
National
Semiconductor

CD4048BM/CD4048BC TRI-STATE® Expandable 
8 -Function 8 -Input Gate

General Description
The CD4048BM/CD4048BC is a progammable 8-input 
gate. Three binary control lines Ka, Kb, and Kc determine 
the 8 different logic functions of the gate. These func
tions are OR, NOR, AND, NAND, OR/AND, OR/NAND, 
AND/OR, and AND/NOR. A fourth input, K * is a TRI
STATE control. When is high, the output is enabled; 
when K<j is low, the output is a high impedance. This 
feature enables the user to connect the device to a com
mon bus line. The Expand input permits the user to in
crease the number of gate inputs. For example, two 8- 
input CD4048’s can be cascaded into a 16-input multi
function gate. When the Expand input is not used, it 
should be connected to vss- All inputs are buffered and 
protected against electrostatic effects.

Features
■ Wide supply voltage range 3.0 V to 15 V

■ High noise immunity 0.45 Vqd (typ.)

■ High sink and source current capability

■ TTL compatibility drives 1 standard TTL load
at Vcc = 5V, 

over full temperature range

■ Many logic functions in one package

Logic Diagram
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Absolute Maximum Ratings Recommended Operating Conditions
(Notes 1 and 2) (Note 2)

V q d  Supply Voltage -0 .5 V  to  +18V 
V||vj Input Voltage -0 .5 V  to  V q d  +  °.5V  
Tg Storage Temperature Range -6 5 °C  to  +150°C 
Pq  Package Dissipation 500 mW 
Tj_ Lead Temperature, (Soldering, 10 seconds) 300°C

V d d  Supply Voltage 
V |N  Input Voltage 
T a  Operating Temperature Range 

CD4048BM 
CD4048BC

3V to  15V 
o v  to  V d d

—55°C to  +125°C 
^ *0 °  C to  +85° C

DC Electrical Characteristics c d 4 0 4 8 b m  (N o te 2)

PARAMETER CONDITIONS
-55°C 25° C 125°C 1 IMITC

MIN MAX MIN TYP M AX MIN M AX
U N I  1 o

Iq D Quiescent Device Current V d d  = 5V 5.0 0.01 5.0 150 JUA

, V d d = 1 0 V 10 0.01 10 300 IdA

v d d  =  15V 20 0.01 20 600 f iA

V o l  Low Level Output Voltage Mol <  1 m a , v ih  =  V d d . v i l  =  o v
V d d = 5 V 0.05 0 0.05 0.05 V
V d d  =  io v o!o5 0 0.05 0.05 V

v D d  = 15V 0.05 0 0.05 0.05 V

V 0H  High Level O utput Voltage |IO | < 1 mA , V | h  = V d D .V |L = 0V 

V DD = 5V 4.95 4.95 5 4.95 V
v d d =  io v 9.95 9.95 10 9.95 V
V d d  =  15V 14.95 14.95 15 14:95 V

V|i_ Low Level Input Voltage Hoi <  1 a«a
V d D =  5V, V o  =  0.5V or 4.5V 1.5 2.25 1.5 1.5 V
V d d  =  10V, V o =  1 V o r9 V 3.0 4.5 3.0 3.0 V
V d d  =  15V, V o  =  1.5V or 13.5V 4.0 6.75 4.0 4.0 V

V|H High Leve llnput Voltage Mol <  1 AtA
V d D =  5V, V o  =  0.5V or 4.5V 3.5 3.5 2.75 3.5 V
V d d  = 10V, V o =  1 V o r9 V 7.0 7.0 5.5 7-0 V
V d d  =  15V, V 0  =  1.5V or 13.5V 11.0 11.0 8.25 11.0 V

lO L Low Level O utput Current V ih  = V d d . V i l  = o v  

V d D =  5V, V o  =  0.4V 2.8 2.3 4.0 1.6 mA
v d d  =  io v ,  v o  =  o.5V 6.4 5.2 11 3.6 mA
V d d  =  15V, V o  =  1.5V 14 11.5 23 8.0 mA

lOH High Level Output Current V |H  =  V d d . V | L =  0V 

V d d  =  5V, V o  =  4.6V -2 .8 -2 .3 -4 .0 -1 .6 mA
V d d  = io v ,  V o  =  9.5V —6.4 -5 .2 —11 -3 .6 mA
V d d  =  15V, V o =  13.5V -1 4 -1 1 .5 -2 3 -8 .0 mA

lO Z  TRI-STATE Leakage V d d  = 15V, v q  = o v -0 .2 -0 .002 -0 .2 -2 /iA
Current V d d  = 15V, v o  =  15V 0.2 0.002 0.2 2 juA

l|N  Input Current V d D =  15V, V |N =  0V -0.1 -1 0 ~ 5 -0.1 -1 .0 M A
V d d  = 15V, V|iM = 15V 0.1 10~5 0.1 1.0 juA

DC Electrical Characteristics c d 4048b c  (Note 2>

PARAMETER CONDITIONS
-4 0 °  C 25° C 85°C

UNITS
MIN MAX MIN TYP MAX MIN MAX

Iq d  Quiescent Device Current V d d  =  5V 20 0.01 20 150 IdA
v D d  =  io v 40 0.01 40 300 HA

v Dd  =  15V 80 0.01 80 600 HA

V q l  L o w  Level O utput Voltage Mol <  1 m a , V ih  =  V d d . V i l  =  o v  

V d d  = 5 v 0.05 0 0.05 0.05 V
v D d  =  io v 0.05 0 0.05 0.05 V
v D d  =  15V 0.05 0 0.05 0.05 V
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DC Electrical Characteristics (contu) cd4048bc (Note 2)

PARAMETER CONDITIONS
-4 0 ° C 25° C 85°C

UNITS
MIN M AX MIN TYP MAX MIN M AX

VOH High Level O utput Voltage Mol <  1 V |H  = V q d , V | [_ = OV 
V DD = 5V 4.95 4.95 5 4.95 V

v D d  = 10V 9.95 9.95 10 9.95 V

V DD =  15V 14.95 14.95 15 14.95 V

V |L Low Level Input Voltage | l0 l< 1 / i A

V d d  = 5V, V o  = 0.5V or 4.5V 1.5 2.25 1.5 1.5 V

V q d = 10V, V o =  1V or 9V 3.0 4.5 3.0 3.0 V

V q d  = 15V, V o  = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V

V |H High Level Input Voltage M o l  <  1 MA
V d D = 5V, V o  = 0.5V or 4.5V 3.5 3.5 2.75 3.5 V

V q d  = 10V, V o =  1V or 9V 7.0 7.0 5.5 7.0 V

V d D = 15V, V o =  1.5V or 13.5V 11.0 11.0 8.25 11.0 V

lO L Low Level O utput Current V|H  = V DD, V | L = 0V  

V d D = 5V, V o  = 0.4V 2.3 2.0 4.0 1.6 mA

V q d  = 10V, V o  = 0.5V 5.2 4.5 11 3.6 mA

V q d  = 15V, V o =  1.5V 11.5 9.8 23 8.0 mA

lOH High Level O utput Current V|H  = VDD. V | l  = 0V  
V d D = 5V, V o  = 4 .6V -2 .3 -2 .0 -4 .0 -1 .6 mA

V q d  = 10V, V o  = 9.5V -5 .2 -4 .5 -11 -3 .6 mA

V q d  = 15V, V o =  13.5V -11 .5 -9 .8 -2 3 -8 .0 mA

ITL TRI-STATE Leakage V q d  = 15V, V o  = 0V -0 .6 -0 .005 -0 .6 -2 /iA
Current V q d  = 15V, V o  = 15V 0.6 0.005 0.6 2 /tA

• in Input. Current V q d  = 15V, V |N  = 0V -0 .3 - 10- 5 -0 .3 - 1.0 HA

V D D = 1 5 V ,V |n = 15V 0.3 10“ 5 ' 0.3 1.0 /jA

Note 1: "Abso lu te  Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to  im ply 
tha t the devices should be operated at these lim its. The tables o f "Recommended Operating Conditions" and "E lectrical Characteristics" provide 
conditions fo r actual device operation.
Note 2: V gs = OV unless otherwise specified.

AC Electrical Characteristics ta =25°c , c l = 50p f , Ru= 2ookQ, andtr= t f = 2ons,
unless otherwise specified

PARAMETER CONDITIONS MIN TYP MAX UNITS

tPHL. tPLH Propagation Delay Time V DD = 5 V 425 850 ns

v Dd  = 10V 200 400 ns

V q d  = 15V 160 320 ns

tP L Z , tP H Z Propagation Delay Time, to R|_ = 1 .OkO

High Impedance (From Active V DD = 5V 175 350 ns

Low or High Level) V D D = 10V 125 250 ns
V DD =  15V 100 200 ns

tP Z L , tP ZH Propagation Delay Time, to RL = 1.0kf2

Active High or Low Level V DD ~ 5V 225 450 ns

(From High Impedance) v D D = 10V 100 200 ns

V q d  = 15V 70 140 ns

tT H L -tT L H O utput Transition Time V DD = 5V 100 200 ns

v Dd  = io v 50 100 ns

V DD =  15V 40 80 ns

C|N Input Capacitance Any Input 5 7.5 pF

CQUT Tristate ou tpu t

Capacitance 22.5 pF
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Truth Table
OUTPUT BOOLEAN CONTROL INPUTS UNUSED

FUNCTION EXPRESSION K a K b K c K d INPUTS
NOR J = A  + B + C + D + E + F + G + H 0 0 0 1 V SS
OR J = A + B + C + D + E + F + G + H 0 0 1 1 vss
O R /AN D J = ( A  + B + C + D ) * ( E  + F + G + H) 0 1 0 1 V SS

O R /N AN D J = (A + B + C + D ) M E  + F + G + H) 0 1 1 1 vss
A ND

I
 

O
 

11. UJ 

Oo00<II 1 0 0 1 V DD
NAND J = A * B * C * D * E * F * G * H 1 0 1 1 V DD
AN D/NO R J =  (A • B • C • D) + (E • F • G • H) 1 1 0 1 V DD
AN D/O R J = (A * B • C • D) + (E • F • G • H) 1 1 1 1 V DD
Hi-Z X X X 0 X

Positive logic: 0 = low level, 1 = high level, X = irrelevant, EXPAND input tied to Vgs-

AC Test Circuits and Switching Time Waveforms
Logic Propagation Delay Time Tests

TRI-STATE Propagation Delay Time Tests

TRISTATE
CONTROL

TRI-STATE
CONTROL

Vdd

Typical Performance Characteristics
Propagation Delay vs Load 
Capactiance

0 50 100 150 200

CL -  LOAD CAPACITANCE (pF)

Output Transition Time vs 
Load Capacitance
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Basic Logic Configurations

KaKbKc = 000

AND O R/AND O R/NAN D

=  011

AND/OR AND/NO R

= 111 =  110

Actual Circuit Configurations
OR NAND

AND O R/AND O R/NAN D

AND/OR AND/NO R
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Truth Table for EXPAND Feature
COMBINED

OUTPUT
FUNCTION

FUNCTION  
NEEDED AT  

EXPAND INPUT

OUTPUT BOOLEAN 
EXPRESSION

NOR OR J = (A + B + C + D + E + F + G + H) + (EXP)
OR OR J = (A + B + C + D + E + F + G + H) + (EXP)
AND NAND J = (ABCDEFGH) • (EXP)
NAND NAND J = (ABCDEFGH) • (EXP)
O R /AN D NOR J = (A + B + C + D) • (E + F + G + H) • (EXP)
O R /N AN D NOR J = ( A  + B + C * D ) ’ (E + F + G + H) «  (EXP)
AN D/NO R AND J = (ABCD) + (EFGH) + (EXP)
AND/O R AND J = (ABCD) + (EFGH) + (EXP)

Note. Positive logic is assumed. (EXP) represents the logic level present at the EXPAND input.

Typical Applications of EXPAND Feature
16-Input NOR Gate 12-Input O R/AND Gate

OUTPUT V qq  V DD OUTPUT V DD

Output = A1 + B1 + C1 + D1 + E1 + F1 + G1 + Output = (A + B + C + D) • (E +
H1 + A2 + 62 + C2 + D2 + E2 + P2 + G2 + H2 G + H) • (X1 + X2 + X3 + X4) F +
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