










































































AC Electrical Characteristics 
TA = -40"Cto +B5"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 7.0 
tpLH 1.5 6.5 1.5 7.0 

ns 

toSHL Output to Output Skew (Note 1) 1.0 
toSLH 1.0 ns 

Note 1: Skew is dell ned as the absolute value 01 the difference between the actual propagation delay lor any two separate outputs 01 the same device. The 
specification applies to any outputs switching In the same direction, eHher HIGH to LOW (tosHU or LOW to HIGH (tosLHl. 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 25"C 
Units 

(V) Typical 

VOLP Quiet Output Dynamic peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V. VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open. VI = OV or Vee 7 pF 

COUT Output Capacitance Vee = 3.3V. VI = OV or Vee 8 pF 

CPO Power Dissipation Capacitance Vee = 3.3V. VI = OVorVee. 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 

Temperature Range Family I J LSpecial 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 
TUF/12415-3 
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/J1National Semiconductor 
ADVANCE INFORMATION 

74LCX109 
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, a 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 
CMOS low power dissipation. 

Connection and Logic Diagrams 
Vcc CLA 2 J2 K2 ClK 2 PR 2 02 02 

II 

8 

ClR 1 Jl Kl ClK 1 PR 1 01 01 GNO 

J_..r_ 
ii --L.-.J 

D_..r_ 
j( -""'--~ 

TUF/12423-1 

Features 
• 5V tolerant inputs 
• Power down high impedance inputs and outputs 
• 2.0V-3.6V Vee supply operation 
• ± 24 mA output drive 
• Implements patented Quiet Series™ noise/EMI reduc-

tion circuitry 
• Functionally compatible with 74 series 109 
• Latch-up performance exceeds 500 mA 
• ESO performance: 

Human body model > 2000V 
Machine model > 200V 

Function Table 

Inputs 

PR ClR ClK J 

L H X X 
H L X X 
L L X X 
H H t L 
H H t H 
H H t L 
H H t H 
H H L X 

K 

X 
X 
X 
L 
L 
H 
H 
X 

Outputs 

Q Q 

H L 
L H 

HO HO 

L H 
TOGGLE 

QO 00 
H L 

QO 00 

....... -----1 f t-----... --t.>c-.... 

TL/F/12423-2 
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ADVANCE INFORMATION 

74LCX112 
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. 

Connection and Logic Diagrams 
VCC CLR 1 ClR 2 ClK 2 K2 J2 PR 2 02 

ClK 1 K1 J1 PR 1 01 01 02 GND 
TUF/12424-1 

Top View 

CLEAR 

Features 
• 5V tolerant inputs 
• Power down high impedance inputs and outputs 
• 2.0V-3.SV Vee supply operation 
• ± 24 rnA output drive 
• Implements patented Quiet Series™ noise/EM I reduc-

tion circuitry 
• Functionally compatible with 74 series 112 
• Latch-up performance exceeds 500 rnA 
• ESD performance: 

Human body model > 2000V 
Machine model > 200V 

Truth 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 LO LO 

H H 

'" 
L L QO Cio 

H H 

'" 
H L H L 

H H 

'" 
L H L H 

H H 

'" 
H H TOGGLE 

H H H X X QO Cio 
-This is an unstable condition, and is not guaranteed. 

r------44-----~~~0 

m~ 
CL Ci!-
T T 

CL Cl 
..... +..... + PRESET 

ClOCK~ ~-------------------, 

TUF112424-3 

TL/F/12424-2 
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I!J1National Semiconductor 
PRELIMINARY 

74LCX125 
Low-Voltage Quad Buffer with 
5V Tolerant Inputs and Outputs 
General Description • Power down high impedance inputs and outputs 

• 2.0V-3.6V Vee supply operation 
• ± 24 mA output drive 

The LCX125 contains four independent non-inverting buff­
ers with TAl-STATE outputs. The inputs tolerate voltages up 
to 7V allowing the interface of 5V systems to 3V systems. • Implements patented Quiet Series™ noise/EM I reduc-

Features 
• 5V tolerant inputs and outputs 
• 6.0 ns tpD max, 10 ",A leeo max 

Logic Symbol 

IEEE/IEC 

Truth Table 

Order Number 

TL/F/12416-1 

Pin Names 

An,Bn 
On 

Inputs 

An Bn 

L L 
L H 
H X 

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

tion circuitry 
• Functionally compatible with 74 series 125 
• Latch-up performance exceeds 500 mA 
• ESD performance: 

Human body model > 2000V 
Machine model > 200V 

Connection Diagram 
Pin Assignment for 
SOIC and TSSOP 

Ao-=-+-"" 
Bo 
°0 
A, ~I---, 
e, 

G:~ 7 

Description 

Inputs 
Outputs 

Output 

On 

L 
H 
Z 

SOICJEDEC SOICEIAJ TSSOP 

74LCX125M 74LCX125SJ 74LCX125MTC 
74LCX125MX 74LCX125SJX 74LCX125MTCX 

See NS Package Number M14A M14D MTC14 

TL/F/12416-2 

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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or low State (Note 2) V 

11K DC Input Diode Current -50 VI <GND mA 

10K DC Output Diode Current -50 Vo < GND 
mA 

+50 Vo> Vee 

10 DC Output Source/Sink Current ±50 mA 

lee DC Supply Current per Supply Pin ±100 mA 

IGND DC Ground Current per Ground Pin ±100 mA 

TSTG Storage Temperature -65 to +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 
JJm~s. 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 condRions for actual device operation. 

Note 2: 10 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 V 

Vo Output Voltage HIGH or lOW State 0 Vee V 
TRI-STATE 0 5.5 

10HliOL Output Current Vee = 3.0V-3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 ·C 

At/AV Input Edge Rate, VIN = 0.8V-2.0V, Vee = 3.0V 0 10 nsN 

DC Electrical Characteristics 

Symbol Parameter Conditions Vee TA = -40"Cto +8S·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 V 

VOH HIGH level Output Voltage 10H = -100 ",A 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL lOW level Output Voltage 10L = 100 ",A 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

10L = 16mA 3.0 0.4 V 

10L = 24mA 3.0 0.55 V 

II Input leakage Current o ~ VI ~ 5.5V 2.7-3.6 ±5.0 ",A 

loz TRI-STATE Output leakage o ~ Vo ~ 5.5V 2.7-3.6 ±5.0 ",A 
VI = VIH or VIL 

10FF Power -Off leakage Current VI or Vo = 5.5V 0 100 ",A 

lee Quiescent Supply Current VI = Vee or GND 2.7-3.6 10 ",A 

3.6V ~ VI, Vo ~ 5.5V 2.7-3.6 ±10 ",A 

Alec Increase in Icc per Input VIH = Vee -0.6V 2.7-3.6 500 ",A 
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AC Electrical Characteristics 
TA = -40"Cto +85°C 

Symbol Parameter Vee = 3.3V ± O.3V Vee = 2.7V Units 

Min Max Min Max 

tpHL Propagation Delay 1.5 6.0 1.5 6.5 
tpLH 1.5 6.0 1.5 6.5 ns 

tPZL Output Enable Time 1.5 7.0 1.5 6.0 
tpZH 1.5 7.0 1.5 6.0 

ns 

tpLZ Output Disable Time 1.5 6.0 1.5 7.0 
tpHZ 1.5 6.0 1.5 7.0 ns 

tOSHL Output to Output Skew (Note 1) 1.0 
tOSLH 1.0 ns 

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 (!oSHU or LOW to HIGH (!oSLH). 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 25°C 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.6 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.6 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open, VI = OV or Vee 7 pF 

CliO Input/Output Capacitance Vee = 3.3V, VI = OVorVee 8 pF 

CPO Power Dissipation Capacitance Vee = 3.3V, VI = OV or Vee, F = 10 MHz 25 pF 
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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 
T 

38 

M X 
LSpecial Variations 

"X" = Tape and Reel 
" "= Rail/Tube 
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IfINational Semiconductor 
PRELIMINARY 

74LCX138 
Low Voltage 1-of-8 Decoder/Demultiplexer 
with 5V Tolerant Inputs 

General Description Features 
• 5V tolerant inputs 
• 6.0 ns tpD max, 10 /LA ICCQ max 
• Power down high impedance inputs and outputs 
• 2.0V-3.6V Vcc supply operation 
• ± 24 mA output drive 

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. 

• Implements patented Quiet Series™ noise/EMI reduc-

Logic Symbols 

TLlF/12417-1 

Order Number 

tion circuitry 
• Functionally compatible with 74 series 138 
• Latch-up performance exceeds 500 mA 
• ESD performance: 

Human body model > 2000V 
Machine model > 200V 

Connection Diagram 

Pin Assignment 

IEEEIIEC for SOIC and TSSOP 

BIN/OCT 
00 

Ao 16 Vee 

Ao 0; ~ 2 15 00 

~ 
°2 

A2 14 0; 
A2 03 

~ 4 13 °2 

E2 5 12 °3 8< °4 
E3 

°5 
E3 11 04 

~ ~ 10 °5 EN 
°6 

E2 ~ 
GND 06 

TL/F/12417-3 
TL/F/12417-2 

Pin Names Description 

Ao-A2 Address Inputs 

E1-E2 Enable Inputs 

E3 Enable Input 

00-0 7 Outputs 

SOICJEDEC SOICEIAJ TSSOP 

74LCX138M 74LCX138SJ 74LCX138MTC 
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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Functional Description 
The LCX138 high-speed 1-of-8 decoder/demultiplexer ac­
cepts three binary weighted inputs (Ao. A1. A2) and, when 
enabled. provides eight mutually exclusive active-LOW out­
puts (00-07), The LCX138 features three Enable inputs, 
two active-LOW (E1• E2) and one active-HIGH (E3)' All out­
puts will be HIGH unless E1 and E2 are LOW and E3 is 
HIGH. 

Truth Table 
Inputs 

Et E2 E3 Ao At Az 00 Ot 02 

H X X 
X H X 
X X L 

L L H 
L L H 
L L H 
L L H 

L L H 
L L H 
L L H 
L L H 

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

X 
X 
X 

L 
H 
L 
H 

L 
H 
L 
H 

Logic Diagram 

X X H H H 
X X H H H 
X X H H H 

L L L H H 
L L H L H 
H L H H L 
H L H H H 

L H H H H 
L H H H H 
H H H H H 
H H H H H 

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. 

Outputs 

03 04 Os 0& 07 

H H H H H 
H H H H H 
H H H H H 

H H H H H 
H H H H H 
H H H H H 
L H H H H 

H L H H H 
H H L H H 
H H H L H 
H H H H L 

TUF/12417-4 

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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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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo<GND 
rnA 

+50 Vo> Vee 

10 DC Output Source/Sink Current ±50 rnA 

lee DC Supply Current per Supply Pin ±100 rnA 

IGND DC Ground Current per Ground Pin ±100 rnA 

TSTG Storage Temperature -65 to + 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: 10 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 V 

Vo Output Voltage HIGH or LOW State 0 Vee V 

10H/IOL Output Current Vee = 3.0V-3.6V ±24 
rnA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 ·C 

atlaV Input Edge Rate, VIN = 0.8V-2.0V, Vee = 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 V 

VOH HIGH Level Output Voltage 10H = -100!lA 2.7-3.6 Vee - 0.2 V 

10H = -12 rnA 2.7 2.2 V 

10H = -18rnA 3.0 2.4 V 

10H = -24 rnA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100 ",A 2.7-3.6 0.2 V 

10L = 12 rnA 2.7 0.4 V 

10L = 16 rnA 3.0 0.4 V 

10L = 24 rnA 3.0 0.55 V 

II Input Leakage Current 0,;; VI';; 5.5V 2.7-3.6 ±5.0 !lA 
10FF Power-Off Leakage Current VI or Vo = 5.5V 0 100 ",A 

lee Quiescent Supply Current VI = Vee or GND 2.7-3.6 10 !lA 
3.6V ,;; VI, Vo :s;; 5.5V 2.7-3.6 ±10 !lA 

alee Increase in lee per Input VIH = Vee -0.6V 2.7-3.6 500 ",A 
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AC Electrical Characteristics (Preliminary) 

TA = -40"Cto +8SoC 

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

Min Max Min Max 

tpHL Propagation Delay 1.5 6.0 1.5 7.0 
tpLH A-Y 1.5 6.0 1.5 7.0 ns 

tpHL Propagation Delay 1.5 6.5 1.5 7.5 
tpLH E3-Y 1.5 6.5 1.5 7.5 ns 

tpHL Propagation Delay 1.5 6.0 1.5 7.0 
tpLH En-Y 1.5 6.0 1.5 7.0 ns 

toSHL Output to Output Skew (Note 1) 1.0 
toSLH 1.0 ns 

Note 1: Skew Is defined as the absolute value of \he 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 (IosHU or LOW to HIGH (IoSlH)' 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 2SoC 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open, VI = OVorVee 7 pF 

COUT Output Capacitance Vee = 3.3V, VI = OVorVee 8 pF 

CpO Power Dissipation Capacitance Vee = 3.3V, VI = OVorVee, F = 10 MHz 25 pF 
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74LCX138 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 

Temperature __ Ra_n_g_e_F_a_m_i_ly ________ T ___ T-l 74 = Commercial 

Device Type 

Package Code-----------------l 
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 

43 
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LSpecial Variations 

"X" = Tape and Reel 
" "= Rail/Tube 
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ttl National Semiconductor 

74LCX240 
Low-Voltage Octal Buffer/Line Driver 
with 5V Tolerant Inputs and Outputs 
General Description • Power-down high impedance inputs and outputs 

The LCX240 is an inverting octal buffer and line driver de-
• 2.0V-3.6V Vee supply operation 

signed to be employed as a memory address driver. clock • ± 24 mA output drive 

driver and bus oriented transmitter or receiver. The device is • Implements patented Quiet Series™ noise/EMI 

designed for low voltage (3.3V) Vee applications with capa- reduction circuitry 

bilily of interfacing to a 5V signal environment. • Functionally compatible with the 74 series 240 

The LCX240 is fabricated with an advanced CMOS technol- • Latch-up performance exceeds 500 mA 

ogy to achieve high speed operation while maintaining • ESO performance: 
CMOS low power dissipation. Human Body Model > 2000V 

Machine Model > 200V 

Features 
• 5V tolerant inputs and outputs 
• 6.5 ns tpo max. 10 ,.A lceo max 

Logic Symbol Connection Diagram 
Pin Assignment 

IEEEIIEC for SOIC, SSOP and TSSOP 

Of, EN 1 ~ ~Vcc 
r 

Of, 2 19 _ 
10--" 

~~ 
OE2 

10- I> V 1"--0. o. ---=. 18 -

~- 1"--0, 'I...! 
17 0" 

1,- ~o. -• .2 ~~ 16 ~. 

'3 - ~O:. Os 6 15 ~ 
,2--" 

~~ .. ~5 _ 7 

0E,z EN 
Oss 13 a. 
13~ 

~~ 12 ~ -,...! 
'.- I> v I"--ii. 0, 10 11 03 

'.- I"--iis 
GND- '7 

~- 1"--0. TL/F111993-2 
1,- I"--ii, 

TL/FI11993-1 

Pin Names Description 

C5E1.0E2 TRI-STATEe Output Enable Inputs 
10-17 Inputs 

Truth Tables 
00-07 Outputs 

Inputs Outputs Inputs Outputs 
0E1 In (Pins 12, 14, 16, 18) CS!2 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 = Immaterial Z = High Impedance 

SOICJEDEC SOICEIAJ SSOPTypell TSSOP 

Order Number 74LCX240WM 74LCX240SJ 74LCX240MSA 74LCX240MTC 
74LCX240WMX 74LCX240SJX 74LCX240MSAX 74LCX240MTCX 

See NS Package Number M20B M200 MSA20 MTC20 
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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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo <GND 
mA 

+50 Vo> Vee 

10 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 -65 to +150 DC 

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: 10 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 V 

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

IOH/10L Output Current Vee = 3.0V-3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 DC 

atlaV Input Edge Rate, VIN = 0.8V-2.0V, Vee = 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 V 

VOH HIGH Level Output Voltage 10H = -100,..A 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100,..A 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

10L = 16mA 3.0 0.4 V 

10L = 24mA 3.0 0.55 V 

II Input Leakage Current O:S; VI:S; 5.5V 2.7-3.6 ±5.0 ,..A 

loz TRI-STATE Output Leakage o:s; Vo:S; 5.5V 2.7-3.6 ±5.0 p.A 
VI = VIH or VIL 

10FF Power-Off Leakage Current VI or Vo = 5.5V 0 100 ,..A 

Icc Quiescent Supply Current VI = Vee or GND 2.7-3.6 10 ,..A 

3.6V :s; VI, Vo :s; 5.5V 2.7-3.6 ±10 ,..A 

alec Increase in lee per Input VIH = Vee - 0.6V 2.7-3.6 500 ,..A 
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AC Electrical Characteristics 
TA = -40"Cto +85°C 

Symbol Parameter Vee = 3.3V ±O.3V Vee = 2.7V Units 

Min Max Min Max 

tpHL Propagation Delay 1.5 6.S 1.5 7.5 
tpLH Data to Output 1.5 6.5 1.5 7.5 

ns 

tpZL Output Enable Time 1.5 8.0 1.5 9.0 

IpZH 1.5 8.0 1.5 9.0 
ns 

tpLZ Output Disable Time 1.5 7.0 1.5 8.0 
tpHZ 1.5 7.0 1.5 8.0 

ns 

toSHL Output to Output Skew (Note 1) 1.0 

toSLH 1.0 
ns 

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 dlraction, eRher HIGH to LOW (toSHU or LOW to HIGH (!oslJi). 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 25°C 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = SO pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

CapaCitance 
Symbol Parameter Conditions Typical Units 

CIN Input CapaCitance Vee = Open, VI = OVorVee 7 pF 

COUT Output Capacitance Vee = 3.3V, Vi = OVorVee 8 pF 

CPO Power Dissipation CapaCitance Vee = 3.3V, VI = OVorVee, F = 10 MHz 25 pF 
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74LCX240 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 

74LCX =r 240 

T 
Package Code---------------------' 

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

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

MSA = Molded Shrink Small Outline Package, EIAJ, Type II 
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x 
LSpecial Variations 

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

TUF/11993-3 



IfI 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 • 5V tolerant inputs and outputs 
TRI-STATEII> outputs. The device may be employed as a • 6.5 ns tpD max. 10 /LA ICCQ max 
memory address driver. clock driver and bus-oriented trans- • Power down high impedance inputs and outputs 
miller/receiver. The LCX244 is designed for low voltage • 2.0V-3.6V Vee supply operation 
(3.3V) Vcc applications with capability of interfacing to a 5V • ± 24 mA output drive 
signal environment. 

• 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 • Functionally compatible with the 74 series 244 
CMOS low power dissipation. 

• Latch-up performance exceeds 500 mA 
• ESO performance: 

Human body model > 2000V 
Machine model > 200V 

Logic Symbol Connection Diagram 
Pin Assignment for 

IEEE/IEC SOIC, SSOP and TSSOP 

~~ ~ 
1 ~ 20 

2 r.;-~c 
'0 I> V 0" '°3 ~ .r- OEz 

18 0 
~ ~ 0.-; 

r-'--l. 17 0 
12 02 115 

~ .r-'-- 16 I. 
1,3 03 0s6" 15 0, 

12"1 
~ 
~ 15 

~~ 
~ 14 0 

068 
~ 13 2 

I, I>VO, 
139 
~ .r-'-- 12 '6 

IS 05 ~--;o ~ 11 Os 
~ 0, GND- '7 
., 0, 

TLfF/I1994-1 TL/F/I1994-2 

Pin Names Description 

15E1.15E2 TRI-STATE Output Enable Inputs 
10-17 Inputs 
00-0 7 Outputs 

Truth Tables 
Inputs Outputs Inputs outputs 

~1 In (Pins 12, 14, 16, 18) OE2 In (Pins 3, 5, 7, 9) 

L L L L L L 
L H H L H H 
H X Z H X Z 

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

SOICJEDEC SOICEIAJ SSOPTypell TSSOPJEDEC 

Order Number 74LCX244WM 74LCX244SJ 74LCX244MSA 74LCX244MTC 
74LCX244WMX 74LCX244SJX 74LCX244MSAX 74LCX244MTCX 

See NS Package Number M20B M200 MSA20 MTC20 
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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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TAI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo < GND 
mA 

+50 Vo> Vee 

10 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 -65 to +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: 10 Absolute Maximum Rating must be observed. 

Recommended Operating Conditions 
Symbol Parameter Min Max Units 

Vee Supply Voltage Operating 2.0 3.6 
V 

Data Aetention 1.5 3.6 

VI Input Voltage 0 5.5 V 

Vo Output Voltage HIGH or LOW State 0 Vee V 
TAl-STATE 0 5.5 

10H/IOL Output Current Vee = 3.0V - 3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 ·C 

. AtlAV Input Edge Aate, VIN = 0.8V-2.0V, Vee = 3.0V 0 10 nsN 

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 V 

VOH HIGH Level Output Voltage 10H = -100/LA 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100 /LA 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

10L = 16mA 3.0 0.4 V 

10L = 24mA 3.0 0.55 V 

II Input Leakage Current 0,,; VI"; 5.5V 2.7-3.6 ±5.0 /LA 
loz TAl-STATE Output Leakage 0"; Vo"; 5.SV 

2.7-3.6 ±5.0 /LA VI = VIH or VIL 

10FF Power-Off Leakage Current VI or Vo = 5.5V 0 100 /LA 
Icc Quiescent Supply Current VI = Vee or GND 2.7-3.6 10 /LA 

3.6V ,,; V" Vo ,,; 5.5V 2.7-3.6 ±10 /LA 
Alec Increase in Icc per Input VIH = Vee -0.6V 2.7-3.6 500 /LA 
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AC Electrical Characteristics 
TA = -40·Cto +8S·C 

Symbol Parameter Vee = 3.3V ±O.3V Vee = 2.7V Units 

Min Max Min Max 

tpHL Propagation Delay 1.5 6.5 1.5 7.5 
tpLH Data to Output 1.5 6.5 1.5 7.5 

ns 

tPZL Output Enable Time 1.5 8.0 1.5 9.0 

tPZH 1.5 8.0 1.5 9.0 
ns 

tpLZ Output Disable Time 1.5 7.0 1.5 8.0 
tpHZ 1.5 7.0 1.5 8.0 

ns 

tosHL Output to Output Skew (Note 1) 1.0 

tOSLH 1.0 
ns 

Note 1: Skew Is defined as the absolute value of the difference betwean tha actual propagation delay for any two separate outputs of the same device. The 
specification applies to any outputs switching in the same direction, eHher HIGH to LOW (IosHU or LOW to HIGH (toSLH)' 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 2S·C 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF. VIH = 3.3V. VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF. VIH = 3.3V. VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open. VI = OV or Vee 7 pF 

COUT Output Capacitance Vee = 3.3V. VI = OV or Vee 8 pF 

CPO Power Dissipation Capacitance Vee = 3.3V. VI = OVorVee. 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 3,.4,± ~~ 

Temperature Range Family---------:=J----I 
74LCX = Commercial 

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 
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x 
Lspecial Variations 

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

TL/F/11994-4 



~ r----------------------------------------------------------------------------, .... 
g tflNationa~ Semiconductor 

74LCX245 
Low-Voltage Bidirectional Transceiver 
with 5V Tolerant Inputs and Outputs 
General Description 
The LCX245 contains eight non-inverting bidirectional buff­
ers with TRI-STATE® outputs and is intended for bus orient­
ed applications. The device is designed for low voltage 
(3.3V) Vce applications with capability of interfacing to a 5V 
signal environment. The T fA" input determines the direction 
of data flow through the device. The OE input disables both 
the A and 8 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. 

Features 
• 5V tolerant inputs and outputs 
• 7.0 ns tpD max, 10 ",A IceQ max 
• Power down high impedance inputs and outputs 
• 2.0V-3.6V Vee supply operation 
• ± 24 mA output drive 
• Implements patented Quiet Series™ noise/EMI 

reduction circuitry 
• Functionally compatible with the 74 series 245 
• 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 

DE G3 

T/R T!R 20 Vee 

Ao 19 DE 

'i 18 110 
Ao 110 ~ 17 S, 

A3 16 B2 
OE 'i 81 

A4 15 B3 
A2 82 

As 14 B4 
A3 83 

As 13 Bs 
A4 84 

A7 12 lis As 85 
TL/F/12006-1 

As lis 
GND ~ 

~ ~ TL/F/12006-3 

TUF/I2006-2 

Pin Names Description 

OE Output Enable Input 
T/R Transmit/Receive Input 
Ao-A7 Side A Inputs or TRI-STATE Outputs 
80-87 Side B Inputs or TRI-5TATE Outputs 

SOICJEDEC SOICEIAJ SSOPTypell TSSOPJEDEC 

Order Number 74LCX245WM 74LCX245SJ 74LCX245MSA 74LCX245MTC 
74LCX245WMX 74LCX245SJX 74LCX245MSAX 74LCX245MTCX 

See NS Package Number M20B M20D MSA20 MTC20 

52 



Truth Table 

Logic Diagram 

Inputs 

OE T/R 

L L 
L H 
H X 

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

Outputs 

Bus Bo-B7 Data to Bus Ao-A7 
Bus Ao-A7 Data to Bus Bo-B7 
HIGH Z State on Ao-A7. Bo-B7 

~----------------~ 

53 

TL/F/12006-4 



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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI <GND mA 

10K DC Output Diode Current -50 Vo < GND 
mA 

+50 Vo> Vee 

10 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 -65 to +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 
CondHions" table will define the conditions for actual device operation. 

Note 2: 10 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 V 

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

10HliOL Output Current Vee = 3.0V - 3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 ·C 

Il.tlll.V Input Edge Rate, VIN = 0.8V-2.0V, Vce = 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 V 

VOH HIGH Level Output Voltage 10H = -100/LA 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100 /LA 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

10L = 16mA 3.0 0.4 V 

10L = 24mA 3.0 0.55 V 

II I nput Leakage Current o ~ VI ~ 5.5V 2.7-3.6 ±5.0 /LA 

loz TRI-STATE I/O Leakage o ~ Vo ~ 5.5V 2.7-3.6 ±5.0 /LA VI = VIH orVIL 

10FF Power-Off Leakage Current VI or Vo = 5.5V 0 100 /LA 

Icc Quiescent Supply Current VI = Vee or GND 2.7-3.6 10 /LA 
3.6V ~ Vio Vo ~ 5.5V 2.7-3.6 ±10 /LA 

Il.lee Increase in lee per Input VIH = Vee -0.6V 2.7-3.6 500 IJA 
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AC Electrical Characteristics 
TA = -40"Cto +8SoC 

Symbol Parameter Vee = 3.3V ±O.3V Vee = 2.7V Units 

Min Max Min Max 

tpHL Propagation Delay 1.5 7.0 1.5 8.0 
tpLH An to Bn or Bn to An 1.5 7.0 1.5 B.O 

ns 

tPZL Output Enable Time 1.5 B.5 1.5 9.5 
tPZH 1.5 B.5 1.5 9.5 

ns 

tpLZ Output Disable Time 1.5 7.5 1.5 8.5 
tpHZ 1.5 7.5 1.5 8.5 

ns 

tOSHL, Output to Output Skew 1.0 

tOSLH (Note 1) 1.0 
ns 

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 (losHU or LOW to HIGH (IosLH)' 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 2SoC 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 O.B V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open, VI = OV or Vee 7 pF 

CliO Input/Output capacitance Vee = 3.3V, VI = OV or Vee 8 pF 

CPO Power Dissipation Capacitance Vee = 3.3V, VI = OV or Vee, 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: 

74LCX 245 ~~ X 

Temperature Range family =r T LSpecial 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 II 
TUF/12006-5 
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~ pNational Semiconductor 

74LCX373 
Low-Voltage Octal Transparent Latch 
with 5V Tolerant Inputs and Outputs 
General Description Features 

• 5V tolerant inputs and outputs 
• 8.0 ns tpD max, 10 ,..A ICCQ max 

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) Vee applications with capa­
bility of interfacing to a 5V signal environment. 

• Power-down high impedance inputs and outputs 
• 2.0V-3.6V Vee supply operation 

The LCX373 is fabricated with an advanced CMOS technol­
ogy to achieve high speed operation while maintaining 
CMOS low power dissipation. 

• ± 24 rnA output drive 
• Implements patented Quiet Series™ noise/EM I 

reduction circuitry 

Logic Symbols 

OE 
LE 

Do 
0, 

0. 
LE 

OE 0, 

0, 

Os 

TLlF/11995-1 
0, 

0, 

Pin Names 

00-0 7 
LE 
OE 
00-0 7 

SOICJEDEC 

Order Number 74LCX373WM 
74LCX373WMX 

See NS Package Number M20B 

• Functionally compatible with the 74 series 373 
• Latch-up performance exceeds 500 mA 
• ESO performance: 

Human Body Model > 2000V 
Machine Model > 200V 

Connection Diagram 

IEEE/IEC 
Pin Assignment for 

SOIC, SSOP and TSSOP 

OE 1 20 Vee 
00 2 19 0, 

Do Do 3 18 0, 

0, 0, , 17 0,. 

O2 0, 16 0,. 

0, 0. 6 15 O. 

0, O2 7 14 Os 

Os 0, 13 0, 

0,. 0, 12 0, 

0, GNO 10 11 LE 

TL/F/11995-2 TLlF/11995-3 

Description 

Data Inputs 
Latch Enable Input 
Output Enable Input 
TRI-STATE Latch Outputs 

SOICEIAJ SSOPTypell TSSOPJEDEC 

74LCX373SJ 74LCX373MSA 74LCX373MTC 
74LCX373SJX 74LCX373MSAX 74LCX373MTCX 

M200 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 Dn 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 

Do 

LE 

0, 

Truth Table 
Inputs 

LE OE 

X H 
H L 
H L 
L L 

H = HIGH Voltage Level 
L = LOW Vollage Level 
Z = High Impedance 
X = Immalerial 

Outputs 

On On 

X Z 
L L 
H H 
X 00 

00 = Previous 00 before HIGH 10 LOW Iransilion of Lalch Enable 

TUF111995-4 

Please note thallhis diagram is provided only for Ihe understending of logiC operations and should nol be used 10 estimale 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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo < GND 
mA 

+50 Yo> Vee 

10 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 -65 to + 150 ·C 

Nate 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 ooElectrical Charecteristicsootable are not guarenteed at the Absolute Maximum Ratings. The ooRecommended Operating 
CondHlonsoo table will define the conditions for actual device operation. 

Note 2: 10 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 V 

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

10HliOL Output Current Vee = 3.0V-3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 ·C 

11t1I1V Input Edge Rate, VIN = 0.8V-2.0V, Vee = 3.0V 0 10 nsN 

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 V 

VOH HIGH Level Output Voltage 10H = -100 p.A 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100 p.A 2.7-3.6 0.2 V 

10L = 12 mA 2.7 0.4 V 

10L = 16mA 3.0 0.4 V 

10L = 24mA 3.0 0.55 V 

II Input Leakage Current 0,;:; VI';:; 5.5V 2.7-3.6 ±5.0 p.A 

loz TRI-STATE Output Leakage 0,;:; Vo';:; 5.5V 
2.7-3.6 ±5.0 p.A 

VI = VIHorVIL 

10FF Power-Off Leakage Current VlorVO = 5.5V 0 100 p.A 

lee Quiescent Supply Current VI = Vee or GND 2.7-3.6 10 p.A 

3.6V ,;:; VI, Vo ,;:; 5.5V 2.7-3.6 ±10 p.A 

I1lee Increase in Icc per Input VIH = Vee - 0.6V 2.7-3.6 500 p.A 
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AC Electrical Characteristics 
TA = -40'Cto +85'C 

Symbol Parameter Vee = 3.3V ±O.3V Vee = 2.7V Units 

Min Max Min Max 

tpHL Propagation Delay 1.5 8.0 1.5 9.0 

tpLH On to On 1.5 8.0 1.5 9.0 
ns 

tpHL Propagation Delay 1.5 8.5 1.5 9.5 

tpLH LEtoOn 1.5 8.5 1.5 9.5 
ns 

tPZL Output Enable Time 1.5 8.5 1.5 9.5 

tPZH 1.5 8.5 1.5 9.5 
ns 

tpLZ Output Disable Time 1.5 7.5 1.5 8.5 

tpHZ 1.5 7.5 1.5 8.5 
ns 

ts Setup Time, Dn to LE 2.5 2.5 ns 

tH Hold Time, Dn to LE 1.5 1.5 ns 

tw LE Pulse Width 3.3 3.3 ns 

tosHL Output to Output Skew 1.0 

toSLH (Note 1) 1.0 
ns 

Note 1: Skew is defined as the absolute value of the diHerence between the actual propagation delay for any two separate outputs of the same device. The 
specHication applies to any outputs switching in the same direction, either HIGH to lOW (toSHU or lOW to HIGH (toSLH). 

Dynamic Switching Characteristics 

Symbol Parameter Conditions 
Vee TA = 25'C 

Units 
(V) Typical 

VOlP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open, VI = OVorVee 7 pF 

COUT Output Capacitance Vee = 3.3V, VI = OVorVee 8 pF 

CPO Power Dissipation Capacitance Vee = 3.3V, VI = OVorVee, F = 10 MHz 25 pF 
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~ r---------------------------------------------------------------------------------~ 

" ~ g 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: 

Temperature Range family 
74LCX = Commercial 

74LCX 373 Y!~ =rT 
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 
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x 
LSpecial Variations 

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

TUF/11995-5 



tflNational Semiconductor 

74LCX374 
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<!l 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) Vee 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 

• 8.5 ns tpo max, 10 ".A ICCQ max 
• Power-down high impedance inputs and outputs 
• 2.0V-3.6V VCC supply operation 
• ±24 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 
IEEEIIEC SOIC, SSOP and TSSOP 

OE OE 20 Vee 
cp 

00 19 '? 
DO 18 ~ 

Do °0 
~ 17 Os 

~ 0, 
°1 16 Os 

OE O2 °2 
°2 15 °5 

03 °3 O2 14 05 
04 °4 03 13 04 

TUF/11996-1 05 °5 
°3 12 °4 

Os Os GNO 10 II CP 

~ '? 
TUF/11996-2 TUF/11996-3 

Pin Names Description 

Do-D7 Data Inputs 
CP Clock Pulse Input 
OE Output Enable Input 
00-0 7 TRI-STATE Outputs 

SOICJEDEC SOICEIAJ SSOPTypell TSSOPJEDEC 

Order Number 74LCX374WM 74LCX374SJ 74LCX374MSA 74LCX374MTC 
74LCX374WMX 74LCX374SJX 74LCX374MSAX 7 4LCX37 4MTCX 

See NS Package Number M20B M20D MSA20 MTC20 
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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 (~) LOW, the contents of the eight flip­
flops are available at the outputs. When the ~ is HIGH, the 
outputs go to the high impedance state. Operation of the 
~ input does not affect the state of the flip-flops. 

Logic Diagram 

Truth Table 
Inputs 

On CP 

H .../ 
L .../ 
X L 
X X 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Immaterial 
Z = High Impedance 
...r = LOW-te-HIGH Transition 

OE 

L 
L 
L 
H 

00 = Previous 00 before HIGH to LOW of CP 

Outputs 

On 

H 
L 

00 
Z 

TUF/11996-4 

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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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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5to +7.0 V 

Vo DC Output Voltage -0.5to +7.0 Output in TRI·STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo < GND 
mA 

+50 Vo> Vee 

10 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: 10 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 V 

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

10H/IOL Output Current Vee = 3.0V-3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 'C 

AtlAV Input Edge Rate, VIN = 0.8V-2.0V, Vee = 3.0V 0 10 ns/V 

DC Electrical Characteristics 

Symbol Parameter Conditions 
Vee TA = -40'C to +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 V 

VOH HIGH Level Output Voltage 10H = -100/LA 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100 /LA 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

10L = 16mA 3.0 0.4 V 

10L = 24mA 3.0 0.55 V 

II Input Leakage Current 0:5: VI:5: 5.5V 2.7-3.6 ±5.0 /LA 

102 TRI-STATE Output Leakage 0:5: Vo:5: 5.5V 2.7-3.6 ±5.0 /LA VI = VIH or VIL 

10FF Power·Off Leakage Current VI orVo = 5.5V 0 100 /LA 

Icc Quiescent Supply Current VI = Vee or GND 2.7-3.6 10 /LA 

3.6V :5: VI, Vo :5: 5.5V 2.7-3.6 ±10 /LA 

Alec Increase in Icc per Input VIH = Vee - 0.6V 2.7-3.6 500 /LA 

63 



AC Electrical Characteristics 
TA = -400Cto +B5"C 

Symbol Parameter Vee = 3.3V ±O.3V Vee = 2.7V Units 

Min Max Min Max 

fMAX Maximum Clock Frequency 150 MHz 

tpHL Propagation Delay 1.5 8.5 1.5 9.5 
tpLH CP to On 1.5 8.5 1.5 9.5 

ns 

tpZL Output Enable Time 1.5 8.5 1.5 9.5 
tPZH 1.5 8.5 1.5 9.5 

ns 

tpLZ Output Disable Time 1.5 7.5 1.5 8.5 
tpHZ 1.5 7.5 1.5 8.5 

ns 

ts Setup Time 2.5 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 

tosLH 1.0 
ns 

Note 1: Skew Is defined as the absolute value 01 the difference between the actual propagation delay lor any two separate outputs 01 the same device. The 
specification applies to any outputs switching In the same direction, either HIGH to LOW (tosHU or LOW to HIGH (tosLHl. 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 25"C 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

CapaCitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open, VI = OVorVee 7 pF 

COUT Output Capacitance Vee = 3.3V, VI = OVorVee 8 pF 

CPO Power Dissipation CapaCitance Vee = 3.3V, VI = OVorVee, 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: 

Temperature Range Family 
74 = Commercial 

74LCX 374 ~~ =rT 
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 
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LSpecial Variations 

"X" = Tape and Reel 
" " = Rail/Tube 
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g tflNational Semiconductor 
PRELIMINARY 

74lCX540 
Octal Buffer/Line'Driver with 
5V Tolerant Inputs and Outputs 

General Description Features 
• 5V tolerant inputs and outputs 
• 6.5 ns tpo max, 10 ",A ICCQ max 

The LCX540 is an octal buffer/line drivers designed to be 
employed as memory and address drivers, clock drivers and 
bus oriented transmitter/receivers. • Power down high impedance inputs and outputs 

• 2.0V-3.6V VCC supply operation 
• ± 24 mA output drive 

These devices are similar in function to the 'LCX240 while 
providing flow-through architecture (inputs on opposite side 
from outputs). This pinout arrangement makes these devic­
es especially useful as output ports for microprocessors, 
allowing ease of layout and greater PC board density. 

• Implements patented Quiet Series™ noise/EM I reduc-

The LCX540 is designed for low voltage (3.3V) Vcc applica­
tions with capability of interfacing to a 5V signal environ­
ment. The LCX540 is fabricated with an advanced CMOS 
technology to achieve high speed operation while maintain­
ing CMOS low power dissipation. 

tion circuitry 
• Functionally compatible with 74 series 540 
• Latch-up performance exceeds 500 mA 
• ESD performance: 

Human body model > 2000V 
Machine model > 200V 

Logic Symbol Connection Diagram Truth Table 

IEEEIiEC 

00 

0, 
O2 

03 

04 

as 
as 
07 

TUF/12403-1 

Order Number 

See NS Package Number 

Inputs 
Pin Assignment 

OEl OE2 I for SOIC, SSOP and TSSOP 

OE, 

10 

12 

13 

14 

15 

Is 

SOICJEDEC 

74LCX540WM 
74LCX540WMX 

M20B 

20 Vee 

190[2 

18 -
°0 

17 -
°1 

16 -
°2 

15 -
°3 

14-
°4 

13 -
°5 

12 -
Os 

11 -
°7 

L L 
H X 
X H 
L L 

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

H 
X 
X 
L 

TL/F/12403-2 

SOICEIAJ SSOPTypell TSSOPJEDEC 

74LCX540SJ 74LCX540MSA 74LCX540MTC 
74LCX540SJX 74LCX540MSAX 74LCX540MTCX 

M20D MSA20 MTC20 

Outputs 

L 
Z 
Z 
H 

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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo < GND 
mA 

+50 Vo > Vee 

10 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: 10 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 V 

Vo Output Voltage HIGH or LOW State 0 Vee 
V 

TRI-STATE 0 5.5 

10H/IOL Output Current Vee = 3.0V - 3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 ·C 

t.tlI:N Input Edge Rate, VIN = 0.8V-2.0V. Vee = 3.0V 0 10 ns/V 

DC Electrical Characteristics 

Symbol Parameter Conditions Vee TA = -40"Cto +S5"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 V 

VOH HIGH Level Output Voltage 10H = -100/LA 2.7-3.6 Vee - 0.2 V 

10H = -12 mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100 /LA 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

10L = 16mA 3.0 0.4 V 

10L = 24mA 3.0 0.55 V 

II Input Leakage Current 0,;;: VI';;: 5.5V 2.7-3.6 ±5.0 /LA 

loz TRI-STATE Output Leakage 0,;;: Vo';;: 5.5V 
2.7-3.6 ±5.0 /LA VI = VIH or VIL 

10FF Power-Off Leakage Current VlorVo = 5.5V 0 100 /LA 

Icc Quiescent Supply Current VI = Vee or GND 2.7-3.6 10 /LA 

3.6V ,;;: VI. Vo ,;;: 5.5V 2.7-3.6 ±10 /LA 

t.lee Increase in Icc per Input VIH = Vee -0.6V 2.7-3.6 500 /LA 
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AC Electrical Characteristics 
TA = -40"Cto +85°C 

Symbol Parameter Vee = 3.3V ±O.3V Vee = 2.7V Units 

Min Max Min Max 

tpHL Propagation Delay 1.5 6.5 1.5 7.5 
tpLH 1.5 6.5 1.5 7.5 

ns 

tpZL Output Enable Time 1.5 8.0 1.5 9.0 
tPZH 1.5 8.0 1.5 9.0 

ns 

tpLZ Output Disable Time 1.5 7.0 1.5 8.0 
tpHZ 1.5 7.0 1.5 8.0 

ns 

toSHL Output to Output Skew (Note 1) 1.0 

toSLH 1.0 
ns 

Note 1: Skew is defined as the absoluta valua of tha diffarence batween the actual propagation delay for any two saparate outputs of tha same device. The 
specification applies to any outputs swHching in the same direction, eHher HIGH to LOW (tosHU or LOW to HIGH (toSLH)' 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 25°C 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open, VI = OV or Vee 7 pF 

COUT Output Capacitance Vee = 3.3V, VI = OV or Vee 8 pF 

CPO Power Dissipation Capacitance Vee = 3.3V, VI = OVor Vee, 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 8 
defined as follows: 

Temperature Range Family 
74 = Commercial 

74LCX 540 Yi~ =rT 
Device Type------------------..J 

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" 
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LSpecial Variations 

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

TUF/12403-4 



~ r--------------------------------------------------------------------------------, • g I!J1National Semiconductor 
PRELIMINARY 

74LCX541 
Octal Buffer ILine Driver with 
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. 

Features 
• 5V tolerant input and outputs 
• 6.5 ns tpD max, 10 /LA lceo max 
• Power-down high impedance inputs and outputs 
• 2.0V-3.6V Vee supply operation 
• ± 24 mA output drive 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. 

• Implements patented Quiet Series™ noise/ EMI reduc-

The 'LCX541 is designed for low voltage (3.3V) Vee 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. 

tion circuitry 
• Functionally compatible with 74 series 541 
• Latch-up performance exceeds 500 mA 

• 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 

0E1 ....... J-----. 
10 

OE1 OE2 

L L 
H X 
X H 
L L 

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

I 

H 
X 
X 
L 

TL/F/12404-2 

TUF/12404-1 

SOICJEDEC SOICEIAJ SSOPTypeli TSSOPJEDEC 

Order Number 74LCX541WM 74LCX541SJ 74LCX541 MSA 74LCX541MTC 
74LCX541 WMX 74LCX541SJX 74LCX541 MSAX 74LCX541 MTCX 

See NS Package Number M20B M20D MSA20 MTC20 

H 
Z 
Z 
L 

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 -0.5to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo < GND 
mA 

+50 Vo> Vee 

10 DC Output Source/Sink Current ±50 mA 

lee DC Supply Current per Supply Pin ±100 mA 

IGND DC Ground Current per Ground Pin ±100 mA 

TSTG Storage Temperature -65 to +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: 10 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 V 

Vo Output Voltage HIGH or LOW State 0 Vee 
V 

TRI-STATE 0 5.5 

10H/IOl Output Current Vee = 3.0V - 3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 'C 

t:.tlt:.V Input Edge Rate, VIN = 0.8V-2.0V, Vee = 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 V 

VOH HIGH Level Output Voltage 10H = -100/LA 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10l = 100/LA 2.7-3.6 0.2 V 

,. 10l = 12mA 2.7 0.4 V 

10l = 16mA 3.0 0.4 V 

10l = 24mA 3.0 0.55 V 

II Input Leakage Current o ~ VI ~ 5.5V 2.7-3.6 ±5.0 /LA 

loz TRI-STATE Output Leakage o ~ Vo ~ 5.5V 
2.7-3.6 ±5.0 /LA VI = VIH or Vil 

10FF Power-Off Leakage Current VI or Vo = 5.5V 0 100 /LA 

lee Quiescent Supply Current VI = Vee or GND 2.7-3.6 10 /LA 

3.6V ~ VJ, Vo ~ 5.5V 2.7-3.6 ±10 /LA 

t:.lee Increase in lee per Input VIH = Vee -0.6V 2.7-3.6 500 /LA 
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AC Electrical Characteristics (Preliminary) 

TA = -40'Cto +85'C 

Symbol Parameter Vee = 3.3V ±O.3V Vee = 2.7V Units 

Min Max Min Max 

tpHL Propagation Delay 1.5 6.5 1.5 7.5 
tpLH 1.5 6.5 1.5 7.5 

ns 

tPZL Output Enable Time 1.5 8.0 1.5 9.0 
tPZH 1.5 8.0 1.5 9.0 

ns 

tpLZ Output Disable Time 1.5 7.0 1.5 8.0 
tpHZ 1.5 7.0 1.5 8.0 

ns 

tOSHL Output to Output Skew 1.0 
tOSLH (Note 1) 1.0 

ns 

'r 

J 

'. Nota 1: Skew is defined as the absolute value of the diHerence 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. eRher HIGH to LOW (IosHU or LOW to HIGH (IoSLH). 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 25'C 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open, VI = OVorVcc 7 pF 

COUT Output Capacitance Vee = 3.3V, VI = OVorVee 8 pF 

CPO Power Dissipation Capacitance Vee = 3.3V, VI = OVorVee, F = 10 MHz 25 pF 
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74LCX541 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 

74LCX =r- 541 

J 
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 
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Lspecial Variations 

"X" = Tape and Reel 
" " = Rail/Tube 
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g trlNational 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. 

Logic Symbols 

Features 
• 5V tolerant inputs and outputs 

• 7.0 ns tpD max, 10 p.A leeQ max 
• Power down high impedance inputs and outputs 
• 2.0V-3.6V Vee supply operation 
• ± 24 mA output drive 
• Implements patented Quiet Series™ noise/EM I reduc-

tion circuitry 

• Functionally compatible with 74 series 573 
• Latch-up performance exceeds 500 mA 

• ESO performance: 
Human body model > 2000V 
Machine model > 200V 

Connection Diagrams 

IEEE/IEC Pin Assignment 

OE for SOIC, SSOP and TSSOP 

LE 
OE 20 Vee 

°0 °0 °0 19 °0 
OE 

°1 0. 11 18 °1 

°2 °2 °2 17 °2 

03 °3 °3 16 °3 
TL/F/12405-1 

°4 °4 °4 15 °4 

Os Os Os 14 Os 

Os Os Os 13 Os 

~ ~ °7 12 ~ 
TL/F/12405-2 GNO 10 11 LE 

TL/F/12405-3 

Pin Names Description 

00-07 Data Inpu1s 
LE Latch Enable Input 
OE TRI-STATE Output Enable Input 
0 0-0 7 TRI-STATE Latch Outputs 

SOICJEDEC SOICEIAJ SSOPTYPEII TSSOPJEDEC 

Order Number 
74LCX573WM 74LCX573SJ 74LCX573MSA 74LCX573MTC 

74LCX573WMX 74LCX573SJX 74LCX573MSAX 74LCX573MTCX 

See NS Package Number M20B M200 MSA20 MTC20 
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Functional Description 
The 'LCX573 contains eight D-type latches with TRI-STATE 
output buffers. When the Latch Enable (LE) input is HIGH, 
data on the Dn inputs enters the latches. In this condition 
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 in­
puts a setup time preceding the HIGH-to-LOW transition of 
LE. The TRI-STATE buffers are controlled by the Output 
Enable (OE) input. When OE is LOW, the buffers are en­
abled. When DE is HIGH the buffers are in the high imped­
ance mode but this does not interfere with entering new 
data into the latches. 

Logic Diagram 

LE 

Truth Table 
Inputs 

OE 

L 
L 
L 
H 

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

LE 

H 
H 
L 
X 

outputs 

D On 

H H 
L L 
X 00 
X Z 

00 = Previous 00 before HIGH·to-LOW transition of Latch Enable 

°7 
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 (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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI <GND mA 

10K DC Output Diode Current -50 Vo < GND 
mA 

+50 Vo> Vee 

10 DC Output Source/Sink Current ±50 mA 

lee DC Supply Current per Supply Pin ±100 mA 

IGND DC Ground Current per Ground Pin ±100 mA 

TSTG Storage Temperature -65 to +150 ·C 

Nota 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 thase 
limits. The parametric values definad in the "Electrical Characteristics" table are not guarantead at the Absolute Maximum Ratings. Tha "Recommended Operating 
Conditions" table will define the conditions for actual device operation. 

Note 2: 10 Absolute Maximum Rating must be observad. 

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 V 

Va Output Voltage HIGH or LOW State 0 Vee V 
TRI-STATE 0 5.5 

10H/loL Output Current Vee = 3.0V-3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 ·C 

AtlAV Input Edge Rate, VIN = 0.8V-2.0V, Vee = 3.0V 0 10 nsN 

DC Electrical Characteristics 

Symbol Parameter Conditions Vee TA = -40"Cto +8S·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 V 

VOH HIGH Level Output Voltage 10H = -100 p.A 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100 p.A 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

10L = 16mA 3.0 0.4 V 

10L = 24mA 3.0 0.55 V 

II Input Leakage Current 0';; VI';; 5.5V 2.7-3.6 ±5.0 p.A 

loz TRI-STATE Output Leakage 0,;; Va';; 5.5V 
2.7-3.6 ±5.0 p.A 

VI = VIH or VIL 

IOFF Power-Off Leakage Current VI or Va = 5.5V 0 100 p.A 

lee Quiescent Supply Current VI = Vee or GND 2.7-3.6 10 p.A 
3.6V ,;; VI, Va ,;; 5.5V 2.7-3.6 ±10 p.A 

Alee Increase in lee per Input VIH = Vee -0.6V 2.7-3.6 500 p.A 
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AC Electrical Characteristics 
TA = -40"Cto +85°C 

Symbol Parameter Vee = 3.3V ±O.3V Vee = 2.7V Units 

Min Max Min Max 

tpHl Propagation Delay 1.5 7.0 1.5 7.5 
tplH Onto On 1.5 7.0 1.5 7.5 

ns 

tpHl Propagation Delay 1.5 7.5 1.5 8.5 
tplH LE to On 1.5 7.5 1.5 8.5 

ns 

tPZl Output Enable Time 1.5 7.5 1.5 8.0 
tpZH 1.5 7.5 1.5 8.0 

ns 

tpLZ Output Disable Time 1.5 6.0 1.5 6.5 

tpHZ 1.5 6.0 1.5 6.5 
ns 

ts Setup Time, On to LE 2.5 2.5 ns 

tH Hold Time, On 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 

toSlH 1.0 
ns 

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

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 25°C 
Units 

(V) Typical 

VOlP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open, VI = OV or Vee 7 pF 

COUT Output Capacitance Vee = 3.3V, VI = OVorVee 8 pF 

CPD Power Dissipation Capacitance Vee = 3.3V, VI = OVorVee, 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: 

Temperature Range Family 
74 = Commercial 

Device Type 

74LCX =r 573 

J 
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 
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LSpecial Variations 

"X" = Tape and Reel 
.... = Rail/Tube 
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(f1National 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. 

Features 
• 5V tolerant inputs and outputs 
• 7.5 ns tpD max, 10 /LA ICCQ max 
• Power down high impedance inputs and outputs 

• 2.0V-3.6V VCC supply operation 
• ± 24 mA output drive 

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

• Implements patented Quiet Series™ noise/EM I reduc-

The 'LCX574 is designed for low voltage (3.3V) Vcc 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. 

tion circuitry 
• Functionally compatible with 74 series 574 
• Latch-up performance exceeds 500 mA 

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

Logic Symbols Connection Diagrams 

IEEEIIEC Pin Assignment 
for SOIC, SSOP and TSSOP 

OE 
CP OE 20 Vee 

°0 2 19 °0 
°0 00 

°1 18 °1 
°1 ~ 

°2 4 17 °2 
°2 °2 

°3 5 16 °3 03 03 
°4 15 °4 

°4 °4 
°5 7 14 °5 

°5 °5 
Os 13 Os 

Os Os 
~ 12 °7 

~ ~ 
GNO 10 11 CP 

TUF/12406-4 

OE 

TL/F/12406-1 

Pin Names Description 

Do-D7 Data Inputs 
CP Clock Pulse Input 
OE TRI-STATE® Output 

Enable Input TL/F/12406-2 

00-0 7 TRI-STATE Outputs 

SOICJEDEC SOICEIAJ SSOPTypell TSSOPJEDEC 

74LCX574WM 74LCX574SJ 74LCX574MSA 74LCX574MTC 
Order Number 

74LCX574WMX 74LCX574SJX 7 4LCX57 4MSAX 7 4LCX57 4MTCX 

SeeNS 
M20A M20D MSA20 MTC20 

Package Number 

79 



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 

OE CP D 

H H L 
H H H 
H ..r L 
H ..r H 
L ..r L 
L ..r H 
L H L 
L H H 

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

Q 

NC 
NC 
L 
H 
L 
H 

NC 
NC 

../ = LOW-to-HIGH Transition 
NC = No Change 

Outputs 

ON 

Z 
Z 
Z 
Z 
L 
H 

NC 
NC 

Function 

Hold 
Hold 
Load 
Load 
Data Available 
Data Available 
No Change in Data 
No Change in Data 

TLlFf12406-5 

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 (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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo < GND 
mA 

+50 Vo> Vee 

10 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 -65 to +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: 10 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 V 

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

10H/IOL Output Current Vee = 3.0V-3.6V ±24 
mA 

Vcc = 2.7V ±12 

(TAl Free-Air Operating Temperature -40 85 "C 

allaV Input Edge Rate, VIN = 0.8V-2.0V, Vee = 3.0V 0 10 nsN 

DC Electrical Characteristics 

Symbol Parameter Conditions Vee TA = -40"Cto +8S"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 V 

VOH HIGH Level Output Voltage 10H = -100pA 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100pA 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

10L = 16mA 3.0 0.4 V 

10L = 24mA 3.0 0.55 V 

II Input Leakage Current O:S; VI:S; 5.5V 2.7-3.6 ±5.0 /JoA 

loz TRI-STATE Output Leakage O:S; Vo:S; 5.5V 2.7-3.6 ±5.0 /JoA VI = VIH or VIL 

10FF Power-Off Leakage Current VI orVo = S.5V 0 100 /JoA 

Icc Quiescent Supply Current VI = Vee or GND 2.7-3.6 10 /JoA 
3.6V :s; Vj, Vo :s; 5.SV 2.7-3.6 ±10 /JoA 

alec Increase in Icc per Input VIH = Vee -0.6V 2.7-3.6 500 /JoA 
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AC Electrical Characteristics 
TA = -40"Cto +85°C 

Symbol Parameter Vee = 3.3V ±O.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 
tpLH CP to On 1.5 7.5 1.5 8.5 

ns 

tPZL Output Enable Time 1.5 7.5 1.5 8.0 
tPZH 1.5 7.5 1.5 8.0 

ns 

tpLZ Output Disable Time 1.5 6.0 1.5 6.5 
tpHZ 1.5 6.0 1.5 6.5 

ns 

ts Setup Time 2.5 2.5 ns 

tH Hold Time 1.5 1.5 ns 

tw Pulse Width 3.3 3.3 ns 

IosHL Output to Output Skew (Note 1) 1.0 

IosLH 1.0 
ns 

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 
specffication applies to any outputs switching in the same direction. either HIGH to LOW (toSHu or LOW to HIGH (tosLW' 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 25°C 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF. VIH = 3.3V. VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF. VIH = 3.3V. VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open. VI = OVorVee 7 pF 

COUT Output Capacitance Vee = 3.3V. VI = OVorVee 8 pF 

CPO Power Dissipation Capacitance Vee = 3.3V. VI = OVorVcc. 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: 

74LCX 574 ~~ X 

Temperature Range Family ~ T LSpecial 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 II 
TUF/12406-6 
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f)1National Semiconductor 

74LCX646 
Low-Voltage Octal Transceiver/Register 
with 5V Tolerant Inputs and Outputs 
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) Vee 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. 

Logic Symbols 

Features 
• 5V tolerant inputs and outputs 
• 7.0 ns tPD max, 10 }JoA leeQ max 
• Power down high impedance inputs and outputs 
• 2.0V-3.6V Vee supply operation 
• ±2.4 mA output drive 
• Implements patented Quiet Series™ noise/EM I reduc-

tion circuitry 
• Functionally compatible with the 74 series 646 
• Latch-up performance exceeds 500 mA 
• ESD performance: 

Human body model > 2000V 
Machine model > 200V 

Connection Diagram 
Pin Assignment 

IEEE/IEC for SOIC, SSOP and TSSOP 

Or 
01. CPAB 24 Vce 

CPBA SAB CPBA 

SSA DIR SBA 
SAS CPAB 

DIR SAS An Of 
CP8A "0 AI So .. 

A2 e, 
A3 B2 .. ~ 

TL/F/11997-1 A4 17 B3 
A, 8, 

As 16 84 

Pin Names Description 
A, a, As 15 85 

A. '. A7 14 Be Ao-A7 Data Register A Inputs 
GND 12 13 ~ Data Register A Outputs A, S, 

Bo-B7 Data Register B Inputs 
TL/F/11997-3 

Data Register B Outputs A, 

'" CPAB,CPBA Clock Pulse Inputs t., a, 
SAB,SBA Transmit/Receive Inputs 
G Output Enable Input TL/F/11997-2 

DIR Direction Control Input 

SOICJEDEC SSOPTypell TSSOP 

Order Number 74LCX646WM 74LCX646MSA 74LCX646MTC 
74LCX646WMX 74LCX646MSAX 74LCX646MTCX 

See NS Package Number M24B MSA24 MTC24 
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Real Time Transfer 
A-Bus to B-Bus 

A-Bul 

~11~ 
a-Bus 

TL/FI11997 -4 

FIGURE 1 

Real Time Transfer 
B-Bus to A-Bus 

A-Bu. 

j~J~~ 
a-Bus 

TL/F111997-5 

FIGURE 2 

Storage from 
Bus to Register 

• A-Bus 

~~ 
B-Bul 

TLlF/11997-6 

FIGURE 3 

Transfer from 
Register to Bus 
4 • 

A-Bus 

•• 
~ORG - . B-Bu, 

TLlF/II997-7 

FIGURE 4 

Function Table (Note) 

Inputs Data ItO 
Function 

OE DIR CPAB CPBA SAB SBA Ao-A7 8o-B7 

H X HorL HorL X X Isolation 
H X ...r X X X Input Input Clock An Data into A Register 
H X X ...r X X Clock Bn Data into B Register 

L H X X L X An to Bn-Real Time (Transparent Mode) 
L H ...r X L X 

Input Output 
Clock An Data into A Register 

L H HorL X H X A Register to Bn (Stored Mode) 
L H ...r 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 ...r X L 

Output Input 
Clock Bn Data into B Register 

L L X HorL X H B Register to An (Stored Mode) 
L L X ...r X H Clock Bn Data into B Register and Output to An 

Note: The data output functions may be enabled or disabled by various signals at the ~ and DIA 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. 

H = HIGH Voltage Level X = Immaterial L = LOW Voltage Level of = LOW-to-HIGH TransHion 

Logic Diagram 
iiE--..... cr, 

DIR-.... -==t.....J~t---------------., 

CPBA------+----;::--7""--LX ...... ----+, 
S.A---::----+----r:>c)fCe~ 

CPAB 

sA·--...:....--++--D~POI.> 

---------------- - - ----------------, or a CHANNELS 

Do 

<;,10---1-+" 

.. -, "0-, 

TO 7 OTHER CHANNELS TL/F/11997-8 

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 (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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATE® V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND rnA 

10K DC Output Diode Current -50 Vo < GND 
rnA 

+50 Vo> Vee 

10 DC Outpu1 Source/Sink Current ±50 rnA 

lee DC Supply Current per Supply Pin ±100 rnA 

IGND DC Ground Current per Ground Pin ±100 rnA 

TSTG Storage Temperature -65 to + 150 'C 

Nole 1: The Absolute Maximum RaUngs 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. 

Nole 2: 10 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 V 

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

10H/IOL Output Current Vee = 3.0V - 3.6V ±24 
rnA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 'C 

atnN Input Edge Rate, VIN = 0.8V-2.0V, Vee = 3.0V 0 10 ns/V 

DC Electrical Characteristics 

Symbol Parameter Conditions Vee TA = -40'Cto +8S'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 V 

VOH HIGH Level Output Voltage 10H = -100/LA 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100 /LA 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

10L = 16mA 3.0 0.4 V 

10L = 24 rnA 3.0 0.55 V 

II Input Leakage Current O:S: VI:S: 5.5V 2.7-3.6 ±5.0 /LA 

loz TRI-STATE I/O Leakage O:S: Vo:S: 5.5V 
2.7-3.6 ±5.0 p.A 

VI = VIH or VIL 

10FF Power-Off Leakage Current VI orVo = 5.5V 0 100 /LA 

lee Quiescent Supply Current VI = Vee or GND 2.7-3.6 10 /LA 

3.6V :s: V" Vo :s: 5.5V 2.7-3.6 ±10 p.A 

alce Increase in lee per Input VIH = Vee -0.6V 2.7-3.6 500 /LA 
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AC Electrical Characteristics 
TA = -40"Cto +8SoC 

Symbol Parameter Vee = 3.3V ±O.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 
tpLH Busto Bus 1.5 7.0 1.5 8.0 

ns 

tpHL Propagation Delay 1.5 8.5 1.5 9.5 
tpLH Clock to Bus 1.5 8.5 1.5 9.5 

ns 

tpHL Propagation Delay 1.5 8.5 1.5 9.5 
tpLH Select to Bus 1.5 8.5 1.5 9.5 

ns 

tpZL Output Enable Time 1.5 8.5 1.5 9.5 
tpZH 1.5 8.5 1.5 9.5 

ns 

tpLZ Output Disable Time 1.5 8.5 1.5 9.5 
tpHZ 1.5 8.5 1.5 9.5 

ns 

ts Setup Time 2.5 2.5 ns 

tH Hold Time 1.5 1.5 ns 

tw Pulse Width 3.3 3.3 ns 

tOSHL Output to Output Skew 1.0 

tOSLH (Note 1) 1.0 
ns 

Nole 1: Skew is defined as the absolute value of the difference between the actual propagation delay for any two separale outputs of the same device. The 
specification applies to any outputs switching In the same direction, eHher HIGH to LOW (toSHu or LOW to HIGH (IosUH)' 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 2SoC 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3,3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open, VI = OV or Vee 7 pF 

CliO Input/Output Capacitance Vee = 3.3V, VI = OV or Vee 8 pF 

CpO Power Dissipation Capacitance Vee = 3.3V, VI = OV or Vee, F = 10 MHz 25 pF 
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74LCX646 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: 

Temperatu re __ Ra_n_g_e_F_a_m_i_ly _______ T_L_C_X __ T6...J46 Y!~ 74 = Commercial 

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 

MSA = Molded Shrink Small Outline Package, EIAJ, Type II 
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L Special Variations 

"X" = Tape and Reel 
" "= Rail/Tube 
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g I!fINational Semiconductor 

74LCX652 
Low-Voltage Transceiver/Register 
with 5V Tolerant Inputs and Outputs 

General Description Features 
• 5V tolerant inputs and outputs 
• 7.0 ns tpD max, 10 /JA leeQ max 

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 transceil'er function. 

• Power down high impedance inputs and outputs 
• 2.0V-3.6V Vee supply operation 
• ±24 mA output drive 
• Implements patented Quiet Series™ noise/EMI reduc-

The LCX652 is designed for low voltage (3.3V) Vee 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. 

tion circuitry 
• Functionally compatible with 74 series 652 
• Latch-up performance exceeds 500 rnA 
• ESD performance: 

Human body model > 2000V 
Machine model > 200V 

Logic Symbols Connection Diagram 

AO 
CPAB 
SAB 
CPBA 

OEAB 

OEBA 

TLlF/1199B-3 

Pin Names 

IEEEIIEC 

Bo 

e, 
~ 
~ 
B. 

lis 
a. 
II, 

TLlF/11B9B-1 

Description 

Pin Assignment 
for SOIC, SSOP and TSSOP 

CPAB 1 24 VCC 

SAB 2 23 CPBA 

OEAB 3 22 SBA 

Ao 4 21 Oill 

A, 5 20 Bo 
~ 6 19 e, 
A3 7 18 ~ 
A. 8 17 ~ 

As 9 16 B. 

Ao 10 15 B. 

"" 
11 14 a. 

GNO 12 13 ~ 

TUF/11998-2 

Ao-A7, Bo-B7 A and B Inputs/TRI-STATEIII> Outputs 
CPAB,CPBA Clock Inputs 
SAB,SBA Select Inputs 
OEAB,OEBA Output Enable Inputs 

SOICJEDEC SSOP Type II TSSOPJEDEC 

Order Number 74LCX652WM 74LCX652MSA 74LCX652MTC 
74LCX652WMX 74LCX652MSAX 74LCX652MTCX 

See NS Package 
M24B MSA24 MTC24 

Number 
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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 t 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 
Bus Bto Bus A 

TLlF/11998-5 

OEAB 0EB7\ CPAB CPBA SAB SSA 

Real-Time Transfer 
BusA to Bus B 

~ 

;;: 

TL/F/11998-8 

OEAB CEB7\ CPAB CPBA BAB SSA 

X 

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. 

Storage 

I 
III 
I II m 

~ III ~ 
~ III ~ 

III 
m 

III 
I 

TL/F/1199B-7 

OEAB 'O'EIDi: CPAB CPBA SAB SBA 

J 

Transfer Storage 
Data toA or B 

TLlF/1199B-B 

OEAB OEB]; CPAB CPBA SAB SSA 

Harl Hort. H 

FIGURE 1 
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Logic Diagram 

OEBA t>-
OEAB 

CPBA .-. 

SBA 

~ CPAB-t:>o, 

SAB -.J 

---I-or 8 'CHANNELs - - - - r --------------- -r 

rc&i 
~-
G. 

+ AO-7 
.-.-~ BO-7 

.... -

~ G. --- ---------------- ---------------
I . , 

TO 7 OTHER CHANNELS 
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 delaya. 

Function Table (Note) 

Inputs Inputs/Outputs 
Operating Mode 

OEAB OEBA CPAB CPBA SAB SBA Ao thruA7 Bothru B7 

L H HorL HorL X X 
Input Input 

Isolation 

L H ../ ../ X X Store A and B Data 

X H ../ HorL X X Input Not Specified Store A. Hold B 

H H ../ ../ X X Input Output Store A in Both Registers 

L X HorL ../ X X Not Specified Input Hold A. Store B 

L L ../ ../ X X Output Input Store B in Both Registers 

L L X X X L 
Output Input 

Real· Time B Data to A Bus 

L L X HorL X H Store B Data to A Bus 

H H X X L X 
Input Output 

Real·Time A Data to B Bus 

H H HorL X H X Stored A Data to B Bus 

H L HorL HorL H H Output Output 
Stored A Data to B Bus and 
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 ensbled 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 transHion on the clock inputs. 
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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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo < GND 
mA 

+50 Vo> Vee 

10 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 -65 to + 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: 10 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 V 

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

10H/IOL Output Current Vee = 3.0V-3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 ·C 

at/aV Input Edge Rate, VIN = 0.8V-2.0V, Vee = 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 V 

VOH HIGH Level Output Voltage 10H = -100 JLA 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100,..A 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

10L = 16mA 3.0 0.4 V 

10L = 24mA 3.0 0.55 V 

II Input Leakage Current o ~ VI ~ 5.5V 2.7-3.6 ±5.0 ,..A 

loz TRI-STATE I/O Leakage o ~ Vo ~ 5.5V 
2.7-3.6 ±5.0 ,..A 

VI = VIH or VIL 

10FF Power-Off Leakage Current VlorVo = 5.5V 0 100 ,..A 

lee Quiescent Supply Current VI = VeeorGND 2.7-3.6 10 ,..A 

3.6V ~ VI, Vo ~ 5.5V 2.7-3.6 ±10 ,..A 

alec Increase in Icc per Input VIH = Vce -0.6V 2.7-3.6 500 ,..A 
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N an 
CD g AC Electrical Characteristics 

TA = -40"Cto +8SOC 

Symbol Parameter Vee = 3.3V ± O.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 
tpLH Busto Bus 1.5 7.0 1.5 8.0 

ns 

tpHL Propagation Delay 1.5 8.5 1.5 9.5 
tpLH Clock to Bus 1.5 8.5 1.5 9.5 

ns 

tpHL Propagation Delay 1.5 8.5 1.5 9.5 
tpLH Select to Bus 1.5 8.5 1.5 9.5 

ns 

tPZL Output Enable Time 1.5 8.5 1.5 9.5 
tpZH 1.5 8.5 1.5 9.5 

ns 

tpLZ Output Disable Time 1.5 8.5 1.5 9.5 
tpHZ 1.5 8.5 1.5 9.5 

ns 

ts Setup Time 2.5 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 

tOSLH 1.0 
ns 

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 (toSHa.> or LOW to HIGH (toSLH). Parameter guaranteed by design. 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 2S'C 
Unit 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF. VIH = 3.3V. VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF. VIH = 3.3V. VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open. VI = OV or Vee 7 pF 

ClIO Input/Output Capacitance Vee = 3.3V. VI = OV or Vee 8 pF 

CPD Power Dissipation Capacitance Vee = 3.3V. VI = OV or Vee. 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: 

Temperature Range Family 
74 = Commercial 

Device Type 

74LCX 

T j 
M 

PackageCode--------------------' 
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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L Special Variations 

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



t!lNational 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) Vee 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. 

Logic Symbol 

1 1 1 1 1 1 1 1 1 1 1 11111 

% ~ ~ ~ ~ % ~ ~ % ~~0~'~2~3~4~S 
yyyyyyyyyyyyyyyy 

Pin 
Names 

OEn 
10-115 

00-0 15 

TL/F/11999-1 

Description 

Output Enable Inputs (Active Low) 
Inputs 
Outputs 

SSOP TSSOP 

Order Number 74LCX16240MEA 74LCX16240MTD 
74LCX16240MEAX 74LCX16240MTDX 

See NS Package 
Number 

MS48A MTD48 
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Features 
• 4.5 ns tpD max, 20 ",A lceo max 
• 5V tolerant inputs and outputs 
• Power down high impedance inputs and outputs 
• 2.OV-3.6V Vee supply operation 
• ± 24 mA output drive 
• Implements patented Quiet Series™ noise/EM I 

reduction circuitry 
• Functionally compatible with the 74 series 16240 
• Latch-up performance exceeds 500 mA 
• ESD performance: 

Human body model > 2500V 
Machine model > 200V 

Connection Diagram 
Pin Assignment for 
SSOP and TSSOP 

0[,- 1 '--" 48 -Or2 

00- 2 47 -10 

0,- 3 46 -,, 

GNO- 4 45 -GNO 

02- 5 44 "" 2 
0,- 6 43 r-', 

Vee - 7 42 r-Vcc 

0. 8 41 r-'. 

05 9 40 r-'s 

GNO 10 39 r-GNO 

0.- 11 38 r-', 

0,- 12 37 r-7 

lia- 13 36 1-'. 

0.- 14 3SI-~ 

GNO- 15 341- GNO 

0,0- 16 331- ',0 

0,,- 17 321- '" 
Vcc - 18 "I-Vee 

0,2- 19 301- ',2 

0,3 - 20 291- ',3 

GNO - 21 281- GNO 

0,,- 22 271- ',. 

0,5- 23 2'1- " 5 

Or, - 24 2Sl-Or, 

TL/F/11999-2 



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-

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

Logic Diagram 

Truth Tables 
Inputs 

OE1 

L 
L 
H 

Inputs 

OEs 

L 
L 
H 

H ~ High Voltage level 
l ~ low Voltage level 
X ~ Immaterial 
Z ~ High Impedance 

lo-Is 

L 
H 
X 

18-111 

L 
H 
X 

1 1 
1 1 
1 10- 3 18- 11 1 

1 1 
1 1 
1 14- 7 112- 15 1 
1 1 
1 One of Eight 1 ._----------------------_. TLlF/11999-3 

Outputs Inputs Outputs 

Oo-Os OE2 14-17 04-0 7 

H L L H 
L L H L 
Z H X Z 

Outputs Inputs Outputs 

08-0 11 0E4 112-115 012-0 15 

H L L H 
L L H L 
Z H X Z 
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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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo < GND 
mA 

+50 Vo> Vee 

10 DC Output Source/Sink Current ±50 mA 

lee DC Supply Current per Supply Pin ±100 mA 

IGND DC Ground Current per Ground Pin ±100 mA 

TSTG Storage Temperature -65 to + 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: 10 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 V 

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

10H/IOL Output Current Vee = 3.0V - 3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 ·C 

t:..t1t:..V Input Edge Rate, VIN = 0.8V-2.0V, Vee = 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 V 

VOH HIGH Level Output Voltage 10H = -100/LA 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100 /LA 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

10L = 16mA 3.0 0.4 V 

10L = 24mA 3.0 0.55 V 

II Input Leakage Current 0,,; VI"; 5.5V 2.7-3.6 ±5.0 /LA 

102 TRI-STATE Output Leakage 0"; Vo"; 5.5V 
2.7-3.6 ±5.0 /LA VI = VIH or VIL 

10FF Power-Off Leakage Current VI orVo = 5.5V 0 100 /LA 

lee Quiescent Supply Current VI = Vee or GND 2.7-3.6 20 /LA 

3.6V ,,; V), Vo ,,; 5.5V 2.7-3.6 ±20 /LA 

t:..lee Increase in lee per Input VIH = Vee -0.6V 2.7-3.6 500 /LA 
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AC Electrical Characteristics 
TA = -40"Cto +85"C 

Symbol Parameter Vee = 3.3V ±O.3V Vee = 2.7V Units 

Min Max Min Max 

tpHL Propagation Delay 1.5 4.5 1.5 5.3 
tpLH Data to Output 1.5 4.5 1.5 5.a ns 

tPZL Output Enable Time 1.5 5.4 1.5 6.0 
tPZH 1.5 5.4 1.5 6.0 ns 

tpLZ Output Disable Time 1.5 5.3 1.5 5.4 
tpHZ 1.5 5.a 1.5 5.4 ns 

toSHL Output to Output Skew (Note 1) 1.0 
tOSLH 1.0 ns 

Nole 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 
spec~icatlon applies to any outputs switching in the same direction, either HIGH to LOW (tosHLl or LOW to HIGH (toSLH)' 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 25'C 
(V) Typical 

Unit 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = a.av. VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = a.3V. VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

Input Capacitance Vee = Open. VI = OVorVee 7 pF 

COUT Output Capacitance Vee = a.av. VI = OV or Vee 8 pF 

CPO Power Dissipation Capacitance Vee = a.av. VI = OV or Vee. F = 10 MHz 20 pF 

74LCX16240 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 =r- J T LSpeCial Variations 
74 = Commercial "X" = Tape and Reel 

Device Type-----------------~ .... = Rail/Tube 

Package Code-------------------...l 
MEA = Shrink Small Outline Package (48-Lead) 
MTD = Thin Shrink Small Outline Package. JEDEC. 

6.1 mm Body Width 
TLlF/11999-4 
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g ~National Semiconductor 

74LCX16244 
Low-Voltage 16-Bit Buffer/Line Driver 
with 5V Tolerant Inputs and Outputs 
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) Vee 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. 

Logic Symbol 

1111111111111111 
10 11 12 13 I, 15 16 17 18 19 110 111 112 113 114 \5 

--c O~ 
--C OE2 

000,°2030.0S06~Da 

OE3 iO­
OE.1o­

Og 0,00, 10,20,30,.0,5 

I I I I I I I I I I I I I I I I 

Pin Names 

OEn 
10-115 
0 0-0 15 

TL/F/I2000-1 

Description 

Output Enable Input (Active Low) 
Inputs 
Outputs 

SSOP TSSOP 

Order Number 74LCX16244MEA 74LCX16244MTD 
74LCX16244MEAX 74LCX16244MTDX 

See NS Package 
Number 

MS48A MTD48 
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Features 
• 5V tolerant inputs and outputs 
• 4.5 ns tpD max, 10 ",A leeo max 
• Power down high impedance inputs and outputs 
• 2.0V-3.6V Vee supply operation 
• ± 24 mA output drive 
• Implements patented Quiet Series™ noise/EM I reduc-

tion circuitry 
• Functionally compatible with 74 series 16244 
• Latch-up performance exceeds 500 mA 
• ESD performance: 

Human body model > 2000V 
Machine model > 200V 

Connection Diagram 
Pin Assignment for 
SSOP and TSSOP 

~-1 
\,J 

48 :-DE2 

00- 2 47 1-10 

0, - 3 46 1-11 

GND- 4 45 I-GND 

02- 5 44 1-12 

03- 6 43 1"""13 

Vee - 7 42 I""" Vee 

04 - 8 41 1"""14 

05- 9 40 1"""15 

GND - 10 39 I"""GND 

06- 11 38 1-16 

~- 12 37 1-17 

08- 13 36 :-18 

Og- 14 35 1-19 

GND - 15 34 I-GND 

0,0- 16 331- 110 

0,1- 17 321"""111 

Vee - 18 31 I""" Vee 

0,2 - 19 3D 1"""112 

0,3- 20 29 1-113 

GND- 21 28 -GND 

0,.- 22 27 -II, 

0,5- 23 26 -115 

DE,- 24 25 -0E3 

TLlF/I2000-2 



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-

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

Truth Tables 
Inputs 

OE1 

L 
L 
H 

Inputs 

OE3 

L 
L 
H 

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

Logic Diagram 

10-13 

L 
H 
X 

le-111 

L 
H 
X 

Outputs Inputs Outputs 

00-0 3 OE2 14-17 04-0 7 

L L L L 

H L H H 

Z H X Z 

Outputs Inputs Outputs 

Oe-0 11 OE4 112-115 012-0 15 

L L L L 

H L H H 

Z H X Z 

I I 
I I 
I 10- 3 la-II I 

I I 
I I 
I 14- 7 112- 15 I 
I I 
I One of Eight I 

~-----------------------. TUF/12000-3 
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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 

Vee Supply Voltage -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo < GND 
mA 

+50 Vo> Vee 

10 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 -65 to +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: 10 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 V 

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

10H/IOL Output Current Vee = 3.0V-3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 ·C 

11t1I1V Input Edge Rate, VIN = 0.8V-2.0V, Vee = 3.0V 0 10 ns/V 

DC Electrical Characteristics 

Symbol Parameter Conditions Vee TA = -40"C to +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 V 

VOH HIGH Level Output Voltage 10H = -100/LA 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24 mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100 /LA 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

10L= 16mA 3.0 0.4 V 

10L = 24mA 3.0 0.55 V 

II Input Leakage Current 0,;; VI';; 5.5V 2.7-3.6 ±5.0 p.A 

loz TRI-STATE Output Leakage 0,;; Vo';; 5.5V 
2.7-3.6 ±5.0 p.A 

VI = VIH or VIL 

10FF Power -Off Leakage Current VI or Vo = 5.5V 0 100 /LA 

lee Quiescent Supply Current VI = VeeorGND 2.7-3.6 20 p.A 

3.6V ,;; VI, Vo ,;; 5.5V 2.7-3.6 ±20 p.A 

I1lec Increase in Icc per Input VIH = Vee -0.6V 2.7-3.6 500 p.A 
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AC Electrical Characteristics 
TA = -40'Cto + 85'C 

Symbol Parameter Vee = 3.3V ± O.3V Vee = 2.7V Units 

Min Max Min Max 

tpHL Propagation Delay 1.5 4.5 1.5 5.2 
tpLH Data to Output 1.5 4.5 1.5 5.2 

ns 

tpZL Output Enable Time 1.5 5.5 1.5 6.3 
tPZH 1.5 5.5 1.5 6.3 

ns 

tpLZ Output Disable Time 1.5 5.4 1.5 5.7 
tpHZ 1.5 5.4 1.5 5.7 

ns 

toSHL Output to Output Skew (Note 1) 1.0 

toSLH 1.0 
ns 

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 (IoSHU or LOW to HIGH (IoSLHj. Parameter guaranteed by design. 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 25'C 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open, VI = OVorVee 7 pF 

COUT Output Capacitance Vee = 3.3V, VI = OV or Vee 8 pF 

CPO Power Dissipation Capacitance Vee = 3.3V, VI = OV or Vee, F = 10 MHz 20 pF 
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74LCX16244 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 16244 MEA X 

74 = Commercial "X" = Tape and Reel 
Temperature Range Family =r T J LSpecial Variations 

.... = Rail/Tube 
Device Type 

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

6.1 mm Body Width 
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t!lNational Semiconductor 

74LCX16245 
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) Vcc 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 8 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. 

Logic Symbol 

I I I I I I I I I I I I II I I 
AZ A3 A, As As ,.,., As Ag ~o ~'~Z~3~'~S 

OEz P­
r/iiz f-­

S, Bz B3 B, Bs Bs a, lis Bg s'o s" s'z S,3 s" s's 

I I I I I I I I I I I I I I I I 

Pin 
Names 

OE 
T/R 
Ao-A15 
80-815 

Order Number 

See NS Package 
Number 

Description 

Output Enable Input 
Transmit/Receive Input 

TUF/12001-1 

Side A Inputs or TRI-ST ATE Outputs 
Side 8 Inputs or TRI-STATE Outputs 

SSOP TSSOP 

74LCX16245MEA 74LCX16245MTO 
74LCX16245MEAX 74LCX16245MTDX 

MS48A MTD48 

Features 
• 4.5 ns tpo max, 20 /LA ICCQ max 
• 5V tolerant inputs and outputs 
• Power down high impedance inputs and outputs 
• 2.0V-3.6V VCC supply operation 
• ± 24 mA output drive 
• Implements patented Quiet Series™ noise/EM I reduc-

tion circuitry 

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

• ESO performance: 
Human body model > 2000V 
Machine model > 200V 

Connection Diagram 
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Pin Assignment for 
SSOP and TSSOP 

rtR,- 1 

80- 2 

B, - 3 

GND- 4 

Bz-5 
B;,-6 

Vee - 7 

8, - 8 

Bs- 9 

GND - 10 

as - 11 

a, - 12 

lis - 13 

Bg - 14 

GND- 15 

s'o- 16 

S,,- ,7 

Vee - 18 

s'z - 19 

S,3 - 20 

GND - 21 

B,. - 22 

s,s - 23 

r/R2 - 24 

48 - OE, 
47 ,... As 
46 r- ~ 

45 I- GND 

44 -Az 
43 -A3 

42 r- Vee 

411-A, 

40 r- As 
39 I- GND 

38 r- As 
37 I- A7 

36 r- As 
35 I- Ag 
34 r- GND 

33 I- ~o 
32 r- All 

311-Vee 

30 r- ~z 
29 I- A'3 

28 r- GND 

27 I-~, 

26 I- ~s 
25 r- OEz 

TUF112001-2 



U) r---------------------------------------------------------------------------------, 
~ Truth Tables .... 
g Inputs 

OE1 T/R1 

L L 
L H 
H X 

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

Logic Diagram 

Outputs 

Bus Bo-B7 Data to Bus Ao-A7 
Bus Ao-A7 Data to Bus Bo-B7 
HIGH Z State on Ao-A70 Bo-B7 

I 

:"0 
I , 
I , 
I 
I 

Inputs 

~2 T/1I2 

L L 
L H 
H X 

AS .... -< 

Outputs 

Bus Be-B15 Data to Bus As-A15 
Bus As-A15 Data to Bus Be-B15 
HIGH Z State on As-A15. Be-B15 

, 
aal 

I , , 
I 
I 

1 Of S I 

.----------------------------~ TUF/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 

Vee Supply Voltage -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo < GND 
mA 

+50 Vo> Vee 

10 DC Output Source/Sink Current ±50 mA 

lee DC Supply Current per Supply Pin ±100 mA 

IGND DC Ground Current per Ground Pin ±100 mA 

TSTG Storage Temperature -65 to +150 'C 

Nole 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 arB not guaranteed at the Absolute Maximum Ratings. The "Recommended Operating 
Conditions" table will define the conditions for actual device operation. 

Nole 2: 10 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 3.6 V 

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

10H/IOl Output Current Vee = 3.0V - 3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 ·C 

Atll!"v Input Edge Rate, VIN = 0.8V-2.0V, Vee = 3.0V 0 10 nslV 

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 V 

VOH HIGH Level Output Voltage 10H = -100 ",A 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10l = 100 ",A 2.7-3.6 0.2 V 

IOl=12mA 2.7 0.4 V 

10l = 16mA 3.0 0.4 V 

10l = 24mA 3.0 0.55 V 

II Input Leakage Current 0,,; VI"; 5.5V 2.7-3.6 ±5.0 ",A 

loz TRI-STATE 1/0 Leakage 0"; Vo"; S.SV 
2.7-3.6 ±5.0 ",A 

VI = VIH orVll 

10FF Power-Off Leakage Current VlorVo = 5.5V 0 100 ",A 

lee Quiescent Supply Current VI = Vee or GND 2.7-3.6 20 ",A 

3.6V ,,; VI, Vo ,,; 5.5V 2.7-3.6 ±20 ",A 

Alee Increase in lee per Input VIH = Vee -0.6V 2.7-3.6 500 /LA 
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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 4.5 1.5 5.2 

tpLH An to Bn or Bn to An 1.5 4.5 1.5 5.2 
ns 

tpZL Output Enable Time 1.5 6.5 1.5 7.2 

tPZH 1.5 6.5 1.5 7.2 
ns 

tpLZ Output Disable Time 1.5 6.4 1.5 6.9 

tpHZ 1.5 6.4 1.5 6.9 
ns 

tOSHL Output to Output Skew (Note 1) 1.0 

tOSLH 1.0 
ns 

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 (toSHU or LOW to HIGH (toSLH). Parameter guaranteed by design. 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 25"C 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open, VI = OV or Vee 7 pF 

COUT Output Capacitance Vee = 3.3V, VI = OVorVee 8 pF 

CPO Power Dissipation Capacitance Vee = 3.3V, VI = OV or Vee, F = 10 MHz 20 pF 
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74LCX16245 Ordering Information 
The device number is used to form part of a simplified purchasing code where the package type is defined as follows: 

Temperature_R_a_n_ge_Fa_m_i_ly ________ T_4_LC_X __ T1_6...J245 JMEA 74 = Commercial _ 

Device Type 

Package Code 
MEA = Shrink Small Outline Package, (4B-Lead) 
MTD = Thin Shrink Small Outline Package, JEDEC, 

6.1 mm Body Width 
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I!fINational Semiconductor 

74LCX16373 
Low-Voltage 16-Bit Transparent Latch 
with 5V Tolerant Inputs and Outputs 
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) Vee 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. 

Logic Symbol 

Pin Names 

OEn 
LEn 
10-115 

00-0 15 

Order Number 

See NS Package 
Number 

TUF/12002-1 

Description 

Output Enable Input (Active Low) 
Latch Enable Input 
Inputs 
Outputs 

SSOP TSSOP 

74LCX16373MEA 74LCX16373MTD 
74LCX16373MEAX 74LCX16373MTDX 

MS48A MTD48 

Features 
• 5.4 ns tpD max, 20 IJ-A leeQ max 
• 5V tolerant inputs and outputs 
• Power down high impedance inputs and outputs 
• 2.0V-3.6V Vee supply operation 
• ± 24 mA output drive 
• Implements patented Quiet Series™ noise/EM I 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 

Connection Diagram 

~ 
00 
~ 

GND 

°2 

~ 
Vee 
0, 

Os 
GND 

°6 

~ 
Os 

Og 

GND 

~o 

~1 

~5 
o~ 
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Pin Assignment for 
SSOP and TSSOP 

48 

47 

46 

45 

44 

43 

42 

41 

40 

10 39 

11 38 

12 37 

13 36 

35 

34 

33 

32 

23 26 

24 25 

LE; 

10 

11 

GND 

12 

13 

Vee 
I, 

15 

GND 

16 

7 
IS 

19 

GND 

110 

111 

Vee 

112 

113 

GND 

II' 

115 

LE2 

TL/F/12002-2 
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Functional Description 
The LCX16373 contains sixteen Ootype 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 (LEn) input is HIGH, data on 
the On enters the latches. In this condition the latches are 
transparent, i.e. a latch output will change states each time 
its 0 input changes. When LEn is LOW, the latches store 
information that was present on the 0 inputs a setup time 
preceding the HIGH-to-LOW transition of LEn. The 
TRI-STATE standard outputs are controlled by the Output 
Enable (DEn) input. When DEn is LOW, the standard out­
puts are in the 2-state mode. When OEn 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 
InP!lts 

LE1 OE1 

X H 
H L 
H L 
L L 

Inputs 

LE2 OE2 

X H 
H L 
H L 
L L 

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

Outputs 

10-17 00-0 7 

X Z 
L L 
H H 
X 00 

Outputs 

la-115 Oa-0 15 

X Z 
L L 
H H 
X 00 

00 = Previous 00 before HIGH to LOW transition of Latch Enable 

TL/F/12002-3 

TLlF112002-4 

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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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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo < GND 
mA 

+50 Vo> Vee 

10 DC Output Source/Sink Current ±50 mA 

lee 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 condHions for actual devica operation. 
Note 2: 10 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 V 

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

IOH/10L Output Current Vee = 3.0V-3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 ·C 

allaV Input Edge Rate, VIN = 0.8V-2.0V, Vee = 3.0V 0 10 ns/V 

DC Electrical Characteristics 

Symbol Parameter CondHions 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 V 

VOH HIGH Level Output Voltage 10H = -100,...A 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100,...A 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

iOL = 16mA 3.0 0.4 V 

10L = 24mA 3.0 0.55 V 

II Input Leakage Current o s: VI s: 5.5V 2.7-3.6 ±5.0 ,...A 

loz TRI-STATE Output Leakage o s: Vo s: 5.5V 2.7-3.6 ±5.0 ,...A VI = VIH orVIL 

10FF Power-Off Leakage Current VI or Vo = 5.5V 0 100 ,...A 

lee Quiescent Supply Current VI = Vee or GND 2.7-3.6 20 ,...A 

3.6V s: Vb Vo s: 5.5V 2.7-3.6 ±20 ,...A 

alee Increase in lee per Input VIH = Vee -0.6V 2.7-3.6 500 ,...A 
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AC Electrical Characteristics 
TA = -40"Cto +85'C 

Symbol Parameter Vee = 3.3V ± O.3V Vee = 2.7V Units 

Min Max Min Max 

tpHL Propagation Delay 1.5 5.4 1.5 5.9 
tpLH On to On 1.5 5.4 1.5 5.9 ns 

tpHL Propagation Delay 1.5 5.5 1.5 6.4 
tpLH LEtoOn 1.5 5.5 1.5 6.4 ns 

tPZL Output Enable Time 1.5 6.1 1.5 6.5 
tpZH 1.5 6.1 1.5 6.5 

ns 

tpLZ Output Disable Time 1.5 6.0 1.5 6.3 
tpHZ 1.5 6.0 1.5 6.3 ns 

ts Setup Time, On to LE 2.5 2.5 ns 

tH Hold Time, On 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 
tOSLH 1.0 ns 

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 
specHication applies 10 any outputs switching in the serne direction, either HIGH to LOW (losHU or LOW to HIGH (losLH)' Parameter guaranteed by design. 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 25'C 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open, VI = OVorVee 7 pF 

COUT Output Capacitance Vee = 3.3V, VI = OVorVee 8 pF 

CpO Power Dissipation Capacitance Vee = 3.3V, VI = OVorVce, 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: 

Temperature Range Family 
74 = Commercial 

Device Type 

74LCX =r- 16373 

T 
MEA X 

"X" = Tape and Reel 
" "= Rail/Tube T LSpecial Variations 

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

Width 
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t!lNational Semiconductor 

74LCX16374 
Low-Voltage 16-Bit 0 Flip-Flop 
with 5V Tolerant Inputs and Outputs 
General Description 
The LCX16374 contains sixteen non-inverting 0 flip-flops 
with TRI-STATECII> 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) Vcc 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. 

Logic Symbol 

Pin 
Names 

OEn 
CPn 
10-115 

00-0 15 

Description 

Output Enable Input (Active Low) 
Clock Pulse Input 
Inputs 
Outputs 

SSOP 

Features 
• 6.2 ns tpD max, 20 p.A ICCQ max 
• 5V tolerant inputs and outputs 
• Power down high impedance inputs and outputs 
• 2.0V-3.6V VCC supply operation 
• ± 24 mA output drive 
• Implements patented Quiet Series™ noise/EM I reduc-

tion circuitry 
• Functionally compatible with the 74 series 16374 
• Latch-up performance exceeds 500 mA 

• ESO performance: 
Human body model > 2000V 
Machine model > 200V 

Connection Diagram 
Pin Assignment for 
SSOP and TSSOP 

Or, 48 CP, 
00 47 10 

0, 46 

GND 45 GND 

Oz 44 1z 
°3 43 13 

Vee 42 Vee 
TLlF/120D3-1 0, 41 I, 

Os 40 Is 

GND 10 39 GND 

°6 11 38 16 

0., 12 37 17 

°8 13 36 18 

Og 14 35 19 

GND 15 34 GND 

0,0 16 33 110 

0" 17 32 1" 

Vee 18 31 Vee 
o,z 19 30 l,z 
0,3 20 29 1'3 

TSSOP GND 21 28 GND 

Order Number 74LCX16374MEA 74LCX16374MTD 0" 22 27 114 

74LCX16374MEAX 74LCX16374MTOX 0,5 23 26 1'5 

See NS Package Number MS48A MTD48 
o~ 24 25 CPz 

TLlF/12003-2 
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~ ,---------------------------------------------------------------------------------, 
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CD .... 
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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 (CPn) 
transition. With the Output Enable (OEn) LOW, the contents 
of the flip-flops are available at the outputs. When OEn is 
HIGH, the outputs go to the high impedance state. Opera­
tion of the OEn input does not affect the state of the flip­
flops. 

Truth Tables 
Inputs 

CPl OEI 

...r L 

...r L 
L L 
X H 

Inputs 

CP2 OE2 

...r L 

...r L 
L L 
X H 

H ~ High Voltage Level 
L ~ Low Voltage Level 
X = Immaterial 
Z ~ High Impadance 

10-17 

H 
L 
X 
X 

la-115 

H 
L 
X 
X 

00 ~ Previous 00 before HIGH to LOW of CP 

Logic Diagrams 

OE, 

O2 

Byte 1 (0:7) 
13 

Byte 2 (8:15) 

Outputs 

0 0-0 7 

H 
L 

0 0 
Z 

Outputs 

Oa-0 15 

H 
L 

0 0 
Z 

TUF/12003-3 

TL/F/12003-4 

Please note that this diagram is provided only for 1he understanding 01 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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo < GND 
mA 

+50 Vo> Vee 

10 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 -65 to +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: 10 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 V 

Vo Output Voltage HIGH or LOW State 0 Vec V 
TRI-STATE 0 5.5 

10HlioL Output Current Vee = 3.0V - 3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 ·C 

t:.tlt:.V Input Edge Rate, VIN = 0.8V-2.0V, Vce = 3.0V 0 10 nsN 

DC Electrical Characteristics 

Symbol Parameter Conditions Vee TA = -40"Cto +8S·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 V 

VOH HIGH Level Output Voltage 10H = -100 IJ.A 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage IOL = 100 IJ.A 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

IOL = 16mA 3.0 0.4 V 

IOL = 24mA 3.0 0.55 V 

II Input Leakage Current 0,;; VI';; 5.5V 2.7-3.6 ±5.0 IJ.A 

loz TRI-STATE Output Leakage 0,;; Vo';; 5.5V 2.7-3.6 ±5.0 p.A 
VI = VIH or VIL 

10FF Power-Off Leakage Current VlorVo = 5.5V 0 100 IJ.A 

Icc Quiescent Supply Current VI = Vee or GND 2.7-3.6 20 IJ.A 
3.6V ,;; VI, Vo ,;; 5.5V 2.7-3.6 ±20 IJ.A 

t:.lee Increase in lee per Input VIH = Vee -0.6V 2.7-3.6 500 IJ.A 
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AC Electrical Characteristics 
TA = -40'Cto + 85'C 

Symbol Parameter Vee = 3.3V ±O.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 
tpLH CPtoOn 1.5 6.2 1.5 6.5 

ns 

tPZL Output Enable Time 1.5 6.1 1.5 6.3 
tPZH 1.5 6.1 1.5 6.3 

ns 

tpLZ Output Disable Time 1.5 6.0 1.5 6.2 
tpHZ 1.5 6.0 1.5 6.2 

ns 

t5 Setup Time 2.5 2.5 ns 

tH Hold Time 1.5 1.5 ns 

tw Pulse Width 3.0 3.0 ns 

t05HL Output to Output Skew (Note 1) 1.0 

t05LH 1.0 
ns 

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 switching in the same direclion. either HIGH to LOW (tosHU or LOW to HIGH (toSLH). Parameter guaranteed by deSign. 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 25'C 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF. VIH = 3.3V. VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF. VIH = 3.3V. VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open. VI = OV or Vee 7 pF 

COUT Output Capacitance Vee = 3.3V. VI = OV or Vee 8 pF 

CPD Power Dissipation Capacitance Vee = 3.3V. VI = OV or Vee. 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: 

Temperature Range Family 
74 = Commercial 

Device Type 

74LCX 

T J 
M 

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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x 
L Special Variations 

"X" = Tape and Reel 
" " = Rail/Tube 
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t!lNational Semiconductor 
PRELIMINARY 

74LCX16500 
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-Iow tran­
sition of CLKAB. Output-enable OEAB is active-high. When 
OEAB is high, the outputs are active. When OEAB is low, 
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 pulldown 
resistor; the minimum value of the resistor is determined by 
the current-sourcing capability of the driver. 

Connection Diagram 
Pin Assignment for SSOP and TSSOP 

OEAB- , 

LEAB- 2 

',- , 
GNO- • 

',- 5 ..,-. 
Vee 7 

" S .,- . 
... 10 

GND II 

.., 12 

Aa 13 

.. 14 

.. , '5 
"', 16 

.. , '7 
GNO 18 

"'3 19 

... 20 .. , 21 

Vee 22 ... " .. , " GN. " ... 2G 

DERA 27 

LEBA 28 

'--' 5. GN. 

55 ClKAB 

54 ~ 
53 GN' 

52 ., 
5' B, 

50 Vee .. s, .. .. 
47 .. 

46 GND 

45 ., .. .. 
" .. 
42 ~o 

41 a., 
40 0.2 

39 GHD 

38 11,3 

37 0, ... 
3G ~, 

35 r-Vcc 

" r-~ • 
" r-~7 
32 f-GND 

" r-~ • 
30 r-ClKBA 

291-GND 

TLlF/12407-1 

Features 
• 6.0 ns tpD max, 20 p.A leeQ max 
• 5V tolerant inputs and outputs 
• Power down high impedance inputs and outputs 
• 2.0V-3.6V Vee supply operation 
• ± 24 rnA output drive 
• Implements patented Quiet Series™ noise/EMI reduc-

tion circuitry 
• Functionally compatible with 74 series 16500 
• Latch-up performance exceeds 500 rnA 
• ESD performance: 

Human body model > 2000V 
Machine model > 200V 

Function Tablet 

Inputs 

OEAB LEAB CLKAB 

L X X 
H H X 
H H X 
H L .J, 
H L .J, 
H L H 
H L L 

A 

X 
L 
H 
L 
H 
X 
X 

Output 
B 

Z 
L 
H 
L 
H 

Bot 
Bo§ 

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

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

§ Output level before the indicated steady·state input condilions were estab­
lished. provided that COOli was low before LEAB went low. 
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Preliminary Data: National Semiconductor reserves the 
right to make changes at any time without notice_ 



Logic Diagram 

1D~----------+-~---+--~~ 

~~--------------------------~~~--------------------------~I 
To 17 Other Channels 

TL/F/12407-2 
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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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATEI!> V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo < GND mA 
+50 Vo> Vee 

10 DC Output Source/Sink Current ±50 mA 

lee DC Supply Current per Supply Pin ±100 mA 

IGND DC Ground Current per Ground Pin ±100 mA 

TSTG Storage Temperature -65 to + 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 ara not guaranteed at the Absolute Maximum Ratings. The "Recommended Operating 
CondHions" table will define the conditions for actual device operation. 
Note 2: 10 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 V 

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

10H"OL Output Current Vee = 3.0V - 3.6V ±24 
mA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 ·C 

t:..tllJ.v Input Edge Rate, VIN = 0.8V-2.0V, Vee = 3.0V 0 10 nsN 

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 V 

VOH HIGH Level Output Voltage 10H = -100 p.A 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100 p.A 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

10L = 16mA 3.0 0.4 V 

10L = 24mA 3.0 0.55 V 

II Input Leakage Current o ~ VI ~ 5.5V 2.7-3.6 ±5.0 p.A 

loz TRI-STATE I/O Leakage o ~ Vo ~ 5.5V 2.7-3.6 ±5.0 p.A 
VI = VIH or VIL 

10FF Power-Off Leakage Current VI orVo = 5.5V 0 100 p.A 

lee Quiescent Supply Current VI = Vee or GND 2.7-3.6 20 p.A 

3.6V ~ VI> Vo ~ 5.5V 2.7-3.6 ±20 p.A 

t:..lee Increase in lee per Input VIH = Vee -0.6V 2.7-3.6 500 p.A 

120 



AC Electrical Characteristics 
TA = -40'Cto +85'C 

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

H 

I 
Min 

Max 
Min 

Max 
(Note 1) (Note 1) 

fmax Maximum Clock Frequency 170 MHz 

tpHL Propagation Delay 1.5 6.0 1.5 7.0 

tpLH Busto Bus 1.5 6.0 1.5 7.0 
ns 

tpHL Propagation Delay 1.5 6.5 1.5 7.5 

tpLH Clock to Bus 1.5 6.5 1.5 7.5 
ns 

tpHL Propagation Delay 1.5 6.5 1.5 7.5 

tpLH LEto Bus 1.5 6.5 1.5 7.5 
ns 

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 

tpHZ 1.5 6.0 1.5 7.0 
ns 

is Setup Time 2.5 2.5 ns 

tH Hold Time 1.5 1.5 ns 

tw Pulse Width 3.0 3.0 ns 

toSHL Output to Output Skew 1.0 

tOSLH (Note 2) 1.0 
ns 

Note 1: The Maximum AC lim"s are design target. Actual performance will be specified upon completion of characterization. 
Note 2: 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 
specificetion applies to any outputs switching in the same direction, either HiGH 10 LOW (IosHU, or LOW 10 HIGH (toSLH)' 
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Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 25°C 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open, VI = OV or Vee 7 pF 

COUT Output Capacitance Vee = 3.3V, VI = OV or Vee 8 pF 

CPO Power Dissipation Capacitance Vee = 3.3V, VI = OVorVee, 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: 

Temperature_R_a_n98_F_am_ily _______ T_L_C_X_J16 ..... 500 JMEA 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 
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x 
L Special Variations 

"X" = Tape and Reel 
.... = Rail/Tube 
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(J1National Semiconductor 
PRELIMINARY 

74LCX16646 
Low-Voltage 16-Bit Transceiver/Register with 
5V Tolerant Inputs and Outputs 
General Description Features 

• 5.0 ns tpo max, 20 p.A lceo max 
• 5V tolerant inpuls and outputs 

The LCX16646 contains sixteen non-inverting bidirectional 
registered bus transceivers with TRI-STATE® outputs, pro­
viding multiplexed transmission of data directly from the in­
put bus or from the internal storage registers. Each byte has 
separate control inputs which can be shorted together for 
full 16-bit operation. The DIR inputs determine the direction 
of data flow through the device. The CPAB and CPBA inputs 
load data into the registers on the LOW-to-HIGH transition. 
The four fundamental handling functions available are illus­
trated in Figure 1 thru Figure 4. 

• Power down high impedance inputs and outputs 

The LCX16646 is designed for low voltage (3.3V) Vee appli­
cations with capability of interfaCing to a 5V signal environ­
ment. 

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

Logic Symbol 

II U '-Llllll I I I I I 

- CPAB, 

- SAB, 

- Olf<, 

CPA', r­
SA', r­
OIR, r-

- CP'A, CP'A, r-
- S'A, S'A, r-

110 " liz " " lis II,; a, '. a" B,. B" B" B" B,. B,. 

I I I I I I I I I I I I I I I I 
TL/F/12004-1 

• 2.0V-3.6V Vee supply operation 
• ± 24 mA output drive 
• Implements patented Quiet Series™ noise/EMI reduc-

tion circuitry 
• Functionally compatible with the 74 series 16646 
• Latch-up performance exceeds 500 mA 
• ESD performance: 

Human Body Model < 2000V 
Machine Model < 200V 

Connection Diagram 
Pin Assignment for 
SSOP and TSSOP 

Dlf<, - , 
'-/ 

5. f-or, 
ePAB, - , 55 rep,A, 

SAil, - , 54 f- 5"", 

GND- • 5, rGND 

Ao- 5 5' f-lio 
A,-< 5' ra, 

Vee - 7 50 rVee 

A2 - , •• f-1Iz 
A,- • 48re, 

A.- ,. .7 '. 
GND- 11 •• GND 

A5 - 12 '5 " Ag- 13 44 .. 
A,- 14 43 a, 
Ag- '5 .. .. 
Ag- ,. 4' .. 

A,.- 17 4. ". SSOP TSSOP GND- 18 ,. GND 

.." , . 38 -a" 
A" 

,. 
,7 -", 

Order Number 74LCX16646MEA 74LCX16646MTD 
74LCX16646MEAX 74LCX16646MTDX .." 21 3. -", 

Vee " 35 -Vee ..,. '3 34 r-a,. 
MTD56 MS56A See NS Package Number 

"'5 '4 33 ra,. 

GND '5 32 i-GND 

SA', - 2. 31 rS'A, 

CPA', - '7 30 rePBAz 

01',- 28 ,. f-OE, 

TUF/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 

4 • 4 ~ 4 ~ 4 ~ 
A-Bus 

]ID @ ]U rg ~ 
~ ~ 

~ 
~ 

~ § 
B-Bus B-Bus 4 4 ~ 

~ ~ 4 ~ 4 ~ 4 ~ 
TLlF/12004-3 TL/F/12004-4 

TL/F/12004-5 TL/F112004-6 
FIGURE 1 FIGURE 2 FIGURE 3 FIGURE 4 

Function Table (Note) 

Inputs Data 1/0 
Output Operation Mode 

OEl DIRl CPABl CPBAl SABl SBAl AO-7 BO-7 

H X H or L HorL X X Isolation 
H X .../" X X X Input Input Clock An Data into A Register 
H X X .../" X X Clock Bn Data Into B Register 

L H X X L X An to Bn-Real Time (Transparent Mode) 
L H .../" X L X 

Input Output 
Clock An Data to A Register 

L H H or L X H X A Register to Bn (Stored Mode) 
L H .../" 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 .../" X L 

Output Input 
Clock Bn Data into B Register 

L L X H or L X H B Register to An (Stored Mode) 
L L X .../" 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-ta-HIGH transition of the appropriate clock inputs. Also applies to data I/O (A and B: 8-15) and #2 control pins. 

H ~ HIGH Voltage Level X = Immaterial 

L ~ LOW Voltage Level ...r ~ LOW-to-HIGH Transition_ 
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Logic Diagrams 

r-----:-------t-L_J:::..J- OIRz 

M~-----oC 1---------+----- CPB-'2 

• 

!Ia-.s 

TO 7 OTHER CHANNELS 

I---i------ SB-'2 

CPABz 

1-1-+----- SABz 

1 OF • CHANNELS 

As-IS 

ol"'~..::LJ-;_------__::_----..., 
CPBA, -----+--------·n.o-----....... 

SBA, ------t----I .... ~......._ __ 
CPAB, 

SAil, -----+1-1 _ ....... F""'Io. 

110-7 

TUFI120D4-7 

TO 7 OTHER CHANNELS 
TUFI120D4-8 

Please nola that theu diagrams are provided only lor the undarstandIng oIlaglc operations and IIhouId not be usad to..-.18 pIOp8gation .... ays. 
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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 -0.5 to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5 to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND rnA 

10K DC Output Diode Current -50 Vo < GND 
rnA 

+50 Vo> Vee 

10 DC Output Source/Sink Current ±50 rnA 

Icc DC Supply Current per Supply Pin ±100 rnA 

IGND DC Ground Current per Ground Pin ±100 rnA 

TSTG Storage Temperature -65 to +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: 10 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 V 

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

10HIIOL Output Current Vcc = 3.0V - 3.6V ±24 
rnA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 'C 

allaV Input Edge Rate, VIN = 0.8V-2.0V, Vee = 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 V 

VOH HIGH Level Output Voltage 10H = -100j.tA 2.7-3.6 Vee - 0.2 V 

10H = -12mA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24 rnA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100 j.tA 2.7-3.6 0.2 V 

IOL=12mA 2.7 0.4 V 

IOL=16mA 3.0 0.4 V 

10L = 24 rnA 3.0 0.55 V 

II Input Leakage Current o ~ VI ~ 5.5V 2.7-3.6 ±5.0 j.tA 

loz TRI-STATE 110 Leakage o ~ Vo ~ 5.5V 2.7-3.6 ±5.0 j.tA 
VI = VIH orVIL 

10FF Power-Off Leakage Current VI or Vo = 5.5V 0 100 j.tA 

Icc Quiescent Supply Current VI = Vee or GND 2.7-3.6 20 j.tA 

3.6V ~ VI, Vo ~ 5.5V 2.7-3.6 ±20 j.tA 

alec Increase in Icc per Input VIH = Vee -0.6V 2.7-3.6 500 j.tA 
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AC Electrical Characteristics (Preliminary) 

TA = -40"Cto +8SoC 

Symbol Parameter Vee = 3.3V ±O.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 
tpLH Busto Bus 1.5 5.0 1.5 6.0 

ns 

tpHL Propagation Delay 1.5 6.0 1.5 7.0 
tpLH Clock to Bus 1.5 6.0 1.5 7.0 

ns 

tpHL Propagation Delay 1.5 6.0 1.5 7.0 
tpLH Select to Bus 1.5 6.0 1.5 7.0 

ns 

tPZL Output Enable Time 1.5 7.5 1.5 8.5 
tPZH 1.5 7.5 1.5 8.5 

ns 

tpLZ Output Disable Time 1.5 6.0 1.5 7.0 
tpHZ 1.5 6.0 1.5 7.0 

ns 

Is Setup Time 2.5 2.5 ns 

tH Hold Time 1.5 1.5 ns 

tw Pulse Width 3.0 3.0 ns 

toSHL Output to Output Skew (Note 1) 1.0 

toSLH 1.0 
ns 

Note 1: Skew Is defined as the absolute value of the aofference between the actual propagation delay for any two separate outputs of the same device. The 
apecijicatlon applies to any outputs swHching in the same direction, either HIGH to LOW (tosHU or LOW to HIGH (tosLH)' Parameter guaranteed by deSign. 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 25"C 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

Capacitance 
, Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open, VI = OVorVee 7 pF 

COUT Output Capacitance Vee = 3.3V, VI = OVorVee 8 pF 

CPD Power Dissipation Capacitance Vee = 3.3V, VI = OVorVee, F = 10 MHz 20 pF 
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74LCX16646 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_R_a_n_ge_Fa_m_i_ly ________ T-_4_LC_X __ J1_6...1
646 

JMEA 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 
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L Special Variations 

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



t!lNational Semiconductor 
PRELIMINARY 

74LCX16652 
Low-Voltage Transceiver/Register 
with 5V Tolerant Inputs and Outputs 
General Description Features 

• 5.0 ns tpD max. 20 /LA ICCQ max 
• 5V tolerant inputs and outputs 

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. 

• Power down high impedance inputs and outputs 

The LCX16652 is designed for low-voltage (3.3V) Vcc 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. 

Logic Symbol 

I I I I I I I I I I I I I I I I 
Ao A, A2 A3 A, A5 Ae A7 As Ag A,o A,1 A,2 A13 A" A,5 

-C OEBA, OEBA2 P--
- CPAS, CPAB2 I--
- SAS, SAB2 I--
- OEAS, OEAS, I--
- CPBA, CPBA2 f--

- SBA, SBA2 I--
80 S,B2S,B,B5Ba~B8 B, S,0S,1S,2S,3S"S,5 

I I I I I I I I I I I I I I I I 
TLlFI12005-1 

Pin Names 

CPABn• CPBAn 
SABn.SBAn 
OEABn• OEBAn 

Description 

Data Register A Inputs! 
TRI-STATE Outputs 
Data Register B Inputs! 
TRI-STATE Outputs 
Clock Pulse Inputs 
Select Inputs 
Output Enable Inputs 

SSOP 

• 2.0V-3.6V VCC 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 
• ESD performance: 

Human body model > 2000V 
Machine model > 200V 

Connection Diagram 
Pin Assignment for 
SSOP and TSSOP 

\.J 
OEAS, - 1 56i-OEBA, 

CPAS, - 2 55 -CPBA, 

SAS, - 3 5. -SBA, 

GND- 4 53 -GND 

Ao- 5 52 -80 
A, - 6 51 -II, 

Vce - 7 50 -Vee 
A, - 8 49 rB2 

A3 - 9 48 rB3 

A, - 10 47 rB, 

GND - 11 46 rGND 

A5 - 12 451- B5 

Ae- 13 44 rBa 

~- 14 43 r~ 

As- 15 42 rBa 

Ag- 16 .1 rBg 

A,o- 17 40 I- 11,0 

GND- 18 39 r GND 

A,1- 19 38 rs, 1 

A,2- 20 37 rs,2 

A,3- 21 361- 11,3 

Vee - 22 35 -Vee 
A" - 23 3. -II" 
A,5- 24 33 -11,5 

GND- 25 32 -GND 

TSSOP SAB2 - 26 31 -SBA2 

Order Number 74LCX16652MEA 
74LCX16652MEAX 

74LCX16652MTD 
74LCX16652MTDX 

CPAB2 - 27 30 r CPBA, 

OEAB2 - 28 29 r OESA, 

See NS Package Number MS56A MTD56 
TLlF/12005-2 

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
ance port may be stored in either the A or B register or both. 

The select (SABn, SBAn) 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 
74LCX16652. 

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 
Transfer Bus B to Bus A 

Real-Time 
Transfer Bus A to Bus B ;----;: ;----; 1 J ;----;: ;----; 

, I I I I I II I I 
I II I I I I I I I 
I III I I III I 

~~~'==~'~'~'====~'~: ~~~'==~'~'~'====~'~~ 
I .11 I m I .11 I 
I .1. I I III I 

I '" I I III I 
I III I I III I 
I III I I III I 10 ____ .1. ____ • • ____ .11. ____ • 

IIII III III III 

11111 1 1111 
TLlF/12005-3 TL/F/12005-4 

OEAB, oavi, CPAB, CPBA, SAB, SSA, OEAB, 'O'ESA, CPAB, CPBA, SAB, seA, 

L L X X X L H H X X L X 

propriate Clock Inputs (CPABn, CPBAn) 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 en­
abling OEABn and OEBAn. In this configuration each Output 
reinforces 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. 

Storage 

. T I :----~ I ~----~ 
~~), : 

I III 
I III 
I III 
I .1. 
I .1. 

: ('.I' '1.1-_"""'--' 

~-- .. -! I ~----! I 1 
1111 1111 

111 11 
TLlF/12005-5 

OEAB, 'O'ESA, CPAB, CPBA, SAB, SSA, 

X H -'" X X X 

L X X ..../ X X 

L H ...r ...r x x 

Transfer Storage 
Date to A or B 

.11 11 
TLlF/12005-6 

OEAB, 'OE'SA, CPAB, CPBA, SAB, SSA, 

H L HorL HorL H H 

FIGURE 1 

Function Table (Note) 

Inputs Inputs/Outputs 
Operating Mode 

OEABl OEBAl CPABl CPBAl SABl SBAl Aothru A7 Bo thru B7 

L H H or L H or L X X 
Input Input 

Isolation 

L H .-.r .-.r X X Store A and B Data 

X H .-.r H orL X X Input Not Specified State A, Hold B 

H H .-.r .-.r X X Input Output Store A in Both Registers 

L X H or L .-.r X X Not Specified Input Hold A, Store B 

L L .-.r .-.r X X Output Input Store B in Both Registers 

L L X X X L 
Output Input 

Real-Time B Data to A Bus 

L L X H orL 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 H or L X H X Stored A Data to B Bus 

H L H or L H orL H H Output Output 
Stored A Data to B Bus and 
Stored B Data to A Bus 

H ~ HIGH Voltage Level 
L ~ LOW Voltage Level 
X = Immaterial 
.../ ~ LOW to HIGH Glock 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. 

131 

r­o 
>< .... 
0) 
0) 
CI1 
I\) 



~ r---------------------------------------------------------------------------------~ 
an 
CD 
CD .-
>< 
~ 

Logic Diagram 

10------ OEBA2 

...---------------+< 1-------OEAB2 

...... -----Cl< 1----------+------CPBA2 

1--+-------SBA2 

CPAB2 

..... -,.-,.,.. ... tt--;----- SAB2 

B8- 15 +--+irl+ .. 
++-..., 

TO 7 OTHER CHANNELS 

OEAa, -------01 

OEAa, ----I :::~-------------__. 

CPBA, -----+----------1 X)---+ ... 

SBA, -----+--1 
CPAa, 

SAil, -.......;~-+--+I 

t-IH-i04I--. BO-7 

. 
TO 7 OTHER CHANNELS 

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 -0.5to +7.0 V 

VI DC Input Voltage -0.5 to +7.0 V 

Vo DC Output Voltage -0.5to +7.0 Output in TRI-STATE V 

-0.5 to Vee + 0.5 Output in High or Low State (Note 2) V 

11K DC Input Diode Current -50 VI < GND mA 

10K DC Output Diode Current -50 Vo < GND 
rnA 

+50 Vo> Vee 

10 DC Output Source/Sink Current ±50 rnA 

lee DC Supply Current per Supply Pin ±100 rnA 

IGND DC Ground Current per Ground Pin ±100 rnA 

TSTG Storage Temperature -65 to +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: 10 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 V 

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

10H/IOL Output Current Vee = 3.0V-3.6V ±24 
rnA 

Vee = 2.7V ±12 

TA Free-Air Operating Temperature -40 85 ·C 

t:.tlt:.V Input Edge Rate, VIN = 0.8V-2.0V, Vee = 3.0V 0 10 nslV 

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 V 

VOH HIGH Level Output Voltage 10H = -100/LA 2.7-3.6 Vee - 0.2 V 

10H = -12 rnA 2.7 2.2 V 

10H = -18mA 3.0 2.4 V 

10H = -24mA 3.0 2.2 V 

VOL LOW Level Output Voltage 10L = 100 /LA 2.7-3.6 0.2 V 

10L = 12mA 2.7 0.4 V 

10L= 16 rnA 3.0 0.4 V 

10L = 24mA 3.0 0.55 V 

II Input Leakage Current 0:;;; VI:;;; 5.5V 2.7-3.6 ±5.0 /LA 

loz TRI-STATE I/O Leakage 0:;;; Vo:;;; 5.5V 
2.7-3.6 ±5.0 /LA VI = VIH or VIL 

10FF Power-Off Leakage Current VI orVo = 5.5V 0 100 /LA 

lee Quiescent Supply Current VI = Vee or GND 2.7-3.6 20 /LA 
3.6V :;;; VI, Vo :;;; 5.5V 2.7-3.6 ±20 /LA 

t:.lee Increase in lee per Input VIH = Vee -0.6V 2.7-3.6 500 /LA 
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AC Electrical Characteristics 
TA = -40"Cto +85"C 

Symbol Parameter Vee = 3.3V ± O.3V Vee = 2.7V Units 

Min Max Min Max 

fmax Maximum Clock Frequency 170 MHz 

tpHL Propagation Delay 1.5 5.0 1.5 6.0 
tpLH Busto Bus 1.5 5.0 1.5 6.0 

ns 

tpHL Propagation Delay 1.5 6.0 1.5 7.0 
tpLH Clock to Bus 1.5 6.0 1.5 7.0 

ns 

tpHL Propagation Delay 1.5 6.0 1.5 7.0 
tpLH Select to Bus 1.5 6.0 1.5 7.0 

ns 

tpZL Output Enable Time 1.5 7.5 1.5 8.5 
tPZH 1.5 7.5 1.5 8.5 

ns 

tpLZ Output Disable Time 1.5 6.0 1.5 7.0 
tpHZ 1.5 6.0 1.5 7.0 

ns 

ts Setup Time 2.5 2.5 ns 

tH Hold Time 1.5 1.5 ns 

tw Pulse Width 3.0 3.0 ns 

tOSHL Output to Output Skew (Note 1) 1.0 
tOSLH 1.0 

ns 

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 (tosHU or LOW to HIGH (toSLW' Parameter guaranteed by design. 

Dynamic Switching Characteristics 

Symbol Parameter Conditions Vee TA = 2S'C 
Units 

(V) Typical 

VOLP Quiet Output Dynamic Peak VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

VOLV Quiet Output Dynamic Valley VOL CL = 50 pF, VIH = 3.3V, VIL = OV 3.3 0.8 V 

Capacitance 
Symbol Parameter Conditions Typical Units 

CIN Input Capacitance Vee = Open, VI = OVorVee 7 pF 

COUT Output Capacitance Vee = 3.3V, VI = OV or Vee 8 pF 

CPO Power Dissipation Capacitance Vee = 3.3V, VI = OVor Vee, 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 __ Ra_n_g_e_F_a_m_i_ly _________ =r-___ I---l T 74 = Commercial 

Device Type 

Package Code 

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

MEA = Shrink Small Outline Package (56-Lead) 
MTD = Thin Shrink Small Outline Package, JEDEC, 

Width 

135 
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t!lNational Semiconductor 

14 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M14A 

All dimensions are in inches (millimeters) 

0.150-0.157 

iilii=ITaiir ~X45· t--
(0.254 -0.101) I 8" MAX TYP 

6 IJIf--o-.IIIM-J-I d~ 
ii.iD2i TYP ALL LEADS 

AlL WDnps 

0.053-0.069 
(1.346-1.153) * O.DD"-D.DlO 

-:~~:::::uc~~~~~~~1~(:0.,:RI-0.254) 
SEATING_ + !l§Fl-~-kH-.-----J 

PLANE t o.t J LJL IL t iD.35&i 0.II1II 0.014-0.RI TYP 
iWDi - iD.35i=o:5Daj 

TYP (~::) TYP 
M10lAIAEVHI 

14 Lead (0.300" Wide) Molded Small Outline Package, EIAJ 
NS Package Number M14D 

All dimensions are in inches (millimeters) 

8 8 

.,. g§ 
~ 

0.205-0.213 
(5.2lI7-5.410) 

J LU18-~DSI 
(11.406-0.787) 

2 3 4 5 6 

DETAILF 

U71 REF 0.087 - 0.D83 
0.DD8-0.o10 (1.803) (1.7R-2.1D8) 

(O.152-~54) L t 

~t f h""'--Lt!J1UJl1 - , -
u
-
so 

u:::u::uJ-L-d.-----", f SEATING PLANE 

i-+--(I.245)REF -.I \.-(1.270) 0.IMlD-Ul0 

UI4-0.D20 (O.DOO-O.254) 

(0.356-0.508) 
SEEDETAILF 

M14DtREVAl 

136 



r-----------------------------------------------------------------------------, ~ 
16 Lead (0.150" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M16A 

(0.254-0.508) x 
8" MAX TYP 

~ 451 (r~:~~~=~:~::) r 
L All lEADS 

.J( )l\., + 
~t ~-=r 

(~:~:=~:~~~) I J L (~:~~:=~:~~~I 
TYP AlllEAOS 0.004 TYP AlllEAOS 

(0.102) 
All lEAD TIPS 

All dimensions are in inches (millimeters) 

~ (:~:=~D3~:I I 
r~-i{ 13 12 '~ Z ~I 

0.228 -0.244 
(5.791-6.19l11 

lEAD NO.1 
IDENT 

0.053-0.069 
~ 

+ 

0.014 
j[3s6j J LO.050J 

(1.270) 
TYP 

0.004-0.010 
(0.102-0.254) 

~ SEATING JL t PlANE 

0.014-0.020 TYP 
(0.356-0.508) 

(~:~:I TYP M1GA(REVHI 

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

DETAIL F 

SEE DETAIL F 

All dimensions are in inches (millimeters) 

0.295-0.319 0.205-0.213 
(7.493-8.103) (5.207-5.410) 

~~o~~~ 

0071 0.067-0.083 
(1:803) REF (1.702-2.108) 

~r-----------~--~! 

tfu-u--u--u--u---.l 
1- 0.049 REF 1 1 0.050 J L t t 

SEATING PLANE 

I (1.245) -I I-- (1.270) 0.000-0.010 
(0.000-0.254) 

0.014-0.020 
(0.356-0.508) 
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o ,---------------------------------------------------------------------------------, 
C 
.~ 20 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
~ NS Package Number M20B 
E All dimensions are in inches (millimeters) 

i:S 
1ij 
u 
.~ 

.c 
Il. 

rl~ "" 
I 

0.394-0.419 

~,:t ;;;:::n:=n=rr:;n=:n:=n:::;:;::;::;:::;:;:~ 

0.093-0.104 
12.362-2.642) 

• 

1 6 7 9 10------r 
J!.!!!.MAX 
10.254) 

m 3 D~-D012 L 10102-0305) 

",tl~ t SEATING 

t ,:h J I--~ JL _11==r:.:~NTE,. 
II 2101 10 356 - ° 5081 

TV. 
..!.!!!!..TYP 
(0203) M2CIl(AEvl') 

20 Lead (0.300" Wide) Molded Small Outline Package, EIAJ 
NS Package Number M20D 

t-gE 
J L 0.016-0.031 

(0.406 - 0.787) 

DETAILF 

SEE DETAIL F 

All dimensions are in inches (millimeters) 

0.492 - 0.500 
~-----(12.50-12.70) -----+I 

20 19 18 17 16 15 14 13 12 11 

~ REF 0.067 - 0.083 
(1.803) (1.702-2.108) 

L ~ 
~~ r= f f SEATING PLANE 

-J l-(~:~~~) J LO.OOD-D.010 
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.-----------------------------------------------------------------------------~ ~ 

24 Lead (0.300" Wide) Molded Small Outline Package, JEDEC 
NS Package Number M24B 

LEAD NO 1 
IDENTIFICATION 

0.1043 
0.0926 

0.6141 

~--------~g~g--------~ 
15.20 

18 17 16 15 14 1;;:3+-____ • 

0.2992 
0.2914 
7.6 

7.4 
m 

~;;;:::;;r:;~;:::;;;;;;;;;;;:;:=;:;:;~-.l 

0.4190 
0.3940 
10.65 
10.00 

2.65 ., 0.0118 

2.35 L-~l!o.g~:o 
* 0.1 

SEATING' --
PLANETT - t 

0.029 
450 • 0.010 

0.75 
0.25 

r::::J.ILJ - l...2.ill ~u ALL LEAD TIPS 
0.35 

All dimensions are in ~I~ches 
mllmeters 

0.0125 

T:!i'''' '" """'} 
80 MAX TYP¥ 

0.0500 ALL LEADS 
0.0160 TYP ALL LEADS 

1.27 
0.40 0"8 (REV F) 

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

1+-______ . ,O,;~ .• 620 - 0.630 ____ -I 
- 16.00] 

LEAD #1 
IDENT 

0.008 - 0.0 12 
[0.21 - 0.30] 

EEl 

1"0"10.010[0.25] @ I D I A ® I BOO I 

All dimensions are in inches [millimeters] 

0.395 0.420 
[10.04 - 10.66] 

1"0"10.010[0.25]1 D I A® I B® I 

GAUGE PL:j 
0.010 
[0.25] 

~ 0.005-0.009 
1[0.13-0.22] 

G020-0.040 
[0.51- 1.01] 

DETAIL E TYP 

450.0.015-0.025 

ij
[2~:!:~:;~j SEATING PLANE~[0.39-0.631 

" ! -~UJUlJLU.UJl.gJUlJLUJUUlD.DJl.DJUUtDj " -D -
-c-

0.025 TYP 0.008 - 0.0 16 TYP 
[0.64] [0.21 - 0.40] 111548A (REV A) 
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o ,--------------------------------------------------------------------------, 
C 
.~ 56 Lead (0.300" Wide) Molded Shrink Small Outline Package, JEDEC 
l6 NS Package Number MS56A 
E All dimensions are in inches [millimeters] 
is 
~ 
.~ 
.c 
a.. 0.395 f 0.420 

[10.04 - 10.66] 
LEAD # 1 

IDENT 1*10.010[0.25]1 D 1 A ID 1 BID 1 

1 II .. 
0.008-0.012 TYP-ll- -1'- 0.025 TYP 
[0.21 - 0.30] r- [0.63] 

1*10.010(0.25] @IDIA® 1 BID 1 

450 x 0.015 - 0.025 

GAUGE PL:j 
0.010 
[0.25] 

~ 0.005-0.009 
I[O.13-0.22] 

\].020-0.040 
[0.51-1.01] 

DETAIL E TYP 

Ei
[:l~!::~:~~i SEATING PLANE~[0.39-0.631 

-t -~OJ1lUlOJ1ltOAOAO.ruutOJW\.O.lWtOp - -D - LJ~!!!!!!!!!!!!!!!~_'-/-.1...Q.L.!!!.:.!!.!!!l!!:.!.!!J...I 
0.025 TYP 0.008-0.016 TYP -c- \' 
[0.64] [0.21 - 0.40] 00 - 80 TYP 

20 Lead Molded Shrink Small Outline Package, EIAJ, Type II 
NS Package Number MSA20 

111556.4 (REV A) 

All dimensions are in millimeters 

20 11 

------+------

I 
I 

I 
1'11.2 

10 

1.80 ± 0.05 I 0.800 ± 0.025 

f 
0.30± 0.10 TYP~ I-

1"'10.12@lcIA®18®1 
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24 Lead Molded Shrink Small Outline Package, EIAJ, Type II 
NS Package Number MSA24 

All dimensions are in millimeters 

24 13 

I 

I 
- ---- + -----

I 

MSA24 (REV A) 

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

5.0tO.l ~ 
EJ 8 

n 
4.4 t 0.1 

All dimensions are in millimeters 

~~~~~~~f -1, 
---+--- 4'~6 

L1--.l 
(1.78 TYP) ~ ~ ~ ~ ~ ~ ~ __ 

tjlll~ 
0.42 TYP -II 

~ 0.65 TYP 

LAND PATTERN RECOMMENDATION 

~
GAGEPLANE 

0.25 

-- - -- ---- -~ 

='==--- "'- SEATING PLANE 
0 0 -8 0\ 0.6 t 0.1 

lei 0.21c1BIAI 

ALL LEAD TIPS 

., 0.1 C ~0'90) 
ALL LEAD TIPS ~ ~ S : Ij tl,PJjJ:lPo 1. 1 MAX TYP 

L±J t ~II ~tO.05TYP 
::..j I-- 0.19 - 0.30 TYP 

DETAIL A 
TYPICAL 

_---.rSEE DETAIL D 

/' r-"';---------.. 

(~( ) )~J. 
", J 

- - - - 0.09-0.20 TYP 

1-$-1 0.13 @ 1 AlB ® 1 c ® 1 
MTCI4 (REV B) 
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16 Lead Molded Thin Shrink Small Outline Package, JEDEC 
NS Package Number MTC16 

4.4 ± 0.1 

All dimensions are in millimeters 

~~~~!~~~Lrl, 
---+--- 4.~6 

L I J 
(1.78 TYP) ~ ~ ~ ~i~ ~ ~ ~ __ 

0.42Di1J 
~1=- 0.65 TYP 

LAND PATTERN RECOMMENDATION 

8 

~~U .. -I-I--t-
DETAIL A 

I 8 I", I 0.2 I C 181 A I TYPICAL 
ALL LEAD TIPS ~ ~ _ r SEE DEl AIL 0 

'" 0.1 C hO) ,'/ ~~=\:;:====:=:j~~ 
ALL LEAD TIPS fIJlttl,Pctlct1Jtdll.' ~AX TYP I\~ ,j ~-1 

L±J f I-H 0.65 TYP] II ~ ± 0.05 TYP' , - ' 0.09-0.20 TYP ] 

::::.j I- 0.19 - 0.30 TYP 

1-$-10.,3@ I A 18 ® I C ® I ore ,. (REV oj 

142 



20 Lead Molded Thin Shrink Small Outline Package, JEDEC 
NS Package Number MTC20 

All dimensions are in millimeters 

~~~~~!~~~~~,-1 
---+--- 4'~6 

L I ~ 
(1.78 TYP) ~~~~~i~~~~~-

0.42Dili -.:J1=- 0.65 TYP 

LAND PATTERN RECOMMENDATION 

4.4 :!: 0.1 

~ 

~~U,._t-
DETAIL A 

1 10 10 10.21cls1AI TYPICAL 
ALL LEAD TIPS ~ _ ........ r SEE DETAIL D 

(0.90) /' ,......;':.,-____ .... 

m ~,:; ',,~ fUJJJJJJJJttlJtttBf1.. ("off ( ) J ~-1 
L£J f I-H 0.65 TYplll ~ :!: 0.05 T~P -' 0.09-0.20 J 

::::.j I-- 0.19 - 0.30 TYP 

1-$-1 0.13 @ I A 18 ® I c ® I 
"TC20 'REV c) 
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24 Lead Molded Thin Shrink Small Outline Package, JEDEC 
NS Package Number MTC24 

All dimensions are in millimeters 

~~~~~~~~~~~~11, 
---+--- 4.~6 

L I ~ 
(1.78 TYP) ~ ~ ~ ~ ~ ~i~ ~ ~ ~ ~ ~_ 

0.42Di1J --.:J1=- 0.65 TYP 

LAND PATTERN RECOMMENDATION 

4.4 :I: 0.1 
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~~U ,.J-I-I-
DETAIL A 

1 12 1 .. 10.2IclaIAI TYPICAL 
ALL LEAD TIPS ___ rSEE DETAIL D 

~
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.. 0.1 C ,------------. I ~~~~===R-~ 
ALL LEAD TIPS fttU:l.t:1,PQt:1'PQt:1Qt:1Qt:1Qt:19 1.1 MAX I\~ "'""-/+ ____ J ~~ 

l±J f I-H 0.65 Typl II ~ :I: 0.05 T~P - - 0.09-0.20 TY~ J 
~ I-- 0.19 - 0.30 TYP 

1-$-1 0.13 ® 1 A I a ® I C ® I 
MTC24 (REV B) 
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r--------------------------------------------------------------------------.~ 

48 Lead Molded Thin Shrink Small Outline Package, JEDEC 
NS Package Number MTD48 

48 

All dimensions are in millimeters 

._ _ _______ -1. ~
GAGEPLANE 

1 0•25 

00-8r SEATING PLANE 

24 1010.21c1BIAI 
ALL LEAD TIPS 

0.60 ~~::~ 

DETAIL A 
TYPICAL 

o 0.1 C ;-SEE DETAIL A 
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-C- -l ~ --11- 0.17 _ 0.27 TYP 0.10 ± 0.05 TVP "-' 0.09-0.20 TVP J 

1-$-10.13 (M)jAIB ®Ic ®I "'T048 (REV A) 

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

All dimensions are in millimeters 

r------------- 14.0 ± 0.1 -------------1 
56 
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