
























































































































































































































































































































































































































































































































































































































































































































































SCL4528B

45288 PULSE WIDTH VS. Ry, Cx. Vpp

oMt — T 7 T T | T
6 T Z 74 m— 1 // 1177 1z
A /i 4 ya
5v e A s 5 N 3
? ,y /Ov % 10v /4‘/’& /l‘r;
;‘s’: 15 15v 15v r/ 15¢
™m0 / / / ‘é 4
: v.a 7 ~ v Z
. 7 77
4 < / /4 y/' /) /// /
R 3 & N V7
. S <
: 7 R L N o y
S 1 7 /1'{ 7 a 3
6
g v 74 7 p /4
2
s A 7 17
w
% Y
€ 2 . &Y / //
e v AT 7 7 7
6 A Sv. v
4“7%7 // :u Y //' Y7 >
AW/ 781N A% RN Zat:
W A
hal 4 6 2 e T s 681 2 468 2 4 6 2 468 7 4 7 4 68
107 10 w0t Wt w0 !t 10" 10° 10

PULSE WIDTH (Seconds}

LOGIC DIAGRAM

S B

»

=
o
£
&>

- FOR ALL VALUES OF Vpp 3V T0 18V +
Il

o
o
S

2
&

7 ol 7

e

LATCH

NORMALIZED PULSE WIDTH
s

-
2
o
o
m
£
Fm——g =3

Tt 0.85

o o o e

~

1
o Y L 60 40 20 W s 80 100 120
A,LD_"_D- > Ta, AMRIENT TEMPERATURE (°C)

*STANDARD INPUT PROTECTION AT THESE POINTS

Normalized Pulse Width versus Temperature

Notes:

There is no effective maximum limit on Ry:
recommended minimum value for Ry is 1KQ.
There are no restrictions on the value of Cy.

For proper operation all unused inputs should
be tied to a logic level. The mode point (T2) of a
unused half of device should be tied high through
an external resistor to Vpp.
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SCL4528B

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS '

v Toow® +25°C Thicn®
PARAMETER DD | CONDITIONS LOW ~HIGH | ynits
{Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE ol
CURRENT 5 |Vin=VesorVoo | — 5| - |0058| 5| - |150 [uAde
10 | All valid input - 10 - 0.1 10 - 300
20 | combinations - 20 - 102 20 | - 600
NOTES: ' R ini tatic Electrical Ch istics are listed under "4000B Series Family Specifications”.

? Teow = -55§C for C, D, F, H device.
= -40°C for E device.
ThigH = +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C, = 50pF, Ta = 25°C)

Cx | Rx Voo i
PARAMETER {pF) (k) (Vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME toLm,
t
From Aor B A T 5 - 270 540 ns
10 - 90 180
15 - 70 140
1000{ 10 5 - 510 1020 ns
10 - 170 340
15 = 120 240
From Cp 15/ 5 5 - 270 540 ns
10 - S0 180
15 - 70 140 d
1000| 10 5 - 550 1100 ns
10 - 300 600
15 - 250 500
OUTPUT TRANSITION TIME trim.
tyue
- - 5 - 130 260 ns
10 - 65 130
15 = 50 100
Note: @ Output | tyop
15| 5 5 - 130 260 ns
10 - 65 130
15 - 50 100
1000{ 10 5 - 270 540 ns
10 - 240 480
15 - 220 440
MINIMUM INPUT PULSE WIDTH PW,,
A or B Input -] - 5 - 70 140 ns
10 - 30 60
15 - 25 50
OUTPUT PULSE WIDTH MATCH APW,,,
Same package 1000] 10 5 - + 75 *15 %
10 - L $10 +20
15 — +10 +20
Different packages 1000| 10 5 - - *50 %
10 - - 50
15 - - +50
Vos, DRAIN VOLTAGE (Vdc)
<20 -18 -16 -14 12 -10 -8 6 -4 -2 0 _
v, ' s]) vd 5 -
=- c - -—
csl /'//' -10 g 5
-—}-’ (-]
Vs =-10 Vie —p< 15 2 E
1 20 = = 25 Vas = 15 Vde _
- 2 § 3% 1=
Vgs =15 Vde - - |
g 2 § 15 4 Ves = 10 Vde
S S 10 {
%‘ 25 Ves =5 Ve T,=25C
1. =25 ¢ L1 1 1 1
e = 0 2 4 6 8 10 12 14 16 18 20
Vs, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
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SCL4528B

AC TEST WAVEFORMS
A f 50% 9';/; / \ so%f \ Voo
- I"— PWin 'r:| [ ':" i (
1 -l . ! !
e s | e el ; i
w 50% 9‘:;‘ Voo
% Y S
—ﬂ PW;,, T
co } . }
! " Voo
o e e e e
F PWour | ftprne] mu. _:1)‘_,‘_{_ tonL - et
90% 1
' £ 50% 50% 50% 50%
Q =
— PHL  tPHL- lo— -~ T';:Htl [- - b tpLH :
a 2
50% * E °0% \1 ’V \ so%{ \
APPLICATIONS INFORMATION
Cx Ryx C. Ry
6 J"L o= AAAN, Voo g—i—-—| Vo
ITI T2 T T2
Vss Ve
A Q A Q
p——e OUT IN —— — OUT
v 45288 . % 4528B T
— o—
8 Q
VD?‘-c Cy,
Co Voo
Voo
' U1 | —
Q | _l-T{ | Q l I
- = teLn |‘_‘ T —"'
Astable Operation Connection for Non-Retriggerable Operation
Cxy Cx> R
JV\/V—- Voo Vo
€ F’I Jlk I T T2 e
Vss
A (o)} A Q2 out
%2 45288 Y2 45288B
8 a1 :] Q2
Voo
Co Co
TVm.) TVoD
a ] U |J U
f—T1
= T2

Astable Multivibrator with Adiustable Period and Duty Cycle
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SOLID §%

STATE SCL4531B
SCIENTIFIC

CMOS 12-BIT PARITY TREE
FEATURES

@ Variable Word Length
¢ Buffered Output
¢ Parity Selection Input

DESCRIPTION | | | | | |

The 45318 12-Bit Parity Tree is con- 16 15 14 13 12 11 10 9
structed with MOS P-channel and N-channel 45318
enhancement-mode devices in a single monolithic 1 2 3 4 5 6 7 8
structure. The circuit consists of 12 Data-bit inputs 1 T 1 T T T T
(DO thru D11), an even or odd Parity Selection D6 D5 D4 D3 D2 D1 DO Vgg
input (W), and an output (Q). The Parity Selection
input can be considered as an additional bit. Words i
of less than 13 bits can generate an even or odd Add suffix for package:
parity output if the remaining inputs are selected C 16-pi-- Cerdip
to contain an even number of 1's. Words of greater D 16-pin Ceramic
than 12 bits can be accommodated by cascading E 16-pin Epoxy
other 4531B devices by using the W input. F  16-pin Flat
Applications include checking or including a redun- H Chip

dant (parity) bit to a word for error detection/
correction systems, controller for remote digital
sensors or switches (digital event detection/
correction), or as a multiple-input summer without
carries.

CONNECTION DIAGRAM
(all packages).

Vpp D7 D8 D9 D10D11 W Q
]

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage VpD - Vss

Operating Temperature TA
C, D, F, H Device
E Device

3to 15

65 to +125 ©C
40 to +85 ©C

Vdc

TRUTH TABLE LOGIC DIAGRAM
INPUTS ouTPUT
BECIMAL
10CTALY
wlonow]- 02| 01 | DO|EQUIVALENT| @°
ol 6] 0 5160l 0 o o oo 7
ol o o o o 1 ) m 1
ol o| o o 1 ol 2 @& 1 CAN
ol o] o 0 1 1 3w [}
o[ o o 1 o[ o &« @ 1 02 5
ol o] o 1] o 1 [RTY) [}
ol o o 1 1 (] 6 [ o 03 4
ol o o 1 1 1 7 o 1 D4 3
I HEEHEE z or 2
1 1 0 o 0 | 8184 (177701 ] o6 1
[N ] 1 o o 1 | 8esrrrrn 1
1] 1+ o ' 0 | 81861177721 ' D7 18
1| 1 o | 1 1 | 8187 117773 [)
1 1 1 1 ] 0 [ 81881(17774) 1 08 14
v 1 I ] 1 | 8189117775 o
1] 1 1 1 0 | 81901177761 o 09 3
1] o 1 |- 1 1 1 | 81911779 1 D10 12
0+ Even Parity  Note May redefine 10 surt apphication by
1+ 0ad Persty Manipulsting W #nd/or Other sveilsble D's o1 1 Vpp = Pin 16
Odd/Even W 10 O~ Vgg = Pin 8
Q=00®01®02®...Q01MEOW
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SCL45318B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'®

2 0, 2
PARAMETER Voo | conpiTions | TLow +5°C Thign® | ypits
(Vde) Min. | Max. | Min. | Typ. | Max.| Min. | Max.
QUIESCENT DEVICE \
CURRENT °d 5 |Vn=VesorVoo| - 5 | — |oos| 51 - |150 |uAde
10 |Alivalidinput | — [ 10 | - |01 | 10| - | 300
15 |combinations - 20 - 0.2 20 - 600

NOTES: ! Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 T ow =-55°C for C, D, F, H device.

= -40°C for E device.

Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.

DYNAMIC CHARACTERISTICS (C_ = 50pF, Ty = 26°C)

Typical P-Channel

Source Current Characteristics

250

PARAMETER (\(,32) Min. Typ. Max. Units
PROPAGATION DELAY TIME
From D Inputs teLH tPHL 5 420 840
_ ns
10 - 175 350
15 - 120 240
From W Input teLH, tPHL 5 250 500
- ns
10 - 100 200
15 - 70 140
OUTPUT TRANSITION TIME trim tTHL . 120 260
- ns
10 - 65 130
15 - 50 100
Vos, DRAIN VOLTAGE (Vdc)
20 18 16 14 12 10 8 6 -4 -2 0 =
v, I—-.'! vde 5 = %
csl ;'//' 10 i ;
Vs =-10 Ve :;g g g 2 Voo = 15 Vdc
L [x] 3 20 —
—= 2% 5 = 7 l
Ves =—15 Vde ] 215 Vos = 10 Vde
£ S 10 - t
g 2 \cs-:sv“g r,l=zs;c-
1 1
T=2%07 2 0 2 4 6 8 10 12 14 16 18 20
Vos, DRAIN VOLTAGE (Vdc)

Typical N-Channel
Sink Current Characteristics




soLD &
STATE @g SCL4532B
SCIENTIFIC

CMOS 8-BIT PRIORITY ENCODER
FEATURES
« Converts from 1 of 8 binary CONNECTION DIAGRAM

* Provides cascading features to handle any number of
inputs

* group select indicates one or more priority inputs

* Standardized, symmetrical output characteristics

* Noise margin (full package-temperature range):
1WVatVpp = 6V
2VatVpp = 10V
25VatVpp = 16V

* 5V, 10V, and 16V parametric ratings

Voo Eg 65 03 D2 DI 00 QO
IHENEREN

1615141312 1110 §

) 45328

|
4

[

2345678
AR
04 DS 0607 £7Q2Q! Vgg

RECOMMENDED OPERATING CONDITIONS

APPLICATIONS For reliability, nominal operating conditions should
* Priority encoder be selected so that operation is always within the following
* Binary or BCD encoder (keyboard encoding) ranges.
* Floating point arithmetic Charactoristic | Min. Max, | Umits
Supply Voltage
DESCRIPTION Range (for Ta=| 3 5 v
Full Package
The 4532B consists of combinational logic that encodes Temp. Range)
the highest priority input (D7-D0) to a 3-bit binary code.
The eight inputs, D7 through DO, each have an assigned FUNCTIONAL DIAGRAM
priority; D7 is the highest priority and DO is the lowest.
The priority encoder is inhibited when the chip-enable input o7 T oo —
Ey is low. Then Ej is high, the binary representation of [ o
the highest-priority input appears on output lines Q2-Q0, : ':::".'
and the group select line GS is high to indicate that '.
priority il.'npu?s are present. The enable-out (Eg) is high when oo | i ) to
no priority inputs are present. If any one input is high, T
Eq is low and all cascaded lower-order stages are disabled. " D_ -
[x
TRUTH TABLE
input Output
Ef | D7 | D6 | D5 | D4 |D3 | D2 | D1 | DO GS| 02| Q1| Q0| Ep
0 X X X X X X X X 0 0 0 0 0
1 0 0 0 V] 0 0 0 0 0 1] 0 0 1
1 1 X X X X X X X 1 1 1 1 0
1 0 1 X X X X X X 1 1 1 0 0
1 0 1] 1 X X X X X 1 1 0 1 0
1 [ 0 0 1 X X X X 1 1 0 0 0
1]0 0 o|o 1 X X | x 1 0 1 1 0
1 0 0 0 0 0 1 X X 1 0 1 0 0
1 0 0 0 0 0 0 1 X 1 (1] [1] 1 0
1 0 0 0 [1] 0 0 1] 1 1 1] 0 0 0
X = Don‘t Care Logic 1 = High Logic 0= Low
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SCL4532B

Y

QUTPUTS
By

-

X]

-

X

*o8
®
Q2
L D -8
®
oz
®
—
; 1 >0
*00 3 €
L 2
“eq — Vss
Voo 92CL-26361R)
®ALL INPUTS PROTECTED BY
COS/MOS PROTECTION NETWORK
vss
4532 logic diagram.
Voo
Voo ' INPUTS
INPUTS ML
\78 :\—— -l
Vi -
-
\/
‘00
Vss f
wPygs |
Yoo - NOTE
i MEASURE INPUTS
Quiescent device current test circuit. :\»—@-— - SEOUENTIALLY,
Vs han TO BOTH Vpp AND Vgg:
-l CONNECT ALL UNUSED
WPUTS TO EITHER
! Vpo OR Vg
vss

Input current test circuit.

262

OTE .
TEST ANY ONE INPUT,
WITH OTHER INPUTS AT
Vop OR Vss

Input voltage test circuit.



ELECTRICAL CHARACTERISTICS

SCL4532B

STATIC CHARACTERISTICS?
T 2 +25°C T 2
PARAMETER Voo | CONDITIONS Low HIGH Units
(Vdc) Min.|Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE lop
CURRENT 5 ViN=vggorVpp | — | 5 | — |o005| & | — [ 150 | pAdc
10 Al Valid input — {10 |- fo1r |10 | - | 300
15 combinations - 20 - 02 20 - 600
NOTES: ' Remaining Static Electrical Characteristics are listed under ‘“4000B Series Family Specifications”
2T ow = -56°C for C, D, F, H device.
= —40°C for E device.
THigH = +125°C for C, D, F, H device
= + 85°C for E device.
DYNAMIC ELECTRICAL CHARACTERISTICS at T, = 25°C; C = 50 pF.
TEST CONDITONS LIMITS
CHARACTERISTIC Voo ALL TYPES UNITS
VOLTS TYP. MAX.
PROPAGATION DELAY TIME tpy, tpLH 5 110 220
EjtoEq, E to GS 10 55 110
15 45 85
5 170 340
Ejto Qm, Dn to Gs 10 85 170 ns
15 65 125
5 220 440
Dnto QM 10 110 220
15 85 160
5 100 200
TRANSITION TIME tyy, troy 10 50 100 ns
15 40 80
INPUT CAPACITANCE C Any Input 5 75 pF
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SCL4532B

AC TEST WAVEFORMS
—= PCW
NCW o

Pin No's 1 /K— 16 17
Clock 4 (lz;—j ————— I.—

trat F

Write 3 (13) l

thold1 thotd0 ;

tyotup1 g - tyarun0| ___ 20 Ny = b

/

Dstain 7 (9) . $0% \ f
hold1
tserup 1 e tsetup0 v PHL —-1
18-bit outputy (15) thotd0 oo
17-bit input thotd 1
1 —— 20 ns. tom
Yetup? — [=-etup0 Voo -
32-bit outout 6 (10) hoia0
33-bit input thoid 1
1 - 20 ns

tsatup 1 [=-tsetup0 Voo PH L —ed

48-bit output 2 (14) thold0
49-dbit input

.
]

2

f

7
{

2

64-bit output S(11)

Vss

|

|

|

|

|

|

|

|

|

i

| 2

|3

]

]

[ ;

-

{
T
Al
i

FIGURE 1 — POWER DISSIPATION TEST CIRCUIT AND WAVEFORM

Voo
Cv
REPETITIVE WAVEFORM po— g oo 0316032048084 I I
Voo c o—c cL
NV aa e T
- C Vss =
Co
o =
o Vss Oo—C
(f= 1/215)
p—O— WE
p—0—

SouFﬁ

e g
Mo

EXPANDOED BLOCK DIAGRAM
(1/2 OF DEVICE SHOWN)

omo—Df o abH-Hdo alio aolgHo aoffdo  olpHo  oFt{e  elHo  ofido
e 1 c 2 Hc 16 c 17 Cc 32 c 33 C as C a9 C sa Q
r— 3-State WE 3-State WE 3-State WE 3-State
Write —— [ P ! e 4 [ ___J—
Eneste l 1 L 84-bit output
Write Enable = 0, 16-bit cutput 32.bit output a8.bitoutpur  High Impedance
Write Enable = 1, 17-bit input 33-bit input 49-bit input
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SOLID @0%

STATE $CL45438
SCIENTIFIC

BCD-TO-SEVEN SEGMENT LATCH/DECODER/DRIVER
FEATURES

¢ Phase Input Signal Reproduced on Outputs for
Liquid Crystal Display

4 Latched Storage of Input Code

¢ Blanking Input for Display Intensity
Modulation

¢ Readout Blanking for lllegal Input
Combinations

4 Pin Compatible with CD4056A (with Pin 7

Tied to Vgg)

DESCRIPTION

The 4543B BCD-to-7 Segment Latch/
Decoder/Driver is designed for use with liquid
crystal readouts and is constructed with comple-
mentary MOS (CMOS) enhancement-mode devices.
The circuit provides the functions of a 4-bit storage
latch and a 8421 BCD-to-seven segment decoder
and driver. The device has the capability to invert
the logic levels of the output combinations. The
Phase (Ph), Blanking (Bl), and Latch Disable (LD)
inputs are used to reverse the truth-table phase,
blank the display, and store a BCD code, respec-
tively. For liquid crystal readouts, a square wave is
applied to the Ph input of the circuit and the
electrically common backplane of the display. The
outputs of the circuit are connected directly to the
segments of the readout. For other types of
readouts, such as light-emitting diode (LED), in-
candescent, gas discharge, and fluorescent read-
outs, connection diagrams are given on this data
sheet.

Applications include instrument (e.g., counter,

TRUTH TABLE

INPUTS OUTPUTS
w|e| P |DCB Aja bc o e t g|Display
X 1 ] X X X X|0 0 0 0 0 0 O] Blanx
1 [ o 0000t T 1111 0] O
1 [ o 000 10y 10000 1
1 ] [ 001 0[y v 0111 01 H
1 ] o 001 1]t 11 1001] 3
1 ) [ 01 00f01 100 V] &

1 o o 01011011011 5
1 o o 01 10(1 01 1 11 €
AJ '] [] 01 3 1]t 110000 7
1 [ o 1000 v 1 1 11 8
1 [ ] 100 1{1 ¢+ v v 01 9
Al o [ 101 0/0000O0O0 Of6anm
1 ] (] 1 01 1/10 0 0 0 0 0 0] Blanx
1 [ [ 11 00f0 000 0 0 Of8tank
1 o o 1101(0000 0 0 Of86lanx
1 o o 1110|0000 0 0 OfB8ienx
1 (] ] 1 11 1]00000 0 Ofs6tenk
[] [ [] X X X X c. o
t 1 1 1 Inverse of Cutput Ouplay
Combinations a3 sbove]
Above

X = Don't care

t = Above Combinations

* = For liquid crystal readouts, apply 8 square wave 10 Ph

For common cathode LED readouts, select Ph = O.
For common anode LED readouts, select Ph = 1
* = Depands upon the BCD code previously applied when LD = 1

255

CONNECTION DIAGRAM
(all packages)

Vopp f 9 e d c b a
| | | | | | | |
16 15 14 13 12 11 10 9
45438
1 2 3 4 5 6 7 8
| | 1 | I |
Lb C B D A Ph Bl Vgg
Add suffix for package:
C 16-pin Cerdip
D 16-pin Ceramic
E 16-pin Epoxy
F  16-pin Flat
H Chip

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:

DC Supply Voltage 3to16 Vde

Operating Temperature
C, D, F, H Device
E Device

VpD - Vss
Ta

65t0 +126 ©C

40to +85 ©C

DVM, etc.) display driver, computer/calculator
display driver, cockpit display driver, and various
clock, watch, and timer uses.

BLOCK DIAGRAM

so_‘A al o9 2
3o—8 b}—o10 ! no
20— ¢ ¢ f—o 11 . A
4 0—— 0 ab—o012 d
60— pn el—o013
70— 81 t}—018 vpp =Pin16
10— LD 9—o014 Vss=Pin8
DISPLAY

EEECEEREE




SCL4543B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS!

2 o 2
PARAMETER Voo | conDITIONS | TLow 5C THIGH | ynits
(vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE Iop)
CURRENT 5 |Vin=VesorVoo | — 5| — |0.05 5 | = | 150 |uAdc
10 | All valid input - 10 - 0.1 10 - 300
15 | combinations — 20 - |02 20 - 600
NOTES: ! Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 TLow =-55°C for C, D, F, H device.
=-40°C for E device.
Trign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, = 50pF, T5 = 25°C)
Vpo . .
PARAMETER (Vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME toLH, tPHL
5 - 550 1100 ns
10 - 210 420
15 - 160 320
OUTPUT TRANSITION TIME triH tTHL
5 - 100 200 ns
10 - 50 100
15 — 40 80
MINIMUM DATA INPUT SETUP TIME Yotup
5 - -40 0 ns
10 - -16 0
15 — -10 0
MINIMUM DATA INPUT HOLD TIME thold
5 - 40 80 ns
10 - 15 30
15 — 10 20
MINIMUM LD PULSE WIDTH PW o
5 - 125 250 ns
10 - 50 100
15 — 40 80
Vos, DRAIN VOLTAGE (Vdc) 50 T
-20 -18 -16 -14 -12%10 ? ? 4 2 0 = 4 Voo = 15 Ve
Vs ==5 Vdc ] 5 - g0
1L i A 10 !; ; 35
Vos=—10 Vde // 52 g o
20 = 55 Vos = 10 Vde
/] 25 € : 20
= =
30 2 s 15 77
L, .35 = n‘: 10 A
Vos =—15 Vde L 40 g £ 54 "csj=-"l“‘ T,=25°C
1 1 1
TA=2°C 45 & 0 4 6 6 10 12 14 16 18 20
I - L—L— 50 Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
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LOGIC DIAGRAM

SCL4543B

Bi 7

Vpp = Pin 16
Vss = Pin8

Aso—Do—

D4

==
=S

o>

APPLICATIONS INFORMATION
CONNECTIONS TO VARIOUS DISPLAY READOUTS

LIQUID CRYSTAL (LC) READOUT

45438B One of Seven Segments
OUtp::‘t / Common

Backplane

Square Wave
(Vgs to Vpp)

LIGHT EMITTING DIODE (LED) READOUT

Common Common Voo
Cathode LED Anode LED
25438 B
Output T
Ph —_—

= Vss J:‘ {v

Note: Bipolar transistors may be added for gain (for Vpp <10V or lout 2 10 mA).

INCANDESCENT READOUT

Appropriate

Voltage
[
P =
p -——-——
45438
Output
Ph

FLUORESCENT READOUT

45438
Output [—O0—
Ph
A
Vss

Filament
= Supply

1 Vgg or appropriate
= voltage below Vgs.

GAS DISCHARGE READOUT

Appropriate
Voltage
[
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SOLID

STATE S Sorancad

SCIENTIFIC SCLASS6B
CMOS DUAL 2-T0-4 LINE DECODERS

FEATURES

¢ Buffered Outputs

4 Selected Output Active High (4555B) or
Active Low (4556B) )

¢ Expandable

DESCRIPTION

The 4555B and 4556B are constructed
with complementary MOS (CMOS) enhancement-
mode devices. Each decoder/demultiplexer has two
Select inputs (A and B), an active-low Enable input
(E), and four mutually-exclusive outputs (Q0, Q1,
Q2, Q3). The 4555B has the selected output
go to the "high’ state, and the 4556B has the
selected output go to the “low’’ state. Expanded
decoding such as binary-to-hexadecimal (1-0f-16),
etc.,, can be achieved by using other 4555B or
4556B devices.

Applications include code conversion, address
decoding, memory selection control, and demulti-
plexing (using the Enable input as a data input) in
digital data transmission systems.

TRUTH TABLE

Inputs Outputs Outputs

Enable | Select 45558 45568
E B | A ] asla2jai}aolas|G2/a1{co

o olo Jofojof1]1|[1]1]0
o ol olo|1]of1]|1]o|1
0 110 fof1|o]jo]1|ofr |1
0 101 1(0|ofoJof1 (1]
1 x|x Jojojofo1]1]1 ]

X = Don’t Care

CONNECTION DIAGRAM
(all packages)

Vpp Eg Ag Bg Qjs QigQ2s Q38
1 1 | | | | ] |
16 15 14 13 12 11 10 9

45558 45568

1 2 3 4 5 6 7 8
T 1 T T T T 1
EA Aa Ba Qa Qi Q34 Q3A Vss

*Inverted for 45568

Add suffix for package:
C 16-pin Cerdip
D 16-pin Ceramic
E 16-pin Epoxy
F  16-pin Flat
H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage  Vpp - Vss

Operating Temperature Ta
C, D, F, H Device

3to16 Vde

55 to +126 ©C

E Device 40to +856 ©C
BLOCK DIAGRAMS
45558 45568
2 A Qo——4 2—A 60‘——‘
3 8 af—s 8 arp—=5
T Q26 z G2—¢6
! Q3f—7 ' Gaf—7
18 A aop—12 A aop—-12
. e Qi——n 3 e aip—mn
- az2f—10 - G2f—10
s—qE af—s W—qF Gaf—9
Vpp = Pin 16
Vgs = Pin8
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SCL4555B, SCLA4556B

ELECTRICAL CHARACTERISTICS
STATIC CHARACTERISTICS'

2 S 2
PARAMETER Voo | conprTions | TLow *B5C TigH™ | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE ]
CURRENT ®°l 5 |viy=VesorVoo | - s | - [oos| 5| - |150 [uAdc
10 |[Allvalid inputs - 10 - 101 10 - 300
15 | combinations - 20 - |02 2 | - 600
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
Teow = -55°C for C, D, F, H device.
= -40°C for E device.
Thign = +125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, = 50pF, T4 = 25°C)
Vpo ) .
PARAMETER (vde) Min. Typ. Max. Units
PROPAGATION DELAY TIME
45558 teLH, teHL
= 5 - 140 280 ns
10 - 65 130
15 - 50 100
45568 teLH, tPHL
5 - 160 320 ns
10 - 75 150
15 - 50 100
OUTPUT TRANSITION TIME treme tTHL
5 - 100 200 ns
10 - 50 100
15 - 40 80
Vos, DRAIN VOLTAGE (Vdc)
-20 18 -16 14 12 -10 -8 6 -4 -2 0 _
I 8
Vgs==5 Vdc 5 =~
—— s =
Vos==10 Vde = 15 2 @
1 2 = = 25 Vu‘= 15 vde
__L/ . 25 2 © 90 i
= =15 Vd ] =
Vos =15 Ve 2 215 Vos =10 Vit
E S 10} — —t
3 2s Vs =5 Vdc TA=25°C
L g el 1
Th=2C7 2 0 2 4 6 8 10 12 14 16 18 20
Vos, DRAIN VOLTAGE (Vde)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
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SCL4581B

SOLID @%

STATE

SCIENTIFIC

FEATURES

4 Function and Pinout Equivalent to 74181

& Provides 16 Logic Functions and 16 Arithmetic
Functions

4 Comparator Function

4 Positive or Negative Logic

4 Full Look-Ahead for High-Speed Operations on
Long Words

DESCRIPTION
The 4581B is a CMOS 4-Bit Arithmetic

Logic Unit (ALU) capable of providing 16 func-
tions of two Boolean variables and 16 binary
arithmetic operations on two 4-bit words. The level
of the Mode Control input determines whether the
output function is logic or arithmetic. The desired
logic function is selected by applying the appro-
priate binary word to the Select inputs (SO thru
S3) with the Mode Control input high, while the
desired arithmetic operation is selected by applying

low voltage to the Mode Control input, the

required level to Carry in, and the appropriate
word to the Select inputs. The Word inputs and
Function outputs can be operated with either
active-high or active-low data.

Carry propagate (P) and Carry generate (G)

outputs are provided tc allow a full look-ahead
carry scheme for fast simultaneous carry genera-
tion for the four bits in the package. Fast
arithmetic operations on long words are obtainable

by using the 4582B as a second-order

look-

ahead block. An inverted Ripple-Carry input (Cp)
and a Ripple-Carry output (Cp+4) are included for
ripple-through operation.

ALU SIGNAL DESIGNATIONS

Designation Pin Nos. Function
A3, A2, A1, A0 |19, 21, 23,2| Word A Inputs
B3, B2,81, BO |18, 20, 22, 1 Word B Inputs
Function- t
$3,52,51,50 |3,4 5,6 o
Cn 7 Inv. Carry Input
Mode Control
mcC 8 Input
F3, F2, F1, FO |13, 11, 10, 9] Function Outputs
A=8B 14 Comparator Output,
Carry Propagate
P 15 Output
Ch+4 16 Inv. Carry Output
Carry Generate
G 17 Qutput

CMOS 4-BIT ARITHMETIC LOGIC UNIT

CONNECTION DIAGRAM
(all packages)

INPUTS OUTPUTS

R T, T
Vop A1 B1 A By A3Bg G CpigP A=BF3
N N A N N T A T |

24 23 22 21 20 1S 18 17 16 15 14 13

45818
1 2 3 45 6 7 8 9 101112

11111 1T 1 1T T7T
BO AO S3 S2 S1 SO C,MC FO F1 F2Vgg
m N —

INPUTS OUTPUTS

Add suffix for package:
D 24-pin Ceramic
E 24-pin Epoxy
H Chip

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:

DC Supply Voltage VpD - Vss 3to15 Vdc
Operating Temperature Ta
D, H Device -565 to +126 OC
E Device 40to +85 ©C
BLOCK DIAGRAM
30—
Function | 4 o
Select
Inputs SO—I
soj
SO S1 5283
20-d 40 Fol—o9
Word | 230-q A1 E1010| output
A |210qa2 F2—011| Function
1909 A3 Ea013
1oqs0 8l 14 ComParison
Word 220981 Output
8 200-d 82 Riople
Cn+a—016 Corry
180~ 83 Output
Carry in 70— Cp,
- "l Look
Mode §o—mc G017 Ahead
Control P _015| Carry
Outputs

Vpp = Pin 24
Vgg = Pin 12
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SCL4581B

ALU FUNCTION GENERATION
The 45818 can be used with the signal designations of either Figure 1 or Figure 2.

The logic functions and arithmetic operations obtained with signal designations as in Figure
1 are given in Table 1; those obtained with the signal designations of Figure 2 are given in

Table 2.
30—
Function
o—
Select 4
I1nputs 5 Oy
6
Vpp = Pin 24
2 S0 515283 Vss = Pin 12
o—dqao0 Fo 09
_ 23 0—daA1 _
word A 21 A2 F1[——010 [ Output
19 A3 F2l—on Function
{ 1 ::j 80 Faf—o13
Word B 22 o—qs81 A 8}—014 Comparison Output
20 82 Cnegf——016 Ripple Carry Output
18 0—qe3 - “
Carry in 7 0——{C, G Look A
B 15 Carry Outputs
Mode Control 8 O——={MC
FIGURE 1
(Use with Table 1 for Positive logic,
with Table 2 for negative logic)

(Use with Table 2 for positive logic,
with Table 1 for negative logic)

3 Oy
Py SE—

N e ——

6

) 50515283

230—a1 0

21 o—A2 Fi—>

19 0—{ A3 F2p—on

1 o—i80 F3p—o013

22 0—{81 Ae8l—ota

20 0—{B2 Eoral—ote

'8 83 Gj—o17

7 0—ACn

8 o—AMC 4
FIGURE 2

TABLE 1 TABLE 2
ACTIVE-LOW DATA ACTIVE-HIGH DATA
SELECTION M Nc-n MG = L ARITHMETIC GPERATIONS SELECTION [y MC - L; ARITHMETIC GPERATIONS
LoGIC Ch=L ChoH — LOGIC Ta=H Ca=t
{53 52 51 50| L pncrions| tno carry) (with carry) . S3 52 $1 50| pyncrions (no carry) (with carry)
L L L L|F=A F=AMINUS 1 F=A “Jv-t L oL]FsR F=A Fs APLUS 1
L L L H|F=AB F = AB MINUS 1 F=AB ‘ffv v L H{F=AFB |[F=- A+B F=(A+B)PLUS 1
L L H L|F=K+8 |F=ABMINUS) F=AB e LW L|F=As F=A+T F=(A+B)IPLUS 1
L L H H[F=1 F = MINUS 1 (2's COMP) | F = ZERO ) L L H H|F=0 F = MINUS 1 (2's COMPL)| F = ZERO
L HL LIF<ATB |F=APLUSIA+B) F=APLUSIA+BIPLUSY |lL H L L|F=7RB F = APLUS AB F = APLUS AB PLUS 1
L H L H|F=B F=ABPLUS(A+B) |F=ABPLUS(IA+BIPLUSI[|L H L H|F=B F=(A+B)PLUSAB  |F=(A+B)PLUS ABPLUS |
L HH L|F<A®B|F=AMINUSBMINUS1|F=AMINUSB L H HL|FeA® B |[F=AMINUSBMINUSY [F= AMINUSB
L H H H|g=A+B |F=A+B F=(A+B)PLUS 1 L H H H|F=AF £ = ABMINUS 1 F=AB
H L L L|F=%s F=APLUS(A+B) F=APLUS(A+BIPLUST [|[H L L L|[F=E+B |F=APLUSAB F = APLUS AB PLUS 1
H L L H|F=A® B |F=APLUSB F=APLUSBPLUS 1 H L L H(F:A®B [F=APLUSB F=APLUSBPLUS 1
H L H L|F=8 F = AB PLUS (A +B) F=ABPLUS(A+B)RLUSY|/H L H L|F=8 F = (A +B) PLUS AB F = (A +B) PLUS AB PLUS 1
H L H H|F=A+B F=(A+8B) F={A + B)PLUS.1 H L H H|F=AB F=ABMINUS 1 F=AB
H H L L|F=0 F=APLUS A® F=APLUSAPLUS 1 H H L L|F=1 F=APLUSA® FaAPLUSAPLUS1
H H L H|F=AF F = ABPLUS A F = ABPLUSAPLUS | IH H L H|F=A+B |F=(A+B)PLUSA F=(A+B)PLUSAPLUS |
H H H L|F=AB F=ABPLUS A F= ABPLUSAPLUS 1 H H H L|F=A+B |[F=(a+BIPLUSA F=(A+B)PLUSAPLUS 1
l" H H H|F=A F=A F=APLUS H H H HIF=A F=AMINUS 1 F=A
*Each bit is shifted to the next more significant position.
When the device is in the subtract mode Data | ¢ 1cn,y | Mognituge
(LHHL), comparison of two 4-bit words present at e s
the A and B inputs is provided using the A=B Active | L H a<s
output. It assumes a high-level state when indi- High H t :>:
cating equality. Also, when the ALU is in the ——— —
subtract mode the Cp+4 output can be used to Active | H L A<s
indicate relative magnitude as shown in this table: Low - o :;:
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ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

SCL4581B

7 S 7
PARAMETER Voo | conpiions | _Teow 15c Tuian”_ | ynies
(Vde) Min. | Max. | Min. | Typ.
QUIESCENT DEVICE loo
CURRENT 5 [VinsVssorVoo | - s | - [005| 5| - |150 |uAde
10 | All valid input - 10 - 0.1 10 - 300
15 inati - 20 - |02 20 | - 600
NOTES: ' Remaining Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
? Tiow = -55°C for D, H device.
= -40°C for E device.
Tuign = +125°C for D, H device.
=+ 86°C for E device.
DYNAMIC CHARACTERISTICS (C_ = 50pF, T4 = 25°C)
Voo .
PARAMETER (Vo) Min, Typ. Max. Units
PROPAGATION DELAY TIME toLn. toHL
Sum In to Sum Cut 5 - 400 800 ns
10 - 160 320
15 - 120 240
Sum In to Sum Out (Logic Mode) 5 - 380 760 ns
10 - 190 380
15 —- 160 320
SumintoA=8 5 - 450 800 ns
10 - 275 550
15 - 225 450
SumintoPor G 5 - 300 600 ns
10 - 150 300
15 - 125 250
Suminto C.g 5 - 300 600 ns
10 - 150 300
15 - 125 250
Carry In to Sum Out 5 - 200 400 ns
10 - 100 50
15 - 70 3
Carry Into Cpeg 5 - 200 400 ns
10 - 100 50
15 - 70 35
OUTPUT TRANSITION TIME Trim triy
5 - 100 200 ns
10 - 50 100
15 - 40 80
AC Test Setup Reference Table
AC PATHS OC DATA INPUTS
TEST INPUTS | OUTPUTS TO Vgs TO Vpo MODE
s””d';':: Sumout Ao any F a"""g;"’ o ang's Adg
i“.’:’.';‘ ';?:e Ao 3 “""'g"""’ a's ane's Ada
s;;‘..;. ."°"f. 80 Cary “"': :" Remaining 6's Ada
s“;‘;;‘. ;°T‘f;".4 8o & a% :" Remaining 6's Add
c'(‘,:?.f";'l‘g:' Cn Any F Al As ang's Ada
CD'Ie ::yc'r':::. Cn Cnea an A’y Ang's Add
s w0A=8 an g
ugc‘lnay Time A0 A-8 Rcmamin; A's Cn Sub
S 10 St
anioy Tme”t | ands | anyE ana's ™ Exclumve
{Logic Mode)
Vos, DRAIN VOLTAGE (Vde)
<20 18 -16 -14 12 -10 8 6 -4 -2 0 -
v T"‘ fli Vdc 5 g
o8 == Z (5 =
| A 10 2 -
Ves==10 Vde y § @ Voo = 15 Vée!
! 20 . § 25 o)
__1 - e 20 }
Ves =—15 Vic = g ) !
o -
¥ E 15 Vs = 10 Vée
] 10 i
a o
% 2s Vs =5 Vde Ta=28C4
1 1 i
nl=251°0- = 0 2 4 6 8 10 12 14 16 18 20
Vos, DRAIN VOLTAGE (Vdc)

Typical P-Channel
Source Current Characteristics
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Typical N-Channel
Sink Current Characteristics



SCL4581B

APPLICATIONS INFORMATION

ADDITION REQUIREMENTS

Number Package Count Carry Method
of [Arithmetic/ Look-Ahead Between
Bits [Logic Units | Carry Generators ALU's
1to4 1 None
5to8 2 Ripple -
9to 16 3or4 1 Full Look-Ahead
17t064| 51to 16 2to5 Full Look-Ahead

EXPANSION TECHNIQUES

45818

Cn Cnea Co  Cnea Cn Cnea Cn Cnes

16 Bit AL U, Ripple Carry

Va 45818 \

G3 P}

GO PO Cpux G PV Cpuy G2P2 Cp.y

45828

16 Bit ALU. Two Level Look Aheso

G P
G1P1 Chuy 67 P: Chez GD wo Chen G) P1 Cpay 52 P Cney G3 P3
Cn
45828 G » 45828 G P
32 81t ALU Two Lever Look Ahead Over 16 Bit Groups
/ 45818 \
Cn Cnig Cnea cma Cn Chea Ch Cn
G P G P
Gn P0 Cpex G1P1 Cp.y G2P2 Cp., G3P3 GOPO Cnen G1P1 Cpuy
c
ase28 " 45828
Combined two level 100k ahesd snd riople carry ALY
ass18
/ \
—q Cn Cn Cn Cn
[ G P G 3
GO PO Cpon G1P1 Cpey G2 P2 Cp.y G3 P3 GOP0 Cr.y G1P1 Cp.y G2P2 Cneg G3 P3 GO PO Cnen
Cn Cn Cn
45828 . 45828 6 » 45828
r GOPO Cnen Gt Py Chuy

45828

\

64 Bit ALU Fuil Carry LOOM Ahega «n Three L evers

A and B Inputs and F Outputs are not shown (45818B).
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SOLID @%

STATE SCL4582B
SCIENTIFIC
CMOS LOOK-AHEAD CARRY BLOCK
FEATURES
4 E%pandable to any Number of Bits CONNECTION DIAGRAM
4 High-Speed Operation (all packages)
¢ Directly Compatible with 4581B ALU
Vpop P2 G2 Cp CnixCnty G Cn+z

DESCRIPTION | | ] | |

The 4582B is a high-speed, Look-Ahead 16 15 14 13 12 11 10 9
Carry Generator capable of anticipating a carry 45828
across four binary adders or group of adders. It is 1 2 3 4 5 6 7 8
cascadable to perform full look-ahead across n-bit JELIN I I U N R A
adders. Carry, generate-carry, and propagate-carry G1 P1 GO PO G3 P3 P Vgg
functions are provided.

When used in conjunction with the 4581B .
Arithmetic Logic Unit (ALU), these generators Add suffix for package:
provide high-speed carry look-ahead capability for C 16-pin Cerdip
any word length. Each 4582B generates the D 16-pin Ceramic
look-ahead (anticipated carry) across a group of E 16-pin Epoxy
four ALU’s and, in addition, other carry look- F  16-pin Flat
ahead circuits may be employed to anticipate carry H Chip
across sections of four look-ahead packages up to

n-bits.

Carry input and output of the 4581B ALU
are in their true form and the carry propagate (P)
and carry generate (G) are in negated form;
therefore, the carry functions (inputs, outputs,
generate, and propagate) of the look-ahead gener-
ators are implemented in the compatible forms for
direct connections to the ALU. Reinterpretations
of carry functions as explained on the 4581B
data sheet are also applicable to and compatible
with the look-ahead generator.

PIN DESIGNATIONS

DESIGNATION | PIN NO's FUNCTION
&o &1 &5 &3 Active-Low
G0.G1.G2.G3 3.1.148 Carry-Generate Inputs
50 F3 P53 Pa Active-Low
P0.P1.P2P3 4.2.18.6 Carry-Propagste Inputs
Cn 13 Carry Input
Cnex:Cney | 12119 Carey Outputs
n+z
G 10 Active-Low Group
Carry-Generate Output
7 9 Active-Low Group
Carry Propagate Output

LOGIC EQUATIONS

Cn+x = GO+ POOC,
Cney = G1+P10GO+PI1OPOOC,
Cnez = G2+P20G1 +P20P10GO+P2eP1OPOOC,
=G3+P30G2+P3eP20G1 +P30P26eP1eGO
PoP3eP2ePlero

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
DC Supply Voltage VpD - Vss

Operating Temperature  Tp
C, D, F, H Device
E Device

3to 16 Vdc

65 to +125 OC
40to +85 ©OC

BLOCK DIAGRAM

130—{Cpp Cpex[—o012
G1 Cnsyl—on

Chns42p—09

l——o010

L
]
ol
(2]

Vpp = Pin 16
Vgs = Pin 8
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SCL4582B

ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

2 o 2
PARAMETER (‘\’,30 CONDITIONS | Tu *5C TuigH” | ynies
) Min. | Max. | Min. | Typ. | Max. | Min. [ Max
QUIESCENT DEVICE loo
CURRENT 5 |[Vin=VesorVop | — 5§ | — loos| 5| — | 150 |uAdc
10 | All valid input - 10 - 0.1 10 - 300
15 | combinations - 20 - |02 20 | - 600
NOTES: ! Remaining Static Electrical Characteristics are listed under “40008 Series Family Specifications”.
2 T ow =-55°C for C, D, F, H device.
= -40°C for E device.
Trign =+125°C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (Cl_ = 50pF, To = 25°C)
PARAMETER (‘\l/"dc") Min. Typ. | Max. | Units
PROPAGATION DELAY TIME teLH. tPHL
5 - 200 400 ns
10 - 100 200
15 — 85 160
OUTPUT TRANSITION TIME trLm, trHL
5 — 100 200 ns
10 - 50 100
15 - 40 80
Vos, DRAIN VOLTAGE (Vde)
20 -18 -16 -14 12 -10 -8 -6 -4 -2 0 _
]
Vgs==5 Vdc 5 -
b /7 10 H i
S (-]
Vg = =10 Vde e -15 g
1 20 25 Ves = 15 Vde
=" b £ i
=T 15 Vos =10 Vde
] S 19 “;
; £ Voo =5 Vée TA=26°C
° ¢ 111 11
V=2 = 0 2 4 6 8 10 12 14 16 18 20
Vos, DRAIN VOLTAGE (Vdc)
Typical P-Channel Typical N-Channel
Source Current Characteristics Sink Current Characteristics
APPLICATIONS INFORMATION
’ 45818 \
co N o €. co 5 ca €0
; ; - ; . [‘
o % Cus 1t Py Cany 2 *2 Cauy 3 %y B (R s Cacy 2 %2 Cans s %y *  Ces
45828 . . 45828 | ass28 \
% €. v %) Cany
45828 L

64-BIT ALY, FULL-CARRY LOOK-AHEAD IN THREE LEVELS
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STATE SCL4584B
SCIENTIFIC

CMOS HEX INVERTING SCHMITT TRIGGER
FEATURES:

a Schmitt Trigger Action on each Input with no External
Components

e Noise Immunity Greater than 30%

= No Limit on Input Rise and Fall Times

® Pin for Pin Replacement for CD401068, MM74C14 and
MCl45848B

= Also Pin Compatible with 74C04 and 4069 Hex Invert-
ers

DESCRIPTION:

The 4584B consists of six Schmitt Trigger circuits,
constructed with MOS P-channel and N-channel en-
hancement mode devices in a single monolithic struc-
ture. These devices find primary use where low power
dissipation and/or high noise immunity is desired. The
4584B may be used in place of the MCI4069B hex
inverter for enhanced noise immunity or to square up
slowly changing waveforms.

LOGIC DIAGRAMS

1 10

13 12

TYYYYY

Voo = 14, Vgg = 7

267

CONNECTION DIAGRAM
{all packages)

Voo 6A 6Y 5A 5Y 4A 4Y

| I I I VN N W |

14 13 12 11 10 9 8
45848

1 2 3 4 5 6 7

T

1A 1Y 2A 2Y 3A 3Y Vg

Add suffix for package:
14-pin Cerdip
14-pin Ceramic
14-pin Epoxy
14-pin Flat

Chip

ITMOO

RECOMMENDED OPERATING CONDITIONS

For maximum reliability:
DC Supply Voltage Voo-Vss 3t0 15 Vdc
Operating Temperature Ta

C. D, F, H Device -55t0 +125 °C
E Device -40to +85 °C



SCL4584B

STATIC CHARACTERISTICS'

ELECTRICAL CHARACTERISTICS

Voo Toow? +25°C Tucn?
PARAMETER (vVdc) CONDITIONS in. Max. | Min. Typ. Max. n. Wax | Units
QUIESCENT loo 5 |Viy = Vgg Or Voo — 10 | — .005 1.0 — 30
DEVICE CURRENT 10 |[AIl valid input - 20 | — .01 2.0 — 60 | uA
15 |combinations - 4.0 - .02 4.0 - 120
POSITIVE TRIGGER Vie 5 23 35|23 29 35 |23 35
THRESHOLD VOLTAGE 10 45 70 |45 53 70 | 45 7.0 v
15 6.8 110 | 68 7.7 110 | 6.8 1.0
NEGATIVE Vin 5 1.5 27 | 1.5 215 27 | 156 2.7
TRIGGER THRESHOLD 10 3.0 55|30 44 55 | 3.0 55 v
VOLTAGE 15 4.0 82 |40 65 8.2 | 40 8.2
HYSTERESIS Vu 5 4 2.0 .4 .75 2.0 4 20
VOLTAGE 10 7 3.0 7 .95 3.0 7 3.0 v
15 .85 4.0 .85 1.2 4.0 .85 4.0
NOTES: ' Remaining Static Electrical Characteristics are listed under " 4000B Series Family Specifications™.
2T ow = —55°C for C. D, F, H devices.
= -40°C for E Devices.
Twen = +125°C for E, D, F, H devices.
= +85°C for E devices.
DYNAMIC CHARACTERISTICS (C,_ = 50pF, T, = 25°C)
VDD
PARAMETER (vde) Min. Typ. Max. Units
PROPAGATION DELAY [ 5 86 107 150
TIME tone 10 42 48 60 ns
15 30 35 40
OUTPUT TRANSITION trun 5 44 62 200
TIME tone 10 24 29 100 ns
15 19 23 80
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§%’E Q% SCL45858
SCIENTIFIC

CMOS 4-BIT MAGNITUDE COMPARATOR
FEATURES

4 Binary or BCD Comparison
¢ Expandable
¢ A<B, A=B, A>B Outputs Available

DESCRIPTION

This 4-Bit Magnitude Comparator performs
comparison of straight binary and straight BCD
(8-4-2-1) codes. Three decisions about two 4-bit
words (A, B) are made and are externally available
at three outputs. These devices are fully expand-
able to any number of bits without external gates.
Words of greater length may be compared by
connecting comparators in cascade. The A<B and
A=B outputs of a stage handling less-significant bits
are connected to the corresponding A<B and A=B
inputs of the next stage handling more-significant
bits. The A>B cascading input is connected to a
high level. The stage handling the least-significant
bits must have a high-level voltage applied to the
A=B and A>B inputs. An alternate method of
cascading which reduces the comparison time is
shown under Applications Information.

CONNECTION DIAGRAM
(all packages)

INPUTS OUTPUTS INPUTS

A et e et~
Vpp A3 B3 A>B A<B BO A0 B1
I N IR I B |

16 15 14 13 12 11 10 9
45858
1 2 3 4 5 6 7 8

| LR T T T
B2 A2 A=B A>B A<B A=B A1 Vgg
- — —— e INPUT
INPUTS | CASCADING

output 'NPUTS

Add suffix for package:
16-pin Cerdip
16-pin Ceramic
16-pin Epoxy
16-pin Flat
Chip

ITMOO

RECOMMENDED OPERATING CONDITIONS
For maximum reliability:
VDD - Vss
Ta

DC Supply Voltage 3t015 Vdc

Operating Temperature

C, D, F, H Device -55t0 +126 ©C

E Device 40to +85 ©C
TRUTH TABLE BLOCK DIAGRAM
- Inputs — Outputs
Comparing Cas, 9
A3 B3 [A2,82 [A1,B1 [A0,B0 [A<B|A=B|ASB[A<B[A=B[A>B 40—qta>8ii,
A3>83 ; E3 X X X T [ 0 1 6 0—{(A=8);,
A3=83 |A2>82 X x X x 1 o [ 1 (ACB) (ASB
A3=B3 | A2-B2 | AT>B1 X x| x| 1] o] of 1 so <Blin (A>Bloy [—o013
A3=B3 | A2=B2 | A1=B1 | Ac>B0 | X x 1 0 0 1 100— A0
A3=83 | A2=B2 | A1=B1 | AO=BO 0 0 1 0 0 1 10— 80
A3=B3 | A2=B2 |A1=81 | A0=B0O 0 1 X [ 1 [\
A3=83 |A2-82 | A1=81 [ A0=80 | 1 ol x|l 1]1el o 70— A1 (A=Bloy [—03
A3=83 | A2=82 A1=<:1 A0<B0 | X X X 1 0 ) 90— 81
A3=83 | A2=B2 | A1<B1 x X X X 1 0 4] ° A2
A3=83 | A2<B2 X X x X x 1 (] ] 2
A3<B3 X X X X X X 1 0 0 10— 82 (ALB)gyt —o012
X X X X X 3 o | — | — 0 15 0— A3

X = Don’t Care 14a0— 83

Voo " Pin 16

Vgs =Pin 8
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ELECTRICAL CHARACTERISTICS

STATIC CHARACTERISTICS'

2 o 2
PARAMETER Voo | conpITIONS | TLow *5C THIGH™ | ynits
(Vde) Min. | Max. | Min. | Typ. | Max. | Min. | Max.
QUIESCENT DEVICE loo
CURRENT 5 [Wn=VssorVop | — 5 - | 0.05 5| - 150 | pAdc
10 |Allvalidinput | — | 10 [ - |01 10 | - | 300
15 | combinations - 20 - 102 20 | - 600
NOTES: ! Remammg Static Electrical Characteristics are listed under “4000B Series Family Specifications”.
2 Teow = -55 C for C, D, F, H device.
= -40°C for E device.
TrHicH —+125 C for C, D, F, H device.
=+ 85°C for E device.
DYNAMIC CHARACTERISTICS (C, = 50pF, T, = 25°C)
VDD . .
PARAMETER i) Min. Typ. Max. Units
PROPAGATION DELAY TIME [
5 - 300 600 ns
10 - 125 250
15 - 80 160
OUTPUT TRANSITION TIME trone t
TLH tTHL 5 B 100 200 ns
10 - 50 100
15 - 40 80
Vo, DRAIN VOLTAGE (Vdc)
<20 18 16 -14 12 -10 8 -6 -4 -2 0
v I .'In\m 5 §
GsI - /' 10 { -
—P—’ (-]
Ves =-10 Vde e -15 g g
4 -20 &€ 25 Vs = 15 Vde
__ 1 e 3 +
Vg5 =—15 Vdc =5 % |
¥ 2 g A Vos = 10 Ve
3 S 10 4
a a3
g £ 5 Vs =5 Vde TA=26°C +
T, =25C+ e 1 1 1
AT 0 2 4 6 8 10 12 14 16 18 20
Vos, DRAIN VOLTAGE (Vdc)

Typical P-Channel

Source Current Characteristics

LOGIC DIAGRAM

Typical N-Channel

Sink Current Characteristics
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APPLICATIONS INFORMATION

COMPARISON OF TWO N-BIT WORDS

A0 A1 A2 A3 A4 A5 A6 A7 An 3 An:2 An 1 An
L[] L] [ 1]
N
\.’\A/‘\./ \,\;\’\/ X OUTPUTS
0 —1A<8B A<B A<B A<B [~ ---—1A<B ALB F—
1—1A=8B 4585 A=B A=8B 4585 A=B [~ ---—|A=B 4585 A-B |
11— A>B B A>sfNC 1-{a>8 B A>B FNC 11A>8B B A>B
R |
|1 !
BO B1 B2 B3 B4 B85 B6 B7 Bn-3 Bn-2 Bn-1 Bn

INPUTS Y
MSB) B1 —{——
A19 e

83
A3
818 —————dq82 4585
A18 =g A2
B17 [:1]
A7 Al

B16

ole _— This application demonstrates how these magni-
A8 tude comparators can be cascaded to compare
longer words. The example illustrated shows the
comparison of two 20-bit words; however, the
scheme is expandable to n-bits. As an example, one
comparator can be used with five of the 20-bit
comparators illustrated to expand the word length

to 100-bits.

WORD NUMBER
LENGTH OF PKGS

1-4 bits 1
5-20 bits 2-6
21-100 bits 8-31

4585

OUTPUTS
A<B
A-g
AB

1l

—f2

-~

83
A3
B2
A2
81 (1] A<B
Al A AsD
(LSB) BO e————dq0 A8 p=NC
AQ w———ed 0D r
0 —dya<s
1 ———dpeg
1 =—da>8
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JEDEC STANDARD SPECIFICATIONS
FOR DESCRIPTION OF
“B” SERIES CMOS DEVICES

MAY 1976

Formulated by
JEDEC Solid State Products Council

NOTE: Solid State Scientific has taken part in the activities of the JEDEC Committee since its
inception, and fully supports the following specifications. All part types manufactured by Solid State
Scientific and marked with the designation "“B'" meet or exceed the industry standard CMOS
specifications described herein.

1. PURPOSE AND SCOPE

1.1 Purpose
To develop a standard of *'B"" Series CMOS Specifications to provide for uniformity, multiplicity of
sources, elimination of confusion, and ease of device specification and system design by users.

1.2 Scope

This Standard covers standard specifications for description of B Series CMOS devices.

2. DEFINITIONS

2.1 “B" Serles

“B" Series CMOS includes both buffered and unbutfered devices.
2.2 “Buffered”

Abuffered outputis one that has the characteristic that the output “on" impedance is independent of
any and all valid input logic conditions, both preceding and present.

3. STANDARD SPECIFICATIONS

3.1 Listing of Standard Specifications. Table 1 lists the standard specifications for “B" Series CMOS
devices.

3.2 Absolute Maximum Ratings. In the maximum ratings listed below voltages are referenced to Vss.
' ABSOLUTE MAXIMUM RATINGS

DC Supply Voltage Von -0.5to + 18 Vdc

Input Voltage Vin —0.5 to Vpp+ 0.5 Vde

DC Input Current [ +10 mAdc
(any one input)

Storage Temperature Range Ts —65to + 150 °C

3.3 Recommended Operating Conditions. Recommended operating conditions are listed below.
RECOMMENDED OPERATING CONDITIONS

DC Supply Voltage Voo +3to + 15 Vvdc
Operating Temperature Range Ta
Military-Range Devices -55t0 + 125 °C
Commercial-Range Devices —40to + 85 °C

3.4 Designation of “B” Series CMOS Devices
Those parts which have analog inputs and/or outputs shall be included in the “B" Series providing
those parts’ maximum ratings and logical input and output parameters conform to the *'B" Series,
such as (including, but not limited to):
40518 4053B
40528 40668
Products that meet 'B’’ Series specifications except that the logical outputs are not buffered and the
Vo and V,y specifications are 20% and .80% of Vpp, respectively, shall be marked with the UB
designation, such as (including, but not limited to):
4000UB  4002uB 4011UB 4023uB 4041UB  4069UB
4001UB  4007UB 4012UB  4025UB  4049UB
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STATIC CHARACTERISTICS

LIMITS
TEMP. [ Vpp Tow®* +25°C Thign"*
PARAMETER RANGE|(vde)| CONDITIONS e T T i, Typ.| Max. | Min.| Max NS
loo | Quiescent Mil 5 - | 025 - -l o025 -] 78
Device Current 10 | Vyn=Vgs or Vpp - | 05 - -] 05 - 115 MAdc
15 -1 10 - -1 10 - 130
GATES
5 | All valid input -1 10 - -1 1.0 - 75
Comm| 10 [ combinations - 2.0 - -1 20 - |15 pAdc
15 - | 40 = -1 40 - 130
5 -1 10 - -1 10 - 130
Mil 10 |Vin=VggorVpp | — | 20 - -1 20 — | 60 pAdc
15 - | 40 - -| 40 - 1120
BUFFERS,
FLIP-FLOPS Comm| 6 | Allvalid input - 4.0 - -1| 4.0 - 130
10 | combinations - 8.0 - -1 80 - | 60 HAdc
15 - |16.0 - - 116.0 - 1120
5 -15 - -5 -] 150
Mil 10 | Vin=VssorVpp | - |10 - 10 — | 300 | wAdc
15 - {20 - - |20 — | 600
MSI 5 | All valid input - |20 - -120 — | 180
Comm| 10 | combinations - |40 - - |40 — | 300 | uAdc
15 - |80 - - 180 — | 600
VoL | Low-Level 5 - | 0.05 - - | 0.05 - | 0.05
Output Voltage All 10 | Vin=VgsorVpp | — | 005 - - | 0.05 - | 0.05| vde
15 | |lof <1pA - | 005 - - | 0.085 -1 0.05
Von| High-Level 5 495| - | a98| -| - | 495 -
Output Voltage All 10 [ Vin=Vssor Vpp | 9.95 - | 995 - - | 995 - | Vde
15 ||ig] <1pA 1495 - |1495| - — [1a08] -
Vi | Input Low Vo=
Voltage 5-| 0.5Vord.5v - 1.5 - - 15 - 15
All 10 1.0V or 9.0V -1 30 - -1 30| -] 3.0 |Vvde
15 15Vor135v | - | 4.0 - -1 40 -1 40
ligl <1uA
Vin | Input High Vo=
Voltage 5 0.5Vor4.5v 35 -1 35 g - 35 -
All 10 1.0Vor9.0v | 7.0 - 70 - - 170 = | vde
15 1.6Vor 135V (11.0 -{1no - - {110 -
[lo] <twA
loL | Output Low 5 | Vo=04V,
(Sink) Current Vin=0o0r 8V 0.64 - | 0.61 - - | 0.36] -
10 | Vo=0.5V,
Mil Vin=0o0r 10V 16 ~| 13 - - |09 — | mAde
15 | Vo=1.5V,
Vin=0or 16V 42 -] 34 - - | 24 -
5 | Vo=04V,
Vin=0o0r 5V 052 - | 044 - - | 036 -
10 (Vo =05V,
Comm Vin=0or 10V 1.3 -1 1 - - |1 09 |* - | mAdc
15 [ Vo=1.5V,
Vin=0or 15V 3.6 -1 380 - - ] 24 -
lo | Output High 5 | Vo=4.6V,
(Source) Current Vin=0o0r 5V -025| - |-0.2 - - |-014] -
10 | Vo=9.5V,
Mil Vin=0or10V  |-062| - | -05 - — |-035| - | mAdc
15 | Vo=13.5V,
Vin=0or 16V -1.8 -|-18 - - [-11 -
5 [Vo=4.6V,
Vin=0or 5V -0.2 -|-0.16| - - [-0.12] -
10 | Vo=9.5V,
Comm Vin=0or 10V -05 -]-04 - - ]-03 — | mAdc]
16 | Vo=13.5V,
ViN=Oor15V_ [-14 =1-12 - - |-1.0 -
hn | Input Current Mil 15 | Vin=0or 15V - {%0.1 - - | 0.1 - | 1.0 | uAdc
Comm| 15_| V)n=0or 16V - [$0.3 - -1 %03 — 1210 | yAdc
Cin | Input Capacitance Al — | Any Input - - - - 7.5 - - | pF
per Unit Load

*T_ow = -56°C for Military Temp. Range device, -40°C for Commercial Temp. Range device.

*Trign = +125°C for Military Temp. Range device, +85°C for Commercial Temp. Range device.
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CMOS FUNDAMENTALS

MOS DEVICES

Complementary MOS (CMOS) logic, memory, and
switching circuits are constructed with P-channel and
N-channel enhancement-mode MOS transistors dif-
fused on a monolithic silicon chip. Field-effect transis-
tors are unipolar devices; that is, their operation is
based on a function of only one type of charge carrier —
holes in P-channel types, and electrons in N-channel
types.

A simplified cross-section of an N-channel
enhancement-mode MOS transistor is shown in Figure
1. This transistor is a four-terminal device. In CMOS
logic applications, the substrate and the source are
usually connected to a common point, which in the
N-channel transistor is the most negative potential or
Vss. With no voltage applied between gate and source,
the two N+ diffusions are electrically isolated from each
other and no conduction occurs. As an increasingly
positive voltage is applied to the gate, an N-type inver-
sion layer begins to form at the surface between source

N—Channel MOSFET Operation

+Vps

|.._T DRAIN
GATE SUBSTRATE
Ve _J SOURCE
ov e +V

"""" DRAIN N+
P SUBSTRATE

Figure 1

P—Channel MOSFET Operation
GA;E_] :; l =
Ve !—-l
“Vos

OXIDE

++++++++ | DRAIN P+
N SUBSTRATE

Figure 3

and drain. When a threshold voltage V1« is reached, the
inversion layer just begins to connect source and drain,
allowing some conduction. As the gate voltage in-
creases further, the inversion layer is driven deeper,
resulting in greater conductivity from source to drain. A
saturation point is reached when +V, is forced higher
than V-Vix; the device, therefore, is self-current-
limiting. Figure 2 shows typical drain characteristics for
an N-channel MOS transistor. Note the similarity to
equivalent vacuum tube characteristics.

Operation of the P-channel device (Figure 3) is simi-
lar, except that the source and substrate are connected
to the most positive potential, V. A P-type inversion
layer, or channel, is formed when a negative voitage is
applied to the gate with respect to the source. The
threshold voltage Vrpis defined as that value of V; which
causes a specified minimum conductivity between
source and drain. Saturation occurs when the drain-to-
source voltage Vo is forced more negative than V-Vq..
Figure 4 shows typical drain characteristics for a
P-channel MOS transistor.

Typical N-Channel! Drain Characteristics

Va=15V
AMBIENT TEMPERATURE 1T, 1425 C

. TYPICAL TEMPERATURE COEFFICIENT
©s=FOR), 03\ C "ITTTTC T
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'
'
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H
'
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ORAIN TO SOURCE VOLTS (Vy5)

Figure 2

Typical P-Channel Drain Characteristics
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A major feature of the metal oxide semiconductor is
the very high input resistance resulting from the dielec-
tric oxide isolation between the gate and the channel.
The input resistance is virtually unaffected by the polar-
ity of the gate bias. Also, whatever leakage current does
exist between gate and source is relatively independent
of ambient temperature variations.

CMOS DEVICES

Complementary MOS logic circuits employ both
P-channel and N-channel enhancement-mode MOS
transistors. They have opposite, or complementary,
switching characteristics and can therefore be used as
virtually ideal switching components. Consider the im-
plementation shown in Figure 5. The circuit consists of
one P-channel device and one N-channel device. Note
that to form the N-channel device, a P-doped ‘tub” must
be created into which the device is placed. ‘“Channel
stops™ must also be placed between the P-tub and the
P-drain to prevent parasitic channeling effects.

When a positive voltage Vpp, is applied at the input,
the P-channel switches off and the N-channel switches
on. Thus, the output is connected to Vs through the low
on-resistance of the N-channel device. Alternatively,
applying Vss to the input turns off the N-channel and
turns on the P-channel. In this state, the output is con-
nected to Vp, through the equivalent on-resistance of
the P-channel device. Therefore, an input voitage of Vi,
results in an output voltage of Vg, and an input voltage
of Vs results in an output voltage of V. The circuitis a
simple digital inverter.

Figure §
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Any logic function capable of being constructed
with ideal switches can be implemented in CMOS. Add-
ing a parallel P-channel device and a series N-channel
device to the basic inverter transforms the circuit into a
positive-logic 2-input NAND gate (Figure 6). Adding a
parallel N-channel and a series P-channel device in-
stead transforms the inverter into a 2-input NOR gate.

CMOS NAND Gate

+Voo




CMOS Combinational Logic Function

A
8 AB+CD
[
Voo
c '—J L‘ D

: E ’
A [+

B o]

Figure 7

Note that in each circuit there exists no DC path

from V,,, to V.. if @ connection is made to V., through

the N-channels. a corresponding P-channel blocks the
connection to Vy,,; alternatively, if the P-channels are
on, then a corresponding N-channel is off. Therefore,
very low power dissipation results without sacrificing
low output impedance.

Combinational Logic

Numerous functional logic combinations are easily
implemented in CMOS. A rule of thumb is series
N-channel devices for AND/NAND functions. and paral-
lel N-channel devices for OR/NOR functions. The
P-channel devices are then configured in the circuit
dual of the N-channel devices. Figure 7 shows the com-
mon AND/OR/INVERT (AOI) construction.

Transmission Gates (Analog Switches)

The CMOS transmission gate. or analog switch. is a
single-pole single-throw (SPST) switch formed by the
parallel connection of a P-channel and an N-channel
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CMOS Transmission Gate
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device (Figure 8). The inverter is required to apply the
correct polarity gate voltage to both transistors simul-
taneously. The switch is purely ohmic. with an ON-
resistance of about 200 - 400¢) and OFF-resistance typi-
cally about 10''€). There is no offset voltage across the
switch. These characteristics approach those of the
ideal switch (R.x = 0, Ropr = x). A single-transistor
switch results in a source-follower circuit in which gate
cut-off occurs and limits the load to charge only to
within one threshold of the gate. When two complemen-
tary devices are operated in parallel. one of the two
channels is always being operated as a drain-loaded
stage. permitting a low-impedance path for all switched
signal voltages.

The transmission gate is useful in digital applica-
tions as well. Combinational logic functions can be im-
plemented. and the device provides a simple method for
constructing 3-state (bussed) systems.

4000 SERIES DEVICES

Using basic CMOS techniques. Solid State Scien-
tific has developed the SCL4000 Series Family of build-
ing block elements and complex functions. Devices
numbered 40xx and 45xx are equivalents  to
industry 40xx and 45xx types. The designation 44xx
indicates proprietary devices: they are usually varia-
tions on standard 40xx devices. making them more suit-
able for specific applications.
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CMOS DESIGN CONSIDERATIONS

This section is presented as an aid to the systems designer in proper application and use
of CMOS devices. Areas such as power supply techniques and dissipation charac-
teristics, thermal factors, operating considerations, interfacing parameters, and ac

fan-out are covered in some detail.

POWER SUPPLY CONSIDERATIONS

CMOS offers the designer several important advan-
tages over other technologies:

1. wide operating voltage range

2. very low power dissipation

3. constant switching threshold voltage ratio
These advantages permit operation from unregulated
supplies, simplify filtering requirements. and eliminate
the need for cooling equipment. In addition, battery-
operated systems, either stand-alone or back-up, are
feasible.

OPERATING VOLTAGE RANGE

Minimum and maximum operating voltages for all
Solid State Scientific CMOS devices are specified as 3
and 15 Vdc, respectively, with an absolute limitation of
-0.5 and 18 Vdc, applied at the Vy,, terminal relative to
Vss. The minimum value of 3 Vdc represents the
maximum expected value of either P-channel or
N-channel transistor threshold voltages. Operation at
lower voitages may, therefore, prevent half of the device
from turning on. The absolute limitation of -0.5 Vdc
merely prevents the internal device junctions from be-
coming forward-biased: the circuit is obviously non-
operational under this condition.

The maximum value prevents avalanche of these
internal junctions. While the 18 Vdc testriction on low-
current avalanche is somewhat conservative, there is
the possibility of on-chip current transients turning on
the parasitic bipolar transistors inherent in CMOS con-
struction. The chip can enter secondary breakdown be-
cause these transients can easily exceed the 10 - 50 mA
sustaining current required. The result is a short circuit
reflected at the supply and catastrophic device failure
(see Figure 1).

s]s]
Bipolar Secondary
Parasitic Breakdown

Mode /

1 -Low Current
Igf—————— : Junction

( Avalanche
1

Vs
Data Sheet Maximum Supply Rating

Voo

Fig. 1 — Secondary breakdown characteristics
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POWER DISSIPATION

The quiescent, or DC, power dissipation compo-
nent consists normally of only leakage currents across
reverse-biased diode junctions. This is true because, in
the quiescent state, there exists no direct path between
Vip and Vg other than these leakages, which are typi-
cally in the nanoampere region. In reality, certain sur-
face effects will contribute to the quiescent dissipation.
These factors have been taken into account in specify-
ing the worst-case values given in the individual device
data sheets; these values should be used by the de-
signer in determining the necessary capacity of standby
battery or other back-up supplies.

Dynamic, or ac, dissipation consists of two factors
associated with switching: the power delivered from the
supply to the load, and the current which momentarily
flows between the supplies during switching. The first
of these represents the energy required to charge and
discharge the load capacitance (plus the small internal
capacitances). The energy stored by a capacitor is given

by .

E:« = %2CV*
Since CMOS outputs switch from supply to supply, and
the load capacitance is both charged and discharged
once each cycle of the output frequency f, this compo-
nent of power dissipation is given by:

Py = 25’ =CiVinf  (Va = 0Vde)
Note that this component increases linearly with load
capacitance C,, operating frequency f, and the square
of the operating voltage Vy. Figure 2 shows this func-
tional dependence for a typical CMOS gate.

The Figure assumes input rise and fall times of
20ns. As these transition times increase, however, cur-

10 - . PO .
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; HEmofy
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' P H%%i[‘g WF
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Fig. 2 — Typical gate power dissipation
characteristics
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rent flows between the supplies because both
P-channel and N-channel transistors are biased on
momentarily. This through-current is a complex func-
tion of fabrication parameters, device geometries.
operating voltage, temperature, rise and fall times, and
operating frequency. A typical waveform of through-
current |1 in relation to voltage transfer characteristics
is shown in Figure 3.

Power dissipation due to through-current can be
shown to be proportional to the factors described above
in the following way:

Pre o f (te + t) Vo
where the constant of proportionality is dependent
upon device parameters.

The relationship between supply current Ippand Igs.
load capacitance, and input rise and fall time is illus-
trated in Figure 4.

The waveforms (a) show I, Iss. and the through-
current |y for a load capacitance of 15pF and t,, t; of
10us. The smaller of the |,y and I pulses represents the
maximum through-current of the device. The slight
amplitude differences between pulses represent the
current delivered to the load. The magnitude of the
through-current pulses in (a) is used as the standard for
(b) and (c).

The input rise and fall times are decreased to 400ns
in (b). Here again, the smaller current pulses represent
through-current, which has somewhat decreased from
(a). Note that since the width of the current pulse has
also decreased. the magnitude of the current delivered
to the 15pF load has increased (to deliver the same
charge).

Load capacitance in (c) is increased to 65pF, and
input transition times decreased to 40ns. Through-
current pulses have virtually disappeared, except for the
current charging and discharging internal capacitance.
The magnitude of the load current, however, has in-
creased due to the increased load and narrower current
pulse width.

All complex CMOS functional devices employ buf-
fered inputs to minimize the through-current effects
described here. Caution is urged when using high-
current buffers and unbuffered gates in conjunction
with large loads and high operating voltages; long input
rise and fall times may cause the device power dissipa-
tion restriction to be exceeded.

REGULATION AND BATTERY OPERATION

The wide operating voltage range and constant
switching voltage ratio of CMOS permit use of simple
unregulated supplies, as shown in Figure 5.
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Fig. 6 — CMOS battery back-up power supply

The primary considerations with a supply of this
type are:

1. The resulting voltage must at all times fall within
the specified limits of the system. This is the
purpose of the zener diode.

2. The lowest instantaneous voltage must permit
the system to operate at the worst-case system
speed parameters.

3. The filter capacitor must be able to furnish the
worst-case system switching current. Ry is
selected to supply the peak transient current of
the system plus the necessary zener current
when diode D, is forward biased (high portion of
Vs cycle). The capacitor is selected to supply the
system switching current and quiescent current
when D, is reverse biased (low portion of V
cycle).

Replacing the filter capacitor with a rechargeable
battery provides an easy method of implementing a
back-up supply (see Figure 6). Here, Rgsupplies also the
charging current for the battery. The zener diode has a
breakdown voltage between the battery voltage and the
maximum device rating. It prevents power line tran-
sients from developing damaging voltage spikes due to
the characteristic impedance of the battery. Systems
may be kept operating over long periods of time on such
a supply.

CMOS power supplies may also be derived from
higher-voitage dc supplies as shown in Figure 7. The
zener diode regulates the CMOS supply voltage; resis-
tor Rs supplies the load and zener currents, while the
filter capacitor maintains the voltage during switching
transients.

FILTERING

Most CMOS systems require less filtering on supply
busses than other logic families. While Vpp and Vs line
drops are generally small due to the small currents in-
volved, a few capacitors per board are recommended to
prevent switching transients from causing excessive
voltage variations. This is especially true with devices
which have long rise and fall time input signals. As
described in the discussion of through-current, large
supply currents can result under these conditions. An
extra 0.1 u F capacitor may be required to supply the
current surge without causing excessive supply voltage
drops. Similarly, devices which operate synchronously,
such as counters and shift registers, supply large charg-
ing currents to several loads during switching. Here
again, 0.1 » F bypass capacitors may be indicated in
such cases.
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THERMAL FACTORS

Transfer characteristics of CMOS devices exhibit
excellent stability over temperature. This feature allows
the ambient temperature range of CMOS devices to be a
function of package type. This section discusses tech-
niques of thermal management and the variation of de-
vice characteristics with temperature.

THERMAL MANAGEMENT

Circuit performance and long-term reliability are
maximized at low junction temperatures. Power dissi-
pation is the common source of heat in any system; the
negligible power consumed in the quiescent state in
CMOS circuits is a major factor in maintaining perform-
ance and reliability. In general, operation at moderate
speeds and voltages does not require consideration of
the package dissipation restriction of 300 mW. In high-
frequency, high-voltage, large-load, or analog applica-
tions, however, these considerations become impor-
tant.

The average junction temperature is a function of
device power dissipation and the ability of the packag-
ing system to remove the generated heat. This is ex-
pressed in the following formula:

Ty, =Ta+Pp(04)

where T, = junction temperature

Ta = ambient temperature

Pp = calculated power dissipation

©,, = thermal resistance, junction-to-ambient
Worst-case and typical values of ©;, for common IC
package types in still air and without heat sinking are
shown in the table:

0, ,(°C/watt)

Package Type Typ Max
Epoxy B Dual-in-line 135 200
14- or 16-lead
Cerdip Dual-in-line 100 155
14- or 16-lead
Epoxy B Dual-in-line 95 140
24-lead
Ceramic Dual-in-line 70 100
24-lead

These figures should be consulted in cases where
there is reason to believe that device dissipation may be
excessive.
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PARAMETRIC THERMAL VARIATION

All operational parameters vary to some degree
with temperature. Since CMOS devices may be used
over very wide temperature ranges, the designer should
be familiar with the effects of these thermal variations.
They fall into three categories: transfer characteristics,
leakage current, and channel resistance effects.

1. Transfer Characteristics
Figure 8 illustrates the negligible variation in transfer
voltage over the entire military temperature range.
This resuits from the tendency of P-channel and
N-channel transistor threshold voltages to track to-
gether. Under similar conditions, a bipolar device
threshold may vary more than 40%. This features
makes threshold-dependent circuits such as oscil-
lators and multi-vibrators feasible in systems with a
wide range of operating temperature.

2. Leakage Current
As expected, since device leakage current is nor-
mally leakage across reverse-biased silicon junc-
tions, temperature variation of this parameter fol-
lows the traditional diode leakage characteristic,
i.e., approximately doubling with each 11°C rise in
temperature.

3. Channel Resistance
Such parameters as output drive current (Lo, lo).
switching through-current (I+.), propagation delays
(teuus teur), @and output transition times (tq, tru) are
direct effects of channel resistance. These param-
etersvaryaschannelresistance varies—0.3%/°C. Cur-
rent characteristics decrease with increasing tem-
perature at this rate; this factor is employed in speci-
fying low- and high-temperature limits for these
parameters on device data sheets. Switching
parameters increase at this rate with temperature;
this dependence must be considered by the designer
in order to guarantee system dynamic performance
over temperature.

INPUT RATINGS

The high impedance of a CMOS input results from
the insulating oxide between the gate and the channel.
This high impedance coupled with the 5pF input capaci-
tance make CMOS inputs excellent energy storage
nodes, allowing buildup of large voltages. Input diode
protection networks are used, therefore, to conduct ex-
cess energy to the supply rails, thus protecting the gate
regions from damage. These diodes affect certain de-
vice operations, as described in the following discus-
sion of general input characteristics.
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INPUT VOLTAGE RANGE

Input signals should never exceed the range from
0.5 Vdc more negative than Vs to 0.5 Vdc more positive
than V. This prevents forward biasing the input di-
odes, with the attendant possibility of entering a latch-
up mode due to high-current transients. Further details
may be found in the preceding discussion of “‘Power
Supply Considerations’ and later on in this section.

NOISE IMMUNITY

. Noise immunity as specified in CMOS data sheets
refers to the worst-case input voltage levels which will
maintain guaranteed output conditions and will not
produce a change in logic state. Specifically, the data
sheets specify the minimum input high-level voltage
(Vi) and maximum input low-level voltage (V) which
guarantee an output voltage of no lower than 90% of Vpp
or no higher than 10% of Vp, under no-load conditions
(|la]<1nA). Since the switching threshold voltage of a
CMOS inverter is typically 50% of the supply and fairly
sharp, and output voltages are close to the supplies,
these input voltages tend to be symmetric and close to
the ideal situation of 50% noise immunity. In fact, V4 is
typically 55% of Vpp, and Vi is 45% of Vp,. (Note: the
older designations of Vy, and Vy, can be related to V,y
and V, by the following:

Van = Vop - Viy (min)
V. = Vi (max) - Vgs.)

Worst-casespecificationsunderthese outputvoltage
requirements are 20% of Vyp for the conventional SSI
devices (Note: the older 30% noise immunity specifica-
tion allowed much greater output voltage variations).
This specification can be greatly improved by making
the transfer voltage characteristic sharper, i.e., increas-
ing device gain. In 1970, Solid State Scientific devel-
oped the technique of buffering gate outputs for in-
creased gain; since that time, all CMOS gates in the
4000 series have been buffered. The industry began
to realize the superiority of this structure for digital logic
applications only with the recent agreement on “B"
series CMOS.

Buffered outputs become even more important in
maintaining noise immunity with the variation in trans-
fer voitage with input pattern on multiple input gates.
Figure 9 shows the typical range in switching voltage for
a conventional 4-input NAND gate. Observe that V,y
(min) degrades as a function of the number of inputs
switching. This pattern sensitivity is reversed for NOR
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gate types. Buffering the device outputs, although the
variations in switching voltage are unaffected, main-
tains greater noise immunity over all input conditions
resulting from the much more nearly ideal transfer
characteristic. Further improvement is attained by the
requirement that CMOS gate structures consist of no
more than three inputs per section; this decreases the
variation in switching voltage, as compared with the
4-input gate in Figure 9. There are many other advan-
tages to the buffered-gate concept. Each one is fully
discussed in following sections.

Note that Solid State Scientific specifies and meas-
ures noise immunity under worst-case input combina-
tions. This factor gives the designer a more realistic
description of device operation, in view of the above
discussion.

Noise immunity specifications refer to input sig-
nals; however, a similar discussion applies to noise in-
troduced on power and ground lines. CMOS devices are
sensitive only to negative power line transients and pos-
itive ground line transients. The magnitude of power-
and ground-line noise immunity approaches that of
signal-line noise immunity because of the close track-
ing of output voltage with supply in either state.

The relatively slow response times of CMOS de-
vices tend to act as a noise filter: extremely short spikes
of greater magnitude than the dc noise immunity limits
are prevented from propagating through the device. A
typical example of dc noise immunity is shown in Figure
10. :

Another source of noise introduction into CMOS
devices is crosstalk from high noise voltages coupled
through small capacitances. Since CMOS devices have
much higher output impedance than equivalent TTL
types, they are much more sensitive than TTL to such
capacitively-coupled noise. The designer should con-
sult the individual device data sheets to determine the
magnitude of current which will pull a CMOS output into
the threshold region of the driven CMOS inputs, and use
good interconnection techniques to prevent this type of
crosstalk from interfering with system operation.

INPUT CURRENT

The high input impedance of CMOS results in an
\ input current of typically 10pAdc. Worst-case specifica-
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tions provide allowance for surface effects, and guaran-
tee no higher than 100nAdc at room temperature.

These characteristics apply for input voltages
within the permitted range, as described above. There
are a certain class of applications, however, such as
oscillators and muitivibrators, for which input voltages
normally exceed the supplies by large margins. In these
instances, the input protection diodes can be utilized as
clamps if the input current is restricted to 10mAdc or
less. This is usually accomplished by adding a series
resistor at the affected input. The minimum value of this
resistor is calculated from the worst-case input voltage
and the input current limitation; the maximum value
should be determined by the effect which the combina-
tion of this resistor and the 5pF input capacitance has
on operating speed and frequency.

UNUSED INPUTS

If a CMOS input is left unterminated, it can acquire
unpredictable voltages through coupling with stray ex-
ternal capacitances and internal crosstalk. Since these
voltages are normally within the supply range, the input
protection diodes cannot conduct away this accumu-
lated energy. Since both P- and N-channel transistors
spend significant time in their “‘on’" states, both power
dissipation and device noise immunity degrade. Even
catastrophic failure can result from these conditions.
Therefore, all inputs should be connected to an appro-
priate supply voltage, or to another driven CMOS input.
If a portion of a device is not loaded, its inputs must also
be properly terminated.

INPUT WAVEFORMS

The maximum input rise and fall time specification
for sequential circuits is typically in the 3us to 15us
range, depending on supply voltage. This prevents am-
biguous logic states and false clocking due to switching
voltage variations and skew problems. Power dissipa-
tion also increases as logic elements spend more time in
the switching region.

When sequential circuits are cascaded, the
maximum rise and fall times of the clock input should be
equal to or less than the transition times of the data
outputs driving data inputs, plus the propagation delay
of the output driving stage for the output capacitive
load. If setup and hold times are specified on device
data sheets, they must also be taken into account.

Schmitt trigger constructions may be indicated to
bring rise and fall times within indicated bounds.

INPUT PROTECTION NETWORKS

Because the gate oxide of a CMOS transistor has
extremely high resistance, even a very-low-energy
source (such as a static charge) is capable of develop-
ing the breakdown voltage of approximately 100V. This
results in permanent damage to the device. Therefore,
gate protection structures are employed to conduct ex-
cess energy away from the gate region. These struc-
tures, however, are only capable of protecting from
overvoltages of less than 1000V. While this is normally
sufficient for in-system transients, device handling can
produce overvoltages of one or two orders of mag-
nitude greater. Handling precautions are recommended
when using CMOS devices. Some suggested proce-
dures appear in the section entitled 'tHandling Precau-
tions for CMOS Devices”.

The input protection structure utilized on 4000
Series devices is shown in the diagram of a typical
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4000 Series integrated circuits

CMOS device in Figure 11. The circuit consists of diodes
D1 and D2. which clamp the input voltage to Vssand Vi,
respectively, and series resistor R, whose nominal value
is 1.5K(). Avalanche voltages of the diodes are well
below the breakdown voltage of the gate oxide. The
resistor provides a small delay with the 5pF input
capacitance which allows excess energy to be con-
ducted away before reaching the gate region.

When the diodes are used as clamps for oscillators,
multivibrators, etc., input current must be limited to less
than 10mA to protect against both possible latchup and
long-term degradation due to metal migration.

In a system power-up or power-down sequence,
power must be applied to the device before the intro-
duction of low-impedance driving signals. This se-
quence must also be maintained while troubleshoot-
ing systems where devices or modules must be re-
moved from or inserted into a system.

OUTPUT CHARACTERISTICS

The amount of current which a CMOS output is
capable of sinking or sourcing is a function of the chan-
nel impedance of the driving structure. These charac-
teristics vary with voitage and temperature; these varia-

. tions were discussed previously. Transistor charac-
teristics are illustrated on most device data sheets.

BUFFERED OUTPUTS

Consider the conventional CMOS 2-input NAND
gate structure of Figure 12. Since the N-channel devices
are in series, their on-resistance must be decreased
(larger chip area) to hold the output low impedance (or
sink current parameter) within specification. As the
number of gate inputs increases, even larger N-channel
transistors are required. Also, since the P-channel de-

vices are connected in parallel, the output high impe-
dance (and, therefore source current) is a function of
input pattern, i.e., the number of devices turned on.
Solid State Scientific gates have buffered outputs: small
geometry logic transistors are used to generate the re-
quired function, while only one large P-channel and one
large N-channel device form the output. This technique
reduces chip size; in addition, output impedance is no
longer a function of input pattern. This means that dc
and ac fanout are constant, and the user need not con-
cern himself with several sets of loadihg requirements
for each device.

OUTPUT LOADING

Since CMOS outputs driving CMOS inputs switch
essentially from supply to supply while the driven inputs
draw very little current (typically 10 pAdc), dc fanout can
usually be ignored, except in bus-oriented systems. Of
much greater importance is ac fanout, discussed below.
However, several precautions are necessary to prevent
damaging the output structure.

The outputs of most CMOS devices consist of a
complementary pair. This structure prohibits the con-
nection of outputs in a “wire-OR" configuration.
Three-state output devices should be used to achieve
this configuration. It is possible, however, to parallel
inputs and outputs of devices to provide increased
drive. This practice should be restricted to devices
within the same package to avoid current hogging.

Note that because of the negative temperature
coefficient of MOS transistors, there is built-in short-
term burn-out protection. In general, devices with stan-
dard output characteristics may be shorted to the sup-
ply rails at low operating voltages. Precautions are nec-
essary with higher voltages and/or high-current buffers,
in which saturation currents can cause the maximum
dissipation limitation to be exceeded.

CMOS drive capability is limited if the outputs are
required to maintain a specified logic level. However, if
the output is used to drive a discrete device such as a
transistor or LED, large currents (within maximum rat-
ings) can be achieved by operating the device in the
saturated region.

The output impedance of a CMOS device can be
employed as an effective means of providing delay and
integrator functions when loaded with a capacitor.
However, in any application which places a sizable
capacitive load on a CMOS output, care must be taken
to prevent damaging transient currents when power is
removed. If the capacitive load is charged when the
power supply is removed, the diode from the output to
the supply (output D2 in Figure 11) forms the discharge
path as it becomes forward biased. Series resistance
should be added to the output in order to prevent dis-
charge currents above 1mA.
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INTERFACE PARAMETERS

Table | provides interface parameters between
CMOS and other logic families under the following con-

1. The power-supply voltage level and tolerances are
chosen to accommodate the interfaced elements,

2. The logic levels at the interface will meet or exceed
the specified worst-case logic levels of the other el-

ements.

3. Fan-out rules at the interface are derived from the
current sourcing or sinking capability of the driving

since CMOS devices will operate over a much wider element.
range.
TABLE I. CMOS INTERFACE PARAMETERS
INTERFACE INTERFACE INTERFACE
INTERFACE NOISE MARGIN LOGIC LEVELS MAXIMUM | REMARKS
411" “0" (‘1" “0" FAN ouT
CM0S-CM0S 1.5V 1.5V 3.5V 1.5V > 50 5-volt system
3.0v 3.0v 7.0V 3.0v > 50 10-volt system
4.0V 4.0V 11.0V 4.0V > 50 15-volt system
CMOS-TTL/DTL | 2.5V 0.4V 2.0V 0.8V 2 Buffers only
TTUDTL-CMOS [ 1.1V 1.1V 3.5V 1.5V See Remarks | 2K pull-up resistor for TTL or open-
collector DTL. Fan-out determined by
dynamic requirements
CMOS-LTTL 2.5V 0.5V 2.0V 0.7v 2 Standard ‘B"" Series Output Drive
LTTL-CMOS 1.1V 1.2V 3.5V 1.5V See Remarks | 3K() pull-up resistor. Fan-out determined
by dynamic requirements
CMOS-LSTTL 2.5V 0.4V 2.0V 0.8v 1 Standard “'B" Series Output Drive
LSTTL-CMOS 1.1v 1.1V 3.5V 1.5V See Remarks | 3K pull-up resistor. Fan-out determined
by dynami¢ requirements.
CMOS-HTL 5.0V 5.0V 8.5V 6.5V 1
HTL-CMOS 2.5V 2.5V 1.0V a0V > 50 Active pull-up HTL
3.5V 3.5V ' ' > 50 Passive pull-up HTL with 2KQ to 5KQ
pull-up resistor.
CMO0S-M0S 3.0v 4.0V 3.0v 9.0v > 50 High threshold PMOS:
VssVpp=13V
2.5V 6.0V 2.5V 1.0V > 50 Low threshold PMOS:
Vss' DD_1OV
M0S-CMOS 3.9v 3.9v 3.9v 9.1V > 50 High threshold PMOS:
EVDD=13V
3.0v 3.0v 2.0V 2.0V > 50 Low threshold PMOS:
VSS-VDD=10V
CMOS-ECL 0.225V 4325V | -1.105  -1.475 2 Vpp=ground
vSs= '5.2V
ECL-CMOS 0.66V* 1.56V* | -1.56V  -3.64V > 50 Vpp=ground
Vss= -5.2v

NOTES: 1. Interface Noise Margin
For 1" Column — difference between output high level of one device and input high level of next device.
For ‘0" Column — difference between output low level of one device and input low level of next device.
2. Interface Logic Level Worst-case threshold level going from one device to the input of another.

* typical with transistor driver



DYNAMIC CONSIDERATIONS

The operating speed of a CMOS logic system is
dependent upon signal propagation delays. output
transition times. and associated characteristics. These
parameters vary as a function of output load capaci-
tance (ac fanout). operating voitage. and device tem-
perature.

All device data sheets give dynamic characteristics
atVy,, 5.10.and 15 Vdc. 50pF load capacitance. and
25 C ambient temperature.

CAPACITIVE LOADING

The higher output impedance ot CMOS devices,
in comparison to TTL. make them more sensitive to
capacitive loading (ac fan-out). A linear relationship
exists between dynamic parameters and load capaci-
tance. which is to be expected: loads are charged and
discharged by the resistance of the driving transistor
channel.

The buffered gate output structure pioneered by
Solid State Scientific in 1970 provides significantly bet-
ter performance than conventional CMOS gate struc-
tures. The single stage output makes delays and transi-
tion times independent of input pattern and less sensi-
tive to capacitive loading In addition. the extra gain
stages provide significant pulse shaping of slow transi-
tion inputs —when input rise and fall times increase. the
conventional gate exhibits an increase in output transi-
tion time. while the buffered gate transition times re-
main unchanged. This feature eliminates progressive
deterioration of puise characteristics in a system. These
buffered outputs are designed for symmetric transition
times. as opposed to the conventional types.

Special considerations must be given to output
transition times and propagation delays when driving
synchronous systems with edge triggered inputs. Con-
sult the section on “Input Waveforms'".

It should be noted that the extra gain stages in a
buffered-output gate exhibit very sharp transfer charac-
teristics. In certain applications. notably oscillators.
multivibrators. or poor input transitions. this may result
in ringing or even oscillation at the switching point. For
this reason. Solid State Scientific manufactures several

simple unbuffered inverters( 4007UB. 4069UB.
4443UB) and unbuffered 2-input gates
(4001UB. 4011UB). Since these types exhibit

none of the features of buffered outputs. it is recom-
mended that some pulse shaping be employed to permit
use of the buffered structures wherever possible.
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VOLTAGE EFFECTS

Increasing the supply voltage from 5Vdc to 10Vdc at
least doubles the operating speed of CMOS devices.
Increasing to 15V results in another increase. usually far
less. at a substantial penalty in power dissipation. The
increase in speed is a direct effect of the lower channel
resistance; the increase in power dissipation is a
symptom of higher charging currents to load capaci-
tances.

Dynamic characteristics at voltages not given on
device data sheets may be interpolated from specified
data.

TEMPERATURE VARIATIONS

As the temperature of a CMOS device increases.
carrier mobility decreases. resulting in an increase in
channel impedance. Therefore. dynamic parameters
change in proportion to the factor given previously:
-0.3% C for operating frequency. +0.3% C for all other
parameters. Consequently. this factor must be consid-
ered in designing a system which must operate at a
given frequency over a wide temperature range.

THREE STATE LOGIC

Devices such as the 4016 and 4066 provide
ameans for constructing bus-oriented systems. Several
devices in the 4000 Series employ variations in this
structure to provide their own high-impedance output
state. Leakage currents and capacitances are specified
on individual data sheets. to allow the user to determine
fan-out and system speed.

ANALOG SIGNAL SWITCHING

When using the analog switch device types. care
must be taken to prevent the input signal from exceed-
ing the supply voltage. Latch-up conditions may result if
this precaution .is not observed.

The ON-resistance characteristics of the switch are
specified on the device data sheets. This enables the
user to calculate power dissipation for high-current-
drive requirements.

All CMOS switches are make-before-break. There-
fore. in multiplexing applications. the low-impedance
path between signal drivers which occurs during the
overlap must be considered when generating control-
input signals.

Further information is contained on individual data
sheets. .



HANDLING CMOS DEVICES

Care must be exercised in handling any CMOS de-
vice. Although all SSS CMOS devices have a built-in
protective diode network which protects the device
against damage due to static electric discharge. addi-
tional precautions should be followed to assure
trouble-free performance after assembly. The following
guidelines for handling CMOS devices are suggested:

A. GENERAL

® Use a conductive, grounded work surface.

e Keep operators at ground potential (use conductive
wrist bands and a 1 megohm resistor to ground)

® Don’t use nylon smocks.

® Repack devices in conductive or anti-static contain-
ers; keep devices at a common potential.

® Use conductive or anti-static envelopes for storing
and shipping devices — never use untreated plastic.

. CLEANING

Use static neutralizing ion blower when manually
cleaning with brushes.

00 o

Ground all automatic equipment.
Ground cleaning baskets.

ASSEMBLY

Insert CMOS devices last to avoid overhandling.
Use conductive handling trays.

Use conductive material between edge connections.
Ground all automatic insertion equipment.

Ground solder machines and metallic parts of con-
veyor systems.

Ground soldering irons.

TESTING

Use grounded metallic fixtures where possible.

Use static neutralizing ion air blower when using au-
tomatic handlers.

Use conductive handling trays.

Don'tinsert or remove boards with power turned ON.

CMOS CHIPS

Solid State Scientific CMOS integrated circuits are
provided in chip form to permit customer design of
special or hybrid circuits to suitindividual needs. CMOS
chips are electrically identical to (temperature range
—55°C to +125° C) and offer the features of their pack-
aged counterparts. For maximum ratings, electrical
characteristics, schematics, and features, see the indi-
vidual data sheets in this catalog.

CHIP PREPARATION

e All chips are glass passivated.

® All chips have been electrically tested for all static and
functional parameters.

® Chip inspection and packaging is performed under
laminar flow hoods in a temperature- and humidity-
controllied dust-free atmosphere.

CHIP HANDLING

® Chips should be stored in a clean, dry atmosphere
preferably below 40° C and 50% relative humidity.

® The user should exercise proper care when handling
chips to prevent even the slightest mechanical dam-
age to the chip.

e |ndividual handling should be done with nonmetallic
vacuum pick-ups.
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Proper mounting and lead bonding techniques must
be used to obtain optimum electrical. mechanical and
thermal performance.

The back surface of the chip is electrically connected
to the P-channel substrates which should be the most
positive potential (V,,,). Care must be taken to keep
the active substrate isolated from ground or other
circuit elements in the assembly. It is recommended
that the +V,,, pad on the front of the chip be wire
bonded to the chip substrate mount for optimum per-
formance.

After mounting and bonding. necessary procedures
must be followed to insure that the chips are not
subjected to mechanical abuse or to moist or contam-
inated atmosphere which might permit electrical
conductive paths across the relatively small insulat-
ing surfaces.

Bonders. pick-up tools. table tops. sealing and die
attach equipment. and other apparatus used in chip
handling should be properly grounded.

The operator should be properly grounded.
Assemblies or sub-assemblies of chips should be
transported and stored in conductive carriers.

All external leads of assemblies should be shorted
together.
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14 Lead Cerdip*

292

MIN. MAX.
s I s O o O o I o T s I Y A — .200
" PINY . T Aq1| .020 -
INDICATOR E\E B .015 .023
moex P 2 1 By| 030 .07
BB BB BB Y C | .08 015
D .660 .785
A R Eq| .220 280
€eq .100 Typ
{5} ' eA -300 Typ.
BASE a f} L .100 —
PLANE A o Og 15°
SEATING ? E - —LT ' ‘ /;[[ ]\:\ Q1 - -
PLANE  ——{Jf1—] [—Mif—il—] [— —rl1—T L ‘::/ i\ S _ _
GAUGE ——| e |- JL Lo— T J,, l:; —>“<—c *JEDEC drawing
PLANE 5, = #MO-001AA
16 Lead Cerdip*
MIN. MAX.
i A i N s A e s O s A s Y Y A .165 210
o1 N T Ay | 015 .045
INDICATOR | EiE B .015 .020
INDEX | B1 | .045 070
—X C | .o09 011
D .750 .795
Eq | 245 .300
~ ° eq .100 Typ.
—{s|e { eA .300 Typ.
gﬁzE , a f L | 120 .160
A a 2° 16°
SEATING - —LT i l /; \‘\ Q1| .050 .080
PLANE — W — F L Y S | o010 .060
cauce| - e J 4.“‘7 ot */,, L(— ——“-—c *JEDEC drawing
PLANE B, o #MO-001AG



18 Lead Cerdip

MIN. MAX.
. _f| A | .165 202
INDICATOR E:E A1} 015 .040
__LL B | .015 .020
‘ B1| .053 .065
C | .o08 012
D | .870 923
P Eq| .258 .306
—{S €4 .100 Typ.
BASE }‘_ i‘ f €A -300 Typ.
PLANE F o L | .120 .155
SEATING - Vo /,i N\ a 4° 15°
PLANE —(Jf|—] [—I——] [— —— z’,”' “:‘, g-‘ — —
ot J L*’ e T e P .,
B, B ea—>]
22 Lead Cerdip*
MIN. MAX.
A | .09 .150
INDICATOR A1 .020 .065
B | .04 .020
B¢ | .035 .065
C | .oo8 012
D |1.050 1.110
E1 | 370 .390
e .100 Typ.
2:;55 €A .400 Typ
\ , L | .120 .160
SEATING'— - o \ a 0° 15°
‘f/— ,,u; EH‘I; Qq| .010 .050
GAUGE ad L S .035 .060
PLANE e, ‘—“.-B o i:— e, |- * JEDEC drawing
#MO-026AA
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24 Lead Cerdip*

FIHHHEFLFI‘_I‘ MIN. MAX.
PIN 1 " A 120 .250
iNDICATOR E:E Aq| .020 .070
INDEX ( | _L| B | .06 020
B1| .028 .070
C | .o08 012
. D | 1.200 1.290
Eq| 515 580
—s| | f e1 100 Typ.
BASE a e .600 Typ
"“‘“E F LA 100 200
SEATING ? a1 ' L ,’; \ o 0° 15°
PLANE — * A%+ % Q4| .040 075
sava ] e - ——‘L N }:7 ., Sl o0 100
B, B e *JEDEC drawing
#MO-015AA
28 Lead Cerdip
THHHHHF" MIN. MAX.
o TI A | .164 219
iNDICATOR E:E Aq| .020 .070
INDEX _LI B | 016 020
By| .050 .060
C | .o08 012
. D | 1.430 1.485
Eq| 510 541
s |- } eq| 090 110
BASE . Q, f ea| .600 620
PLANE T , L | 120 155
SEATING ! ? E - { & ,’/[r ]\\‘ a 4° 20°
‘:—-——— —T— . Vol = =
, f S | .060 .090

PLANE ——
GAUGE
PLANE
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40 Lead Cerdip*

MIN. MAX.
A .160 .220
A¢| 000 070
B .015 .020
By| .015 055
C .008 .012
b D | 2.020 2.070
Eq| .485 580
—s|e | ; eq .100 Typ.
BASE Q. e .600 Typ.
’“‘”E _U A , LA .100 200
SEATING E - { & pi \ o 0° 15°
PLANE —||fj—] —AHH—t—F J 3 Q4| .070 120
G R I . |L .. Sl oo o0
B, B ©a *JEDEC drawing
MO-015AJ
14 Lead Plastic*
—_F MIN. MAX.
. T A [ 140 180
INDICATOR E.E A1 | 015 .040
INDE 2 3 1 B | .o14 020
HHEHEHEH HEH B v B1 | .044 .070
C | .o08 012
| 5 D .730 .770
I Eq1 | 240 .260
s}<- { €1 .100 Typ.
BASE a, €A .300 Typ.
P"ANE ? lt L 115 .1565
SEATING - i i ,',i N o] 0° 15°
PLANE —|fj— —|[— —t— J 3 gh .050 .085
SAUGE N I 055 095
PLANE J l,aﬂ 2 *“'*B T ‘/"l—'—eA _.“‘—C *JEDEC drawing
#MO-001AH
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16 Lead Plastic*

l-:-lfl i O s s O s A MIN. MAX.
o T, A | 120 .60
INDICATOR E\E A4 | 020 .065
INDEX _LI B | 014 020
By | .035 065
C | .o08 012
D .745 .785
° Eq | .240 260
—{s| { eq .100 Typ.
gﬁse Q. f ea .300 Typ.
A L 125 150
SEATING - _L‘T ‘ L /; \\‘ o oo 150
PLANE” — W —| F——— — T v % Q1| .050 .085
e L A B A e sy
B, ea— *JEDEC drawing
#MO-001AE
18 Lead Plastic
t:i A MAAM[AFR A MIN. MAX.
o T A | .13 75
INDICATOR EE Aq| .008 .040
INDEX _L B .015 .021
i Bi| .055 .065
C .008 .013
o D .8380 910
Ey| .245 255
—{s|e { ; e1| .09 110
BASE ' Q, e .285 315
PLANE\ | - 311 A , LA 115 145
SEATING ? ¥ l I,’/ \\‘ o 2° 12°
T/— =il - Q1| .060 079
. 1 S | .040 070
cavce e fe- JL ad ol ot */l: . e
B A
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22 Lead Pléstic*

i-N_-I i I s A s R s O FI—T' MIN. MAX.
. H A | .0%0 150
INDICATOR EiE A4 .020 .065
AREA 123 _LI B | .o14 .020
Ed BEJd B4 B3 B BEJ E4 B1 .035 .065
C .008 .012
5 N D 1.050 1.110
Eq 370 .390
—{s | { e .100 Typ.
BASE Q. eA .400 Typ.
PLANE ' f TA , L 120 P .160
SEATING - ‘ l i \\\ a 0° 15°
PLANE — |\ —] —h—Ji—] —l—F v N Qq| .010 .050
e J L*' T e e
8, B en—>] *JEDEC drawing
#MO-026AA
24 Lead Plastic*
i s T s O s A s A —T MIN. MAX.
. T A[ 120 250
iNDICATOR EE Ai| 020 .070
INDEX | _L| B | .01 020
B4 .028 .070
C .008 012
o D 1.200 1.290
Eq 515 .580
—{s| e1 .100 Typ.
BASE e .600 Typ.
PLANE\ LA .100 P .200
SEATING (o 0° 15°
PLANE Q1| .040 075
SALGE S | .040 100
PLANE *JEDEC drawing
#MO-015AA
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28 Lead Plastic

AR ARA H"T MIN. _ MAX.
PIN 1 T A 157 187
INDICATOR EiE Aq _ 040
— _Ll B | .015 021
By| .055 065
C | .o08 013
5 D | 1.440 1.460
Eq| 535 545
—sfe { e1| 090 110
2;‘;55 a f ea| 585 615
Fe . L | 115 .145
SEATING ! ? E - ' * b \ fo 4° 12°
Pne — —l—F - Y Q| 070 084
wd L e T e sl o
40 Lead Plastic*
s e O s e 0 s s O MIN.  MAX.
- " T A 160 220
INDICATOR E\E Aq| .000 070
INDEX | _L B 015 .020
—L B4| 015 055
C| .08 012
] D | 2020 2,070
Eq| .485 580
—{s| | el .100 Typ.
BASE . o f} ea .600 Typ.
"“‘”E T oA ) L | -100 200
SEATING v l 7 N a 0° 15°
PLANE” — = =] — % - Q4| 070 120
e J lk% LT e e sl
e *JEDEC drawing
#MO-015AJ
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Ordering Information
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ORDERING INFORMATION

SCL

SCREENING LEVEL

SCL = Standard

BCL = High Reliability

883C = MIL-STD-883C
Class B

DESC Drawing Number
JCL = 38510Class B

4xxxB

C

+

SSS SOLID PLUS PROGRAM

Blank = Standard

+ = Solid + Program

DEVICE TYPE

PACKAGE TYPE

Consists of four
numerals plus one
or two letters

rm O O

Cerdip (Frit-Seal
Ceramic)

Ceramic (Welded-Seal
or Side-Brazed)

Epoxy (Plastic)

Dice

PACKAGING INFORMATION

Devices in the 4000 Series are available in a variety of package types and temperature
ranges. The single-letter package designator appears as a suffix to the device type.

Designator
SCL Type Style No. of Pins Temperature Range
(o] Cerdip Dual-in-Line 14,16, 24 -55°Cto +125°C
(Frit-Seal) (DIP)
D Ceramic Dual-in-Line 14, 16, 24 -55°Cto +125°C
(Welded-Seal (DIP)
or Side-Brazed)
E Epoxy Dual-in-Line 14, 16, 24 —-40°Cto +85°C
(Plastic) (DIP)
H Dice - - -55°Cto +125°C

DEVICE MARKING

Screening Device

300

Level Type Package
A — e, Type
Il | 1 Il |
SCL4049UBC+
Pin1 ———f =@ Q 8425 39
ifi 1 T T 1
(when present) — ! -
Date Code Lot Solid Plus
(year. week)  Identifier ~ Program



4000 Series High Reliability

EEEEEEEER.
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Built-In Reliability

Reliability in MOS integrated
circuits does not just happen—
it must be built in. Built in
through conservative designs,
advanced wafer fabrication
technology, and controlled by
stringent in-process quality
controls, inspections and tests.
But there is more. Reliability is
built in by people. At Solid
State Scientific, dedicated
people work with the latest
technology producing MOS
devices that meet the highest
quality and reliability standards
in the industry. SSS has proven
its dedication to these high
standards since 1968 when it
was founded.

Solid State Scientific is a high
volume manufacturer of MOS
integrated circuits and offers a
variety of high reliability
options to meet customer
requirements. Our facilities in
Willow Grove, Pennsylvania
have been certified by the
Defense Electronics Supply
Center for the production of
Class B devices in accordance
with MIL-M-38510.

In addition, regardiess of
product grade, Solid State
Scientific has established
definite minimum quality and
reliability standards which
apply across all product lines.
All products are manufactured
identically from incoming
inspection through wafer probe
of the die. Pre-seal visual
inspection is performed in
accordance with MIL-STD-883
level B. This same philosophy of
ensuring the reliability of our
products applies to environ-
mental screening, final electrical
testing and lot acceptance for
packaged parts.

Integrated Circuit
Reliability

CMOS integrated circuits exhibit
the same basic reliability
characteristics as other semi-

conductor devices in that the
failure rate has three distinct
phases. Within a relatively
short time, certain failure
mechanisms appear under
moderate levels of stress.
Failures which occur during this
phase are called infant mortality
failures. During infant mortality,
the failure rate decreases dra-
matically. Then for a long
period of time, infrequent
random failures occur. Finally,
device packages can actually
wear out and the failure rate
will increase again. For CMOS
integrated circuits, there are
only two significant wear-out
mechanisms; electromigration
and corrosion in plastic devices.
Electromigration is a function of
temperature and current density
in the metallization and is
influenced by the type of metal,
grain structure and surface
sealing. This phenomenon
occurs in all package types. The
other major wear-out mech-
anism is electrolytic corrosion of
the die metallization which
occurs in plastic packages. This

! Random Failure ! \Wearout
Mechanisms ) Phenomena
] n

Infant
Mortality
!

State

| |
! |
] Steady )
' |
] Constant |
| |

Failure Rate

is a function of the package/
passivation system and is
influenced by the type of
epoxy, the protective molding
compound and chip glassiva-
tion materials.

When the failure rate is plotted
as a function of time, the result
is the basic bathtub curve char-
acteristic of all semiconductor
devices. While the bathtub
curve is universal throughout
the IC industry, actual values
can vary greatly from one
manufacturer to another. Solid
State Scientific has many years
of experience in the manu-
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facturing of CMOS integrated

circuits, and our design rules

and processing techniques have
been developed to:

B minimize the infant mortality
failure mechanisms.

B detect potential failures
before they reach the
customer.

B control wear-out so that
operating life far exceeds the
lifetime required by the
customer.

'l prevent defects from occur-
ring at the earliest possible
stage.

State-of-the-Art
Device Development

Conservative Design Rules

At Solid State Scientific, rules
for mask lay-out extend the
operating life of the product far
beyond normal usage. This
reliability is a result of the
following design considerations:

B Metal width and spacing
controls in conjunction with
stringent in-process controls
eliminate electro-migration.
MIL-M-38510 Level B specifi-
cations call for a maximum
current density in glassivated
pure aluminum stripes of
5 x 10° ampsl/cm? Solid State
Scientific demands no more
than 1.5 x 10° ampslcm?2,
Also, an absolute minimum
design width for any metal
line is maintained for
standard industrial devices.

B Strictly controlled element
spacings and sizes are
specified for:

m all diffusion widths

m distances between pad
and scribe line for leakage
protection

B spacings between elements
to prevent inversion

W spacing between the
boundary of a diffusion
and the contact cut for the
diffusion to prevent
leakage.



B metal-to-metal and pad-to-
pad spacings

B pad size to insure room for
a good bond

B High voltage reverse baised

diodes to both Vss and Vop

in conjunction with series

resistors to protect inputs

from voltage transients and

ESD.

Each wafer contains its own
process control test cells. This
special device measures all
process and design parameters
that have a significant effect on
yield and reliability.

Controlled
Wafer Processing

Reliability Assured Through
Stringent Controls

At Solid State Scientific

we have one of the most
highly controlled wafer pro-
cessing facilities in the industry.
All MOS products are manu-
factured in the same fabrication
facility using identical materials,
technology, and MIL-M-38510
procedures and controls. All SS§
products are processed on a
fully approved MIL-M-38510

Produ&t Assurance Program

wafer line, whether destined

for the commercial or military

market.

Reliability is assured through:

B a special tapered oxide
process that controls the
edges of all cuts in the oxide
to obtain a nominal 45°
angle.

B planetary rotation during
metal evaporation. This
technique results in a con-
trolled oxide step with
uniform metal thickness.
Failure due to electron
migration is eliminated.

Table 1—Processing and Screening requirements for MIL-STD-883,

MIL-M-38510 and Standard products.

MIL-STD-883B 883C4 XXX

Method DESC Drawing MIL-M-38510
In accordance with  MIL-STD-8838 Class
5004 & 5005 Class B B
Assembly
Precap Visual (Cond. B) 20108 X X
Preconditioning
Seal & Lot Identification X X
Stabilzation Bake 24 hrs @ 150°C 1008C X X
Temperature Cycle 1010C X X
Centrifute Y1 2001E X X
Fine Leak 1014B X X
Gross Leak 1014C X X
Test and Burn-In
Initial Test X X
Static Burn-In, 160 Hr. Min. or Equiv. 1015 X X
Final Electrical 25°C, DC and Functional [A-1, A-7) X X
Final Electrical AC 25°C (A-4, A-9) X X
Final Electrical - 55°C DC and Functional (A-3, A-8) X X**
Final Electrical AC — 55°C (A-6, A-11) — X**
Final Electrical + 125°C DC and Functional (A-2, A-8b) X X**
Final Electrical AC + 125°C (A-5, A-10) — X **
External Visual 2009 X X

X = 100% Testing

— = Not Required

“{A-X)"* are Subgroups

*** 4" product has 168 hours of static burn-in or equivalent.
**Subgroups A-5, A-6, A-8, A-8b, A-10 and A-11 are only performed when required by the

detailed specification.
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B an ion-implant operation

to increase the P-channel
thick field inversion voltage.
This allows SSS to offer the
cost effectiveness of a smaller
chip while maintaining the
same low leakage and high
voltage characteristics found
in guard ring construction.

B test cells and test transistors

on every wafer are probed
for twelve parameters prior
to metal alloying and four-
teen parameters at final
wafer probe. Trends are
monitored continuously and
variations are detected im-
mediately. Typical parameters

industry. Every lot undergoes
100% inspection after each and
every mask level operation.

Sampling Inspection

Tables 2, 3, 4 and 5 illustrate the
sample criteria used to insure an

LTPD requirement for military
product. Sample sizes are based
on the Poisson exponential
binominal limit in accordance
with MIL-S-19500. The tables of
subgroup tests demonstrate the
level of quality conformance of
Hi-Rel Military and Standard
products.

measured are:

B threshold voltages of
transistors

W breakdown voltages of
transistors

B gate breakdown voltages
B transistor contact resistance
B metal strip fusing current

Our process controls are some
of the most stringent in the

W precision phosphorous
doping of the glass passiva-
tion that prevents surface
inversion during the life of
the device. Passivation layer
thickness is carefully chosen
to provide full coverage over
the tapered oxide steps. This
means superior long term
stability and added moisture
protection at the die level.

Table 2—Group A Electrical Sampling Inspection for Class B High-Reliability
CMOS Integrated Circuits per MIL-STD-883, Method 5005

883C4 XXX
DESC Drawing

LTPD  MiL-STD-883B MIL-M-38510
Subgroup Test Condition ClassB Class B Class B
1 DC Static Parameters Ta= +25°C 2 N v
2 DC Static Parameters Ta= +125°C 3 v v
3 DC Static Parameters Ta= —-55°C 5 v v
4 Dynamic Parameters Ta= +25°C 2 v v
7 Functional Parameters Ta= +25°C 2 v v
9 AC Parameters Ta = +25°C 2 v v
Note: Performed on each inspection lot.
Table 3—Group B Sampling Inspection for Class B High-Reliability
CMOS Integrated Circuits per MIL-STD-883, Method 5005
883C4 XXX
DESC Drawing
' MIL-STD-883 MIL-STD-883B MIL-M-38510
Subgroup Test Method & Condition Class B Class B
1 Physical Dimension 2016 — v v
2 Resistance to Solvents 2015 — v v
3 Solderability 2003 Soldering
Temperature 245°C + 5°C v v
4 Internal Visual and i
Mechanical 2014 — v p
5 Bond Strength 2011 ) W
6 Internal Water Vapor
Content 1018 — ~ ~
7 Fine and Gross Leak 1014B, 1014C — P o~
9 Vzap Per Detailed Specification v v

Note: Performed on each package type and lead finish for each week of seal (date code).
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Table 4—Group C Die-Related Tests for Class B High-Reliability CMOS
Integrated Circuits per MIL-STD-883, Method 5005

883C4 XXX
DESC Drawing
MIL-STD-883 MIL-STD-883B MIL-M-38510
Subgroup Test Method & Condition Class B Class B
1 Operating Life 1005, Tp = 125°C,
1000 hrs. or equiv. v v
Electrical Parameters As Specified v v
2 Temperature Cycling 1010 Test Condition C v v
Constant Acceleration 2001 Test Condition E v v
Fine Leak 10148 — v v
Gross Leak 1014C  — v v
Visual Examination 10100r 1011 v v
Electrical Parameters As Specified v v

Note: Performed every 13 weeks for each microcircuit group or as specified in the detailed drawing.

Table 5—Group D Package-Related Tests for High-Reliability CMOS
Integrated Circuits per MIL-STD-883, Method 5005

883C4 XXX
DESC Drawing
MIL-STD-883 MIL-STD-883B MIL-M-38510
Subgroup Test . Method & Condition ClassB Class B
1 Physical Dimensions 2016 — v v
2 Lead Integrity 2004 — s v
Fine Leak 1014B — v v
Gross Leak 1014C — - v
3 Thermal Shock 1011 Test Condition B Min. v v
Temperature Cycling 1010 Test Condition C
100 cycles v v
Moisture Resistance 1004 — v v
Fine Leak 1014 Test Condition B v v
Gross Leak 1014 Test Condition C v v
Visual Examination Per Visual of Method
1004 and 1010 v v
Electrical Parameters As Specified v v
4 Mechanical Shock 2002 Test Condition B v v
Vibration, var. freg. 2007 Test Condition A v v
Constant Acceleration,
Y1 plane 2001 Test Condition E v v
Fine Leak 1014 Test Condition B v v
Gross Leak 1014 Test Condition C v v
Visual Examination 10100r 1011 v v
Electrical Parameters As Specified v v
5 Salt Atmosphere 1009 Test Condition A v v
Fine Leak 1014B — v v
Gross Leak 1014C — v v
Visual Examination Per Visual of Method
1009 v v
6 Internal Water Vapor 1018 5000ppm Max.
Content v v
7 Adhesion of Lead Finish 2025 As Applicable v v
8 Lid Torque 2024 As Applicabie v v

Note: Performed every 26 weeks or as specified in the detailed drawing.
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Summary

Solid State Scientific has exten-
sive experience in all aspects of
CMOS integrated circuit tech-
nology. This expertise dates back
to 1968 with the design and
development of custom CMOS
devices for space applications.
In 1970 SSS began manufacturing
the 4000 Series standard circuits.
Today, with more than a decade
of CMOS experience, SSS is
respected as a major supplier of a
wide variety of CMOS products.
Over the years, our products
have established a reputation
for outstanding reliability in
applications as varied as data
processing, military and space
systems, automotive, and
timekeeping products. This
quality and reliability results
from a combination of:
® conservative design rules
® advanced wafer fabrication
capabilities
e stringent in-process controls
and inspection procedures
In addition, Solid State Scientific
adds one more ingredient to
every device, a company-wide

dedication to customer satisfaction.
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QPL Products

MIL-STD-883CClass B
CMOS 4000 Series
Products

CMOS 4000 Series devices are
available in Cerdip (Frit-Seal) (C),
Ceramic (Side-Brazed) (D)
packages, and Dice (H).

MIL-M-38510 Class B
CMOS 4000 Series,

QPL Accepted Product
Contact SSS Regional Sales Offices
for the current listing of MIL-M-
38510 Class B, QPL Accepted
Products.

MIL-M-38510 CMOS 4000 Series
devices are available in Ceramic
(Side-Brazed) and Cerdip
(Frit-Seal) packages.

Figure 1
MIL-STD-883C—Device Nomenclature

883C 4000 UB c

T_]

Product Class Prefix JEDEC SERIES Package Designation
883C—ClassB Product Type C—Cerdip (Frit-Seal)
UB = Unbuffered D—Ceramic
As defined in B Series {Side-Brazed)
MIL-M-38510, para. 3.4 A = A Series E—Epoxy Plastic
| B = BSeries H—Dice

Figure 2
MIL-M-38510—Device Nomenclature

JM 38510/ 050 01 B C C

—_— T
General Specification Lead finish !
Jor JAN prefix
Family Designator Package type
CMOS 4000 Series

Processing level

rDevice type —I-——-

MIL-M-38510 Package Type
C 14-lead 1/4 x 3/14 DIP!

E  1é-lead 1/4 x 7/18 DIP!

MIL-M-38510 Lead Finish'

A  Hot Solder Dip C Gold Plate
B TinPlate X Optional

1. Note: Hot Solder Dip and Tin Plate lead finishes are available in Cerdip (Frit-Seal)
packages. Tin plate and gold lead finishes are available in Ceramic (Side-Brazed)
packages. When ordering tin plate lead finishes, specify package preferred.

307



~Notes










Solid State Scientific
Sales Offices

NORTH AMERICA

2444 Moorpark Avenue 10 Dale Street

San Jose, CA 95128 Waitham, MA 02154
(408) 241-7111 (617) 891-7530

TWX-910-997-0074

15010 Ventura Blvd.
Sherman Oaks, CA 91403
(213) 995-6666
TWX-910-495-1746

3395L N. Arlington Heights Rd.

Arlington Heights, IL 60004
(312) 255-3883
TWX-910-687-0270

12703 A. Research Blvd.
Austin, TX 78759

(512) 331-0778
TWX-910-997-6560

EUROPE

TWX-710-324-0321

3900 Welsh Road
Willow Grove, PA 19090
{215) 657-8400
TWX-510-661-7267

8001 N. Dale Mabry Hwy.
Building 501, Suite T
Tampa, FL 33614

(813) 935-8203
TWX-810-876-9120

3900 Welsh Road
Willow Grove, PA 19090
(215) 657-8400
TWX-510-661-7267
Telex-476-1101

FAR EAST

G.P.O.B. 4289

Hong Kong

Tel: 0-283188
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