SN54147, SN54148, SN54LS147, SN54L.S148
SN74147, SN74148 (TIM9907), SN74LS147, SN74LS148
10-LINE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS

SDLS053B - OCTOBER 1976 — REVISED MAY 2004

’147,°LS147 ’148,°LS148
® Encode 10-Line Decimal to 4-Line BCD ® Encode 8 Data Lines to 3-Line Binary
® Applications Include: (Octal)

- Keyboard Encoding ® Applications Include:

- n-Bit Encoding
— Code Converters and Generators

SN54148, SN54LS148 . ..J OR W PACKAGE
SN74148, SN74LS148 ... D, N, OR NS PACKAGE

- Range Selection

SN54147, SN54LS147 ...J OR W PACKAGE
SN74147, SN74LS147 ... D OR N PACKAGE

(TOP VIEW) (TOP VIEW)
4[]+ U16]VCC 4} u16:|Vcc
5[]2 15]] NC 5[] 2 15|] EO
63 14]] D 63 14]] GS
704 13]] 3 7014 13]]3
8 [l5 12[] 2 EIfl5 12[]2
clls 1] 1 A2 [le 1] 1
B[7 1]l 9 A1[l7 10]lo

GND [J8 9l A GND [] 8 9l A0

SN54LS147 ... FK PACKAGE

SN54LS148 . .. FK PACKAGE

(TOP VIEW) (TOP VIEW)
o 8o o 8o
n 2> 2 n <t 2> W
/I JJCJJ /I JJCJJ
3 2 12019 3 2 1219
6] 4 18[] D 64 18[] GS
75 17[] 3 705 171 3
NC 6 16[] NC Ne e 16[] NC
sll7 15[ 2 ez 15[] 2
clls 1411 A2 lls 14[] 1
9 10 11 12 13 9 10 11 12 13
o Y ¥ o oY ¥ o
nmAQoO<<o - Q<9 o
zZ Z <=zz=z<
(O] (O]
NC - No internal connection
TYPICAL TYPICAL
TYPE DATA POWER
DELAY DISSIPATION
147 10 ns 225 mW
148 10 ns 190 mW
'LS147 15 ns 60 mW
'LS148 15 ns 60 mW

NOTE: The SN54147, SN54LS147, SN54148, SN74147, SN74LS147, and SN74148 are obsolete and are no longer supplied.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 2004, Texas Instruments Incorporated

Products conform to specifications per the terms of Texas Instruments i On products compliant to MIL-PRF-38535, all parameters are tested
dard warranty. P g does not y include I unless otherwise noted. On all other products, production
testing of all parameters. l EXAS p ing does not ily include testing of all parameters.
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description/ordering information

These TTL encoders feature priority decoding of the inputs to ensure that only the highest-order data line is
encoded. The '147 and 'LS147 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

™ | v
PDIP - N Tube SN74LS148N SN74LS148N
5 . Tube SN74LS148D

0°Cto70°C Soic-b Tape and reel SN74LS148DR LS148
SOP - NS Tape and reel | SN74LS148NSR 7415148
CDIP -J Tube SNJ54L.S148J SNJ54L.5148J

-55°Cto 125°C [CFP -W Tube SNJ54LS148W SNJ54LS148W
LCCC - FK Tube SNJ54LS148FK SNJ54LS148FK

T Package drawings,

available at www.ti.com/sc/package.

FUNCTION TABLE - 147, ’LS147

standard packing quantities, thermal data, symbolization, and PCB design guidelines are

INPUTS OUTPUTS
1 2 3 4 5 6 7 8 9 D (o B A
H H H H H H H H H H H H H
X X X X X X X X L L H H L
X X X X X X X L H L H H H
X X X X X X L H H H L L L
X X X X X L H H H H L L H
X X X X L H H H H H L H L
X X X L H H H H H H L H H
X X L H H H H H H H H L L
X L H H H H H H H H H L H
L H H H H H H H H H H H L
H = high logic level, L = low logic level, X = irrelevant
{’? TEXAS
INSTRUMENTS
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FUNCTION TABLE -’148,°’LS148

INPUTS OUTPUTS
El 0 1 2 3 4 5 6 7 | A2 A1 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
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147, °’LS147 logic diagram (positive logic)
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Pin numbers shown are for D, J, N, and W packages.
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148, ’LS148 logic diagram (positive logic)
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Pin numbers shown are for D, J, N, NS, and W packages.
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schematics of inputs and outputs

147,148

EQUIVALENT OF EACH INPUT
Vee ——

Req

Input —

0 input ('148): Rgq = 2 kQ NOM
All other inputs: Req = 4 kQ NOM

TYPICAL OF ALL OUTPUTS

- Vce
85 Q NOM
Output

'LS147,°LS148

EQUIVALENT OF ALL INPUTS

- Vee
Vee -
120 Q NOM
Input —
Output
’LS148 inputs 1-7: Rgq = 9 kQ NOM
All other inputs: Req = 18 k NOM

TYPICAL OF ALL OUTPUTS

{’? TEXAS
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absolute maximum ratings over operating free-air temperature (unless otherwise noted)t

Supply voltage, Voo (see NOote 1) ... 7V
Input voltage, Vi 147, 148 . 55V
LS147, LST148 7V

Inter-emitter voltage: 148 only (see NOte 2) . ... o 55V
Package thermal impedance 0 (see Note 3): Dpackage ................ ... ... . ... ... 73°C/W
Npackage ..., 67°C/W

NSpackage ...........ccoiiiiiiiiiiiiinnn. 64°C/W

Storage temperature range, Tgtq

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 148 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)

SN54° SN74’ SN54LS’ SN74LS’
MIN NOM MAX| MIN NOM MAX| MIN NOM MAX| MIN NOM MAX UNIT
Vcc  Supply voltage 4.5 5 55| 4.75 5 525 4.5 5 55| 4.75 5 525 \%
loH High-level output current -800 -800 -400 -400 uA
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 Vo or GND to ensure proper device operation. Refer to the Tl application report,
Implications of Slow or Floating CMOS Inputs, literature number SCBAQ004.
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electrical characteristics over recommended operating free-air temperature range (unless
otherwise noted)

147 148
PARAMETER TEST CONDITIONST UNIT
MIN TYP¥ MAX| MIN TYPF MAX

VIH High-level input voltage 2 2 \

ViL Low-level input voltage 0.8 0.8 \"

ViK Input clamp voltage Voo =MIN, l|=-12mA -1.5 -15 \
. Vce = MIN, ViH=2V,

VoH | High-level output voltage V| =08V, IOH = ~800 wA 24 33 24 33 \
] Voo =MIN, ViH=2V,

VoL | Low-level output voltage V| =08V, loL = 16 mA 0.2 0.4 0.2 0.4 \
I :/r;;l)ttggiurrent at maximum input Ve = MIN, V|=55V 1 1 mA
High-level input | O input 40
I Ve = MAX, V=24V A
IH current Any input except 0 cc | 40 go| M
Low-level input | O input -1.6
I Ve = MAX, V=04V A
IL current Any input except 0 cc ! -1.6 32| ™
los Short-circuit output current8 Vce = MAX -35 -85 -35 -85| mA

Ve = MAX Condition 1 50 70 40 60
| Supply current mA
ce PPy (See Note 5) Condition 2 42 62 35 55

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

1 Al typical values are at Vce =5V, Ta =25°C.

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

NOTE 5: For 147, 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 '148, Icc (Condition 1) is measured with inputs 7 and El grounded, other inputs and outputs open; Icc
(Condition 2) is measured with all inputs and outputs open.

SN54147, SN74147 switching characteristics, Voo =5V, Ta = 25°C (see Figure 1)

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

tPLH 9 14

Any Any In-phase output ns
tPHL CL= 15pF, 7 1
tPLH RL = 400 Q 13 19

Any Any Out-of-phase output ns
tPHL 12 19
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SN54148, SN74148 switching characteristics, Voc =5V, Tp = 25°C (see Figure 1)

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

'PLH 10 15
1-7 A0, A1, or A2 In-phase output ns

tPHL 9 14

1PLH 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 . ns

tPHL P utpu Rl = 400 Q 14 25

tPLH 10 15
El A0, A1, or A2 In-phase output ns

tPHL 10 15

tPLH 8 12
El GS In-phase output ns

PHL 10 15

t 10 15
PLH El EO In-phase output ns

tPHL 17 30

1 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)

PARAMETER TEST CONDITIONST SNoaLS SN7aLS UNIT

MIN TYPt MAX| MIN TYPF MAX

VIH High-level input voltage 2 2 \

VIL Low-level input voltage 0.7 0.8 \

ViK Input clamp voltage Vce = MIN, l|=-18 mA -15 -1.5 \

- Vce = MIN, ViH=2V,

VoH | High-level output voltage V| =08V, IOH = ~400 pA 25 3.4 2.7 3.4 Vv
Vcc =MiN, loL=4mA 0.25 0.4 0.25 0.4

VoL | Low-level output voltage VIH=2V, \Y
VIL = VL MAX loL=8mA 035 05
Input current at ’LS148 inputs 1-7 0.2 0.2

1] maximum input Vce = MAX, V=7V mA
voltage All other inputs 0.1 0.1
High_|eve| input 'LS148 inpUtS 1-7 40 40

| Voe = MAX, V=27V A

IH | current All other inputs cc ' 20 20| *

Low-level input 'LS148 inpUtS 1-7 -0.8 -0.8

| Voo = MAX, V=04V A

IL [current All other inputs cc ' 04 04| ™

los Short-circuit output current§ Voo = MAX -20 -100 [ -20 -100 mA
Ve = MAX Condition 1 12 20 12 20

I Supply current mA
cc PRy (See Note 6) Condition 2 10 17 10 17

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

¥ Al typical values are at Vo =5 V, Ta = 25°C.

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

NOTE 6: For 'LS147, 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 'LS148, Igc (Condition 1) is measured with inputs 7 and El grounded, other inputs and outputs open;
Icc (Condition 2) is measured with all inputs and outputs open.
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SN54LS147, SN74LS147 switching characteristics, Vcc =5V, Tp = 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
SN54LS148, SN74LS148 switching characteristics, Voc =5V, Ta = 25°C (see Figure 2)
FROM TO TEST
PARAMETERT (INPUT) (OUTPUT) WAVEFORM CONDITIONS MIN TYP MAX | UNIT
PLH 14 18
1-7 A0, A1 A2 In-ph tput
— 0, A1, or n-phase outpu 15 25 ns
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
—7 In-ph tput
— 0 GS n-phase outpu RL = 2kQ 9 o1 ns
tPLH 16 25
El A0, A1, or A2 In-phase output ns
tPHL 12 25
'PLH 12 17
El GS In-phase output ns
tPHL 14 36
t 12 21
PLH El EO In-phase output ns
tPHL 23 35

T tp|H = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-level output

10
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PARAMETER MEASUREMENT INFORMATION
SERIES 54/74 DEVICES

Vee
Test RL

Test Point St
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 1
CL Under Test Point =
(see Note A) CL
(see Note A) I g 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 15V
P | PRI
‘ W | tsu _'H ‘
\ ——— 3y
Low-Level 15V 15V Data 15V 15V
Pulse Input
ov
VOLTAGE WAVEFORMS VOLTAGE WAVEFORMS
PULSE DURATIONS SETUP AND HOLD TIMES
Output
Control
_____ 3V (low-level
Input 1.5V 15V enabling)
ov

\ \
tPLH —:q—w ‘H—H— tPHL
In-Phase ‘ |

Output
(see Note D)

\ \
tPHL —1€¢—¥ ?‘—’f— tPLH

Out-of-Phase | \ VOH
Output 15V 15V
(see Note D) ——— VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

——— VoH

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

tPZL—’? ¢ > |4 tpLz

\ ||
Waveform 1 ‘ || =15V
(see Notes C | 15V I
and D — —— VoL+05V
) } - VoL

tpzH—» 4— P & tpHz

\ \
——VOH
Waveform 2 | ———VpH-05V
(see Notes C 1.5V 15V
and D) S

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.

D. S1 and S2 are closed for tp|_ H, tPHL, tPHZ, and tp| z; 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 t <7 ns for Series
54/74 devices and t; and tf < 2.5 ns for Series 54S/74S 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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PARAMETER MEASUREMENT INFORMATION
SERIES 54LS/74LS DEVICES

Test
Point Vce

T

RL
From Output

Under Test (see Note B)

(see Note A)

LOAD CIRCUIT
FOR 2-STATE TOTEM-POLE OUTPUTS

High-Level v v
Pulse 1.3 1.3
\ \
— tyw —>
\ \
Low-Level 1.3V 1.3V
Pulse
VOLTAGE WAVEFORMS
PULSE DURATIONS
————— 3V
Input 1.3V 1.3V

In-Phase
Output
(see Note D)

| |
tpHL —1¢ 4 7‘ "‘ tPLH
| |

Out-of-Phase VOH
Output 13V 1.3V
(see Note D) ——— VoL

VOLTAGE WAVEFORMS
PROPAGATION DELAY TIMES

NOTES: CL includes probe and jig capacitance.

All diodes are 1N3064 or equivalent.

Ow>

From Output
CL Under Test

CL
(see Note A) I A{ S2

LOAD CIRCUIT
FOR OPEN-COLLECTOR OUTPUTS

Vce
Test RL
Point

S1

From Output

Vee Under Test (see Note B)

CL_L

RL (see Note A) [
Test 1
Point =

LOAD CIRCUIT
FOR 3-STATE OUTPUTS

Timing 3V
Input 1.3V
—————— oV
>+ th
tsu —1¢—> \
\ ———3vV
Input
oV
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES
Output
Control
(low-level
enabling) ‘

tPZL—’? “— > [4—tpz

\ | |
Waveform 1 | ~
(see Notes C ‘ v v
and D) ‘ /— ———VoL+05
| ‘ VoL

tpzH —» 4— D |&—tpyz

\ \
——V
Waveform 2 | —_OoH VoH-05V
(see Notes C 13V
and D) =15V

VOLTAGE WAVEFORMS
ENABLE AND DISABLE TIMES, 3-STATE OUTPUTS

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.

OmmO

S1 and S2 are closed for tp|_H, tpHL, tPHZ, and tp|z; S1 is open, and S2 is closed for tpzH; S1 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, t,<1.5ns, 1< 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)

012345867 8 9 10111213 1415 Enable
Lobbibdbd LOLLLLL L e
0123 45 6 7 EIl 0123 456 7 EIl
’148/LS148 ’148/LS148
EO A0 A1 A2 GS EO A0 A1 A2 GS
T G O ©] )
r= - e el | |
I I
I '08/LS08 I
I I
IR S R (U A —_
0 1 2 3 Priority Flag
(active low)
Encoded Data (active low)
16-Line Data (active low)
012345867 8 9 1011 1213 1415 Enable
Chbbbbbbl oAb AL L ey
01 23 45 6 7 EIl 01 23 45 6 7 EIl
’148/’LS148 ’148/’LS148
EO A0 A1 A2 GS EO A0 A1 A2 GS
T J O )
r— - —-——r———r————————— -1
I I
I "HC00 I
l I
IR S R Uy —_
0 1 2 3 Priority Flag

(active high)

Encoded Data (active high)

Figure 3. Priority Encoder for 16 Bits

Because the '147/LS147 and '148/'LS148 devices are combinational logic circuits, wrong addresses can appear
during input transients. Moreover, for the '148/'LS148 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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