4 1
loL = 16 MA 3.0 0.4 \
loL = 24 mA 3.0 0.55 "
Iy Input Leakage Current 0 <V, <55V 2.7-3.6 +5.0 pA
loz TRI-STATE Output Leakage 0 S_V\(/) < 5.5V 27-36 £5.0 A
= VigorVi,
lorr Power-Off Leakage Current VjorVgp = 5.5V 0 100 pA
lcc Quiescent Supply Current = Vg or GND 2.7-3.6 10 nA
3.6V < V|,Vp < 5.5V 2.7-3.6 +10 RA
Alcc Increase in Igc per Input Vi = Vgc —0.6V 2.7-3.6 500 MA
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AC Electrical Characteristics

Ta = —40°Cto +85°C

Symbol Parameter Vee = 3.3V £0.3V Vee = 2.7V Units

Min Max Min Max
fMAx Maximum Clock Frequency 150 MHz
tPHL Propagation Delay 1.5 7.5 1.5 8.5 ns
tPLH CPto Oy 1.5 75 1.5 8.5
tpzL Output Enable Time 15 75 1.5 8.0 ns
tpzH 1.5 7.5 1.5 8.0
tpLz Output Disable Time 1.5 6.0 1.5 6.5 ns
tpHz 1.5 6.0 1.5 6.5
ts Setup Time 25 2.5 ns
tH Hold Time 1.5 1.5 ns
tw Pulse Width 3.3 3.3 ns
tosHL Output to Output Skew (Note 1) 1.0

ns

tosLH 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (tognr) or LOW to HIGH (tog| H).

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25°C Units
v) Typical
VoLp Quiet Output Dynamic Peak VoL Cp = 50pF, Viy = 3.3V, V)L = 0V 3.3 0.8 \"
VoLv Quiet Output Dynamic Valley Vo Cp = 50pF, V|y = 3.3V, V)L = 0V 3.3 0.8 v
Capacitance
Symbol Parameter Conditions Typical Units
CiNn Input Capacitance Vce = Open, V| = 0V or Vg 7 pF
Cout Output Capacitance Vce = 3.3V, V| = 0VorVcc 8 pF
Cpp Power Dissipation Capacitance Vec = 3.3V, V; = 0VorVcg, F = 10 MHz 25 pF

74LCX574 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

Temperature Range Family
74 = Commercial

Device Type

Package Code

WM = (0.300" Wide) Molded Small Outline Package, JEDEC
(0.300" Wide) Molded Small Outline Package, EIAJ
Thin Shrink Small Outline Package, JEDEC,

SJ
MTC

MSA

74LCX 574 WM X

4.4 mm Body Width

Molded Shrink Small Outline Package, EIAJ, Type Il

Special Variations

"X'" = Tape and Reel
" " = Rail/Tube

TL/F/12406-6

82




NNational Semiconductor

74LCX646

Low-Voltage Octal Transceiver/Register
with 5V Tolerant Inputs and Outputs

Features
5V tolerant inputs and outputs
7.0 ns tpp max, 10 pA Iccq max
Power down high impedance inputs and outputs
2.0V-3.6V V¢ supply operation
+2.4 mA output drive
Implements patented Quiet Series™ noise/EMI reduc-

General Description

The LCX646 consists of registered bus transceiver circuits,
with outputs, D-type flip-flops, and control circuitry providing
multiplexed transmission of data directly from the input bus
or from the internal storage registers. Data on the A or B
bus will be loaded into the respective registers on the LOW-
to-HIGH transition of the appropriate pin (CPAB or CPBA).
The four fundamental handling functions available are illus-
trated in Figure 1 through Figure 4.

The LCX646 is designed for low voltage (3.3V) V¢ applica-
tions with capability of interfacing to a 5V signal environ-
ment.

The LCX646 is fabricated with an advanced CMOS technol-
ogy to achieve high speed operation while maintaining
CMOS low power dissipation.

tion circuitry

Functionally compatible with the 74 series 646
Latch-up performance exceeds 500 mA

ESD performance:

Human body model > 2000V

Machine model >

200V

Logic Symbols Connection Diagram
Pin Assignment
IEEE/IEC for SOIC, SSOP and TSSOP
O —c3 \_/
DIR: 3ENT (BA) CPAB —1 1 24—V,
LILLLL]] s vl 23 cron
ho b Ay Ag Ay A5 Ag Ay crea P c4
I S8 o DIR—{3 22} sBA
—1SAB CPAB D>C6 —
—q]DIR SAB =17 Ay —14 21p=OE
—]cpBA I 4| By A =5 20—
—]sea %o vi 5 1 ? | AI_G 19_B0
—O|ot & 8 B, By B, B; B B S0 4 = 2 N
TTTT 1111 oy I O e s N
TL/F/11997-1 A8 17f—58
e e e P B tof-
Pin Names Description SIS IR :5 T :? :i B :5
Ag-A7 Data Register A Inputs | ™% N i GN;_ I 0 _B:
Data Register A Outputs Chie i B
Bo-B7 Data Register B Inputs j"- TL/F/11997-3
Data Register B Outputs | 1% N Rigs -
CPAB, CPBA | Clock Pulse Inputs A,.«.: 1 8,
SAB, SBA Transmit/Receive Inputs j+
G Output Enable Input TL/F/11997-2
DIR Direction Control Input
SOIC JEDEC SSOP Type Il TSSOP
Order Number 74LCX646WM 74LCX646MSA 74LCX646MTC
74LCX646WMX 74L.CX646MSAX 74LCX646MTCX
See NS Package Number M24B MSA24 MTC24

83

9¥9Xd1



LCX646

Real Time Transfer Real Time Transfer Storage from Transfer from
A-Bus to B-Bus B-Bus to A-Bus Bus to Register Register to Bus
—p
A-Bu: A-Bus A-Bus A-Bus
— — - — > X
=1 [z o] o [
- A y N -
- B-Bus B-Bus v B-Bus B8~Bus
TL/F/11997-6 TL/F/11997-7
TL/F/11997-4 TL/F/11997-5
FIGURE 1 FIGURE 2 FIGURE 3 FIGURE 4
Function Table (ote)
__ Inputs Datal/0 Function
OE DIR CPAB CPBA SAB SBA | Ap-A7; | Bp-B;
H X HorlL HorL X X Isolation
H X e X X X Input Input Clock A, Data into A Register
H X X e X X Clock B, Data into B Register
L H X X L X An to Bp—Real Time (Transparent Mode)
L H e X L X Clock A, Data into A Register
L H HorlL X H X Input Output A Register to B, (Stored Mode)
L H e X H X Clock A, Data into A Register and Output to B,
L L X X X L B to Ap—Real Time (Transparent Mode)
L L X e X L Clock By, Data into B Register
L L X HorlL X H Output Input B Register to A, (Stored Mode)
L L X e X H Clock B, Data into B Register and Output to Ap,
Note: The data output may be or disabled by various signals at the OE and DIR inputs. Data input are always enabled; i.e., data at the

bus pins will be stored on every LOW-to-HIGH transition of the appropriate clock inputs.

H = HIGH Voltage Level
Logic Diagram
(3

DIR
CPBA

SBA

X = Immaterial

L = LOW Voltage Level

-/~ = LOW-to-HIGH Transition

CPAB

Ao-7

Please note that this diagram is provided only for the und

4

LL VLWL

3

> Bo-7

1L v

T0 7 OTHER CHANNELS
ding of logic op

TL/F/11997-8

and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voltage —0.5t0 +7.0 \')
Vi DC Input Voltage —0.5t0 +7.0 \'
Vo DC Output Voltage —05t0 +7.0 Output in TRI-STATE® \

—0.5toVgg + 0.5 Output in High or Low State (Note 2) Vv
hk DC Input Diode Current -50 V| < GND mA
lok DC Output Diode Current -50 Vo < GND

+50 Vo > Voo mA

lo DC Output Source/Sink Current +50 mA
lcc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
TsTG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating

Conditions” table will define the conditions for actual device operation.
Note 2: Ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vce Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
V) Input Voltage 5.5 \']
Vo Output Voltage HIGH or LOW State 0 Ve v
TRI-STATE 0 5.5
lon/loL Output Current Vee = 3.0V — 3.6V +24 mA
Voo = 2.7V 12
Ta Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, V|y = 0.8V-2.0V, Vgc = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta = —40°Cto +85°C Units
V) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 Vv
ViL LOW Level Input Voltage 2.7-3.6 0.8 \']
VoH HIGH Level Output Voltage loq = —100 pA 2.7-3.6 Voo — 0.2 Vv
loH = —12mA 2.7 2.2 \]
loH = —18 mA 3.0 2.4 Vv
loH = —24 mA 3.0 2.2 \J
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 Vv
loL = 12mA 2.7 0.4 \
loL = 16 MA 3.0 0.4 \
loL = 24 mA 3.0 0.55 Vv
I Input Leakage Current 0<V| <55V 2.7-3.6 +5.0 RA
loz TRI-STATE I/0 Leakage ?/,S: v\szof.\z\( 27-3.6 +5.0 LA
lorFr Power-Off Leakage Current VjorVp = 5.5V 0 100 pA
lcc Quiescent Supply Current V| = Vg or GND 2.7-3.6 10 pA
3.6V <V}, Vo < 5.5V 2.7-3.6 +10 RA
Alce Increase in Ic per Input ViH = Voc —0.6V 2.7-3.6 500 pA
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LCX646

AC Electrical Characteristics

TA = —40°C to +85°C

Symbol Parameter Vge = 8.3V 0.3V Vee = 2.7V Units
Min Max Min Max

fmax Maximum Clock Frequency 150 MHz

tPHL Propagation Delay 1.5 7.0 15 8.0 ns

tpLH Bus to Bus 1.5 7.0 15 8.0

tPHL Propagation Delay 15 8.5 1.5 9.5 ns

tpLH Clock to Bus 1.5 8.5 1.5 9.5

tPHL Propagation Delay 1.5 8.5 1.5 9.5 ns

tPLH Select to Bus 15 8.5 15 9.5

tpzL Output Enable Time 15 8.5 1.5 9.5 ns

tpzH 15 8.5 15 9.5

tpLz Output Disable Time 1.5 8.5 15 9.5 ns

tpHz 15 8.5 15 9.5

ts Setup Time 25 25 ns

tH Hold Time 1.5 1.5 ns

tw Pulse Width 3.3 3.3 ns

tosHL Output to Output Skew 1.0 ns

tostH (Note 1) 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (togHL) or LOW to HIGH (tosLH).

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25°C Units
(U] Typical

VoLr Quiet Output Dynamic Peak Vo CL = 50pF, V| = 3.3V, V)L =0V 3.3 0.8 \
Vorv Quiet Output Dynamic Valley Vo CL = 50 pF, V|y = 3.3V, V)L = 0V 3.3 0.8 "
Capacitance

Symbol Parameter Conditions Typical Units
CiN Input Capacitance Vcc = Open, V| = 0V or Ve 7 pF
Cio Input/Output Capacitance Voc = 3.3V, V) = 0VorVce 8 pF
Cpp Power Dissipation Capacitance Vee = 3.3V, V= 0VorVgg, F = 10 MHz 25 pF
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74L.CX646 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 646 WM X
Temperature Range Family T— Special Variations
74 = Commercial "X" =Tape and Reel
Device Type " " = Rail/Tube

Package Code
WM = (0.300" Wide) Molded Small Outline Package, JEDEC
MTC = Thin Shrink Small Outline Package, JEDEC,
4.4 mm Body Width
MSA = Molded Shrink Small Outline Package, EIAJ, Type Il
TL/F/11997-9
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LCX652

&National Semiconductor

74LCX652

Low-Voltage Transceiver/Register
with 5V Tolerant Inputs and Outputs

General Description

The LCX652 consists of bus transceiver circuits with D-type
flip-flops, and control circuitry arranged for multiplexed
transmission of data directly from the input bus or from inter-
nal registers. Data on the A or B bus will be clocked into the
registers as the appropriate clock pin goes to the HIGH log-
ic level. Output Enable pins (OEAB, OEBA) are provided to
control the transceiyer function.

The LCX652 is designed for low voltage (3.3V) V¢c applica-
tions with capability of interfacing to a 5V signal environ-

ment.

The LCX652 is fabricated with an advanced CMOS technol-
ogy to achieve high speed operation while maintaining
CMOS low power dissipation.

Features

tion circuitry

5V tolerant inputs and outputs
7.0 ns tpp max, 10 pA Iccq max
Power down high impedance inputs and outputs
2.0V-3.6V Ve supply operation
+24 mA output drive
Implements patented Quiet Series™ noise/EMI reduc-

m Functionally compatible with 74 series 652

m Latch-up performance exceeds 500 mA

m ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbols

$1etette

——]CPBA

SAB

SBA

Ao A Ay As Ay A5 Ag A
CPAB

By B B, By B, B B B

SRR

Connection Diagram

Pin Assignment
for SOIC, SSOP and TSSOP

/

24
23
22

[ Veo
—CPBA
- sBA
- GEBA
8o
8
B3

By
B

8,

IEEE/IEC
m——rh EN1(BA) CPAB—] 1
OEAB EN2 (AB) sag— 2
CPBA = G4
SBA =i G5 OEAB—] 3
OEAB |— cPAB————>G6 A4
oeBA JO— SAB =t G7 e E
o = Tﬂo e I
6D 7 > =1> A7
N 17 zv‘ A8
TL/F/11908-3 ' 45 s B
LA ag an B, Hie
g2 4> :s 1
:: | - Z cu;— 12
As 94 -5
'8 S0 o -5
TL/F/11998-1
Pin Names Description
Ao-A7,Bp~-B7 | Aand B Inputs/TRI-STATE® Outputs
CPAB, CPBA Clock Inputs ‘
SAB, SBA Select Inputs
OEAB, OEBA Output Enable Inputs
SOIC JEDEC SSOP Type TSSOP JEDEC
Order Number 74LCX652WM 74LCX652MSA 74LCX652MTC
74LCX652WMX | 74LCX652MSAX | 74LCX652MTCX
See NS Package M24B MSA24 MTC24
Number

TL/F/11998-2
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Functional Description

In the transceiver mode, data present at the HIGH imped-
ance port may be stored in either the A or B register or both.
The select (SAB, SBA) controls can multiplex stored and
real-time.

The examples in Figure 1 demonstrate the four fundamental
bus-management functions that can be performed with the
Octal bus transceivers and receivers.

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 appro-

Real-Time Transfer Real-Time Transfer
Bus B to Bus A Bus AtoBusB

Prmmmy e m-y T T Pmmmmy -y

L} n 1 i ]

1 1NN 1 1 ot 1

L} (R 1 L} i )

1 " 1 1 mni 1

< 1 111 1 ) < 1 11 1 @
1 1t 1 L} 11 L}

L} (R N] ) 1 14y )

1 i ] 1 iy ]

1 [N} ] 1 i ]

Lot Lt

-— -

TL/F/11998-5
OEAB OEBA CPAB CPBA SAB SBA

TL/F/11998-6
OEAB OEBA CPAB CPBA SAB SBA

OEAB TEBA CPAB CPBA SAB SBA

priate Clock Inputs (CPAB, CPBA) regardless of the Select
or Output Enable Inputs. When SAB and SBA are in the real
time transfer mode, it is also possible to store data without
using the internal D flip-flops by simultaneously enabling
OEAB and OEBA. In this configuration each Output reinforc-
es its Input. Thus when all other data sources to the two
sets of bus lines are in a HIGH impedance state, each set of
bus lines will remain at its last state.

Transfer Storage
Storage DatatoAorB
Pmmmmyrmm—— ]
'
L}
L}
« ® « : 1INS
v %3 %) ' %)
2 2 2 ! 1ndE
'
)
:
1
R e — 1

TL/F/11998-7 TL/F/11998-8

OEAB OTEBA CPAB CPBA SAB SBA

L Lox X x L H  H X X L X X H - x X X H L HorL Horl H H
L X X - x  x
L H o~ o x X
FIGURE 1
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LCX652

Logic Diagram
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TL/F/11998-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.

Function Table note)

Inputs/Outputs
Operating Mode
OEAB OEBA CPAB CPBA SAB SBA Ag thru A7 By thru B7
L H HorL HorlL X X Isolation
Input Input
L H e e X X Store A and B Data
X H e HorL X X Input Not Specified Store A, Hold B
H H - e X X Input Output Store A in Both Registers
L X HorL e X X Not Specified Input Hold A, Store B
L L e e X X Output Input Store B in Both Registers
L L X X X L Real-Time B Data to A Bus
Output Input
L L X HorlL X H Store B Data to A Bus
H H X X L X Real-Time A Data to B Bus
Input Output
H H HorL X H X Stored A Data to B Bus
Stored A Data to B Bus and
H L HorlL HorL H H Output Output Stored B Data to A Bus

H = HIGH Voltage Level
L = LOW Voltage Level
X = Immaterial

—/~ = LOW to HIGH Clock Transition

Note: The data output functions may be enabled or disabled by various signals at OEAB or OEBA inputs. Data input functions are always enabled, i.e., data at the

bus pins will be stored on every LOW to HIGH transition on the clock inputs.




Absolute Maximum Ratings note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voltage —-0.5t0 +7.0 \']
1 DC Input Voltage —0.5t0 +7.0 \'
Vo DC Output Voltage —0.5t0 +7.0 Output in TRI-STATE \'
—0.5toVgc + 0.5 Output in High or Low State (Note 2) \'2
lik DC Input Diode Current —50 V| < GND mA
lok DC Output Diode Current —-50 Vo < GND mA
+50 Vo > Vee
lo DC Output Source/Sink Current +50 mA
Icc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
Tsta Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating

Conditions” table will define the conditions for actual device operation.

Note 2: Ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
\ Input Voltage 5.5 \]
Vo Output Voltage HIGH or LOW State 0 Vee v
TRI-STATE 0 5.5
lon/loL Output Current Vce = 3.0V-3.6V +24 mA
Vce = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, VN = 0.8V-2.0V, V¢ = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta= —40°Cto +85°C Units
V) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 v
ViL LOW Level Input Voltage 2.7-3.6 0.8 Vv
VoH HIGH Level Output Voltage loy = —100 pA 2.7-3.6 Vo — 0.2 \
loH = —12mA 2.7 2.2 \
loy = —18mA 3.0 2.4 Vv
loH = —24 mA 3.0 2.2 Vv
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \"
loL = 12mA 2.7 0.4 Vv
loL = 16 mA 3.0 0.4 \'
loL = 24 mA 3.0 0.55 Vv
I Input Leakage Current 0 <V, <55V 2.7-3.6 +5.0 RA
loz TRI-STATE I/0 Leakage 3 |S=V\2Hso‘r5€|\|{ 27-36 +5.0 A
loer Power-Off Leakage Current ViorVp = 5.5V 0 100 pA
Icc Quiescent Supply Current V| = Vgg or GND 2.7-3.6 10 BA
3.6V <V, Vp <55V 2.7-3.6 +10 pA
Alcc Increase in Ig per Input Vi4 = Vgc —0.6V 2.7-3.6 500 MA

91

259X01



LCX652

AC Electrical Characteristics

Ta = —40°C to +85°C

Symbol Parameter Vce = 3.3V + 0.3V Vee = 2.7V Units
Min Max Min Max

fmax Maximum Clock Frequency 150 MHz

tPHL Propagation Delay 1.5 7.0 1.5 8.0 ns

tpLH Bus to Bus 1.5 7.0 1.5 8.0

tPHL Propagation Delay 1.5 8.5 1.5 9.5 ns

tpLH Clock to Bus 1.5 8.5 1.5 9.5

tPHL Propagation Delay 15 8.5 1.5 9.5 ns

tpLH Select to Bus 1.5 8.5 1.5 9.5

tpzL Output Enable Time 1.5 8.5 1.5 9.5 ns

tpzH 1.5 8.5 1.5 9.5

tpLz Output Disable Time 1.5 8.5 1.5 9.5 ns

tPHZ 1.5 8.5 1.5 9.5

ts Setup Time 25 25 ns

tH Hold Time 1.5 1.5 ns

tw Pulse Width 3.3 3.3 ns

tosHL Output to Output Skew (Note 1) 1.0 ns

tosLH 1.0

Note 1: Skew is defined as the absolute value of the difference the actual prop ion delay for any two separate outputs of the same device. The

specification applies to any outputs switching in the same direction, either HIGH to LOW (tosH) or LOW to HIGH (tosLH). Parameter guaranteed by design.

Dynamic Switching Characteristics

Symbol Parameter Conditions Voo | Ta=25C |,
v) Typical

VoLp Quiet Output Dynamic Peak Vg CL = 50pF,V|y = 3.3V,V|L = 0V 3.3 0.8 \
VoLv Quiet Output Dynamic Valley Vo CL = 50pF, V|4 = 3.3V, V)L =0V 3.3 0.8 \"
Capacitance

Symbol Parameter Conditions Typical Units
CiN Input Capacitance Vcc = Open, V| = 0V or Vg 7 pF
Ciyo Input/Output Capacitance Vee = 3.3V, V= 0VorVce 8 pF
Cpp Power Dissipation Capacitance Veoe = 3.3V, V| = 0Vor Vg, F = 10 MHz 25 pF
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74LCX652 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 652 M X

Temperature Range Family Special Variations
74 = Commercial “X"” = Tape and Reel
) “ " = Rail/Tube
Device Type
Package Code

WM = (0.300” Wide) Molded Small Outline Package, JEDEC
MTC = Thin Shrink Small Outline Package, JEDEC, 4.4 mm Body
Width
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LCX16240

NNational Semiconductor

74LCX16240

Low-Voltage 16-Bit Inverting Buffer/Line
Driver with 5V Tolerant Inputs/Outputs

General Description

The LCX16240 contains sixteen inverting buffers with
TRI-STATE® outputs designed to be employed as a memo-
ry and address driver, clock driver, or bus-oriented transmit-
ter/receiver. The device is nibble controlled. Each nibble
has separate TRI-STATE control inputs which can be short-
ed together for full 16-bit operation.

The LCX16240 is designed for low voltage (3.3V) Vg appli-
cations with capacity of interfacing to a 5V signal environ-
ment.

The LCX16240 is fabricated with an advanced CMOS tech-
nology to achieve high speed operation while maintaining
CMOS low power dissipation.

Features

4.5 ns tpp max, 20 pA Iccq max
5V tolerant inputs and outputs
Power down high impedance inputs and outputs
2.0V-3.6V V¢ supply operation
+24 mA output drive
Implements patented Quiet Series™ noise/EMI
reduction circuitry
Functionally compatible with the 74 series 16240
Latch-up performance exceeds 500 mA
ESD performance:
Human body model > 2500V
Machine model > 200V

Logic Symbol
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TL/F/11999-1

Pin

Names Description

OE, Output Enable Inputs (Active Low)

lo-l15 Inputs

0p-O15 Outputs

SSOP TSSOP
Order Number | 74LCX16240MEA | 74LCX16240MTD
74L.CX16240MEAX | 74LCX16240MTDX

See NS Package MS48A MTD48
Number

Connection Diagram

Pin Assignment for
SSOP and TSSOP
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Functional Description

The LCX16240 contains sixteen inverting buffers with
TRI-STATE standard outputs. The device is nibble (4 bits)
controlled with each nibble functioning identically, but inde-
pendent of the other. The control pins may be shorted to-
gether to obtain full 16-bit operation. The TRI-STATE out-

Logic Diagram

puts are controlled by an Output Enable (OE,) input for
each nibble. When OE,, is LOW, the outputs are in 2-state
mode. When OE,, is HIGH, the outputs are in the high im-
pedance mode, but this does not interfere with entering new
data into the inputs.

1
°12-15'0<—'12-15:

One of Eight |

TL/F/11999-3

Truth Tables
Inputs Outputs Inputs Outputs
OE,4 lo-I3 00-03 OE; I4=17 04-07
L L H L L H
L H L L H L
H X z H X 4
Inputs Outputs Inputs Outputs
OE3 Ig-l11 0g-011 OE,4 li2-l15 012-015
L L H L L H
L H L L H L
H X z H X z

H = High Voltage Level
L = Low Voltage Level
X = Immaterial

Z = High Impedance
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LCX16240

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voltage —0.5t0 +7.0 Vv
Vi DC Input Voltage —0.5t0 +7.0 \']
Vo DC Output Voltage ~0.5t0 +7.0 Output in TRI-STATE \]
—0.5toVgg + 0.5 Output in High or Low State (Note 2) \
lik DC Input Diode Current —-50 V| < GND mA
lok DC Output Diode Current —50 Vo < GND mA
+50 Vo > Vee
lo DC Output Source/Sink Current +50 mA
lcc DC Supply Current per Supply Pin +100 mA
laND DC Ground Current per Ground Pin +100 mA
TsTG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “‘Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating
Conditions™ table will define the conditions for actual device operation.

Note 2: I Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vece Supply Voltage Opérating 2.0 3.6 v
Data Retention 1.5 3.6

\ Input Voltage 0 5.5 \'/

Vo Output Voltage HIGH or LOW State 0 Vee v
TRI-STATE 0 5.5

lon/loL Output Current Veoe = 3.0V — 3.6V +24 mA
Voo = 2.7V +12

TaA Free-Air Operating Temperature —40 85 °C

At/AV Input Edge Rate, V|y = 0.8V-2.0V, Vgc = 3.0V 0 10 ns/V

DC Electrical Characteristics

Symbol Parameter Conditions Vee Ta = —40°Cto +85°C Units
W) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 \']
ViL LOW Level Input Voltage 2.7-3.6 0.8 \'4
VoH HIGH Level Output Voltage loq = —100 pA 2.7-3.6 Vce — 0.2 Vv
loH = —12mA 2.7 2.2 \
loH = —18 mA 3.0 2.4 \
loH = —24mA 3.0 2.2 Vv
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \'
loL = 12mA 2.7 0.4 Vv
loL = 16 MA 3.0 0.4 \
loL = 24 mA 3.0 0.55 \
I Input Leakage Current 0<V| <55V 2.7-3.6 +5.0 pA
loz TRI-STATE Output Leakage 3|s=v\2Hs°§.\t;>'\L/ 27-36 £5.0 A
loFF Power-Off Leakage Current VjorVgp = 5.5V 0 100 pA
lcc Quiescent Supply Current V| = Vgg or GND 2.7-3.6 20 pA
3.6V < V), Vo < 5.5V 2.7-3.6 +20 pA
Alcc Increase in Igc per Input Vi = Vo —0.6V 2.7-3.6 500 pA
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AC Electrical Characteristics
Ta = —40°C to +85°C

Symbol Parameter Vce = 3.3V £0.3V Vee = 2.7V Units

Min Max Min Max
tPHL Propagation Delay 1.5 4.5 1.5 5.3 ns
tpLH Data to Output 1.5 4.5 1.5 5.3
tpzL Output Enable Time 1.5 5.4 1.5 6.0 ns
tpzH 1.5 5.4 1.5 6.0
tpLz Output Disable Time 1.5 5.3 1.5 5.4 ns
tpHZ 1.5 5.3 1.5 5.4
tosHL Output to Output Skew (Note 1) 1.0 ns
tosLH 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagaton delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (tosHp) or LOW to HIGH (tosH)-

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 26 Unit
()] Typical

Vorp Quiet Output Dynamic Peak Vo Cp = 50pF, V| =3.3V,V) =0V 3.3 0.8 Vv
VorLv Quiet Output Dynamic Valley Vo Cp = 50pF, V|y = 3.3V, V) = 0V 3.3 0.8 v
Capacitance

Symbol Parameter Conditions Typical Units
CiNn Input Capacitance Ve = Open, V) = 0V orVgo 7 pF
Cout Output Capacitance Vee = 3.3V, V| = 0VorVge 8 pF
Cpp Power Dissipation Capacitance Vce = 3.3V, V) = 0V orVgg, F = 10 MHz 20 pF

74L.CX 16240 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 16240 MEA X

Temperature Range Family
74 = Commercial

Device Type

I T—Special Variations

"X" = Tape and Reel
" " =Rail/Tube

Package Code

MEA = Shrink Small Outline Package (48-Lead)
MTD = Thin Shrink Small Outline Package, JEDEC,

6.1 mm Body Width

TL/F/11999-4
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LCX16244

&National Semiconductor

74LCX 16244

Low-Voltage 16-Bit Buffer/Line Driver
with 5V Tolerant Inputs and Outputs

Features

General Description

The 74LCX16244 contains sixteen non-inverting buffers
with TRI-STATE® outputs designed to be employed as a
memory and address driver, clock driver, or bus oriented
transmitter/receiver. The device is nibble controlled. Each
nibble has separate TRI-STATE control inputs which can be
shorted together for full 16-bit operation.

The LCX16244 is designed for low voltage (3.3V) Vg appli-
cations with capability of interfacing to a 5V signal environ-
ment.

The LCX16244 is fabricated with an advanced CMOS tech-
nology to achieve high speed operation while maintaining
CMOS low power dissipation.

5V tolerant inputs and outputs
4.5 ns tpp max, 10 pA lgcq max
Power down high impedance inputs and outputs
2.0V-3.6V V¢ supply operation
+24 mA output drive
Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
Functionally compatible with 74 series 16244
Latch-up performance exceeds 500 mA
ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbol
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Pin Names Description

OE, Output Enable Input (Active Low)

lo-l15 Inputs

00-015 Outputs

SSOP TSSOP
Order Number | 74LCX16244MEA | 74LCX16244MTD
74L.CX16244MEAX | 74LCX16244MTDX

See NS Package MS48A MTD48
Number

Connection Diagram

Pin Assignment for
SSOP and TSSOP
— / _
O, —1 48— 0E,
09— 2 411
0,—{3 46—,
GND =] 4 45 f= GND
0,—15 441,
0;—16 431
Vee—17 42f=Veo
0,—8 41,
s El 4015
GND =110 39 |—GND
05~ 11 38f=1g
0; =112 371,
05 =113 36 =lg
0g—]14 35k=1q
GND—{15 34 = GND
0,016 331,
o —{17 32814
Vee—{18 31— Ve
0, =119 301,
03~ 20 29135
GND =4 21 28 = GND
0, =22 27 =114
05— 23 26 =15
OF, ~ 24 25 | OF;

TL/F/12000-2
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Functional Description

The LCX16244 contains sixteen non-inverting buffers with
TRI-STATE standard outputs. The device is nibble (4 bits)
controlled with each nibble functioning identically, but inde-
pendent of the other. The control pins can be shorted to-
gether to obtain full 16-bit operation. The TRI-STATE out-

Truth Tables
Inputs Outputs
OE, lo-I3 0g-03
L L L
L H H
H X : z
Inputs Outputs
OE3 lg=l11 0g-011
L L L
L H H
H X 4

H = High Voltage Level
L = Low Voltage Level
X = Immaterial

Z = High Impedance

Logic Diagram

puts are controlled by an Output Enable (OE;) input for
each nibble. When OE,, is LOW, the outputs are in 2-state
mode. When OE,, is HIGH, the outputs are in the high im-
pedance mode, but this does not interfere with entering new
data into the inputs.

Inputs Outputs
OE, I4-17 04-07

L L L
L H H
H X 4

Inputs Outputs

OE,4 ha=lis 012-015
L L L
L H H
H X z
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LCX16244

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vece Supply Voltage —0.5t0 +7.0 Vv
\ DC Input Voltage —0.5t0 +7.0 Vv
Vo DC Output Voltage —0.5t0 +7.0 Output in TRI-STATE \"

—0.5toVgc + 0.5 Output in High or Low State (Note 2) \'/
ik DC Input Diode Current —50 V| < GND mA
lok DC Output Diode Current —50 Vo < GND

+50 Vo > Voo mA

lo DC Output Source/Sink Current +50 mA
lcc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
TstG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these

limits. The parametric values defined in the “Electrical Characteristics” table are not g d at the Absolute Maxi Ratings. The “Recommended Operating
Conditions” table will define the conditions for actual device operation.
Note 2: g Absolute Maximum Rating must be observed.
Recommended Operating Conditions
Symbol Parameter Min Max Units
Vece Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
\ Input Voltage 0 5.5 Vv
Vo Output Voltage HIGH or LOW State 0 Ve v
TRI-STATE 0 5.5
lon/loL Output Current Ve = 3.0V-3.6V +24 mA
Veg = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, V| = 0.8V-2.0V, Voo = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Ta= —40°Cto +85°C Units
Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 Vv
ViL LOW Level Input Voltage 2.7-3.6 0.8 \'
VoH HIGH Level Output Voltage loq = —100 pA 2.7-3.6 Vec — 0.2 \
loH = —12mA 2.7 2.2 '
loH = —18mA 3.0 2.4 \']
loy = —24 mA 3.0 2.2 \']
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \s
loL = 12mA 2.7 0.4 \
loL = 16 MA 3.0 0.4 \'
loL = 24mA 3.0 0.55 Vv
I Input Leakage Current 0<V, <55V 2.7-3.6 +5.0 pA
loz TRI-STATE Output Leakage 3 |S=V\(/)|Hso‘r5€|\|f 27-36 +5.0 A
lorr Power-Off Leakage Current VjorVp = 5.5V 100 pA
Icc Quiescent Supply Current V) = Vg or GND 2.7-3.6 20 pA
3.6V < V), Vo <55V 2.7-3.6 +20 pA
Alcc Increase in Icc per Input V|4 = Vgc —0.6V 2.7-3.6 500 nA
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AC Electrical Characteristics

Ta = —40°Cto +85°C

Symbol Parameter Vce = 3.3V £ 0.3V Vee = 2.7V Units

Min Max Min Max
tPHL Propagation Delay 1.5 4.5 1.5 5.2 ns
tpLH Data to Output 1.5 45 1.5 5.2
tpzL Output Enable Time 1.5 5.5 1.5 6.3 ns
tpzH 1.5 5.5 1.5 6.3
tpLz Output Disable Time 15 5.4 1.5 57 ns
tPHZ 1.5 5.4 1.5 5.7
tosHL Output to Output Skew (Note 1) 1.0

ns

tosLH 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (togHt) or LOW to HIGH (tosH). Parameter guaranteed by design.

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25C Units
v) Typical

VoLp Quiet Output Dynamic Peak Vg Cp = 50pF, Viy = 3.3V, V)L = 0V 3.3 0.8 \Y
VoLv Quiet Output Dynamic Valley Vo CL = 50pF, V| = 3.3V, V| =0V 3.3 0.8 \
Capacitance

Symbol Parameter Conditions Typical Units
Cin Input Capacitance Vce = Open, V| = 0V or Vo 7 pF
Cour Output Capacitance Voc = 3.3V, V) =0VorVge 8 pF
Cpp Power Dissipation Capacitance Vce = 3.3V, V|, = 0VorVgg, F = 10 MHz 20 pF
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LCX16244

74L.CX 16244 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are

defined as follows:

Temperature Range Family

74LCX 16244

74 = Commercial

Device Type

Package Code

MEA X

MEA = Shrink Small Outline Package (48-Lead)
MTD =Thin Shrink Small Outline Package, JEDEC,

6.1 mm Body Width

Special Variations
"X" = Tape and Reel
" " =Rail/Tube

TL/F/12000-4
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&National Semiconductor

74L.CX16245

Low-Voltage 16-Bit Bidirectional Transceiver
with 5V Tolerant Inputs and Outputs

General Description

The 74LCX16245 contains sixteen non-inverting bidirection-
al buffers with TRI-STATE® outputs and is intended for bus
oriented applications. The device is designed for low volt-
age (3.3V) V¢ applications with capability of interfacing to
a 5V signal environment. The device is byte controlled.
Each byte has separate control inputs which could be short-
ed together for full 16-bit operation. The T/R inputs deter-
mine the direction of data flow through the device. The OE
inputs disable both the A and B ports by placing them in a
high impedance state.

The LCX16245 is fabricated with an advanced CMOS tech-

nology to achieve high speed operation while maintaining
CMOS low power dissipation.

Features
B 4.5 ns tpp max, 20 pA Iccq max
m 5V tolerant inputs and outputs

m Power down high impedance inputs and outputs

W 2.0V-3.6V Vg supply operation
W +24 mA output drive
]

Implements patented Quiet SeriesT™ noise/EMI reduc-

tion circuitry

ESD performance:
Human body model > 2000V
Machine model > 200V

Functionally compatible with 74 series 16245
Latch-up performance exceeds 500 mA

Logic Symbol

LIt Ittt ittt
Ao A Ay A3 Ay A5 Ag A; Ag Ag Ajg A Ay Az Ay Ays
—O) oF; oF, JO—
—-1/§1 T/ﬁz—_
By B B, B3 By By By By By By Byg By By By3 By Bys
Frrrrrrrrrrrired

TL/F/12001-1

Pin .
Names Description
OE Output Enable Input
T/R Transmit/Receive Input
Ap-A1s Side A Inputs or TRI-STATE Outputs
Bo-B1s Side B Inputs or TRI-STATE Outputs
SSOP TSSOP

Order Number 74LCX16245MEA | 74LCX16245MTD
74LCX16245MEAX | 74LCX16245MTDX

See NS Package

Number MS48A MTD48

Connection Diagram

Pin Assignment for

SSOP and TSSOP
~ -/ _
/7 —{1 48 |-,
8 —2 e =S
8 —{3 464
onD —| 4 45 FGND
B saf-n,
B;—{6 431 A
vee =7 42 v
8, —8 sl-a,
85 —9 40f-ag
onp —f 10 39|—onp
Bg—11 38 ) A
8 —{12 37f-4,
8, —{13 361~ Ag
By —| 14 35| A
ono —{15 34|-onp
80— 16 33— A
8, —17 s2f-4,
Vee =18 31 vee
Bz =19 301 A2
83— 20 29| A3
GND — 21 28 |~ 6ND
8, — 22 27| Ay
85 =123 26— As
/R, =24 25 = 0OF,

TL/F/12001-2
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LCX16245

Truth Tables
e Inputs — Outputs Inputs Outputs
Eq T/R4 OE; T/Ry
L L Bus Bp-By7 Data to Bus Ag—-Az L L Bus Bg—-B15 Data to Bus Ag-Aqs
L H Bus Ag-A7 Data to Bus Bp-B7 L H Bus Ag—A15 Data to Bus Bg-B15
H X HIGH Z State on Ag-A7, Bo-B7 H X HIGH Z State on Ag—A15, Bg-B15

H = High Voltage Level
L = Low Voltage Level
X = Immaterial

Z = High Impedance

Logic Diagram

/R

P e -

10F8l

/R,

TL/F/12001-3
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Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vco Supply Voltage —0.5t0 +7.0 \'
Vi DC Input Voltage —0.5t0 +7.0 \
Vo DC Output Voltage —0.5t0 +7.0 Outputin TRI-STATE \"
—0.5toVgg + 0.5 Output in High or Low State (Note 2) \
ik DC Input Diode Current —50 V| < GND mA
lok DC Output Diode Current —50 Vo < GND mA
+50 Vo > Voo
lo DC Output Source/Sink Current +50 mA
Icc DC Supply Current per Supply Pin +100 mA
laND DC Ground Current per Ground Pin +100 mA
TsTG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics™ table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: I Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Ve Supply Voltage Operating 2.0 3.6 Y
Data Retention 1.5 3.6
\ Input Voltage 3.6 \
Vo Output Voltage HIGH or LOW State 0 Vee v
TRI-STATE 0 5.5
loH/loL Output Current Vecc = 3.0V — 3.6V +24 mA
Voo = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, V|y = 0.8V-2.0V, Vg = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Tp = —40°Cto +85°C Units
W) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 Vv
ViL LOW Level Input Voltage 2.7-3.6 0.8 Vv
VoH HIGH Level Output Voltage loy = —100 nA 2.7-3.6 Vge — 0.2 \"
loy = —12mA 2.7 2.2 \%
lon = —18 mA 3.0 2.4 Vv
loH = —24mA 3.0 2.2 \]
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \']
loL = 12mA 2.7 0.4 \Y
loL = 16 mA 3.0 0.4 \Y
loL = 24 mA 3.0 0.55 \
I Input Leakage Current 0 <V, <55V 2.7-3.6 +5.0 RA
loz TRI-STATE I/0 Leakage 3 |S= V\?IHSO?.\?I\( 27-36 +50 A
lorr Power-Off Leakage Current ViorVp = 5.5V 0 100 pA
Icc Quiescent Supply Current V| = Vgg or GND 2.7-3.6 20 nA
3.6V < V), Vg < 5.5V 2.7-3.6 +20 pA
Alge Increase in Igg per Input Viy = Vgc —0.6V 2.7-3.6 500 nA
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LCX16245

AC Electrical Characteristics

Ta = —40°C to +85°C

Symbol Parameter Ve = 3.3V £0.3V Vee = 2.7V Units

Min Max Min Max
tPHL Propagation Delay 15 4.5 15 5.2 ns
tpLH AptoBnorBpto Ay 1.5 4.5 1.5 5.2
tpzL Output Enable Time 1.5 6.5 1.5 7.2 ns
tpzH 1.5 6.5 1.5 7.2
tpLz Output Disable Time 1.5 6.4 1.5 6.9 ns
tpHZ 1.5 6.4 1.5 6.9
tosHL Output to Output Skew (Note 1) 1.0

ns

tosLH 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
spacification applies to any outputs switching in the same direction, either HIGH to LOW (togH) or LOW to HIGH (tosLH). Parameter guaranteed by design.

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25C Units
v) Typical

VoLp Quiet Output Dynamic Peak VoL CL = 50pF,V|q = 3.3V, V)L =0V 3.3 0.8 \
VoLv Quiet Output Dynamic Valley Vo, CL = 50pF, V| =3.3V,V| =0V 3.3 0.8 \"
Capacitance

Symbol Parameter Conditions Typical Units
Cin Input Capacitance Vee = Open, V| = OV or Vgo 7 pF
Cour Output Capacitance Vee = 3.3V, Vp = 0VorVgo 8 pF
Cpp Power Dissipation Capacitance Voo = 3.3V, V)= 0VorVge, F = 10 MHz 20 pF
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74LCX 16245 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type is defined as follows:

74LCX 16245 MEA X

Temperature Range Family T— Special Variations
74 = Commercial “X" = Tape and Reel
) * " = Rail/Tube
Device Type
Package Code

MEA = Shrink Small Outline Package, (48-Lead)
MTD = Thin Shrink Small Outline Package, JEDEC,
6.1 mm Body Width
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LCX16373

NNational Semicondu

74LCX16373
Low-Voltage 16-Bit Transpa
with 5V Tolerant Inputs and

General Description

The LCX16373 contains sixteen non-inverting latches with
TRI-STATE® outputs and is intended for bus oriented appli-
cations. The device is byte controlled. The flip-flops appear
transparent to the data when the Latch Enable (LE) is HIGH.
When LE is low, the data that meets the setup time is
latched. Data appears on the bus when the Output Enable
(OE) is LOW. When OE is HIGH, the outputs are in high Z
state.

The LCX16373 is designed for low voltage (3.3V) Vg appli-
cations with capability of interfacing to a 5V signal environ-
ment.

The LCX16373 is fabricated with an advanced CMOS tech-
nology to achieve high speed operation while maintaining
CMOS low power dissipation.

ctor

rent Latch
Outputs

Features
B 5.4 ns tpp max, 20 pA Iccqg max
| 5V tolerant inputs and outputs
B Power down high impedance inputs and outputs
W 2.0V-3.6V Vg supply operation
m +24 mA output drive
® Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
Functionally compatible with the 74 series 16373
Latch-up performance exceeds 500 mA
ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbol

Connection Diagram

Pin Assignment for
SSOP and TSSOP
HEEEEEEEEEEEEEN = O
e 48l—LE,
o b g 13 lg 0 lg 1y lg lg hg Ny by 3 kg ks i A 7k
0 0
—0) o, og, jo~ o3 Y
—& L — GND = 4 45 ~6ND
Oy O 0 O3 0y 05 O O; Og Og Opg Oyy Oy O304 Oy5 0,—15 4411,
HERRRRERRRRRRRRR o5—s -
TL/F/12002-1 Vee ™17 42— Vee
o, {8 41,
0s—9 ) SN
oNp—{10 39}—onp
Pin Names Description %=y 38
— - 0,—{12 37b-1,
OE, Output Enable Input (Active Low) 0. 13 s6b-1
LEn Latch Enable Input 0:__ 14 35 _'a
lo-ts Inputs eND—{15 34 —:ND
09-015 Outputs
016 33f-1,
017 sz,
Ve =18 31 vee
0, —19 sob-1,
SSOP TSSOP 03— 20 29f=13
Order Number | 74LCX16378MEA | 74LCX16373MTD GND = 21 28— GND
74L.CX16373MEAX | 74LCX16373MTDX 04 =122 27 hy
See NS Package L 2ohs
ackag MS48A MTD48 o, — 24 s,
Number

TL/F/12002-2
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Functional Description

The LCX16373 contains sixteen D-type latches with
TRI-STATE standard outputs. The device is byte controlled
with each byte functioning identically, but independent of
the other. Control pins can be shorted together to obtain full
16-bit operation. The following description applies to each
byte. When the Latch Enable (LEp) input is HIGH, data on
the D, enters the latches. In this condition the latches are
transparent, i.e. a latch output will change states each time
its D input changes. When LEy is LOW, the latches store
information that was present on the D inputs a setup time
preceding the HIGH-to-LOW transiton of LE, The
TRI-STATE standard outputs are controlled by the Output
Enable (OE,,) input. When OE, is LOW, the standard out-
puts are in the 2-state mode. When OEj, is HIGH, the stan-
dard outputs are in the high impedance mode but this does
not interfere with entering new data into the latches.

Logic Diagrams

Truth Tables
Inputs Outputs
LE4 OE4 lo=I7 0p-07
X H X z
H L L L
H L H H
L L X Oo
Inputs Outputs
LE2 OE, Ig-l15 0g-015
X H X z
H L L L
H L H H
L L X ol

H = High Voltage Level
L = Low Voltage Level
X = Immaterial

Z = High Impedance

Op = Previous Og before HIGH to LOW transition of Latch Enable

ol

ol

_l_
AL (

[ 2 Ko
[ e K~}
[ e K2}

1
o
[ K]
ol
[- 2o Kol

Ol @

TL/F/12002-3

LEZ

0Og 0 %0 Oy 92

UH Oy

ozz

TL/F/12002-4

Please note that this diagram is provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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LCX16373

Absolute Maximum Ratings (Note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voltage —0.5t0 +7.0 \']
\ DC Input Voltage —05t0 +7.0 \'/
Vo DC Output Voltage —0.5t0 +7.0 Output in TRI-STATE \
—0.5to Vgg + 0.5 Output in High or Low State (Note 2) \']
ik DC Input Diode Current —-50 V| < GND mA
lok DC Output Diode Current —-50 Vo < GND mA
+50 Vo > Voo
lo DC Output Source/Sink Current +50 mA
Icc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
TsTG Storage Temperature —65t0 +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these

limits. The parametric values defined in the “Electrical Characteristics” table are not gt

Conditions” table will define the conditions for actual device operation.
Note 2: g Absolute Maximum Rating must be observed.

Recommended Operating Conditions

d at the Absolute Maxi

Ratings. The “Recommended Operating

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
\ Input Voltage 0 5.5 \
Vo Output Voltage HIGH or LOW State 0 Vee v
TRI-STATE 0 5.5
lon/loL Output Current Vce = 3.0V-3.6V +24 mA
Ve = 2.7V +12
Ta Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, V) = 0.8V-2.0V, Voo = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta = —40°Cto +85°C Units
V) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 \
Vi LOW Level Input Voltage 2.7-3.6 0.8 Vv
VoH HIGH Level Output Voltage loy = —100 pA 2.7-3.6 Ve — 0.2 \'
loy = —12mA 2.7 2.2 \
loy = —18 mA 3.0 24 \Y
loH = —24 mA 3.0 2.2 \
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 Vv
loL = 12mA 2.7 0.4 \'
loL = 16 mA 3.0 0.4 Vv
loL = 24 mA 3.0 0.55 \']
I Input Leakage Current 0 <V, <55V 2.7-3.6 +5.0 pA
loz TRI-STATE Output Leakage 3 'S=V\2Hs°f.5l\: 27-36 £50 A
lorr Power-Off Leakage Current ViorVp = 5.5V 0 100 pA
lcc Quiescent Supply Current V| = Vgg or GND 2.7-3.6 20 pA
3.6V <V}, Vo < 5.5V 2.7-3.6 +20 pA
Alge Increase in Igc per Input ViH = Ve —0.6V 2.7-3.6 500 pA
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AC Electrical Characteristics

Ta = —40°C to +85°C

Symbol Parameter Vee = 3.3V £ 0.3V Vee = 2.7V Units
Min Max Min Max

tPHL Propagation Delay 1.5 5.4 1.5 5.9 ns

tPLH Dnpto O 1.5 5.4 1.5 5.9

tPHL Propagation Delay 15 5.5 1.5 6.4 ns

tpLH LE to O, 1.5 5.5 1.5 6.4

tpzL Output Enable Time 1.5 6.1 15 6.5 ns

tpzH 1.5 6.1 1.5 6.5

tpLz Output Disable Time 15 6.0 1.5 6.3 ns

tpHZ 1.5 6.0 15 6.3

ts Setup Time, D, to LE 25 25 ns

tH Hold Time, Dy to LE 1.5 1.5 ns

tw LE Pulse Width 3.0 3.0 ns

tosHL Output to Output Skew (Note 1) 1.0 ns

tosLH 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (tosHt) or LOW to HIGH (tosLH). Parameter guaranteed by design.

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25°C Units
) Typical

VoLp Quiet Output Dynamic Peak Vo Cp = 50pF, V| = 3.3V, V|_= 0V 3.3 0.8 \"
VoLv Quiet Output Dynamic Valley Vo CL = 50pF, Vjy = 3.3V, V)L = 0V 3.3 0.8 Vv
Capacitance

Symbol Parameter Conditions Typical Units
CiN Input Capacitance Vce = Open, V) = 0V or Vg 7 pF
Cout Output Capacitance Vee = 8.3V, V) = 0Vor Ve 8 pF
Cpp Power Dissipation Capacitance Vec = 3.3V, V= 0VorVcg, F = 10 MHz 20 pF
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74LCX16373 Ordering Information
The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 16373 MEA X

Temperature Range Family I LSpeciaI Variations
74 = Commercial "X" =Tape and Reel
Device Type " " = Rail/Tube

Package Code
MEA = Shrink Small Outline Package (48-Lead)
MTD =Thin Shrink Small Outline Package, JEDEC, 6.1 mm Body

Width
TL/F/12002-5
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NNational Semiconductor

74LCX16374

Low-Voltage 16-Bit D Flip-Flop
with 5V Tolerant Inputs and Outputs

General Description

The LCX16374 contains sixteen non-inverting D flip-flops
with TRI-STATE® outputs and is intended for bus oriented
applications. The device is byte controlled. A buffered clock
(CP) and Output Enable (CE) are common to each byte and
can be shorted together for full 16-bit operation.

The LCX16374 is designed for low voltage (3.3V) Vg appli-
cations with capability of interfacing to a 5V signal environ-
ment.

The LCX16374 is fabricated with an advanced CMOS tech-
nology to achieve high speed operation while maintaining
CMOS low power dissipation.

Features
W 6.2 ns tpp max, 20 pA Iccq max
m 5V tolerant inputs and outputs
m Power down high impedance inputs and outputs
W 2.0V-3.6V V¢ supply operation
W 1+24 mA output drive
® Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
m Functionally compatible with the 74 series 16374
m Latch-up performance exceeds 500 mA
® ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbol Connection Diagram
Pin Assignment for
SSOP and TSSOP
EEEEEEEENEEEE NN % ~
O, -1 48f—cr,
oo b2 13 1y 15 lg b lg lg ho iy bz hs by bs 0,2 471
-0 o, of, jo— o3 Ty
—Jcr, cPy p— oND—{ 4 45}—cnp
% 0 0 05 04 O5 05 O; Og Og O1g Oy Oz Oy3 014 05 %° ol B
0,6 431y
EERERERRRERRERR vee 7 afve
TL/F/12003-1 Py atf,
o5—s sof-1ig
eno—f 10 39f-cnD
Pin Description %" i
Names 0, —412 37y
OE, Output Enable Input (Active Low) %13 36
CP,, Clock Pulse Input Oy =14 351
|0_|15 Inputs GND—415 34 = GND
0p-O15 Outputs 0116 331l
o, =17 32k,
vee—{18 31 b= vee
o =10 30f-1,
03— 20 2015
SSOP TSSOP GND—] 21 28 |~ GND
Order Number 74LCX16374MEA | 74LCX16374MTD o, 22 27k,
74LCX16374MEAX 74LCX16374MTDX &5_ 23 26Fhs
See NS Package Number MS48A MTD48 R i B

TL/F/12003-2
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LCX16374

Functional Description

The LCX16374 consists of sixteen edge-triggered flip-flops
with individual D-type inputs and TRI-STATE true outputs.
The device is byte controlled with each byte functioning
identically, but independent of the other. The control pins
can be shorted together to obtain full 16-bit operation. Each
byte has a buffered clock and buffered Output Enable com-
mon to all flip-flops within that byte. The description which
follows applies to each byte. Each flip-flop will store the
state of their individual D inputs that meet the setup and
hold time requirements on the LOW-to-HIGH Clock (CPp)
transition. With the Output Enable (OE;;) LOW, the contents
of the flip-flops are available at the outputs. When OEp, is
HIGH, the outputs go to the high impedance state. Opera-
tion of the OEj, input does not affect the state of the flip-
flops.

Logic Diagrams

Truth Tables
Inputs Outputs
CP4 OE, lo=l7 0p-07
e L H H
e L L L
L L X Oo
X H X z
Inputs Outputs
CPy OE, Ig-l15 0g-O1s5
e L H H
e L L L
L L X Oo
X H X 4
H = High Voltage Level
L = Low Voltage Level
X = Immaterial

Z = High Impedance

Op = Previous O before HIGH to LOW of CP

Byte 1(0:7)

Iy Iy

<

o 10—
o 09

2

=3 o o ]
o 20—

cP ] ] ] ] ] ] 3 | cP
0 0 0 o 0 0 0 0 0 0 o
| | | | | | |
OE * & ®
" "°[> | | | | | | |
% o 0, 03 0 05 05 %
TL/F/12003-3
Byte 2 (8:15)
g Iy o T h2 b3 ha hs
P o S S P S S P S P S P S
] cp I cP ] cP ] cp ] cp ] cp ] cp | cp
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
| I | | | | | |
® ® * & ® &> < OF,
| | | | | | | q 2
Og 0q 010 04 012 03 014 05

Please note that this diagram is provided only for the

ding of logic op

TL/F/12003-4

and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voitage —0.5t0 +7.0 \']
\ DC Input Voltage —0.5t0 +7.0 \4
Vo DC Output Voltage —0.5t0 +7.0 Output in TRI-STATE Vv
—0.5to Vg + 0.5 Output in High or Low State (Note 2) \']
lik DC Input Diode Current —50 V) < GND mA
lok DC Output Diode Current —50 Vo < GND mA
+50 Vo > Veo
lo DC Output Source/Sink Current +50 mA
lcc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
Tsta Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: Ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
\7 Input Voltage 5.5 \']
Vo Output Voltage HIGH or LOW State 0 Vee v
TRI-STATE 0 5.5
lon/loL Output Current Vce = 3.0V — 3.6V +24 mA
Vgc = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, V|y = 0.8V-2.0V, Voo = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta = —40°Cto +85°C Units
\ Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 \"
ViL LOW Level Input Voltage 2.7-3.6 0.8 \']
VoH HIGH Level Output Voltage loy = —100 pA 2.7-3.6 Vcc — 0.2 \"
loq = —12mA 2.7 2.2 \'
lo = —18 mA 3.0 2.4 \]
loy = —24 mA 3.0 2.2 \
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \4
loL = 12mA 2.7 0.4 \
loL = 16 mA 3.0 0.4 \Y
loL = 24 mA 3.0 0.55 \Y
Iy Input Leakage Current 0<V)<55V 2.7-3.6 +5.0 nA
loz TRI-STATE Output Leakage 3|S= V\(/)IHSOE.\Z\( 27-36 +£5.0 A
loFr Power-Off Leakage Current ViorVgp = 5.5V 0 100 pA
lcc Quiescent Supply Current V| = Vgcor GND 2.7-3.6 20 pA
3.6V < V|, Vo <55V 2.7-3.6 +20 pA
Alce Increase in Icc per Input ViH = Vgc —0.6V 2.7-3.6 500 pA
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LCX16374

AC Electrical Characteristics

Ta = —40°C to +85°C

Symbol Parameter Vce = 3.3V 0.3V Vee = 2.7V Units

Min Max Min Max
fmax Maximum Clock Frequency 170 MHz
tPHL Propagation Delay 1.5 6.2 1.5 6.5 ns
tPLH CPto O, 1.5 6.2 1.5 6.5
tpzL Output Enable Time 15 6.1 1.5 6.3 ns
tpzH 15 6.1 1.5 6.3
tpLz Output Disable Time 15 6.0 15 6.2 ns
tpHZ 15 6.0 1.5 6.2
ts Setup Time 25 2.5 ns
tH Hold Time 15 1.5 ns
tw Pulse Width 3.0 3.0 ns
tosHL Output to Output Skew (Note 1) 1.0 ns
tosLH 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two seperate outputs of the same device. The

specification applies to any outputs

ing in the same dil

Dynamic Switching Characteristics

ion, either HIGH to LOW (togHL) or LOW to HIGH (tosLH). Parameter guaranteed by design.

Symbol Parameter Conditions Vee Ta = 25C Units
v) Typical
VoLp Quiet Output Dynamic Peak VoL CL = 50 pF, Vjy = 3.3V, V| = 0V 3.3 0.8 \"
VoLv Quiet Output Dynamic Valley Vo, CL = 50 pF, Vjy = 3.3V, V|L = 0V 3.3 0.8 \
Capacitance
Symbol Parameter Conditions Typical Units
CiN Input Capacitance Ve = Open, V| = OV or Vo 7 pF
Cout Output Capacitance Vce = 3.3V, V| = 0VorVcc 8 pF
Cpp Power Dissipation Capacitance Vee = 3.3V, V| = 0VorVgg, F = 10 MHz 20 pF
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74LCX16374 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are

defined as follows:

74LCX

Temperature Range Family
74 = Commercial

16374

Device Type

M

Package Code
MEA = Shrink Small Outline Package, (48-Lead)

MTD = Thin Shrink Small Outline Package, JEDEC, 6.1 mm Body

Width

X

T— Special Variations
“X” = Tape and Reel
* " = Rail/Tube
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LCX16500

NNational Semiconductor

74L.CX16500

PRELIMINARY

18-Bit Universal Bus Transceivers
with 5V Tolerant Inputs and Outputs

General Description

These 18-bit universal bus transceivers combine D-type
latches and D-type flip-flops to allow data flow in transpar-
ent, latched, and clocked modes.

Data flow in each direction is controlled by output-enable
(OEAB and OEBA), latch-enable (LEAB and LEBA), and
clock (CLKAB and CLKBA) inputs. For A-to-B data flow, the
device operates in the transparent mode when LEAB is
high. When LEAB is low, the A data is latched if CLKAB is
held at a high or low logic level. If LEAB is low, the A bus
data is stored in the latch/flip-flop on the high-to-low tran-
sition of CLKAB. Output-enable OEAB is active-high. When
OEAB is high, the outputs are active. When OEAB is iow,
the outputs are in the high-impedance state.

Data flow for B to A is similar to that of A to B but uses
OEBA, LEBA, and CLKBA. The output enables are comple-
mentary (OEAB is active high and OEBA is active low).

To ensure the high-impedance state during power up or
power down, OE should be tied to GND through a pulidown
resistor; the minimum value of the resistor is determined by
the current-sourcing capability of the driver.

Features
| 6.0 ns tpp max, 20 pA Igcq max
B 5V tolerant inputs and outputs
m Power down high impedance inputs and outputs
W 2.0V-3.6V Vg supply operation
B +£24 mA output drive
m Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
Functionally compatible with 74 series 16500
W Latch-up performance exceeds 500 mA
m ESD performance:
Human body model > 2000V
Machine model > 200V

Connection Diagram
Pin Assignment for SSOP and TSSOP

N
OEAB—] 1 56 |~ond
LEAB—] 2 55 |—CLKAB
A3 548,
oND—{ 4 53 f—cnp
a—s s2|-8,
g s1l-8;
Vee{7 50 |- vee
A 49f-s,
as—{9 4sf-s;
a—{10 47}-8
eNo—{ 11 46f—GND
a—{12 45}~8,
rg—{13 4af-sy
ag—{14 43f-gy
Mo—1s 421=Byg
A1 4118y,
St R 4018,
oND—{18 39}~6ND
F 388
A=) 20 37184
As—{21 36185
Vee—] 22 35-vee
ne—{23 34f-8¢
Ap—{24 3318
ono—{ 25 32f-cnp
Mg—] 26 31f-8g
ofBA—] 27 30 |—CLKBA
tesa—] 28 29}=GND

TL/F/12407-1

Function TableT
Inputs Output
OEAB  LEAB TLKAB A B
L X X X z
H H X L L
H H X H H
H L 1 L L
H L 1 H H
H L H X Bot
H L L X Bo§

+ A-to-B data flow is shown: B-to-A flow is similar but uses OEBA, LEBA,
and CLKBA.

I Output level before the indicated steady-state input conditions were estab-
lished.

§ Output level before the indicated steady-state input conditions were estab-
lished, provided that CLKAB was low before LEAB went low.

Preliminary Data: National Semiconductor reserves the
right to make changes at any time without notice.
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Logic Diagram
OEAB '\

CLKBA

LEBA

CLKAB

LEAB

P
o —o >
P

A

e

=

-

~"
To 17 Other Channels

TL/F/12407-2
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LCX16500

Absolute Maximum Ratings (ote 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.
Symbol Parameter Value Conditions Units
Veo Supply Voltage —0.5t0 +7.0 \']
\/] DC Input Voltage —-0.5t0 +7.0 \
Vo DC Output Voltage —0.5t0 +7.0 Output in TRI-STATE® \']
—0.5toVgg + 0.5 Output in High or Low State (Note 2) \
ik DC Input Diode Current —50 V) < GND mA
lok DC Output Diode Current —50 Vo < GND mA
+50 Vo > Voo
lo DC Output Source/Sink Current +50 mA
Icc DC Supply Current per Supply Pin +100 mA
IgND DC Ground Current per Ground Pin +100 mA
Tsta Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these

limits. The parametric values defined in the “Electrical Ch

table are not g

d at the Absol

Conditions” table will define the conditions for actual device operation.

Note 2: g Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Ratings. The “Recommended Operating

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
V| Input Voltage 0 5.5 Vv
Vo Output Voltage HIGH or LOW State 0 Vee Vv
TRI-STATE 0 5.5
lon/loL Output Current Vce = 3.0V — 3.6V +24 mA
Voo = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, Vi\y = 0.8V-2.0V, Vo = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vec Ta= —40°Cto +85°C Units
V) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 \
ViL LOW Level Input Voltage 2.7-3.6 0.8 Vv
VoH HIGH Level Output Voltage loq = —100 pA 2.7-3.6 Vce — 0.2 \']
lo4 = —12mA 2.7 2.2 \
loy = —18 mA 3.0 2.4 \
lon = —24mA 3.0 2.2 Vv
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \']
loL = 12mA 2.7 0.4 Vv
loL = 16 mA 3.0 0.4 Vv
loL = 24 mA 3.0 0.55 \
I Input Leakage Current 0 <V, <55V 2.7-36 +5.0 pA
loz TRI-STATE I/0 Leakage 3 |S=V\2Hsof‘\7|\|f 2.7-3.6 £50 pA
loFF Power-Off Leakage Current VjorVpo = 5.5V 0 100 pA
Icc Quiescent Supply Current V) = Vg or GND 2.7-3.6 20 pA
3.6V <V}, Vg < 5.5V 2.7-3.6 +20 pA
Alcc Increase in Igg per Input ViH = Vgc —0.6V 2.7-3.6 500 pA
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AC Electrical Characteristics

Ta = —40°C to +85°C

Symbol Parameter Vee = 3.3V £0.3V Vee = 2.7V Units

Max Max

Min (Note 1) Min (Note 1)

fmax Maximum Clock Frequency 170 MHz
tpHL Propagation Delay 1.5 6.0 15 7.0 ns
tPLH Bus to Bus 1.5 6.0 1.5 7.0
tpHL Propagation Delay 1.5 6.5 15 7.5 ns
tpLH Clock to Bus 1.5 6.5 15 75
tpHL Propagation Delay 1.5 6.5 1.5 7.5 ns
tPLH LE to Bus 1.5 6.5 1.5 75
tpzL Output Enable Time 1.5 7.5 1.5 8.5 ns
tpzH 1.5 7.5 1.5 8.5
tpLz Output Disable Time 1.5 6.0 1.5 7.0 ns
tpHz 1.5 6.0 1.5 7.0
ts Setup Time 2.5 2.5 ns
tH Hold Time 1.5 15 ns
tw Pulse Width 3.0 3.0 ns
tosHL Output to Output Skew 1.0 ns
tosLH (Note 2) 1.0

Note 1: The Maximum AC limits are design target. Actual performance will be specified upon completion of characterization.

Note 2: Skew is defined as the absolute value of the difference bety ) the actual p ion delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (togHL), or LOW to HIGH (tosL)-
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LCX16500

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25°C Units
) Typical
VoLp Quiet Output Dynamic Peak Vo CL = 50pF,V|y =3.3V,V|L= 0V 3.3 0.8 A
VoLv Quiet Output Dynamic Valley VoL CL = 50pF, Vg = 3.3V,V)L = 0V 3.3 0.8 \"
Capacitance
Symbol Parameter Conditions Typical Units
CiN Input Capacitance Vcc = Open, V| = OV or Voo 7 pF
Cout Output Capacitance Vce = 3.3V, V| = 0Vor Ve 8 pF
Cpp Power Dissipation Capacitance Vec = 3.3V, V, = 0VorVcg, F = 10 MHz 20 pF
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74LCX 16500 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are

defined as follows:

74LCX 16500 MEA X

Temperature Range Family
74 = Commercial

Device Type

Package Code
MEA = Shrink Small Outiine Package, (56-Lead)
MTD = Thin Shrink Small Outline Package, JEDEC, 6.1 mm Body Width

Special Variations
“X" = Tape and Reel
“ " = Rail/Tube
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LCX16646

. ) PRELIMINARY
National Semiconductor

74LCX 16646
Low-Volitage 16-Bit Transceiver/Register with
5V Tolerant Inputs and Outputs

General Description Features

The LCX16646 contains sixteen non-inverting bidirectional  ® 5.0 ns tpp max, 20 pA Iccq max

registered bus transceivers with TRI-STATE® outputs, pro- @ 5V tolerant inputs and outputs

viding multiplexed transmission of data directly from the in-  m Power down high impedance inputs and outputs

put bus or from the internal storage registers. Eachbyte has @ 2,0v-3.6V V¢ supply operation

separate control inputs which can be shorted togzther for @ +24mA output drive

full 16-bit operation. The DIR inputs determine the direction . . .

of data flow through the device. The CPAB and CPBA inputs . :?;glec?:;:::fy patented Quiet Series™ noise/EMI reduc-
load data into the registers on the LOW-to-HIGH transition.

The four fundamental handling functions available are illus- 8 Functionally compatible with the 74 series 16646
trated in Figure 7 thru Figure 4. ® Latch-up performance exceeds 500 mA
m ESD performance:

The LCX16646 is designed for low voltage (3.3V) Vg appli-

i i ili i i i i Human Body Model < 2000V
th ty of int Vv -
rc::l;:_'c;rjs with capability of interfacing to a 5V signal environ. Machine Model < 200V

The LCX16646 is fabricated with an advanced CMOS tech-
nology to achieve high speed operation while maintaining
CMOS low power dissipation.

Logic Symbol Connection Diagram
Pin Assignment for
SSOP and TSSOP
-/ —
AR REN RN . o
CPAB, =12 55 ‘—CPBA,
Ao A Ay Ay Ay A5 Ag A Ag Ag Mg Auy Mg A3 Ay Ay sag, =3 7]
—Oj o 0F; [O— ono—]4 s3f-ono
—] cPAB, CPAB, }— r—s s2}-8,
—] sA, SAB, — A6 51}—8
— o, DIRy f— Ve {7 S0 Vee
—] °PBA cpeA, f— A8 49}-8,
— o, S8y f—r I Kl 48|85
Bo B % B5 B B B B B B Bo By By Bis By Bis gl ¥ A
NEREERERRRREEEE r—]12 o
TL/F/12004-1 A 13 4418
Ay =14 4318,
Ag—15 42f—8g
Ay—116 4118y
Ao—117 4018y
SSOP TSSOP eND—{18 39}~ GND
-119 38—
Order Number 74LCX16646MEA | 74LCX16646MTD ,:‘;_ 2 o _:;
74LCX16646MEAX | 74LCX16646MTDX g Iy .
Vee =] 22 35— vee
See NS Package Number MS56A MTD56 ol ks,
Mg =24 338
GND —§ 25 32§~ GND
saB, —{ 26 31 f~sA,
CPAB, =] 27 30 | CPBA,
DIR, — 28 29— 0E,

TL/F/12004-2

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice.
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Real Time Transfer Real Time Transfer Storage from Transfer from
A-Bus to B-Bus B-Bus to A-Bus Bus to Register Register to Bus
) D D ;
< > < X > > < >
) 1 2 I | 2 R
B-Bus ¢ ) B-Bus
TL/F/12004-3 TL/F/12004-4 ) TL/F/12004-5 TL/F/12004-6
FIGURE 1 FIGURE 2 FIGURE 3 FIGURE 4
Function Table (Note)
Inputs Datal/0 .
— Output Operation Mode
E;y DIRy CPAB;y CPBA;y SAB;y SBAq Ag-7 Bo-7
H X HorlL Horl X X Isolation
H X e X X X Input Input Clock An Data into A Register
H X X e X X Clock Bn Data Into B Register
L H X X L X An to Bn—Real Time (Transparent Mode)
L H e X L X Input Output Clock An Data to A Register
L H HorlL X H X P p A Register to Bn (Stored Mode)
L H e X H X Clock An Data into A Register and Output to Bn
L L X X X L Bn to An—Real Time (Transparent Mode)
L L X e X L Outout Input Clock Bn Data into B Register
L L X HorL X H P P B Register to An (Stored Mode)
L L X e X H Clock Bn into B Register and Output to An

Note: The data output functions may be enabled or disabled by various signals at the G and DIR inputs. Data input functions are always enabled; i.e., data at the
bus pins will be stored on every LOW-to-HIGH transition of the appropriate clock inputs. Also applies to data 1/0 (A and B: 8-15) and #2 control pins.

H = HIGH Voltage Level X = Immaterial
L = LOW Voltage Level -/~ = LOW-to-HIGH Transition.
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LCX16646

Logic Diagrams
0,
DIR,
o<} cPo,
-<-bo<= SBA,
_oq_cuaz
—QOTOQ she,
Y P SpiipppRpEpypnpmppn 0 o (U i
: 1 OF 8 CHANNELS :
] [N ]
[} [}
' % L |
[} 1 )
] 1
] 1
) 1
[) 1 1
B-1s # [
P . A &
- T
] 1
] % [}
: C 1
[}
1 } )
] )
[} 1]
) )
' } o< '
[} [}
t---p-----—-----Vo-Ln------------uqn‘
ve \AAAd A4
\ ~ J
T0 7 OTHER CHANNELS TUFN2004-7
OF,
DIR,
cPea, Dc
cna‘._._.Do.
ri{temccccccnccctittocccccccnnaalety
: 1 OF 8 CHANNELS :
1 ) )
] [}
' % 1
1] 1 ]
] ]
] ]
] [)
] I ]
A-7 8 1 By
-—l Ly
] ]
] 1
] % )
1 Co :
[}
[} | 1
[} ]
) ]
[} ]
1 De i '
[} ]
L ¥ T L Y Y Y R R Y X
v Yooy * e
\ ~ J
TO 7 OTHER CHANNELS TUF/12004-8
Please note that these diagrams are provided only for the ding of logic op and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voltage —0.5t0 +7.0 \]
\ DC Input Voltage —0.5t0 +7.0 \']
Vo DC Output Voltage —0.5t0 +7.0 Output in TRI-STATE \']
—0.5to Vgg + 0.5 Output in High or Low State (Note 2) \
ik DC Input Diode Current —50 Vi < GND mA
lok DC Output Diode Current —50 Vo < GND mA
+50 Vo > Vce
lo DC Output Source/Sink Current +50 mA
lcc DC Supply Current per Supply Pin +100 mA
IGND DC Ground Current per Ground Pin +100 mA
TsTG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics™ table are not guaranteed at the Absolute Maximum Ratings. The “Recommended Operating
Conditions” table will define the conditions for actual device operation.

Note 2: Ig Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vece Supply Voltage Operating 2.0 3.6 v
Data Retention 1.5 3.6
\ Input Voltage . 5.5 Vv
Vo Output Voltage HIGH or LOW State 0 Vee v
TRI-STATE 0 5.5
lon/loL Output Current Vce = 3.0V — 3.6V +24 mA
Vge = 2.7V +12
TA Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, VN = 0.8V-2.0V, Vgc = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta = —40°Cto +85°C Units
V) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 \
Vi LOW Level Input Voltage 2.7-3.6 0.8 Vv
VoH HIGH Level Output Voltage loy = —100 pA 2.7-3.6 Vce — 0.2 \"
loy = —12mA 2.7 2.2 \Y%
lon = —18 MA 3.0 2.4 \Y%
loH = —24 mA 3.0 2.2 v
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 v
loL = 12mA 2.7 0.4 \%
loL = 16 mA 3.0 0.4 \Y
loL = 24 mA 3.0 0.55 \
I Input Leakage Current 0 <V, <55V 2.7-3.6 +5.0 RA
loz TRI-STATE I/0 Leakage 3 IS=V\2HSOE.V5I\( 27-36 £5.0 A
loFe Power-Off Leakage Current ViorVp = 5.5V 0 100 pA
lcc Quiescent Supply Current V| = Vgg or GND 2.7-3.6 20 pA
3.6V < V), Vg < 5.5V 2.7-3.6 +20 pA
Alcc Increase in Icc per Input Vi = Vg —0.6V 2.7-3.6 500 pA
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AC Electrical Characteristics (rreliminary)

LCX16646

Ta = —40°C to +85°C

Symbol Parameter Vee = 3.3V £0.3V Vee = 2.7V Units
Min Max Min Max
fmAX Maximum Clock Frequency 170 ns
tPHL Propagation Delay 1.5 5.0 1.5 6.0 ns
tPLH Bus to Bus 1.5 5.0 1.5 6.0
tPHL Propagation Delay 1.5 6.0 15 7.0 ns
tPLH Clock to Bus 1.5 6.0 1.5 7.0
tPHL Propagation Delay 1.5 6.0 15 7.0 ns
tPLH Select to Bus 1.5 6.0 1.5 7.0
tpzL Output Enable Time 1.5 7.5 1.5 8.5 ns
tpzH 1.5 7.5 1.5 8.5
tpLz Output Disable Time 15 6.0 1.5 7.0 ns
tpHz 1.5 6.0 1.5 7.0
ts Setup Time 25 25 ns
tH Hold Time 1.5 1.5 ns
L tw Pulse Width 3.0 3.0 ns
tosHL Output to Output Skew (Note 1) 1.0
ns
tosLH 1.0

Note 1: Skew is defined as the absolute value of the ditference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (tosH1) or LOW to HIGH (tos ). Parameter guaranteed by design.

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta = 25°C Units
v) Typical
VoLp Quiet Output Dynamic Peak Vo CL = 50pF,V|y = 3.3V, V)L =0V 3.3 0.8 \
VoLv Quiet Output Dynamic Valley Vo, Cp = 50pF, V|4 = 3.3V, V)= 0V 3.3 0.8 \"
_Eapacitance
. Symbol Parameter Conditions Typical Units
__Cin Input Capacitance Vcc = Open, V| = 0V or Voo 7 pF
~ Cout Output Capacitance Vec = 3.3V, V= 0VorVgc 8 pF
. Cpp Power Dissipation Capacitance Vee = 3.3V, V| = 0VorVgg, F = 10 MHz 20 pF
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74L.CX16646 Ordering Information

defined as follows:

74LCX 16646 MEA X

Temperature Range Family
74 = Commercial

Device Type

Package Code
MEA = Shrink Small Outline Package, (56-Lead)
MTD = Thin Shrink Small Outline Package, JEDEC, 6.1 mm Body Width

The device number is used to form part of a simplified purchasing code where the package type and temperature range are

Special Variations
“X"” = Tape and Reel
* " = Rail/Tube
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LCX16652

NNational Semiconductor

74L.CX16652

PRELIMINARY

Low-Voltage Transceiver/Register
with 5V Tolerant Inputs and Outputs

General Description

The LCX16652 contains sixteen non-inverting bidirectional
bus transceivers with TRI-STATE® outputs providing multi-
plexed transmission of data directly from the input bus or
from the internal registers. Data on the A or B bus will be
clocked into the registers as the appropriate clock pin goes
to the HIGH logic level. Output Enable pins (OEAB, OEBA)
are provided to control the transceiver function.

The LCX16652 is designed for low-voltage (3.3V) V¢c appli-
cations with capability of interfacing to a 5V signal environ-
ment.

The LCX16652 is fabricated with an advanced CMOS tech-
nology to achieve high speed operation while maintaining
CMOS low power dissipation.

Features
5.0 ns tpp max, 20 pA Igcq max
5V tolerant inputs and outputs
Power down high impedance inputs and outputs
2.0V-3.6V V¢ supply operation
+24 mA output drive
Implements patented Quiet Series™ noise/EMI reduc-
tion circuitry
Functionally compatible with 74 series 16652
Latch-up performance exceeds 500 mA
m ESD performance:
Human body model > 2000V
Machine model > 200V

Logic Symbol Connection Diagram
Pin Assignment for
SSOP and TSSOP
HEEEEEEE RN o B I
Ao Ay Ay A3 Ay A5 Ag Ap Ag Ag Ag My A Ais Ay Bys cpag, — 2 55} cean,
—Of otB 0EBA, JO— sag, =3 54} sea,
—] crag, CPAB, f— N4 53 }—onD
— sag, saB, |— rn—{s 52|85,
——] OEAB; OEAB, f— A =16 S1p—8§
—] cpea, cPBA, |— Vee =17 501=Vee
—] sen, s, — a,—8 49},
By B B B; By Bs By B; By By Big By Byp B3 By By :j:?o :: ::j
HERERRERRRERRREN w011 ss]-aw
TL/F/12005-1 As—{12 45185
as—{13 vy 8
A —{14 4318,
Pin Names Description 2 =15 42)-5,
Ag-Aqs Data Register A Inputs/ e I o
TRI-STATE Outputs o7 o
Bo-B1s Data Register B Inputs/ R 39 e
TRI-STATE Outputs AR I o
CPABy, CPBA, Clock Pulse Inputs Y T
SABp, SBA, Select Inputs V“Cz_ . " _3‘;
OEAB;,, OEBA, Output Enable Inputs P P s4l-8,,
AMs—]24 3385
6N —{ 25 32 |- GND
SSoP TSsopP saB, —{ 26 31}-sea,
Order Number 74LCX16652MEA | 74LCX16652MTD | CPAB2 =27 30— CPBA
74LCX16652MEAX | 74LCX16652MTDX | °H%2728 29[~ 0e0%
See NS Package Number MS56A MTD56 TLIF/2005-2

Preliminary Data: National Semiconductor reserves the right to make changes at any time without notice.
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Functional Description

In the transceiver mode, data present at the HIGH imped- propriate Clock Inputs (CPAB,, CPBA,) regardless of the
ance port may be stored in either the A or B register or both. Select or Output Enable Inputs. When SAB and SBA are in
The select (SABp,, SBA,,) controls can multiplex stored and the real time transfer mode, it is also possible to store data
real-time. without using the internal D flip-flops by simultaneously en-

The examples in Figure 1 demonstrate the four fundamental abling OEABy, and OEBAy, In this configuration each Output

bus-management functions that can be performed with the reinforces its Input. Thus when all other data sources to the
74LCX16652 p two sets of bus lines are in a HIGH impedance state, each

X set of bus lines will remain at its last state.
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 ap-

Real-Time Real-Time Transfer Storage
Transfer Bus B to Bus A Transfer Bus A to Bus B Storage Dateto AorB

Pemmmy -, T T FEmm—y e ——, )
1 i 1 1 1 1
1] i L} ) L}
1 i 1 L} ) L
1 i 1 1 m 1 L L
< 1 1 1} @ < @ < ) i 1 @ < | ) L} @
n 7] %3 n n [] m ] w n ' "
2 TrT T =2 2 T T 2 2 [ i 1 2 2 M t r 2
1 1 1 1 ] ] 1 1 L
] i ] ] 1 ] i ) ]
[ i ] ] ] ] ) '
] (B3] 1 ] [] [] '
[ i ] ] ] ] '
[T pep R —— (AR e ——— [Py [ ]
- - - -1
TL/F/12005-3 TL/F/12005-4 TL/F/12005-5 TL/F/12005-6
OEAB; OEBA; CPAB; CPBA; SAB; SBA; OEAB; OEBA; CPABy CPBA; SAB; SBA; OEAB; OEBA; CPAB; CPBA; SAB; SBA{ OEAB, OEBA; CPAB; CPBA{ SAB; SBA;
L L X X X L H H X X L X X H e X X X H L HorL HorL H H
L X X e X X
L H - X X
FIGURE 1
Function Table note)
Inputs Inputs/Outputs Operating Mode
OEAB4 OEBA; CPAB4 CPBA, SAB4 SBA{¢ Ag thru Az Bg thru B7
H HorlL HorlL X X Isolation
Input Input
L H e e X X Store A and B Data
X H e HorlL X X Input Not Specified | State A, Hold B
H H e e X X Input Output Store A in Both Registers
L X HorlL e X X Not Specified | Input Hold A, Store B
L L e e X X Output Input Store B in Both Registers
L L X X X L Real-Time B Data to A Bus
Output Input
L L X HorlL X H Store B Data to A Bus
H H X X L X Real-Time A Data to B Bus
Input Output
H H HorlL X H X Stored A Data to B Bus
Stored A Data to B Bus and
H L HorlL HorL H H Output Output Stored B Data to A Bus
H = HIGH Voltage Level

L = LOW Voltage Level
X = Immaterial
—/~ = LOW to HIGH Clock Transition

Note: The data output functions may be enabled or disabled by various signals at OEAB or OEBA inputs. Data input functions are always enabled, i.e., data at the
bus pins will be stored on every LOW to HIGH transition on the clock inputs. This also applies to data 1/0 (A and B: 8-15) and #2 control pins.
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Logic Diagram

40— OEBA,
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TL/F/12005-7

Please note that these diagrams are provided only for the understanding of logic operations and should not be used to estimate propagation delays.
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Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required, please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Symbol Parameter Value Conditions Units
Vee Supply Voltage —0.5t0 +7.0 Vv
Vi DC Input Voltage —0.5t0 +7.0 \
Vo DC Output Voltage —0.5t0 +7.0 Outputin TRI-STATE Vv
—0.5t0Vgg + 0.5 Output in High or Low State (Note 2) \
lik DC Input Diode Current —-50 V) < GND mA
lok DC Output Diode Current —50 Vo < GND mA
+50 Vo > Vco
lo DC Output Source/Sink Current +50 mA
Icc DC Supply Current per Supply Pin +100 mA
IacND DC Ground Current per Ground Pin +100 mA
TsTG Storage Temperature —65to +150 °C

Note 1: The Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. The device should not be operated at these
limits. The parametric values defined in the “Electrical Characteristics” table are not guaranteed at the Absolute Maximum Ratings. The “‘Recommended Operating
Conditions™ table will define the conditions for actual device operation.

Note 2: |g Absolute Maximum Rating must be observed.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Vee Supply Voltage Operating 20 3.6 v
Data Retention 1.5 3.6
Vi Input Voltage 5.5 Vv
Vo Output Voltage HIGH or LOW State 0 Vce y
TRI-STATE 0 5.5
lon/loL Output Current Vce = 3.0V-3.6V +24 mA
Voo = 2.7V +12
Ta Free-Air Operating Temperature —40 85 °C
At/AV Input Edge Rate, Vi = 0.8V-2.0V, Voo = 3.0V 0 10 ns/V
DC Electrical Characteristics
Symbol Parameter Conditions Vee Ta = —40°Cto +85°C Units
W) Min Max
ViH HIGH Level Input Voltage 2.7-3.6 2.0 "
ViL LOW Level Input Voltage 2.7-3.6 0.8 \
VoH HIGH Level Output Voltage loy = —100 pA 2.7-3.6 Ve — 0.2 \
loy = —12mA 2.7 22 \%
loq = —18 mA 3.0 2.4 \]
loy = —24mA 3.0 2.2 \Y
VoL LOW Level Output Voltage loL = 100 pA 2.7-3.6 0.2 \
loL = 12mA 2.7 0.4 \%
loL = 16 mA 3.0 0.4 \
loL = 24 mA 3.0 0.55 \
] Input Leakage Current 0 <V, <55V 2.7-3.6 +5.0 RA
loz TRI-STATE I/0 Leakage 3 's= V\ﬂHSO?.\i\If 27-36 +50 A
loFF Power-Off Leakage Current ViorVgp = 5.5V 0 100 pA
lcc Quiescent Supply Current V| = Vgg or GND 2.7-3.6 20 nA
36V <V,Vo<55V | 27-3.6 +20 pA
Alcc Increase in lcc per Input Vi = Vgc —0.6V 2.7-3.6 500 pA
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AC Electrical Characteristics

TA = —40°C to +85°C

Symbol Parameter Vee = 3.3V + 0.3V Vee = 2.7V Units
Min Max Min Max

fmax Maximum Clock Frequency 170 MHz

tPHL Propagation Delay 15 5.0 1.5 6.0 ns

tpLH Bus to Bus 15 5.0 1.5 6.0

tPHL Propagation Delay 1.5 6.0 1.5 7.0 ns

tPLH Clock to Bus 1.5 6.0 1.5 7.0

tpHL Propagation Delay 1.5 6.0 1.5 7.0 ns

tPLH Select to Bus 1.5 6.0 1.5 7.0

tpzL Output Enable Time 1.5 75 1.5 8.5 ns

tpzH 1.5 7.5 1.5 8.5

tpLz Qutput Disable Time 15 6.0 15 7.0 ns

tpHz 15 6.0 15 7.0

ts Setup Time 25 25 ns

tH Hold Time 1.5 15 ns

tw Pulse Width 3.0 3.0 ns

tosHL Output to Output Skew (Note 1) 1.0 ns

tosLH 1.0

Note 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separate outputs of the same device. The
specification applies to any outputs switching in the same direction, either HIGH to LOW (togHL) or LOW to HIGH (tosiH). Parameter guaranteed by design.

Dynamic Switching Characteristics

Symbol Parameter Conditions Vee Ta - 25°C Units
()] Typical

VoLp Quiet Output Dynamic Peak Vo CL = 50 pF, V| = 3.3V, V|L = OV 3.3 0.8 \"
Vorv Quiet Output Dynamic Valley Vo CL = 50pF, V| = 3.3V, V|L = 0V 3.3 0.8 \"
Capacitance

Symbol Parameter Conditions Typical Units
CiN Input Capacitance Vce = Open, V| = 0V or Vco 7 pF
Cout Output Capacitance Vee = 3.3V, V= 0VorVcc 8 pF
Cpp Power Dissipation Capacitance Vee = 3.3V, V| = 0VorVcg, F = 10 MHz 20 pF
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74LCX16652 Ordering Information

The device number is used to form part of a simplified purchasing code where the package type and temperature range are
defined as follows:

74LCX 16652 MEA X

Temperature Range Family Special Variations
74 = Commercial "X" =Tape and Reel
Device Type " " =Rail/Tube

Package Code
MEA = Shrink Small Outline Package (56-Lead)
MTD = Thin Shrink Small Outline Package, JEDEC, 6.1 mm Body
Width
TL/F/12005-8
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Physical Dimensions

NNational Semiconductor

14 Lead (0.150” Wide) Molded Small Outline Package, JEDEC

NS Package Number M14A
All dimensions are in inches (millimeters)
0.335-0.344
(8.509-8.738)
FAAAAARA
D.ZZBIH.ZH -
{5.791-6.198)
| ’O TvP
LEAD ND. 1
2 FTOETT U,ZL\L
1 2 3 4 5 6 7 ;
0.010 MAX
[
0.150 -0.157
38103088 [+
0.010-0.020 as°. 0.053 - 0.069
10.254-0.508) © 11.386-1.753)
8° MAX TYP 0.004—0.010
ALL LERDS r \ (0102-0254)
i ) SEATING j—————- ey O M
PLANE ? 1
0.008-0.010 1 0.014 0.050 L- L 0014-0.020
{0.203-0.258) ol e 0016-0050 oy —» T
TYP AL LEADS 0.004 {0.406-1.270) v 0.008
‘o 102) TYP ALL LEADS - 4—(0103) TYP
ALL LEAD TIPS M4A REV W)

14 Lead (0.300” Wide) Molded Small Outline Package, EIAJ

NS Package Number M14D

(10.01-10.21)

All dimensions are in inches (millimeters)

HEHHAAAR
- N\
0.295-0.319 0205-0213
TA%-8103) {5.207-5.410)
ﬁ T J
om 0.031 12 3 4 5§
{0.406-0.787)
DETAILF
oo 0.067-0.083
0006-0010  {1.803) {iT02-2.108)
{0.152-0259) #
swme PLANE
am l _J L___onsa
> iz EF 120 oooo 00000010
0014-0020 0000284
SEEDETAILF a5

M14D (REV A)
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16 Lead (0.150” Wide) Molded Small Outline Package, JEDEC
NS Package Number M16A

All dimensions are in inches (millimeters)

0.386—0.3%4
{9.804—10.00)

1% 15 14 13 12 11 10 9

AAaAANARAQ

0.228 -0.244 30°
(5.791 -6.198) TYP

jo)

e A AR 43

IDENT 0.010 pax
{0.250)
0.150—0.157
(3.810-3.988)
0.010-0.020 0.053 —-0.069
0.254-as08) <" {1.386-1.753) 0.004-0.010
8° MAX TYP (0.102-0.254)
ALL LEADS r .

0.008-0.010 0.014 0.014-0.020 1yp

In i i

0.016—0.050 ﬁa_ss' — — —_—
(a zm 0.258) (o W6—1.270) ) {0.356-0.508)
0.004 TYP ALL LEADS 0.008 Lo
(0 102) (0.203) MIBA (REV H)
ALL LEAD TIPS

16 Lead (0.300” Wide) Molded Small Outline Package, EIAJ
NS Package Number M16D

All dimensions are in inches (millimeters)

0.394-0.402
(10.01-10.21)

HARAAAAR

C 0.295-0.319 0.205-0.213

(7.493-8.103) (5.207-5.410)
\ O
\— 7
_J I__ 0.016-0.031 —-_._—H H H H H H H H
1 2 3 4 5 6 7 8

(0.406-0.787)

DETAIL F
0.071 0.067-0.083
(1.803) REF (1.702-2.108)
0.006-0.010
(0.152-0.254) L ‘

[\ | [ )\
J L 1 Y L _L SEATING PLANE

REF __l I__ 0.050
{1.245) 0 770) 0.000-0.010

(0.000-0.254)

SEE DETAIL F 0.014-0.020 __ ||
(0.356-0.508) u16D (REV A)
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Physical Dimensions

20 Lead (0.300” Wide) Molded Small Outline Package, JEDEC

NS Package Number M20B
All dimensions are in inches (millimeters)
0.486-0.512
(12.598-13.005)
mﬁﬁﬁﬁﬁulsii"
0.334-0.419
{10.008—10.643)
30° TYp
LEAD NO 1 /
WU BEEUUUE
12 a 4 5 6 7 8 9 10
O.MIIM“
(0.254)
0.201-0.299
(7.391-7.595)
0.010-0.029 . 0.093-0.104
{0.254—0.737) 4> [ {2.362-2.682)
0.004-0.012
8° MAX TYP 0.004-0.012
ALL LEADS I (0.102-0.305)
Ldm__ﬂ L — R —tE=tm= L SEATING
r’_ ﬁ T X §rue
0.009-0.013 ;:"?:—;, 0.016 —0.050 % | 0.050 | | 0:014-0.020 1yp
{0.229-0.330) E —> 10.406=1.270) - (1270) (0:356-0.508)
TYP ALL LEADS ALL LEAD TIPS (& :olsl R 1LEA27‘:1; ( ik ) ( 0.508)
0.008 yyp

(0.203) M208 (REV F)

20 Lead (0.300” Wide) Molded Small Outline Package, EIAJ

NS Package Number M20D

S

(0.406 - 0 787)
DETAILF
0.006-0.010
(0.152-0.254)

JZ AT
[t e

SEEDETAILF

0.492 - 0.500

All dimensions are in inches (millimeters)

_E

(1250 - 12.70)

8 17 16

HEHH

15 14 13 12

HAH

Q
™~

0.295-0.319 0.205-0.213
(7.493-8.103) (5.207 - 5.410)
LL BEEEE HJ
1 2 3 4 5 6 7 8 9 10
0.071 REF 0.067 -0.083
(1.702 - 2.108)

\

(N

0050
{i2m)

0000 0.010

(0.000 - 0.254)
0.020
(0.356 - 0.508)

SEA’IING PLANE

0.014-

M20D (REV A)
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24 Lead (0.300” Wide) Molded Small Outline Package, JEDEC
NS Package Number M24B

5

0
8 17 16 15 14 13

LA

inches

All dimensions are in ————
millimeters

LEAD NO 1 0.2992
IDENTIFICATION ~\— - 02014
7.4
=2 j'f'
i 5 40567 8 91002
0.050
i BN M0 c0za
0.1043 0.850 08128
0.0926 vors 450 0010 805 os7 1 1YP ALL LEADS
X _oﬁgo;o [
01
I 5 il g L
PLANE T H 8° MAX TYP-%
I 0.014 ALL ,_ 9.0500 ALL LEADS
0.35 e 52150 1vp ALL LEADS
0.. 40 M248 (REV F)

48 Lead (0.300” Wide) Molded Shrink Small Outline Package, JEDEC
NS Package Number MS48A

LEAD #1
IDENT

0.620 - 0.630
[15.75 - 16.00]

All dimensions are in inches [millimeters]

0.395 = 0.420
[10.04 - 10.66]

Igl0.0IO 0.25] |D|A B

0.291-0.299
[7.40-7.59]
=)
l]l]l]l] Hﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬁlﬂﬂﬂﬂﬂﬂﬂﬂ ?o°?§33133f
0.008-0.012 | 0.025
[0.21-0.30] "' - [o.63 ™" Yoo 1:LANE
ST @ P[AQEQ] [0.25] Lo 020 - 0.040
[0.51-1.01]
DETAIL E TYP
_ 0.096-0.108 45°x 0[81359 %062!3
SEATING PLANE
[ [244-274] \ SEE DETAIL E

0.008-0.016

[0.21-0.40] TP

o

0°-8° TYP MS48A (REV A)
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Physical Dimensions

56 Lead (0.300” Wide) Molded Shrink Small Outline Package, JEDEC

NS Package Number MS56A

0.720 - 0.730
[18.30 - 18.54]

All dimensions are in inches [millimeters]

0.395-0.420
[10.04 - 10.66]

LE‘:EE:T'—\ [S]0.0100.25 [P [, O [EQ ]
0.291-0.299

\b [7.40-7.59]

=)

NG LNELENEL TN 0.005 - 0.008
0.008-0.012 ! JL_ | L. 0.025 2 | [0.13-0.22]
[0.21-0.30] TP ~ - [0.63] ™° GAUGE PLANE =T

0.010[0.25 D[AQ B °'°‘°—J
[0.25] 0.020 - 0.040
[0.51=1.01]

0.096 - 0.108

[ [2.44-2.74] SEATING PLANE

AR w1 e,

0.025} TYP 0.008 - 0.01]6 TYP

[0.64 [0.21-0.40

DETAIL E TYP

SEE DETAIL E
, /\ /—

| & ]0.004[0.10

0.015 - 0.025
45°% T(0.39-0.63]

0°-8° TYP MSS6A (REV A)

20 Lead Molded Shrink Small Outline Package, EIAJ, Type Il

NS Package Number MSA20

All dimensions are in millimeters

innnnnnant

———

p1.2—" H
1

7.40 MAX

0.68% 0.12 1+

7.20% 0.05 ——

1.80 £ 0.05 .l_..

| 7.90% 0.20
[——5.30 % 0.05 —+

0.20% 0.05

L/F THICKNESS

T i
!

0.800% 0.025 l

0.30% 0.10 TYP

J W T 40830
\ J (\; i[rm
[2]0.10]

=C- _—I L-g.su 0.15

P
MSA20 (REV A)
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24 Lead Molded Shrink Small Outline Package, EIAJ, Type li
NS Package Number MSA24

lnnanonnnnn

All dimensions are in millimeters

l

I

|
T- W
1.50

LIHJLIHJIJIJLILILIH

—a2.85
8.40 MAX ] 7.90% 0.20 ——————+
8.20 ¢ 0.05 5. 30 £ 0.05 —
0.53% 0.12 Hv] EA3)
I : 0.20% 0.05
L/F THICKNESS
180 0,054 E et 4 1_

0.15129% T 4030
0.8004 0.025 |1 i TYp
\—’— --------------- I e
——I L E
0.30% 0.10 TYP - [=c- 1] 0.60£ 0.15
TYP

MSA24 (REV A)

14 Lead Molded Thin Shrink Small Outline Package, JEDEC
NS Package Number MTC14

All dimensions are in millimeters

et
=

14 - 8 0.42 TYP J
"”””H"” 0.65 TYP
LAND PATTERN RECOMMENDATION

GAGE PLANE
EZI _ o sson %/_f 0.25

O T
O-X L, 6>'ISEAT|NG PLANE
LTI T

i TYPICAL

ALL LEAD TIPS /—SEE DETAIL D

(0 90)

[=]0.1]C] ‘
ALL LEAD TIPS
el J -
0.09-0.20 TYP j

[e-] I-ML 0.10 % 0.05 TYP

0.19 - 0.30 TYP

|-Q}|o.13®fA|B@lc©|

MIC14 (REV B)
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Physical Dimensions

16 Lead Molded Thin Shrink Small Outline Package, JEDEC

NS Package Number MTC16

o

(1.78 TYP)

j[e— 5.0 £ 0.1 ——

All dimensions are in millimeters

—
[II]I]I]iI][I[Iﬂ_f

—m—F—-— 4.8
R

= 000000 2

MR RIIHIA JLL

LAND PATTERN RECOMMENDATION

GAGE PLANE

4.4 %01 0.25
B j al
O %’ 1
_ ,, SEATING PLANE
0°-8° 0.6 £ 0.1
e

1 8 [=2]0.2]C[B]A] SEE DETAIL b TYPICAL

ALL LEAD TIPS

o /‘
(0. 90) e

/
ALL LEAD TIPS \
1.1 MAX TYP ‘
- | OGSTY‘.H“ 01010051YF

0.19 - 0.30 TYP

|-$-|o.13®IA|B®|c©|

1
- A
0.09-0.20 TYP -j-

MTC16 (REV B)
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20 Lead Molded Thin Shrink Small Outline Package, JEDEC
NS Package Number MTC20

All dimensions are in millimeters

—
I]I][II]I]iI][I[I[II]_f

FER A

e (O0BDNN00

. . —f_ TH]
20 1" 0.42 TYP —)—IH—‘
“ H ” H H H ” ” ” H LAND PATT.ERN RECOMMENDATION

GAGE PLANE
[24] B _ B ERRELE 8_/_1__ 0.25

O “lf L\t
A S AR

1 10 [=]0.2]C[BTA] TYPICAL

ALL LEAD TIPS SEE DETAIL D
.- —

(0.90) S
[\

cen o ‘.
ALL LEAD TIPS i J £ - 3 ki
1.1 MAX \
SHAFFFFRARD & 3
ST )| oo s 5

0.19 - 0.30 TYP

|$|o.13@|A|a©|c@|

MTC20 (REV C)
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Physical Dimensions

24 Lead Molded Thin Shrink Small Outline Package, JEDEC
NS Package Number MTC24

o |
4 _t

o mmmuuuu’ununnu___

ﬁ ” " ” " ” ” ” " ” n n LAND PATTERN RECOMMENDATION

GAGE PLANE
_ _ _ A 4.4 £ 0.1 I 0.25

; ‘ \ SEATING PLANE
0o-g°

— 0.6 £ 0.1
I
ALL LEAD /—SEE DETAIL D YPICAL
[ (©s0) e T
[=]0.1]c] ; , I( \ 1
ALL LEAD TIPS i . [‘\J S /. 3 k_{

T e i
[-c-] L.MJ L 0.10 £ 0.05 TYP 0.09-0.20 TYP

0.19 - 0.30 TYP

|-$-|0.13@IA|B©|C@|

MTC24 (REV B)
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48 Lead Molded Thin Shrink Small Outline Package, JEDEC
NS Package Number MTD48

All dimensions are in millimeters

12.5 £ 0.1

-A-
2

I00000000A000RNNR00RNI]

GAGE PLANE
0.25
(&.1] B _ _ _ L srzoa B ﬂ'_ _____ __[
%- f
00-g0 ’ \smmc PLANE

4.05 O

et 0.60 5513
L A
ALL LEAD TIPS
|Ps l—(o.go) /‘_?(—SEE DETAIL A ]
| ST [111=113111111s1s1s111s131 12121 D AR ‘\J: = 7 k,jt
- ——ILo.n - 0.27 TYP [0.10 £ 0.05 TYP 0:0970.20 TvP
|$l0.13®|AIB©'C©J MTD48 (REV A)

56 Lead Molded Thin Shrink Small Outline Package, JEDEC
NS Package Number MTD56

All dimensions are in millimeters

14.0 £ 0.1

InnLnnnI AN Innnn

GAGE PLANE
0.25
(&1 i _ _ _ _ L sazon j _____ T

(e % —]
00-go :smmc PLANE

O - 0.60 71
TTOTOUOUUOOTOT OO, oenaes

ALL LEAD TIPS

/— SEE DETAIL A

I—(0.90) //“\

]

: A S

] _-”__ [ = 0.09-0.20 TYFI
0.17 - 0.27 TYP

0.10 £ 0.05 TYP

|-$|0.13 ®|A|B @IC®| NTD56 (REV A)
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