’ FULL SUBTRACTORS \

MC1021
mci1221

MECL Il MC1000/1200 series

Provides the DIFFERENCE, DIFFERENCE, BORROW OUT, and
BORROW OUT functions while requiring only MINUEND (X)
and SUBTRAHEND ({Y) inputs with BORROW IN and
BORROW iN.

POSITIVE LOGIC

TRUTH TABLE

INPUT LOGIC LEVEL OUTPUT LOGIC LEVEL
% v B; B; ) b B, 8,
0 [ [ 1 [ 3 0 1
) [ 1 [ 1 0 1 o
o 1 0 1 1 [ 1 [
o 1 1 0 3 1 1 [
1 [ o 1 3 o 0 i
1 o 1 o [ 1 o 1
1 A 0 1 [ [ [ A
1 1 1 © i o 1 0
D = YXB| + YXB + ¥YXB + ¥Xg
B = VXE, + YXB, + YX8) + ¥YX@;
B, = ¥X@; + YXB) + YXB, + YXB|
B, = TR, + YXB) + VX8 + YXB
DC input Losdlng Factor: X, ¥ =1 B, By =2
DC Output Loading Fector = 26
Powes Disslpation = 145 mW typicst
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MC1021, MC1221 (continued}

ELECTRICAL CHARACTERISTICS

MC122)  Vost Limits

MC1021  Test Limits

[Vo“ 1imits apply from no load (0 mA) to full load (-2. 3 mA).

.vou and V) Uimits apply coly if not more than one
Input (pin 3,4, 12 or 13) is &t 3 Threshold Voltage

VIL max O Vi mink

Conduct tests with one input

at & Threshold Voltage and apply appropriate VOL max %

Yo min

voltages to all other inputs.
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Pin
Under —55°C +25°C +125°C 0°C +125°C +75°C
Characteristic Symbol | Test | Min [ Max | Min | Max | Min | Max | Unit | Min | Max | Min | Max Min | Max | Unit
Power Supply Drafa Ig 1 - - - | s - B - - |ss B T | mAdc
Current
Hnput Current 2L, 3 - - - - uAde - - - 200 - - uAde
2 lhl 4 - - - - - - - 200 - -
1.5 [m 12 - - - - - - 150 . .
LSl 13 - - - - - - - |se | - .
12 - - . | LO [pAde] . . |e2] . 1.0 | uAde
Input Leakage 1 13 - - - 1.0 - - - 0z | - 1.0
Current R 3 - - - | s.0 - - - 10| - 5.0
4 - - - Iso - - - juo]| - |50
" DIFFERENCE " Yout s {-0.990|-0.825 _0.700{-0.530| vdc |-0.895 f-0. 740] -0. 850]-0.700)-0. 775{-0.615 | vdc
Logic “1" l
Qutput Voltagel
['DIFFERENCE" VoL 5 |-1.8s0|-1.580 _1.720-1.380] vde |-1.83011.525(-1.800}-1.500[-1.780]-1. 435 | Vdc
Logic 0"
Output Voltage
“BORROW" Logic | Vout 1 i-0.990]-0.025]-0. 850 -0. 700]-0. T00-0. 530 vdc |-0.895 }-0. 740 -0. 850]-0. 700|-0. 775|-0. 615 | Vdc
1" Qutput Voltagel 1 l 1 1 l l l
"BORROW" Logic | Vg 1 |-1.e90]-1. 580]-1. 800l - 1. 500|-£. 720/-1. 380] wvde |-1.830F1.525}-1. 800}-1. 500|-1. 760(-1. 435 | Vdc
0" Output Voltage l l l 1 l l l 1
[Switching Times Typ | Max | Typ | Max | Typ | Max Typ { Max| Typ | Max | Typ | Max
Minvend Input
PropagationDelay| by o, s 2.0 14 [80] 13 | solres| ne | 80| 13 | no]s |80} 28 ne
12.5- s so| 13 j8o |15 | 1 [ w7 8.0 [13.s]| Bo j135 90| 18
tate 1 M |70 [125 900|125 2.0 [12.5| 7.0 [125 |80 | 13
[ i 135 {80 [ans o1 |t 8.0 [13.5] 80 135 |90 | 15
Rise Time t, s 19 [sof 1 |10 ] 14 90 | 14 | 5.0 {14 |00} 1
4, 1 18 [r0] 12 |90 24 70|12 | 10|12 jao | 18
Fall Time 1. s 50|80 [so]ss |7o}1s s.0 | 85| 50|as |60 s
. 1 so 80 |s0]|eo |00 5.0 60| 50[eo|60] 90
Subtrahend bnput
PropagationDelay| 134 o 5 50|85 |50 85|70 s | 50| es|sojes|eo| as s
[ so |90 |50 8s|r0lis 50| 85] 50|85 |6o|s0
Rise Time ts, s0|es (60|90 ]|80| 11 6.0 |90 6o |so |70l es
Fall Time 1y .0 88 [sofasfroln 5.0 | 85| 5.0 |Bs |80 | 95
Borrow Ingut
PropagaticeDelayl 1, . 5 30|55 |s0|soj4o{so} ns | 50|50l s0]|s0|30]s50] os
tes. ap| 78 |40} 78 |60] 0 40 {75] 40|75 {50 &S
Rise Time i, s.0| 80 |60 85| 80]iws o |9o5| 60 |es |0 10
Fali Time 1 50|80 [sojas|ro|n s0|as| so|ss |60 es
. —




— TEST VOLTAGE/CURRENT VALUES

@Test o Nde=10%
Tomporators 1Vy o0 10 Vg a | Vou max |Vt min?® Vi s Vormin] Vst mon
—55°C | -5.2t0 -1.405 | -1.580-1. 165 to -0. 825} -0, w90 -
MCE221 +25°C | -5.210 -1.325 [-1.500-1.025 t0 -0.700] -0. 450 | -0u200
+125°C | -5.2t0 -1.205 [-1.380]-0.875 to-0. 530/ -0.700 - .
0°C | -5.210 -1.350 [-2.520]-1,070 to-0.740] -0, 895 5.2 2.5
MO021 +25°C | -5.21to -1.325 {-1.500 {-1.025 to-0.700{-0.850| -0.700 5.2 -2.5
+75°C | -5.2to -1.260 |-1.435 |-0.950 16-0.615{-0. 775 - 5.2 2.5
Pin TEST VOLTAGE/CURRENT APPLIED TO PINS LISTED BELOW:
Under Vee
Ch isti Symbol | Test Vit win 10 Vit Vet min 10 Vi nac Virt max Ve k |i6nd)
[Power Supply Draln [ 7 3 4 - 7,12,13 - 14
Currem
input Current 2 lm 3 4,12,13 a T - 14
2L, ‘4 3,12,13 4 .
LI, 12 L 4 12 -
1.5 lh‘ 18 3,12 4 13 -
12 [ 3 - 7.12,13 - 1
Input Leakage 1 1 4 3 - 7,102,138 -
Current R 3 - 4 - 3,7,12,13 -
1 - 3 - 4,7.12,13 -
. 4 B T 5 14
"DIFFERENCE" Vou? 5 ":‘2{;-3 3,12 -
Logic "1" l 120 313 . l 1
Output Voltage} 3¢ 4,12,13° -
4,12,13* 3* - 7 - 14
['DIFFERENCE" Yo 5 3, 13° 3,12 , ‘
Logic "0" l 3, 12* 3,13% - 1 -
Output Voltage 4* 3,12,18° - -
3,12,13* 4 - 7 3 14
"BORROW™ Logic | Vot 1 “i2* 41
1 Output Voltagel] 1 ey t13* . l l |
3* 4,12, 13* -
4,12,13° 3* 7 - 14
['BORROW" Logic | Vo 1 "4, 12* 3,32 - -
"0" Output Voltage 1 313" 4,12° - R
4* 3,12,13* -
lawitching Times Pulse In Pulse Ovt Vee = 4.0 Vdq +1.24
Minuend Input 12 s . 14
Propagation Delay tu_h 5 . ) :
1245 s \ .
Yz-1e ! 1 3 N
Y24 ! 5 B .
Rise Time 15' 5
¢ 1 ! - °
1+ 5 R .
Fall Time ty. 5
ty. 1 ! - -
Subtrahend Input 13 5 - 7 - 14
Propagation Delay U13es- L] . A
t19-54 5 .
Rise Time t,
Fall Time t_ - -
Borrow Input . s B 7 B 1
PropagationDelay]  t, . H
405 . R
Rise Time tg,
Fall Time ' 3 _

[ G C
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MC1021, MC1221 (continued)

SWITCHING TIME TEST CIRCUIT

AND WAVEFORMS @ 25°C
PROPAGATION DELAY
ouTPUT INPUT
TPin t©© +0.460 V— -7
Channel “A" N 1Y §
Vege +1.2 vde “OR" 4 50%
—0.3s0 v A
4—5— —|
1 jI o pF tU+5e
< TPout
INPUY/— QUTPUT
rr—-f-
“NOR™ 50%
1 - —
0.1 UF -1+ b LT3 B
—4.0 Vde
VeE :=[
—4.0 Vdc

*iL.oad comesponds to fan-out = 3 RISE AND FALL TIME
Switching test clrcuit Is shawn for pulse In on

pin 4 and pulse cut on gin 1, howaver all other QUTPUT

Inp: P! may be

tested simularly sccording to the full adder oy
truth table. e

Input puise ¢, and ty = 6.0 £ 0.6 ns. 1%
. OF tp_ —m] ﬁ ’._ 14 OF t54

APPLICATIONS TYPICAL PROPAGATION DELAY TIMES
INFORMATION

A = PIn 13 to outputs
The MC1021/MC1221 full subtractor is identi- B = Pin 12 to outputs /
cal to the full adder except for the interconnection

metalization. It exhibits an aversge propagation de-
Iay time of 5.0 ns per stage in a system employing
ripple Borrow. This device permits building of rip-
ple-through dividers.

€= Pins 3 and 4 10 outputs
[~ Fan-out = 3 on each output

//

The ic of the full

the techniques employed to obtain the necessary
logic equations. A compensated current source
drives 3 transistor “'tree” with three levels of
branching. The X input is translated negetive two
levets, to switch current betwesn either the left or
right branch of the tree. The Y input is transtated
negative one leve! 1o switch current at the second
level of branching. Depending upon the eight
passible combinations of inputs, one specific branch
fevel in the Difference ganerating tree will be carry-
ing current. Thus the proper output state is
determined. The Borrow genersting Iree operates
in the same manner. This series gating technique 2.0
results in the best speed-power product obtainable e -25 o +25 +50 +76  +100 128
with bipolar technology. Typical propagation delay Ta, AMBIENT TEMPERATURE (°C)

times from the inputs 1o cutputs are shown.

6.0

4.0

tya PROPAGATION DELAY TIME (ns)




