SN54147, SN54148, SN54LS147, SN54L.S148

SN74147, SN74148 (TIM9907), SN74LS147, SN74LS148
10-LINE TO 4-LINE AND 8-LINE TO 3-LINE PRIORITY ENCODERS

SDLS053A — OCTOBER 1976 — REVISED FEBRUARY 2001

'147,'LS147
Encodes 10-Line Decimal to 4-Line BCD

Applications Include:
— Keyboard Encoding
— Range Selection

'148,°'LS148

Encodes 8 Data Lines to 3-Line Binary
(Octal)

Applications Include:

— N-Bit Encoding

— Code Converters and Generators

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

description

These TTL encoders feature priority decoding of the
inputs to ensure that only the highest-order data line
is encoded. The '147 and 'LS147 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 ‘'1.5148 encode eight data lines to
three-line {4-2-1) binary {octal). Cascading circuitry
(enable input El and enable output EQ) 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 tevel. Al inputs are
buffered to represent one normalized Series 54/74 or
54L5/74LS load, respectively,

8N54147, SN5ALS147,
SNE4148, SN54L5148 . . . J OR W PACKAGE
SN74147, SN74148 . . . N PACKAGE
SN74L5147, SN74LS148 . . . D OR N PACKAGE
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No internal connection

147, 'LS147 ‘148, 'LS148
FUNCTION TABLE FUNCTION TABLE
INPUTS OUTPUTS INPUTS OUTPUTS
1 2 3 4 5 6 7 B 9| D ¢ B a El|]0 1 2 3 4 5 & 7|a2 arv aolas Eo
H H H H H H H H H|H H H H H|X X X X X X X X|H H H|[H H
X X X X X X X X L|L H H L L{H H H H H H H HlH W HlH L
X X X X X X X L H|L H H H L{X X X X X X X L|L L L|L H
X X X X X X L - H H|H L L t LIX X X X X X L H|L v H|L H
X X X X X L H H HI#H © L H LIx X x x x L H H|{L mw t|L n
X X X X L H H H H|H L H L LiX X X X L H H HfL H H|[L H
X X X L H H H H HIH L H H L|X X X L H H H H|rn L Ll n
X X L H H H H H H|H H L L L{X X L H H H H H|nr v HlvL H
X L H H # H H H H|H H L H E|[X L H H H H H H|H H LiL H
L H H H H H H H HJH H H L tiL H H H H H H H|H H H{L H

M = high logic level, { = low logic level, X = rreievant

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments

Jard warranty. Prodi
testing of all parameters.
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logic symbols?

"47,°'LS147 148, 'L.5148
(1) HPRI/BCD HPRI/BIN
) 12 ! 012 __eozio 104 P!
2 2 ML N 1y ST
{13 o -
3 . ° _ {9} 2.&.-2-)-.—& 21212 124
(1 L.
4 4 ! A 3_&-&- 3/213 134 16}
LA 14
(3) 16) 4 4/214
g——ig P} - L 2 v o (14} as
CIo g4 o 5 . M65/Z15 151
7
[ 6/216 164
{6} r~ 8 ] \
° 10) A eabyary 474
9 9
1a =-_L9.LA0
- ’ V18 2a ;-QLA1
*These symbols are in accordance with ANSI/IEEE Std. 81-1984 and (s} {6)
{EC .Publication 617-12. El ENa do P A2
Pin numbers shown are for D, J, N, and W packages.
logic diagrams
"147,'LS147 '148,°L5148
(11) {10}
1> _ 0 115)
' £0
S| B ‘ {14)
2 (——412, >ﬁz ' 1 o, 10 # 14—DP_“ES
i N ] .ﬂ
{13} 12} »—-l—)_‘
3 P> 2 A& -1
) [ . {9} AQ
1
: =1 (13} i Ny : 1
4 LLLQD,.T_D.,_I _ { 3 > D
' (/I ’
(1) |
s Ao . 4 DD =
b7:—‘3_‘ = AL P
¢ B D : __D; g 12 D ‘ D ‘
*D”— *-;_-D._
7 B> ‘D—D_IL'_;DDEC; 5l >y e
1
) ‘ 4
g 8 S D— .l > ©,,
o 104y ,} — 1) 0 g e

Pin numbers shown are for D, J, N, and W packages.
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schematics of inputs and outputs

147, "148
EQUIVALENT OF EACH INPUT | "TYPICAL OF ALL OUTPUTS
vee - .

Vee

- INPUT

OUTPUT

0 input ('148): Rgg =2 k2 NOM
All other inputs: R,ﬂ = 4 k§) NOM

‘L8147, °LS148

EQUIVALENT OF ALL INPUTS _ 'TV_PiCAL OF ALL OUTPUTS
Vee e ' e . —— Vee
! 12051 NOM 3 .
3» Heq d

INPUT

OUTPUT

‘L8148 inputs 1 thru 7: Raq = 9 k&2 NOM
All other inputs: Req =18 k1 NOM:

absolute maximum ratings over operating free-atr temperatu re range (unless otherwuse noted)

Supply voltage, Voc (see Note 1) . . . . . U L0 oL L LD L L L B A
Input voltage: "147,7148." . . ... . . . . . . . . e e e e e e e e . ... . BBV
‘LS147,°'L5148 . . . . 7V

Interemitter voltage: 148 only (see Note 2) .. o e e e e ., .. BBV
Operating free-air temperature range: SN54’, SN54L5 Clrcu:ts e e e e e e e e e —55 Cto 125°C
SN74’, SN74LS Circuits . . . . . . . . v . ... 0°Cwe70°C

Storage temperaturerange . . . . . .. . . .. ... ... ... .......,. -65°Cto150°C

NOTES: 1.

Vaoltage nsluel except mteramltter voitugo are with respect to network ground terminal,

2, This is the voitage betwaen two emitters of & mulitipla-emitter transistor. For ‘148 circuits, this rating applies betw-e.n -any two of
the aight data Jines, O through 7.

recommended operating conditions

SN54’ SN74’ SNB4LS" SN74LS’ UNIT
) MIN NOM MAX |MIN NOM MAX | MIN NOM MAX | MIN - NOM MAX .
Supply voltage, Voo 4.5 ] 55| 475 8 526 485 5 5.5 | 4,75 5 525 \
High-level output current, 1oy —800 : ~800 ; -400 —400 | uA
Low-level cutput current, 1oL 16 16 L ’ 4 8] mA
Opgerating free-air temperature, Tp, | —55 _ -126 0 70| -556 18] 0 70 ] °C
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electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

. B “147 . ‘148
-PARAMETER . TEST coummms* MIN TYPI MAX [MIN TYPI MATJ uNIiy
ViH High-level input voltage ’ _ . 2 C2 v
"[VIL LowAleve! input voltage _ 0.8 o8| Vv
Vi Input clamp voltage . Vee=MIN, h=—-12mA -1.5 -1.8]| V
N ‘ Voo =MIN, Vip=2V, -
VoH -ngh-tevel output voltage ViL =08V, "bH = 800 uA 24 . 3.3 24 33 v
Vec=MIN, Vig=2V, ' y
Voo Low-lavel ouiput voltage viL = 08V, loL = 16 mA 0.2 04 02 04| V
I {nput current at maximum input voltage Vee=MAX, V=55V 1 1| mA
1}y High-level input current 0 tnput Ve = MAX, V>| =24V 49 pA
’ Any input except 0 40 80
L Low-eval input current o inedt Voo =MAX, V| =04V mLE YN
L P Any input except 0 cc= A% I 1.6 -3.2
log - Short-circuit output current ¥ - Vee = MAX : -35 -85 | —36 -85 [ mA
iee ‘ Supply. current Vge = MAX, Qondition 1 50 70 40 60 | mA
M Sea Note 3 Condition 2 - 42 62 35 55 { mA

NOTE 3: For "147, ice {condition 1) is measured with input 7 groqnded other inputs and cutputs open; lg¢ (condition 2} is measured with
all inputs and outputs open, For ‘148, Igc (condition 1)is ‘measured wlth inputs 7 and E| grounded, other inputs and outputs open;
Ige leondition 2} is measured with all inputs-and outputs open,

TFor conditions shown as MIN or MAX, use the appropriate value specified under recornmended operating conditions.

Al typical values are at Vee=5V, Ta=26"C. | : .

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

SN54147, SN74147 switching characteristics, VCC =5V, T A= 25°C

FROM TO : ‘ :
PARAMETERY ) WAVEFORM | TEST CONDITIONS I MIN TYP MAX |[UNIT
A UNPUT) * (oUTPUT) _
t : ' ' In-ph 9 14

PLH Any Any " p. ase CL = 16 pF, i ns
tPHL ] - output Ry = 400 §2 7 1
t Out-of-ph ' 13 19

PLH Any Any ’ uto .p ae See Note 4 ns
PHL _ Joutput . 12 19

(*]
SN54148 SN74148 swutchmg characteristics, VCC =5V, Tp=25C
“  FROM TO o ]
PARAMETERY WAVEFORM TEST CONDITIONS |[MIN TYP MAX JUNIT
, (INPUT) {QUTPUT) ‘
. In-ph. 1 5
{PLH 1thru 7 A, A1, or A2 frphase 0 ns

tPHL - output 9 14

1 : - Out-of-ph 13 19

PLH 1thru 7 AG, Al oraz * | TUTOTPREE ns
1PHL _ output 12 19
¢ : _ Qut-of-phase 6 10
tPLH O thru 7 €O cutout e
e i ::u CL=130F, 18 30

B . . In-phase A :

PLH 0 thru 7 GS . ‘: ) RL = 400 &2, ™
PHL - - dteu See Note 4 -
tPLH , . {n-phase 10 15

El AD, AT, or A2 ns
tPHL . output | 10 15
In-phase 8 12

FLH : El . GS n-p ns
PHL ' output 10 16

PpLH : : £l EO In-phase . 10 15 s
PHL output : 17 30

YtpLy = propagation delay time, low-to-high-level output
tpHL = propagation delay time, high-to-low-tevel qutput
NOTE 4: Load circuits and voltege wavetorms are shown in Section 1.
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electrical characteristics over recommended operating free-air temperature rangs (uniess otherwise noted)

_ L - __SNbBaLS' SN74LS'
PARAMETER . TEST CONDITIONS? —~ ‘ UNIT
. ' } MiN. TYPT MAXIMIN TYPE MAX
Vi High-level input voltage ) ) 2 2 v
VL Low-level input voltage _ 0.7 - 08| V
VK Input clamp voltage : : Veg=MIN,  Ij=—18mA -1.5 -18 V
Voo =MIN, - Vig=2V ; ‘
\" High-level output volta : . 5 34. 7 34 \
OH Tio P g VIL=08V. lon=—400ua| > 2 ‘
: Vec=MIN, i ~ama 026 0.4 0.25 04
VoL Low-level output voltage ’ Viu=2V, - - " v
V|L = VjLmax oL =8 mA 0.35 9.5 '
Input current at ‘LS148 inputs 1 thru 7 |- . 0.2 0.2 )
I - =MAX, Vi= A
! maximum input voltage All other inputs VF:C MAX, 1=7v : 0.1 —o1 "
‘L8148 inputs. 1 thru 7 : . . 40 40
| High-level i t Vee=MAX, V=27V - A
\H High-lavel input curren All other inputs cc - Mim27 20 20| “
‘LS148 inputs 1 thru 7 : -0.8 —0.8 .
I Low-level input current Vec=MAX, V=04V - A
I input eur All other inputs cc ! ) -0.4 —0.4 m
10s Short-circuit output current § | Vog = MAX . -20 -100] ~20 —=100{ mA.
Vee = MAX, . | Condition 1 , 12 20 12 - 20[ mA
lcc  Supply current — - - "
See Note 5 Condition 2 10 . 17 10 17f mA

NOTE b: For 'LS§147, ¢ (condition 1).is rnusured with input 7 grounded, cthar inputs and outputs open; Igg (condition 2) is measured
with all inputs and outputs open. For 'LS148, 'CC {condition 1) I; measurad’ with inputs 7 and E| grounded, other inputs pnd
.outputs open, Icc (condition 2} is measured with all inputs and outputs open,

*For conditions shown as MIN or MAX, use the appropriate value specified under recommaended operating conditions,

T ail typical values are at Vo = 5 V, T4 = 25°C.

¥ Not mare than one output should be shorted at a time.

SN54L8147, SN74LS147 switching eharacteriétics, vec =56V, TaA=25°C
FROM - . TO

Mi | ’ WAVEFORM TEST CONDITIONS|MIN TYP MAX {UNIT
PARAMETER (NPUT) {oUTPUT) _ - MA
. In-ph 12 1
tPLH Any . Any . 1mphase Cy = 16 pF, 18 ns
PHL ’ . output 12 18
Y . Out-of-phase RL=2ks, 21 33
PLH Any Any - See Note 4 S — ns
tPHL output : 15 23 .
SN54L.5148, SN741.8148 switching characteristics, Ve =5V, TA =25°C
FROM TO - -
P METER' WAVEFOR: TEST CONDITIONS | MIN TYP MAX [UNIT
ARA {INPUT) - {(OUTPUT) _ - ORM $7 COND! :
' . In-ph.
i 1thru 7 A0, A1, or A2 n-phase L SLE (e
tPHL ) output . 16 25 .
t-of-ph
PLH 1thru 7 AO, A1, or A2 Ouvof-phase 20 36 4o
PHL : output S 16. 29
' Qut-of-phase .
:"'“ 0 theu 7 EO oot 2; l‘; ns
IPHL . In-phase CL = 15pF, 35 BB
FLH Othru 7 " GS . o R = 2k, —{ ns .
tPHL . output - - 9 21
1 i In-phase See Note 4 16 26
— Et : AO, Al or A2 |- ns
1PHL output 12 25
: In-ph . 7
._PLH £ a5 n-phase 127 [
tPHL output - 14 36
tPLH o £l £0 . in-phase 12 .2 s
PHL : : output 23 . 36

’xpLH propagation delay ﬁrne low-to-high-level output
tPH L = propagation delay time, high-to-low level output

NOTE 4: Load circuits and voltage waveforma are shown in Sec’aon 'l
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~ TYPICAL APPLICATION DATA
16-LINE DATA {ACTIVE LOW)

10 11

[TFFEEEEEy FEIT =

‘148/L5148 ‘148/'L.S148

0 1 2 3 PRIORITY FLAG
\ : / (ACTIVE LOW)

ENCODED DATA (ACTIVE LOW)

16-LINE DATA (ACTIVE LOW)

13 14 15\ ENABLE

. ‘zl' ‘L l % é ; (ACTIVE LOW)

A2 GS

PRIORITY FLAG
{ACTIVE KIGH)

ENCODED DATA {ACTIVE HIGH)

Since the '147/'L.$147 and '148/'LS148 are combinational logic circuits, wrong addresses can appear during input transients. Moreovar,
for the "'148/'LS148 a change from high to low at input El can cause a transient low on the GS output when all inputs are high. This
must be considered whan strobing the outputs. .
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