74HC138/74HCT138

Analog & Logic ICs

3-to-8 Line Decoder/Demultiplexer; Inverting

1. Description

The 74HC/HCT138 decodes three binary weighted
address inputs(AO, A1 and A2) to eight mutually
exclusive outputs (70 to 77). The device features
three enable inputs (E1, E2 and E3). Every output will
be HIGH unless E1and E2are LOW and E3is HIGH.
This multiple enable function allows easy parallel

expansion to a 1-0f-32(5 to 32 lines) decoder with just

2. Features

. Input levels:
- For 74HC138: CMOS level
- For 74HCT138: TTL level

. Demultiplexing capability

. Multiple input enable for easy expansion

3. Ordering Information

four 74HC/HCT138 ICs and one inverter. The
74HC/HCT138 can be used as an eight output
demultiplexer by using one of the active LOW enable
inputs as the data input and the remaining enable
inputs as strobes. Inputs include clamp diodes. This
enables the use of current limiting resistors to interface

inputs to voltages in excess of Vcc.

. Ideal for memory chip select decoding

. Active LOW mutually exclusive outputs

. Specified from -40°C to +105°C

. Packaging information:
DIP16/SOIC16/TSSOP16

Type Number Package Type Packing Notes
74HC138N DIP-16 Tube

74HCT138N DIP-16 Tube

74HC138D SOIC-16 Tape & Reel

74HCT138D SOIC-16 Tape & Reel

74HC138PW TSSOP-16 Tape & Reel

74HCT138PW TSSOP-16 Tape & Reel

Note: If the physical information is inconsistent with the ordering information, please refer to the actual product.

4. Pinning

Pin Configurations

Ao [1
A1 [2]
A2 [3]
E1 [4]
E2 [5]
E3 [6 |
v7 [7]
GND (8]

[16] Ve
[15] Yo
[14] Y1
[13] Y2
[12] ¥3
[11] Y4
[10] Y5
[ 9] Y6
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Pin Description

Analog & Logic ICs

Pin No. Pin Name Description

1 A0 address input

2 A1 address input

3 A2 address input

4 E1 enable input (active LOW)

5 E2 enable input (active LOW)

6 E3 enable input (active HIGH)

7 Y7 output (active LOW)

8 GND ground (0 V)

9 Y6 output (active LOW)

10 Y5 output (active LOW)

1 Y4 output (active LOW)

12 Y3 output (active LOW)

13 Y2 output (active LOW)

14 Y1 output (active LOW)

15 Yo output (active LOW)

16 Vee supply voltage
Function Table
Input Output
E1 |E2 |E3 |A2 A1 A0 Y7 Y6 |Y5 (Y4 Y3 |Y2 (Y1 Yo
Ho X |x |x X X H H H H H H H H
X |H |x |Xx X X H H H H H H H H
X x| X X X H H H H H H H H
L L H L L L H H H H H H H L
L L H L L H H H H H H H L H
L L H L H L H H H H H L H H
L L H L H H H H H H L H H H
L L H H L L H H H L H H H H
L L H H L H H H L H H H H H
L L H H H L H L H H H H H H
L L H H H H L H H H H H H H

Note: H=HIGH voltage level; L=LOW voltage level; X=don’t care.

© Shenzhen Fulihao Science & Technology Co., Ltd.

Rev. 1.0 — January 2023

www.fulihao.com

2



https://www.fulihao.com/
https://www.fulihao.com/

74HC138/74HCT138

Analog & Logic ICs

5. Block Diagram

1 A0 Yo jo—15
2 A1 Y1lo—14
3 A2 Y2lo—13
Y3jo—12

. E1 Y4 lo— 11
5 Eo \_(5 0— 10
E3 Y6 |0— 9
Y7lo—7

Fig. 1. Logic symbol

2 > Do = Do
— o— V6
A1 ~[>c {>°
17 =D Do
2 | A1 A0 *[>° D°—‘
3| A2 | o— Y4
3t0-8 [ | ENABLE = _[>
DECODER |—] EXITING |
] o— VY3
- o >
] | o— V2
_ | E3
4 |E1 {
— = ] o— Y1
5| E2
61E3 —_!, }—| >o0— Y0
Fig. 2. Functional diagram Fig. 3. Logic diagram

6. Electrical Parameter

Absolute Maximum Ratings

(Voltages are referenced to GND (ground=0V), unless otherwise specified.)

Parameter Symbol Conditions Min. |Max. |Unit
supply voltage Vee - -0.5 +7 \%
input clamping current lik V1<-0.5V or Vi> Vcc+0.5V - +20 mA
output clamping current lok Vo< -0.5V or Vo> Vcc+0.5V - +20 mA
output current lo -0.5V < Vo < Vce+0.5V - +25 mA
supply current lcc - - 50 mA
ground current lenD - -50 - mA
total power dissipation Prot - - 500 mwW
storage temperature Tstg - -65 +150 |°C
DIP 245
soldering temperature TL 10s C
SOIC 250
Note:
1 For DIP16 packages: above 70°C the value of Pt derates linearly with 12mW/K.
2 For SOIC16 packages: above 70°C the value of Pyt derates linearly with 8mW/K.
3 For TSSOP16 packages: above 60°C the value of Piwtderates linearly with 5.5mW/K.
© Shenzhen Fulihao Science & Technology Co., Ltd. Rev. 1.0 — January 2023
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Recommended Operating Conditions

Analog & Logic ICs

Parameter Symbol Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
74HC138
supply voltage Vee - 2.0 5.0 6.0 V
input voltage Vi - 0 - Vce \%
output voltage Vo - 0 - Vce \%
Vce=2.0V - - 625 ns/\V
input transition rise and fall rate At/AV Vcc=4.5V - 1.67 [139 ns/\V
Vee=6.0V - - 83 ns/\V
ambient temperature Tamb - -40 - +105 C
74HCT138
supply voltage Vee - 4.5 5.0 5.5 V
input voltage Vi - 0 - Vce \%
output voltage Vo - 0 - Vce \%
input transition rise and fall rate At/AV Vcc=4.5V - 1.67 [139 ns/\V
ambient temperature Tamb - -40 - +105 C

7. Electrical Characteristics

DC Characteristics 1

(Tamb=25"C, voltages are referenced to GND (ground=0V), unless otherwise specified.)

Parameter ‘Symbol ‘Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
74HC138
Vce=2.0V 15 |12 |- \Y
HIGH-level input voltage | Vi1 Vcc=4.5V 3.15|124 |- \%
Vce=6.0V 42 |3.2 |- \Y
Vce=2.0V - 08 |05 |V
LOW-level input voltage | ViL Vcc=4.5V - 21 |1.35 |V
Vce=6.0V - 28 (1.8 |V
lo=-20UA; Vcc=2.0V 19 |2.0 |- Vv
lo=-20uA; Vcc=4.5V 44 |45 |- Vv
HIGH-level output voltage | Von Vi=Vinor ViL lo=-20uA; Vcc=6.0V 59 [6.0 |- \%
lo=-4.0mA; Vcc=4.5V |3.98 4.32 |- \
lo=-5.2mA; Vcc=6.0V |5.48|5.81 |- \
10=20uA; Vcc=2.0V - 0 0.1 |V
10=20uA; Vcc=4.5V - 0 0.1 |V
LOW-level output voltage | VoL Vi=Vinor ViL 10=20uA; Vcc=6.0V - 0 01 |V
10=4.0mA; Vcc=4.5V |- 0.15(0.26 |V
10=5.2mA; Vcc=6.0V |- 0.16(0.26 |V
input leakage current I Vi=Vcc or GND; Vcce=6.0V - - +0.1 [UA
supply current lcc Vi=Vcc or GND; 10=0A; Vcc=6.0V - - 8.0 [UuA
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input capacitance ‘ Ci ‘ - - ‘ 3.5 |- ‘ pF
74HCT138
HIGH-level input voltage | Vi1 Vee=4.5V to 5.5V 20 (16 |- \Y,
LOW-level input voltage | ViL Vee=4.5V to 5.5V - 1.2 |08 |V
HIGH-level output voltage | Von Vi=ViHor ViL l0=-20uA; Vec=4.5V 44 145 |- v
lo=-4.0mA; Vcc=4.5V |3.98 4.32 |- \Y
10=20uA; Vcc=4.5V - 0 01 |V
LOW-level output voltage | VoL Vi=ViHor Vie
10=4.0mA; Vcc=4.5V |- 0.15/0.26 |V
input leakage current h Vi=Vcc or GND; Vce=5.5V - - 0.1 |uA
supply current lcc Vi=Vcc or GND; 10=0A; Vcc=5.5V - - 8.0 |uA
Vi=Vce-2.1V; l0=0A; An inputs - 150 540
additional supply current | Alcc other inputs at Vecor  |En inputs - 125 |450 |uA
GND; Vce=4.5V to 5.5V | E3 input - 100 |360
input capacitance Ci - - 3.5 |- pF
DC Characteristics 2
(Tamb=-40°C to +85°C, voltages are referenced to GND (ground=0V), unless otherwise specified.)
Parameter ‘Symbol ‘Conditions ‘ Min. ‘Typ. ‘ Max. ‘ Unit
74HC138
Vee=2.0V 15 - \%
HIGH-level input voltage |V Vee=4.5V 3.15 - Vv
Vce=6.0V 4.2 - Vv
Vee=2.0V - 05 |V
LOW-level input voltage Vi Vee=4.5V - 1.35 |V
Vce=6.0V - 1.8 |V
lo=-20uA; Vcc=2.0V [1.9 - \Y
lo=-20uA; Vcc=4.5V |4.4 - \Y
HIGH-level output voltage |Von Vi=ViHor ViL lo=-20uA; Vcec=6.0V |5.9 - V
lo=-4.0mA; Vcc=4.5V |3.84 - \Y
l0=-5.2mA; Vcc=6.0V |5.34 - \Y
[0=20UA; Vce=2.0V |- 01 |V
[0=20UA; Vcc=4.5V |- 01 |V
LOW-level output voltage | VoL Vi=ViHor Vie l0=20uA; Vcc=6.0V |- 0.1 Vv
lo=4.0mA; Vcc=4.5V |- 0.33 |V
[0=5.2mA; Vcc=6.0V |- 0.33 |V
input leakage current I Vi=Vcc or GND; Vce=6.0V - 1.0 |uA
supply current lcc Vi=Vcc or GND; 10=0A; Vcc=6.0V - 80 uA
74HCT138
HIGH-level input voltage |V Vec=4.5V to 5.5V 2.0 - Vv
LOW-level input voltage Vi Vec=4.5V to 5.5V - 08 |V
HIGH-level output voltage |Von Vi=ViHor ViL lo=-20uA; Vcc=4.5V (4.4 - \%
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lo=-4.0mA; Vcc=4.5V |3.84 |- - \Y
[0=20UA; Vcc=4.5V |- - 01 |V
LOW-level output voltage | VoL Vi=ViHor ViL
l0=4.0mA; Vcc=4.5V |- - 0.33 |V
input leakage current I Vi=Vcc or GND; Vce=5.5V - - 1.0 |uA
supply current lcc Vi=Vcc or GND; 10=0A; Vcc=5.5V - - 80 uA
Vi=Vce-2.1V; 10=0A; |An inputs - - 675
other inputs at Vccor |En i - - 562.5
additional supply current | Alcc P En inputs uA
GND; Vce=4.5V to
5.5V E3 input - - 450

DC Characteristics 3

(Tamb=-40°C to +105°C, voltages are referenced to GND (ground=0V), unless otherwise specified.)

Parameter ‘ Symbol ‘ Conditions ‘ Min. ‘ Typ. ‘ Max. ‘ Unit
74HC138
Vce=2.0V 15 |- - \Y
HIGH-level input voltage | ViH Vcc=4.5V 3.15 |- - \%
Vce=6.0V 42 |- - \Y
Vce=2.0V - - 05 |V
LOW-level input voltage Vi Vcc=4.5V - - 1.35 |V
Vce=6.0V - - 1.8 |V
lo=-20UA; Vcc=2.0V |19 |- - \
lo=-20uA; Vcc=4.5V (4.4 |- - \
HIGH-level output voltage |Von Vi=Vinor ViL lo=-20uA; Vcc=6.0V |5.9 |- - \%
lo=-4.0mA; Vcc=4.5V |3.7 |- - \Y
l0=-5.2mA; Vcc=6.0V |5.2 |- - \Y
0=20UA; Vcc=2.0V |- - 0.1 |V
0=20UA; Vcc=4.5V |- - 0.1 |V
LOW-level output voltage | VoL Vi=Vinor ViL 0=20uA; Vcc=6.0V |- - 0.1 \%
l0=4.0mA; Vcc=4.5V |- - 04 |V
l0=5.2mA; Vcc=6.0V |- - 04 |V
input leakage current I Vi=Vcc or GND; Vcce=6.0V - - +1.0 [UA
supply current lcc Vi=Vcc or GND; 10=0A; Vcc=6.0V - - 160 |uA
74HCT138
HIGH-level input voltage | ViH Vcc=4.5V to 5.5V 20 |- - \%
LOW-level input voltage Vi Vcc=4.5V to 5.5V - - 08 |V
HIGH-level output voltage |Von Vi=ViHor ViL lo=-20uA; Veo=4.5V 44 |- - v
lo=-4.0mA; Vcc=4.5V |3.7 |- - \Y
LOW-level output voltage | VoL Vi=ViHor ViL lo=20uAt; Veo=4.8V |- - 01 v
l0=4.0mA; Vcc=4.5V |- - 04 |V
input leakage current I Vi=Vcc or GND; Vce=5.5V - - +1.0 [UA
supply current lcc Vi=Vcc or GND; 10=0A; Vcc=5.5V - - 160 |uA
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Vi=Vce-2.1V, An inputs - - 735

lo=0A; other inputs at En inputs - - 612.5
additional supply current | Alcc uA

Vccor GND; Vec=4.5V to

E3 input - - 490

5.5V
8. AC Characteristics 1
(Tamb=25"C, voltages are referenced to GND (ground=0V), unless otherwise specified.)
Parameter ‘Symbol ‘Conditions ‘Min. ‘Typ. ‘Max. ‘Unit
74HC138

Vee=2.0V - 41 [150 |ns

— ) Vce=4.5V - 15 |30 |ns
An to Yn propagation delay tpa see Figure 5[

Vce=5.0V; CL.=15pF - 12 |- ns

Vce=6.0V - 12 |26 |ns

Vee=2.0V - 47 [150 |ns

— ) Vce=4.5V - 17 |20 |ns
E3 to Yn propagation delay tpa see Figure 5[

Vce=5.0V; CL=15pF - 14 |- ns

Vee=6.0V - 14 |26 ns

Vee=2.0V - 47 [150 |ns
— — ) Vce=4.5V - 17 |20 |ns
En to Yn propagation delay tpa see Figure 61"

Vce=5.0V; CL=15pF - 14 |- ns

Vee=6.0V - 14 |26 ns

Vee=2.0V - 19 |75 ns
transition time tt see Figure 52 Vce=4.5V - 7 15 |ns

Vee=6.0V - 6 13 ns
Power dissipation capacitance |Cpp CL=50pF; f=1MHz; Vi=GND to Vccl! - 67 |- pF
74HCT138

— ) Vce=4.5V - 20 |35 |ns

An to Yn propagation delay tpa see Figure 5[
Vce=5.0V; CL.=15pF - 17 |- ns
_ od . 51 Vce=4.5V - 18 |40 ns

E3 to Yn propagation dela p see Figure

propag y Vce=5.0V; CL.=15pF - 19 |- ns
— — ) Vce=4.5V - 19 |40 |ns

En to Yn propagation delay tpa see Figure 61"

Vce=5.0V; CL=15pF - 19 |- ns
transition time tt see Figure 52 Vce=4.5V - 7 15 |ns
power dissipation capacitance |Crp CL=50pF; f=1MHz; V\=GND to Vcc—1.5VB! |- 67 |- pF
Note:

1  tpais the same as trenand tehL.
2 tiis the same as truand trin.
3 Cerpis used to determine the dynamic power dissipation (Poin uW).
Po=(CppxV cc?xf ixN)+5 (CLxV cc?xf o) where:
fi=input frequency in MHz;
fo=output frequency in MHz;
© Shenzhen Fulihao Science & Technology Co., Ltd. Rev. 1.0 — January 2023
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CL=output load capacitance in pF;

Vcc=supply voltage in V;

N=number of inputs switching;

S (CLxV cc?xf o)=sum of outputs.

AC Characteristics 2

Analog & Logic ICs

(Tamb=-40°C to +85°C, voltages are referenced to GND (ground=0V), unless otherwise specified.)

Parameter ‘Symbol ‘ Conditions ‘ Min. ‘Typ. ‘ Max. ‘ Unit
74HC138
Vee=2.0V |- - 190 ns
Anto Yn; propagation delay tpd see Figure 5! Vcc=4.5V |- - 38 ns
Vee=6.0V |- - 33 ns
Vee=2.0V |- - 190 ns
E3to Yn; propagation delay tpd see Figure 5! Vcc=4.5V |- - 38 ns
Vee=6.0V |- - 33 ns
Vee=2.0V |- - 190 ns
Ento Yn propagation delay tpd see Figure 6" Vcc=4.5V |- - 38 ns
Vee=6.0V |- - 33 ns
Vee=2.0V |- - 95 ns
transition time tt see Figure 52 Vce=4.5V |- - 19 ns
Vee=6.0V |- - 16 ns
74HCT138
Anto Yn; propagation delay tpd see Figure 5! Vcc=4.5V |- - 44 ns
E3to Yn; propagation delay tpd see Figure 5! Vcc=4.5V |- - 50 ns
Ento Yn propagation delay tpd see Figure 6" Vcc=4.5V |- - 50 ns
transition time tpd see Figure 52 Vce=4.5V |- - 19 ns

Note:

1 tpais the same as tpLHand teHL.

2 ttis the same as truLand tron.

AC Characteristics 3

(Tamb=-40°C to +105°C, voltages are referenced to GND (ground=0V), unless otherwise specified.)

Parameter | Ssymbol | Conditions Min. |Typ. |Max. |unit
74HC138

Vee=2.0V - - 225 ns
Anto Yn; propagation delay tpd see Figure 5! Vcc=4.5V |- - 45 ns

Vee=6.0V |- - 38 ns

Vee=2.0V - - 225 ns
E3to Yn; propagation delay tpd see Figure 5[ Vcc=4.5V |- - 45 ns

Vee=6.0V |- - 38 ns
— — ] Vee=2.0V |- - 225 ns
En to Yn propagation delay tpd see Figure 61"

Vce=4.5V - - 45 ns
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Vee=6.0V |- - 38 ns
Vee=2.0V - - 110 ns
transition time tt see Figure 52 Vcc=4.5V |- - 22 ns
Vee=6.0V |- - 19 ns
74HCT138
Anto Yn; propagation delay tpd see Figure 50" Vce=4.5V |- - 53 ns
E3to Yn; propagation delay tpd see Figure 5! Vcc=4.5V |- - 60 ns
Ento Yn propagation delay tpd see Figure 6!"] Vce=4.5V |- - 60 ns
transition time tpa see Figure 52 Vcc=4.5V |- - 22 ns
Note:
1  tpdis the same as trenand tphL.
2 ttis the same as truLand trin.
9. Testing Circuit
AC Testing Circuit
| -
VI—so%\ AN
e N "
oy 10 %
- .- tr b~
— t t |-
pulse Vi Vm
v—"7"| " | S—
VTC Vee
Vo RL St J
DUT — open

CL
)
Fig. 4. Test circuit for measuring switching times
Definitions for test circuit:

C.=load capacitance including jig and probe capacitance.
Rr=termination resistance should be equal to the output impedance Z, of the pulse generator.
Ri=Load resistance.

S1=Test selection switch.

AC Testing Waveforms
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Vee
An, E3
input Y
GND
— |=tpHL - =tpLH

Vo

Yn Vi
output

VoL

- ‘* tTHL *‘ ~—tTLH

Fig. 5. Propagation delay input (An) and enable input (E3) to output (Vn) and transition time output

(Yn)
Vee
E1,E2 Vi
input
GND
»‘ <—tPHL - |=tPLH
VoH
OLI;ut Vi
VoL
— ‘*tTHL *‘ ~<—tTLH

Fig. 6. Propagation delay enable input (En) to output (Yn) and transition time output (Yn)
Measurement Points

Input Output
Type
Vm Vm
74HC138 0.5xVcce 0.5%Vcc
74HCT138 1.3V 1.3V
Test Data
Input Load S$1 position
Type
Vi tr, tr CL RL teLH, tpHL | tPzH, tPHZ trzL, trLz
74HC138 Vee 6.0ns 15pF, 50pF 1kQ open GND Vce
74HCT138 3.0V 6.0ns 15pF, 50pF 1kQ open GND Vce
© Shenzhen Fulihao Science & Technology Co., Ltd. Rev. 1.0 — January 2023
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10.Package Outlines

Analog & Logic ICs

DIP-16

\ A2 L e PDIP-16
‘l | | | | | | |7 f i H Dim | Min | Max | Nom
i | | | | | | | i i A [ 360 | 4.00 | 3.80
\ | | \ | | . \ A i i Al | 051 -
L il i A2 | 3.20 | 3.40 | 3.30
gy Y E2c A3 | 147 [ 157 | 152
b2 b e E2a ~— b | 044 | 053 | --
E2b b2 1.52BSC
o ¢ [025]031 ] —
D [18.90 [ 19.30 [ 19.10
| E1 | 6.15 | 6.55 | 6.35
oh 5 dhidh J5 dh d E2a 7.62 BSC
T E2b | 762 [ 930 [ --
| E2c | 0.00 | 0.84 | -
N | —_————— H E1 e 2.54BSC
| L [300] - | —
| All Dimensions in mm
& &7 LuJILuJ L R ]
SOIC-16
D SEE DETALL ‘A"
_/_ SOIC-16
7 Dim | Min | Max | Typ
HHHHAHAAA 2
T | —H | Al [ 010 [ 023 | —
Eip . X ! Ep A2 | 1.02 | - -
L [ _J b [ 031 ] 051 --
L __{ E ¢ [010 [ 025 | -
£t + D | 980 [10.00] --
L, ! h E |59 |610 | -
] | E1 | 380 | 400 | --
IR IS T
1 h % h [015 ] 025 [ 020
PN ] b —~Hec L |040 127 | -
L1 1.04 REF
¢0.7602Depﬁ1 0.05040.02 01( 89) L2 0.25BSC
FA, . 02 R 0.07 | - | -
] EATING PLANE R L2 X 3.945 REF
—A GAUGE PLANE Y 0.661 REF
SEATING PLANE 0 0 0° 8° -
L 01 5° 15° -
DETAIL'A' Fe—L1— 092 0° - _

All Dimensions in mm
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TSSOP-16
— TSSOP-16
m m m m m m B | Dim | Min | Max | Typ
| J% | A - |108] -
T | | Al 0.05] 0.15 -
- A2 |0.80| 0.93 -
E Y o SEE DETAIL 'A' S R -
¢ c 0.09] 0.20 -
D 490| 5.10 -
I E 6.40 BSC
= UJ ”J ”J ”J UJ j% E1 [430[450 ] -
e 0.65 BSC
—fed— b - o1 L |045] 075 ] -
@0.760Depth0.050+0.02 ) L1 100 REF
- — L2 0.25 BSC
D R1
! R eavee R/R1|0.09] - -
‘ ’ — — = X [ -] - 1350
i Y - - [1.050
* f SEATING PLANE L 0 e 00 80 -
A1— l— L1 ——| 91 5° 15° -
DETAIL ‘A 02 0° _ _
All Dimensions in mm

11.Disclaimers
Limited warranty and liability

Information in this document is believed to be accurate and reliable. However, Fulihao does not give any
representations or warranties, expressed or implied, as to the accuracy or completeness of such information and
shall have no liability for the consequences of use of such information. It is the customer’s responsibility to validate
that a particular product with the properties described in the product specification is suitable for use in a particular
application.

Suitability for use

Fulihao products are designed for specific applications and should not be used for any purpose (including, without
limitation, automotive, aerospace, medical, life-saving applications, or any other application which requires
especially high reliability for the prevention of such defect as may directly cause damage to the third party’s life,
body or property) not expressly set forth in applicable Fulihao product documentation.

Right to make changes

Fulihao reserves the right to make changes to information published in this document, including without limitation
specifications and product descriptions, at any time and without notice. Reproduction in whole or in part is prohibited
without the prior written consent of the copyright owner. Fulihao takes no responsibility for the content in this
document if provided by an information source outside of Fulihao. This document supersedes and replaces all

information supplied prior to the publication hereof.

© Shenzhen Fulihao Science & Technology Co., Ltd. Rev. 1.0 — January 2023
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