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XL74LS148 SOP16 / XD74LS148 DIP16 / XD74LS147 DIP16

74LS147

® Encode 10-Line Decimal to 4-Line BCD

® Applications Include:
- Keyboard Encoding
- Range Selection
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7415148

Encode 8 Data Lines to 3-Line Binary

(Octal)

Applications Include:
- n-Bit Encoding
— Code Converters and Generators

74L.S148
(TOP VIEW)
4[]1 ~ 16[] Ve
5[]2 15[] EO
6[]3 14]] GS
704 1313
Elfls 12[]2
A2[]e 1fl1
AL[l7 10]]o0
GND [| 8 all A0

TYPICAL TYPICAL
TYPE DATA POWER
DELAY DISSIPATION
147 10 ns 225 mW
148 10 ns 190 mW
'LS147 15ns 60 mwW
'LS148 15ns 60 mW




XL74LS148 SOP16 / XD74LS148 DIP16 / XD74LS147 DIP16

description/ordering information

These TTL encoders feature priority decoding of the inputs to ensure that only the highest-order data line is
encoded. The 74LS147 devices encode nine data lines to four-line (8-4-2-1) BCD. The implied decimal

zero condition requires no input condition, as zero is encoded when all nine data lines are at a high logic level.
The '148 and 'LS148 devices encode eight data lines to three-line (4-2-1) binary (octal). Cascading circuitry
(enable input El and enable output EO) has been provided to allow octal expansion without the need for external
circuitry. For all types, data inputs and outputs are active at the low logic level. All inputs are buffered to represent
one normalized Series 54/74 or 54/74LS load, respectively.

ORDERING INFORMATION

ORDERABLE TOP-SIDE
;
A PACKAGE PART NUMBER MARKING
PDIP - N Tube 7415148 7415148
Tube 7415148
0°C to 70°C SOIC - D 7415148
Tape and reel 74LS148
SOP - NS Tape and reel 74LS148 74LS148

FUNCTION TABLE - 74LS147
INPUTS OUTPUTS
5

X X X X X X X X I|m
— X X X X X X X IIN
I T r X X X X X X I|w
I I r X X X X X I|»
I I T r X X X X =T
T I I I r X X X I|o
I T I I I I r X X I|N
I T I I I I I r X I|o
I T T T T I I I r IT|©
I r T I I I I r r I|O
I r* I m - - I I I|O
I mr— I I rmr r— I I IT|®
r I r I mr I - IrI|>»

L H H H H

H = high logic level, L = low logic level, X = irrelevant

FUNCTION TABLE - 74LS148

INPUTS OUTPUTS

El 0 1 2 3 4 5 6 7 A2 Al A0 GS EO
H X X X X X X X X H H H H H
L H H H H H H H H H H H H L
L X X X X X X X L L L L L H
L X X X X X X L H L L H L H
L X X X X X L H H L H L L H
L X X X X L H H H L H H L H
L X X X L H H H H H L L L H
L X X L H H H H H H L H L H
L X L H H H H H H H H L L H
L L H H H H H H H H H H L H

H = high logic level, L = low logic level, X = irrelevant




XL74LS148 SOP16 / XD74LS148 DIP16 / XD74LS147 DIP16

74L.S147 logic diagram (positive logic)
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Pin numbers shown are for D, J, N, and W packages.




XL74LS148 SOP16 / XD74LS148 DIP16 / XD74LS147 DIP16

74L.S148 logic diagram (positive logic)
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Pin numbers shown are for D, J, N, NS, and W packages.




XL74LS148 SOP16 / XD74LS148 DIP16 / XD74LS147 DIP16

schematics of inputs and outputs

741.S148/74L.S148

EQUIVALENT OF EACH INPUT TYPICAL OF ALL OUTPUTS

Vce - - Vce
85 Q. NOM
Input —
Output

0input ('148): R gq = 2 kQ NOM
All other inputs: R gq = 4 kQ NOM

'LS147,°'LS148

EQUIVALENT OF ALL INPUTS TYPICAL OF ALL OUTPUTS

- vVee
Vee -
120 Q@ NOM
Req
Input —
Output
74LS148 inputs 1-7: R gq = 9 kQ NOM
All other inputs: R gq = 18 kQ NOM




XL74LS148 SOP16 / XD74LS148 DIP16 / XD74LS147 DIP16

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

Supply voltage, Vo (SEE NOE 1) .o e e e e 7V
Input voltage, V| (74ALSLA7, 7TALSL1A8 ... 55V
TALS AT, TALS LA e Vv

Inter-emitter voltage: 148 only (SEe NOtE 2) . ... ottt 55V
Package thermal impedance 03 (see Note 3): D package ................. ... ... .. ... .. 73°C/W
Npackage ..........ciiiiiiiiiiiiii 67°C/W

NSpackage ...........ccoiiiiiiiiiiiiinnan. 64°C/W

Storage temperature range, Totg « o —65°C to 150°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Voltage values, except inter-emitter voltage, are with respect to the network ground terminal.

2. This is the voltage between two emitters of a multiple-emitter transistor. For 74LS148 circuits, this rating applies between any two
of the eight data lines, 0 through 7.
3. The package thermal impedance is calculated in accordance with JESD 51-7.

recommended operating conditions (see Note 4)

74LS 74LS 74LS 74LS
MIN NOM MAX | MIN NOM MAX | MIN NOM MAX | MIN NOM MAX UNIT
Vce  Supply voltage 45 5 55| 475 5 525| 45 5 55| 475 5 b5.25 v
lon High-level output current -800 -800 -400 -400 A
loL Low-level output current 16 16 4 8 mA
TA Operating free-air temperature -55 125 0 70| -55 125 0 70 °C

NOTE 4: All unused inputs of the device must be held at Vcc or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBA004.




XL74LS148 SOP16 / XD74LS148 DIP16 / XD74LS147 DIP16

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

otherwise noted)

74LS147 74L.S148
PARAMETER TEST CONDITIONS? UNIT
MIN TYP¥ MAX | MIN TYPf MAX
VIH High-level input voltage 2 2 Vv
VL Low-level input voltage 0.8 0.8 \
VIK Input clamp voltage Vce = MIN, | =-12mA -15 -15 \Y
. Vce = MIN VIH=2V,
VoH [ High-level output voltage VI(IZ_C: 0.8 V7 'CI): _ —860 uA 24 33 2.4 3.3 \
VoL | Low-level output voltage xﬁ_C::o'\g/;”\’;l :/O”: : iGVr,nA 0.2 0.4 0.2 0.4 \Y
Input current at maximum input _ _
Iy voltage Vee = MIN, V|=55V 1 1 mA
High-level input | O input 40
| - Ve = MAX, V=24V A
IH current Any input except 0 cc I 40 go| M
Low-level input | O input -16
| Ve = MAX, V=04V mA
IL current Any input except 0 cc I -1.6 -3.2
los Short-circuit output current8 Vce = MAX -35 -85| -85 -85 mA
Ve = MAX Condition 1 50 70 40 60
'cc | Supply current (See Note 5) [ Condition 2 2 62 m 5|

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

* All typical values are at Voe =5 V, Ta = 25°C.

& Not more than one output should be shorted at a time.

NOTE 5: For 74LS147, |cc (Condition 1) is measured with input 7 grounded, other inputs and outputs open; Icc (Condition 2) is measured with all
inputs and outputs open. For 74LS148 | cc (Condition 1) is measured with inputs 7 and EI grounded, other inputs and outputs open; Icc

(Condition 2) is measured with all inputs and outputs open.

74L.S147 switching characteristics, V. cc =5V, Tp = 25°C (see Figure 1)

FROM TO TEST
PARAMETER (INPUT) (OUTPUT) WAVEFORM CONDITIONS MIN  TYP MAX | UNIT

tPLH 14

Any Any In-phase output ns
tPHL CL = 15pF, 1
tpLH RL=400Q 13 19

Any Any Out-of-phase output ns
tPHL 12 19




XL74LS148 SOP16 / XD74LS148 DIP16 / XD74LS147 DIP16

74L.S148 switching characteristics, V. cc =5V, Tp = 25°C (see Figure 1)

FROM TO TEST
+
PARAMETER (INPUT) (OUTPUT) WAVEFORM CONDITIONS MIN TYP MAX | UNIT
tPLH 10 15
1-7 A0, A1, or A2 In-phase output ns
tPHL 9 14
tPLH 13 19
1-7 A0, A1, or A2 Out-of-phase output ns
tPHL 12 19
tPLH 6 10
0-7 EO Out-of-phase output ns
tPHL 14 25
tPLH CL= 15pF 18 30
0-7 GS In-phase output y ns
PHL P upy RL = 400 Q 14 25
tPLH 10 15
El A0, Al, or A2 In-phase output ns
tPHL 10 15
tPLH 8 12
El GS In-phase output ns
tPHL 10 15
t 10 15
PLH El EO In-phase output ns
tPHL 17 30
T tpLH = propagation delay time, low-to-high-level output.
tpHL = propagation delay time, high-to-low-level output.
electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)
74LS 74LS
PARAMETER TEST CONDITIONST UNIT
MIN TYPF MAX | MIN TYPt MAX
VIH High-level input voltage 2 2 \%
VL Low-level input voltage 0.7 0.8 \Y
VK Input clamp voltage Vce = MIN, I|=-18 mA -15 -15 \%
. Vee = MIN, VIH=2V,
VoH | High-level output voltage Vi, = 0.8V, IoH = ~400 pA 25 3.4 2.7 3.4 \%
Vce =MIN, loL =4 mA 025 04 025 0.4
VoL | Low-level output voltage VIH=2YV, \%
V|L = V)L MAX loL =8 mA 0.35 0.5
Input current at 74L.S148 inputs 1-7 0.2 0.2
| maximum input Vce = MAX, Vi=7V mA
voltage All other inputs 0.1 0.1
High_level input 74L.S148 inputS 1-7] 40 40
| Vcc = MAX, V=27V A
IH current All other inputs cc I 20 20 H
Low-level input 74L.S148 inputs 1-7 -0.8 -0.8
| Vcc = MAX, V=04V A
IL current All other inputs cc I -0.4 04| M
los | Short-circuit output current8 Ve = MAX -20 -100| -20 -100| mA
Ve = MAX Condition 1 12 20 12 20
1 Supply current mA
cc il (See Note 6) Condition 2 10 17 0 17

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

¥ All typical values are at Vcc =5V, Tp = 25°C.

8 Not more than one output should be shorted at a time.

NOTE 6: For 74LS147, Icc(Condition 1) is measured with input 7 grounded, other inputs and outputs open; Icc (Condition 2) is measured with
all inputs and outputs open. For 74LS148, Icc (Condition 1) is measured with inputs 7 and EI grounded, other inputs and outputs open;
Icc (Condition 2) is measured with all inputs and outputs open.




XL74LS148 SOP16 / XD74LS148 DIP16 / XD74LS147 DIP16

74LS147 switching characteristics, V. cc =5V, Ta = 25°C (see Figure 2)

FROM TO TEST
PARAMETER (INPUT) (OUTPUT) WAVEFORM CONDITIONS MIN TYP MAX | UNIT

tPLH 12 18

Any Any In-phase output ns
tPHL CL = 15pF, 12 18
tPLH RL= 2kQ 21 33

Any Any Out-of-phase output ns
tPHL 15 23

7415148 switching characteristics, V. cc =5V, Tp = 25°C (see Figure 2)
FROM TO TEST
+
PARAMETER (INPUT) (OUTPUT) WAVEFORM CONDITIONS MIN TYP MAX | UNIT

tPLH 14 18

1-7 A0, A1, or A2 In-phase output ns
tPHL 15 25
tPLH 20 36

1-7 A0, A1, or A2 Out-of-phase output ns
tPHL 16 29
tPLH 7 18

0-7 EO Out-of-phase output ns
tPHL 25 40
tpLH CL = 15pF, 35 55

0-7 GS In-phase output _ ns
tPHL RL= 2kQ 9 21
tPLH 16 25

El A0, A1, or A2 In-phase output ns
tPHL 12 25
tPLH 12 17

El GS In-phase output ns
tPHL 14 36
{ 12 21
PLH El EO In-phase output ns
tPHL 23 35

T tpH = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output




XL74LS148 SOP16 / XD74LS148 DIP16 / XD74LS147 DIP16

PARAMETER MEASUREMENT INFORMATION
SERIES 54/74 DEVICES

Vce
Test RL
Test Point S1
Point Vce
? V. From Output
cC Under Test (see Note B)
RL CL
From Output RL (see Note A) "™
Under Test
(see Note B) From Output Test |
CL Under Test Point =
(see Note A) CL
(see Note A) I A{ s2
LOAD CIRCUIT LOAD CIRCUIT LOAD CIRCUIT
FOR 2-STATE TOTEM-POLE OUTPUTS FOR OPEN-COLLECTOR OUTPUTS FOR 3-STATE OUTPUTS
High-Level Timing 3V
Pulse 15V 15V Input 1.5V
| e D ov
— tyy —P H th
‘ ‘ tsy —¢—> \
| | — 3V
Low-Leve! 15V 15V Data 15V 15V
Pulse Input
oV
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PULSE DURATIONS SETUP AND HOLD TIMES
Output
Control
(low-level

enabling) ‘

tpzL —W [ —» [¢—tp 7

N ||
Waveform 1

\ o =15V
(see Notes C | 15V \
and D) | | e VoL +0.5V
—-—— VoL
tpzH—» 4= —B |e—tpyz

| \
\ — — VOoH
Out-of-Phase Waveform 2 — ——VoH-05V
Output 15V 15V (see NZ:]%S; 15V ~15V
(see Note D) ——— VoL

VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

In-Phase
Output
(see Note D)

NOTES: A. Cy includes probe and jig capacitance.

B. All diodes are 1N3064 or equivalent.

C. Waveform 1 is for an output with internal conditions such that the output is low, except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high, except when disabled by the output control.

D. S1and S2 are closed for tp| H, tpHL, tpHzZ, and tp| 7; S1 is open, and S2 is closed for tpzH; S1 is closed, and S2 is open for tpz| .

E. Allinput pulses are supplied by generators having the following characteristics: PRR <1 MHz, Zg = 50 Q; t; and tf <7 ns for Series
54/74 devices and t; and tf < 2.5 ns for Series 74LS devices.

F. The outputs are measured one at a time, with one input transition per measurement.

Figure 1. Load Circuits and Voltage Waveforms
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XL74LS148 SOP16 / XD74LS148 DIP16 / XD74LS147 DIP16

PARAMETER MEASUREMENT INFORMATION
SERIES 74LS DEVICES

Vce
Test RL
Test s1
Point Vce
? v From Output
cc Under Test (see Note B)
RL cL L
From Output RL (see Note A) |
Under Test (see Note B)
From Output Test 1
CL Under Test Point =
(see Note A) CL
(see Note A) I gsz
LOAD CIRCUIT LOAD CIRCUIT LOAD CIRCUIT

FOR 2-STATE TOTEM-POLE OUTPUTS FOR OPEN-COLLECTOR OUTPUTS FOR 3-STATE OUTPUTS

High-Level
Pulse 1.3V 1.3V
\ \
— tw —P
\ \
Low-Level 13V 13V
Pulse
VOLTAGE WAVEFORMS

PULSE DURATIONS

In-Phase
Output
(see Note D)

\ \
tPHL — & 74—’?— tPLH

Out-of-Phase | \ VOH
Output 1.3V 13V

(see Note D) ——— VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: A. Cp includes probe and jig capacitance.
B. All diodes are 1N3064 or equivalent.

Timing 3V
Input 1.3V
PR (Y]
4—P— th
tsy —¢— \
\ ———3vV
Input
oV
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES
Output
Control
(low-level
enabling) ‘

tpzL —D? “— > [e—tpz
\ | |
||

Waveform 1 ‘ ~15V
(see Notes C ‘ 13v ‘ v v
and D) ‘ 7/~ _—_—VgL oL+05
\ \

tpzH — }‘— —» 4—tpyz

\
——V
Waveform 2 | o VoH-05V
(see Notes C 1.3V
=15V

and D)

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

C. Waveform 1 is for an output with internal conditions such that the output is low, except when disabled by the output control.
Waveform 2 is for an output with internal conditions such that the output is high, except when disabled by the output control.

©mmo

S1 and S2 are closed for tp| H, tpHL, tPHZ, and tp|_z; S1is open, and S2 is closed for tpzH; Sl is closed, and S2 is open for tpz) .
Phase relationships between inputs and outputs have been chosen arbitrarily for these examples.

All input pulses are supplied by generators having the following characteristics: PRR <1 MHz, Zo =50 Q, ty < 1.5ns, tf< 2.6 ns.
The outputs are measured one at a time, with one input transition per measurement.

Figure 2. Load Circuits and Voltage Waveforms
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APPLICATION INFORMATION

16-Line Data (active low)

0123 4567 8 9 101112 13 1415 Enable
bhbbobbbd bhbhbdbhh e
0123 45 6 7 El 0123 45 6 7 El

7415148 7415148
EO A0 Al A2 GS EO A0 Al A2 GS

o
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=
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oo
Le——d

,_
I
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I
|

0 1 2 3 Priority Flag
(active low)

Encoded Data (active low)

16-Line Data (active low)

0123 45867 8 9 1011 12 13 1415 Enable
Lhbbdbdhd LoLLhbhhh e
0123 456 7 El 0123 45 6 7El

7415148 7415148
EO A0 Al A2 GS EO A0 Al A2 GS

T C @) ) )

| - --—-T—r"————=—=—-—-— -1
I |
I HCO00 I
I I
ISR S ———— e —_

0 1 2 3 Priority Flag

(active high)
Encoded Data (active high)

Figure 3. Priority Encoder for 16 Bits

Because the 74LS147 and 74LS148 devices are combinational logic circuits, wrong addresses can appear
during input transients. Moreover, for the 74LS148 devices, a change from high to low at El can cause a transient
low on GS when all inputs are high. This must be considered when strobing the outputs.
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