MIL-M-38510/90

4 June 1980
SUPERSEDING
MIL-M-38510/9C(USAF)
5 December 1975

MILITARY SPECIFICATION
MICROCIRCUITS, DIGITAL TTL,
SHIFT REGISTERS, MONOLITHIC SILICON
This specification is approved for use by all Depart-

ments and Agencies of the Department of Defense.

1. SCOPE

1.1 Scope. This specification covers the detail requirements for monolithic silicon, TTL, shift
register microcircuits. Three product assurance classes and a choice of case outline/lead finish
are provided for each type and are reflected in the complete part number.

1.2 Part number. The complete part number shall be in accordance with MIL-M-38510.

1.2.1 Device type. The device type shall be as follows:

Device type Circuit
01 4 bit right-shift, left-shift register
02 5 bit shift register
03 8 bit parallel-out serial shift register
04 8 bit parallel-load shift register
05 4 bit bidirectional shift register
06 4 bit parallel-access shift register

1.2.2 Device class. The device class shall be the product assurance level as defined in MIL-M-38510.

1.2.3 Case outline. The case outline shall be designated as follows:
Outline letter Case outline, MIL-M-38510, appendix C
F-1 {14-pin, 1/4" x 1/4", flat pack)
F-3 (14-pin, 3/16" x 1/4", flat pack)
D-1 (14-pin, 1/4" x 3/4", dual-in-line pack)
F-2 (14-pin, 1/4" x 3/8", flat pack)
D-2 (
F-5 (

16-pin, 1/4" x 7/8", dual-in-line pack)
16-pin, 1/4" x 3/8", flat pack)

MMOoOO®E D>

1.3 Absolute maximum ratings.

Supply voltage range (VCC) ---------------- -0.5 Vdc to 7.0 Vdc
Input voltage range- - = = = = = = = = = = « = = = = - - - -1.5 Vdc at -12 mA to 5.5 Vdc
Storage temperature range- - - = = = = = - = - - - -~ - - - -65° to 150°C

Maximum power dissipation
per register, PD 1/

Device type 01 - = = = = = = = = = = = = = = = = - - - 422 mWdc
Device type 02 - = = = = = = = = = = = = = - = - = - - 400 mWdc
Device type 03 = = = = = - = = = =~ = - = = - -~ ~ - - 322 mWdc
Device type 04 - - ~ -~ =« = =~ = = - = - - - - - - - - - 372 mWdc
Device type 05 - = = = = =~ = = = = - = - - - - - - - - 360 mWdc
Device type 06 - - - = = = = = = = = = - - - - - - - - 372 mWdc

1/ Must withstand the added P due to short circuit test (e.g., IOS)'

Beneficial comments (recommendations, additions, deletions) and any pertinent data which may
be of use in improving this document should be addressed to: Rome Air Development Center
(RBE-2), Griffiss AFB, NY 13441, by using the self-addressed Standardization Document
Improvement Proposal (DD Form 1426) appearing at the end of this document or by letter.

FSC 5962
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Lead temperature

(soldering, 10 secondg)~ - = = = = = = = = = = = - = = = =

Thermal resistance, junction to case

Junction temperature

1.4 Recommended operating conditions.

Supply voltage (VCC)

Minimum high level input voltage- - - - - = = = - - -
Maximum low level input voltage
Ambient operating temperature range
Fan out
Device types 01, 02, 04, 05, and 06
High Togic level- - = - = = = = = = = = = = = - -
Low logic level
Device type 03
High logic level~ ~ = = = = = = = =~ - = = = = - -
Low logic level
Device type 01
Low level setup time at mode control
with respect to clock 1 input
High level setup time at mode control
with respect to clock 2 input
Low Tevel setup time at mode control
with respect to clock 2 input
High level setup time at mode control
with respect to clock 1 input
Width of clock pulse- = = = = =~ = = = = = = = =~ =
Setup time required at serial A, B,
C, D inputs
Hold time required at serial A, B,
C, D inputs
Device type 02
Minimum clock pulse width
Minimum clear pulse width
Minimum preset pulse width- - = = = = = - - - - -
Serial input setup time
Serial input hold time- - - = = = = = = = = - - -
Device type 03
Minimum clock pulse width
Minimum clear pulse width
Serial setup time
Serjal hold time
Device type 04
Width of clock input pulse~ - - = = = = - - - - =
Width of load input pulse
Clock enable setup time
Parallel input setup time
Serial input setup time
Shift setup time- - - - = = = = - = = = = = = = =
Hold time at serial input
Hold time at parallel input
Device type 05
Width of clock input pulse
Width of clear input pulse
Data input setup time
Clear input setup time
Hold time at any input
Mode control setup time

8¢ * {0.09°C/mw for flat pack

T

0.08°C/mW for dual-in-Tine pack
g 175°C

4.5 Vdc minimum to 5.5 Vdc maximum

2.0 Vdc
0.8 Vdc
-55° to 125°C
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Device type 06

Width of clock input pulse - = = = = = = = = - - - 16 ns minimum
Width of clear input pulse - = = = = = = = = - - - 12 ns minimum
Shift load input setup time- - = = = = = = - - - - 27 ns minimum
Data input setup time- - - = - - = = - - - - - - - 20 ns minimum
Clear input setup time - - = = = = = = = = = - - - 25 ns minimum
Shift load release time - - - = « = = = = = = - - 10 ns maximum
Data hold time = = = - = = = = = = = = = = = = =~ - 0 ns minimum

2. APPLICABLE DOCUMENTS

2.1 Issues of documents. The following documents, of the issue in effect on date of invitation
for bids or request for proposal, form a part of this specification to the extent specified herein.

SPECIFICATION
MILITARY
MIL-M-38510 - Microcircuits, General Specification for.
STANDARD
MILITARY
MIL-STD-883 - Test Methods and Procedures for Microcircuits.
(Copies of specifications, standards, drawings, and publications required by contractors in
connection with specific procurement functions should be obtained from the procuring activity or as
directed by the contracting officer.)

3. REQUIREMENTS

3.1 Detail specifications. The individual item requirements shall be in accordance with
MIL-M-385T0, and as specified herein.

3.2 Design, construction, and physical dimensions. The design, construction, and physical
dimensions shall be as specified in MIL-M-38510 and herein.

3.2.1 Terminal connections. The terminal connections shall be as specified on figure 1.

3.2.2 Truth tables and timing diagrams. The truth tables and timing diagrams shall be as
specified on figure 2.

3.2.3 Logic diagrams. The Tlogic diagrams shall be as specified on figure 3.

3.2.4 Schematic circuits. The schematic circuits shall be as specified on figure 4.

3.2.5 Case outlines. The case outlines shall be as specified in 1.2.3.

( 3.2 %ead material and finish. Lead material and finish shall be in accordance with MIL-M-38510
see 6.5).

3.4 Electrical performance characteristics. The electrical performance characteristics are as

specified in table I and apply over the full recommended ambient operating temperature range, unless
otherwise specified.
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TABLE 1. Electrical characteristics.
" Device Limits R
Test Symbol Conditions type Wi e Unit
High level output voltage VOH VCC = 4,5V, VIN =20V 02,03 2.4 Volts
IOH = =400 uA
Vee © 4.5V, Vi = 2.0V 8;,82, 2.4 Volts
IOH = ~800 uA
‘Low level output voltage v Vo = 4.5V, Vo = 0.8V 01,02,04, 0.4 |Volts
oL cc IN
=1 05,06
oL = 6 mA
VCC =45V, V= 0.8V 03 0.4 [Volts
IOL = 8 mA
High level input voltage VIH VCC =4,5V 01,02,03,| 2.0 Volts
04,05,06
Low level input voltage VIL VCC = 4.5V 01,02,03, 0.8 |Volts
04,05,06
Input clamp voltage VIC VCC = 4.5V, IIN = =12 mA 01,02,03 ~1.5 | Volts
T = p50C 04,05,06
A
High level input current IIH] VCC = 5.5V, VIN = 2.4V 01 40 uA
at any input except - =
mode control IIH2 VCC 5.5V, VIN 5.5V ol 100 A
High level input current IIH3 Vcc = 5.5V, VIN = 2.4V 01 80 uA
at mode control i VT 55V, Vg = 5.5V o1 700 | oA
IH4 cC 2 P TIN °
High level input current at IIH] VCc = 5.5V, VIN = 2.4V 0?2 40 wA
any input except preset Ty Voo = 55 Vo Ty = 5:5 ¥ 02 00 | WA
High Tevel input current IIH3 VCC = 5.5V, VIN = 2.4V 02 200 | uwA
at preset I Vo =55V, Vyy = 5.5V 02 500 | iR
TH4 cc T2 I T Y o
Hig: Teve] 1n€ut curren? IIH] VCC =55V, VIN =24V 03 40 WA
at any input except clear
’ ’ Ty [Veo = 5-5 Vs Vg = 5.5V 03 T00 | wA
High level input current 1 Ve = 5,5 V, Vo = 2.4V 03 80 A
it clear IH3 cc i, * TIN - ¥
IIH4 VCC =55V, vIN =55V 03 200 [uA
High Tevel input current IIH] VCC = 5.5V, VIN = 2.4V 04 40 uA
other than load input IIHZ VCC TE5V, VIN TEEV 5a 106 [
High level input current, IIH3 VCC = 5.5V, VIN =24V 04 120 | uA
Toad input Tina | Vec = 55 Vo Vyy = 6.5V of 300 | A
High level input current IIH] VCc = 5.5V, VIN = 2.4V 05,06 40° uA
I]HZ VCc =55V, VIN = 5.5V 05,06 100 WA
Low level input current I Vap = 5.5V, Voo = 0.4V 0 -0.4 -1.6 |mA
at any input except I ce IN
mode control
Low Tevel input current I V.. =55V, V, =04V 0 -0.8 -3.2 [mA
at mode control L2 cc N
Low level input current at IIL1 VCC = 5,6V, VIN = 0.4V 02 -0.7 1.6 |mA
any input except preset
Low level input current I V.. =5.5Y, Voy = 0.4V 0?2 -3.0 -8.0 [mA
at preset 1L2 cC IN
Low level input current at IILl VCC = 5.5V, VIN = 0.4V 03 -0.4 -1.6 | mA
any input except clear
Low level innut current I Vo = 5.5 ¥, Vo, = 0.4V 03 -0.7 -
at clear L2 te IN 2.6 | mA

See footnotes at end of table.
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TABLE I. Electrical characteristics - Continued.
( . Device Limits
Te Sy mbol vi
L_..._.__....___A,,_re_s_t___@_ v mbo Conditions type e o Unit
Low level input current, I Vop = 5.5V, Vo, = 0.4V 04 -1.2 -3.9 [mA
load input I te IN
Low Tevel input current 1 Vapr = 5.5V, V,, =04V 04 - -
other than clock and load IL2 ce IN 0.4 1.3 jmA
input
Low Tevel input current, I Vapr = 5.5V, V), = 0.4V - -
clock input IL3 cc IN 04 0.4 1.6 |mA
tow level input current IIL] Vcc =551V, VIN = 0.4V 05 -0.4 -1.3 |mA
other than SO’ S], and
clock input
Low level input current at I Vo.=55V, V., =04V 05 -0.4 -1.6 | mA
S, and S, input 12 cc IN
0 1
Low level input current at 1 Vo.=5.5V, V¥V, =04V 05 -0.7 -1.6 |mA
clock input IL3 ce N
Low level input current at 1 Vo = 5.5V, V,, = 0.4V 06 ~-0.4 -1.3 [ mA
clear input oy cc IN
Low Jevel input current 1 Voo = 5.5V, V., = 0.4V 06 -0.4 -1.6 | mA
other than clear and Iz e IN
clock inputs
tow level input current I Voo = 5,5V, Vi, =04V 06 -0.7 -1.6 | mA
at clock input s ce N
Short~circuit output IOS Vcc =65V 1/ 01 -18 =57 |mA
current 02,05,06 | -20 57 mA
03 10 |-27.5 _|mA
04 -20 -55 TmA
Supply current 1 Vop = 5.5V 2/ 01 72 _|mA
e e 07 68 [mA
04,05,06 63 [mA
Supply current ICC] VCC =55V, 03 44 [mA
Vin(clock) T 04V ¥
ATCCZ VCC = 5,5V, 03 54 " TmA
ViN(Clock) T 24V ¥/
Maximum shift frequency fMAX Vv ¢ 5V 01 16 MHz
Propagation delay time, to €, = 50 pF +10% 10 42 |ns
low-to-high level from R = 4000 *5%
clock 1 or clock 2 to L -
outputs (See figure 6)
Propagation deTay time, Tonl 10 49  [ns
high-to-Tow level from
clock 1 or clock 2 to
outputs
Maximum clock frequency fMAX VCC =5V 02 7 MHz
Propagation delay time, tPLH] CL = 50 pF +10% 12 56 [ns
low-to-high level, from R = 4000 +5%
clock to output L -
Propagation delay time, tPHL] (See figure 7) 12 56 |ns
high-to-low level, from
clock to output
ropagation delay time, tPLH2 12 59 ins
low-to-high level, from
preset to output
Propagation delay time, tonLs 12 77 |[ns
high-to-Tow level, from
clear to output

See footnotes at end of table.
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Electrical characteristics - Continued.

Test

Symbol

Conditions

Device
type

Limits

Min

Max

Unit

Maximum clock freguency

Fuax

VCC =5V

Propagation delay time,
high-to-Tow level, clear
input to Q outputs

tpuLs

C, = 50 pF 103
R = 8002 *5%

Propagation delay time,
high-to-low level, clock
input to Q outputs

)

(See figure 8)

Propagation delay time,
low-to-high level, clock
input to Q outputs

tpLhz

03

18

MHz

12

63

ns

10

52

ns

10

72

ns

Maximum clock frequency

fuax

VCC = 5.0V

Propagation delay time,
low-to-high Tevel, load
input to any output

toLm

€, = 50 pF +10%
R, = 4000 #5%

“Propagation delay time,
high-to-low level, load
input to any output

tpuL

(See figure 9)

Propagation delay time,
low-to-high level, clock
input to any output

tpLmz

Propagation delay time,
high-to-low level, clock
inpu* to any output

touLe

Propagation delay time,
low-to-high level, H input
to QH output

o3

Propagation delay time,
high-to-Tow level, H input
to QH output

thuL3

Propagation delay time,
low-to-high Tevel, H input
to QH output

tpLHa

Propagation delay time,
high-to-Tow level, H input
to QH output

tpHLa

04

14

MHz

10

10

ns

60

ns

37

ns

10

a7

ns

27

ns

T

54

ns

10

a1

ns

41

ns

Maximum clock frequency

uax

Vee = 5.0 v

Propagation delay time,
high-to-Tow Tevel output.
from clear

oL

C, = 50 pF +10%
R, = 4000 5%

Propagation delay time,
lTow~to-high level output
from clock

thLk2

(See figure 10)

Propagation delay time,
high-to-low level output
from clock

tphL2

05

MHz

48

ns

36

ns

a4

ns

See footnotes at end of table.
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TABLE I. Electrical characteristics - Continued.
] Device Limits .
Test Symbol Conditions type in Max Unit
Maximum clock frequency fMAX V =5.0V 06 24 MHz
Propagation delay time, t C = 50 pF +10%
high-to-Tow Tevel output PHL RL 4000 +5 7 34 |ns
from clear L i
Propagation deTay time, toLh2 (See figure 11) 7 28 [ns
low-to-high level output
from clock
Propagation delay time, tPHLZ 7 34 |ns
high-to-tow level output
from clock

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

2/ Device type:

01 ~ MWith the outputs open, mode control at 4.5 V, clock pulse applied to both clock
inputs, ICC is measured immediately after the application of the clock pulse.

02 - MWith the outputs open, presets at 4.5V, ICC is measured with the clock at ground and
again with the clock at 4.5 V.

03 - ICC is measured with outputs open, serial inputs grounded, and a momentary ground,
then 4.5 V applied to clear.

04 - With the outputs open, serial at ground, clock, clock inhibit, and parallel inputs at
4.5V, ICC is measured by applying momentary ground, then 4.5 V to shift load prior
to measurement.

05 =~ With all outputs open, 1nputs A thru D grounded, 5.5 V applied to S ], clear, and
the serial inputs, I e is tested by applying clock pulse.

06 =~ With the outputs open, clear at 5.5 V, shift load, J, X, and data inputs grounded,

ICC is measured by applying clock pulse.

3.5 Electrical test requirements. Electrical test requirements shall be as specified in table II.
The subgroups of table ]I which constitute the minimum electrical test requirements for screening,
qualification and quality conformance by device class are specified in table II. (Subgroups 7 and 8
testing require only a summary of attributes data).

TABLE II. Electrical test requirements.
Applicable tests and T Sgbgroups éiee tgb1e 111%1;;; T
MIL-STD-883 test methods ass ass b S L
device 2/ device 2, device 2/
Interim electrical parameters 1 1
(pre burn-in) (method 5004)
Final electrical test parameters 1%,2,3,7, 1*,2,3, 1,7
method 5004 9,10,11 7,9
Group A test requirements 1,2,3,7,8, 1,2,3,7, 1,2,3,
method 5005 9,10,11 9,10,11 7,9
Group C end-point electrical 1,2,3 1
parameters (method 5005)
Additional electrical subgroups for 10,11
group C periodic inspections ) -
Group D end-point electrical 1,2,3 1,2,3 1
parameters (method 5005)

1/ (*) indicates PDA applies to subgroup 1 (see 4.2 c).
2/ Blank spaces indicate tests are not applicable.
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SERIAL INPUT INPUT INPUT INPUT MODE GND SCRIAL 8 [od o] MODE GND
INPUT A 8 C [} CONTROL INPUT M INPUTS ==/ CONTROL
Case A, Band D Case C
Device Type 01
cs—om.nc')PUTs\ OUTPUTS  SERIAL OUTRUTS
CLEAR™A 8 Q" eno O Q¢ INPUT Vee '@y Q; Q@ Qg ‘cLEARCLOCK
I RN wifnlfein{{u]fsjje]
1 ] I I I 1 I ‘L
Q Q Q Q Qr Ik
< A B C D E <
“ EE Qy Qg Qf Q¢ cLear
we
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b b A CLOCK
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8 0 Q Qg Q¢ Qp
8 A 8
o A B _C D E &&
| | 1 1 | I |
| 2{13]4]]5 6 11]8 1 211304 5 s 17
CLOCK A B C V D £ PRESET A B, . Q Qp, GND
C A
prESETs —/ O PRESETS ENABLE \ v /
SERIAL INPUTS OUTPUTS

Cases E and F

Device Type 02

Case A, B, Cand D

Device Type 03

PARALLTL INPUTS

cLock SERIALOUTPUT
Vee NHBIT DT € B A INPUT Oy
Bl gujwolle
Cluck D € SERIAL
INHIBIT N
SHIFT/
LOAD Qy
cLOCK € F o W Oy

LOAD

| [ [ 1 |
IR IRZIRRIERIRR IR IR
SHIFT/CLOCK _E g oUTPUY GND

o

PAAALLEL INPUTS

FIGURE 1.

Cases E and F_
Device Type 04

Terminal connections.

8
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OUTPUTS —\

Vee Qa Q8 Q¢ Qpcrock si. SO
w5l 3tjiellu{]iolls
Qa Qg Q¢ Qp CLOCK SI
CLEAR SO
R A B C D L
r12M3M4(15[le[17[]s
SHIFT SHIFT
CLEARSHET A" B C D, SHFTGND

SERIAL

Vv
inPuT PARALLEL INPUTS ?EPRLIJATL

CasesE and F_
Device Type 05

OUTRUTS
N\ SHIFT/
vec ‘04 98 Q¢ Qp 3p cLock LOAD
e s el {3l l{o]]le
Qy Qg Q¢ Qp QpCLock
SHIFT/
CLEAR SHF
J K A B C D
rfle2M3Maflsle[l17[]s
CLEAR\J K,\A B C D, GND
\4 V
SERIAL  PARALLEL INPUTS
INPUTS

Cases E and F
Device Type 06

FIGURE 1. Terminal connections - continued
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Device type 01

INPUTS OUTPUTS

MODE CLOCKS PARALLEL

contRoL[Z T TRl Pt [RATE € B A 9 % %
H H X X X X X X 1Qao Qo CGco Qpo
H 4 X X a b c d a b c d
H 4 X X Qgt Qct Opt d | Qg Qcn Qpn d
L L H X X X X X | QGao Qgo Qco Qpo
L X H X X X X| H Qan Qgn Qcn
L X L X X X X | L Qan Ogn Qcn
t L L X X X X X 1Qao Qgo Qcp Qpo
4 L L X X X X X [ Qap Qo Qco Qpo
4 L H X X X X X | Qap Qo Qco Qpo
t H L X X X X X |oag Qgg Qco Qpo
1 H H X X X X X 1 Qap Qo Qco Qpo

TShifting left requires external connection of Qg to A, Q¢ to B, and Qp to C. Sarial data is entered at input D,
H = high lavel {steady state}, L = low leve} (steady state), X = irrelevant {any input, inciuding transitions}
| = transition from high to low levet, I = transition from low to high lavai
a, b, ¢, d = the level of steady-state input at inputs A, B, C, or D, raspactively.
Qpg. Qgo. Acg, Qpo = the lavel of Qa, Qg, Q¢, or Qp. respectively, betfore the indicated steady-state input conditions were established.
Qan. Qp. Aen, Qpa = the level of Qu, Qp, Gg, or Qp, rospectivety, before the most-recant | transition of tha clock.

Device type 02

INPUTS QUTPUTS
PRESET PRESET

CLEAR CLOCK [SERIAL| Qa Qg O¢c Qp Qg

ENABLEIA B C D E
L L X X X X X X X Lot LoLL
L X L L L L L X X L L L L L
H H H H H H H X X H H H H H
H H L L L L L L X |Qap Qo Qco Qpo Qeo
H H H L 4 L H L X H Qgg H Qpp H
H L X X X X X L X Qao0 Qo Qco Qpo Qeo
H L X X X X X ? H H  Qan Qgn Qcn Qon
H L X X X X X t L L Qan Q8n Qcn Qpn

H = high tevel {steady state}, L = low level (steady state)

X = irralavant {any input, including transitions)

t = transition from tow to high tevel

Qaq, Qgp. stc = the lsvel of Qa, Qg, etc, respactively before the indicatsd steady-state input conditions ware astabtished.
Qan. Qgp, otc = the level of Qp, Qpg, etc, respactively before the most-recent t transition of the clock,

Device type 03

tINPUTS QUTPUTS
CLEAR|CLOCK [A 8 | Qs Qp ... Oy H = high leval (steady state), L = low leval (steady stata)
L X X X L L L X = irralovant {any input, including transitions)
H L % X |Qag Qgo Qro t = transition trom low to high leval.
H + H H H Q Qag. Qgo. QHo = the level of Qa. Qg. or Qy, respectively, bafore the indicated
An oGn steady-state input conditions were established.
H t L X L  QOan QGn Qan. Qgn = the level of Qa or Qg before the most-recent T transition of the
H 4 % L L Qan QGn clock; indicates a one-bit shift,

FIGURE 2. Truth tables and timing diagrams.
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Device type 04

INPUTS INTERNAL
ouUTPUT
SHIFT/ | CLOCK PARALLEL] QUTPUTS
CLOCK| SERIAL Qy
LOAD [INHIBIT A...H | 05 O
L X X X a...h a b h
H L L X X Qap Qgo QHo
H L t H X H Qan Qgn
H L 1 L X L Qan Qgn
H H t X X Qa0 Qgo QHo

H = high level (steady state), L = low lavel {steady stata}
X = irrefevant (any input, including transitions)
T = transition from low to hign fevel
a...h = the level of steady-stata input at inputs A thru H, respectivaly.
QaQ. Qgg. QHp = the lavel of Qp, Qg, or Qyy, respectively, bafore the indicated steady state input conditions ware astablished.
Qan. Qgn. = the level of Q4 or Qg. respactively, before the most recent [ transition ot tha clock.’

Device type 05

INPUTS OUTPUTS
MODE : SERIAL PARALLEL
CLEAR cLOCK ay 0g Q¢ Op
S1 Sg LEFT RIGHT{A B C D
L X X X X X |X X X X{ L L L t
H X X L X X X X X X|Qap Qo Qco Qpo
H H H t X X a b ¢ d a b c d
H L H t X H X X X X| H Qan, Qgn Qcn
H L H t X L |X X X X| t Qan, Ogn Qcn
H H oL t H X [X X X X|Qgn Qcn Qpn H
H H L t L X |X X X X{Qpp Qca Qpn L
H L L X X X X X X X{QGao Qgo Qco Qpo
Device type 06
INPUTS QUTPUTS
cLeanSM T ook [SERIAL] PARALLEL as Gg 9 op o
LOAD Jd Kia B C D
L X X X XX X X x| L L ¢t L H
H L t X X|la b c df a b ¢ d d
H H L X X |X X X X|Qag @so Qco Qoo Qpo
H H t L H|X X X X|Qao Qag 98n Qcn Gcn
H H t L L{X X X X| L Qan Ogn Qca Qcn
H H t H HIX X X X| H Qan Qgn Qcn Ocn
H H 1 H L [X X X X[@Gan Q@an Qan Qcn Qcn

FIGURE 2.

Truth tables and timing diagrams -

H = high fevel (steady srate)

L = tow level {steady state)

X = irrelevant {any input, including transitions]

1 = transition from low to high leval

a, b, c,d=~the level of sready-state input at

inputs A, B, C, or D, raspactively

Qag. Qgo. Qco. Qpo = the lovel of Qa, Qg
Qge. or Qp, respéctive-
ly, before the indica-
ted steady state input
conditions wara estab-
lished

Qan. Qan. Qgn, Qpn = the fevel of Qa, Qg,
e, Qp, respectively,
before the mostrecent

T transtion of the

clock

H = high level (steady state)
L = low level {s1eady state}
X = irr@lavant (any input, including transitions)
t = transition from low to high level
a, b, ¢, d = tha lavel of steady state input at A, B,
C, or D, respectivaly
Qap. Qgp. Qco. Apg = the level of Qy, Q. Ac.
or Qp. respactively, be
fore the indicated stesOy-
state conditions
ware established
Qan. Qgn. Qcp = the fevel of Qn, Qg, or Qg
respactively, before the most-
racent transition of tha clock

input

Continued.
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Device type 01

Positive logic: Mode control = L for right shift.
Mode control = H for left shift or parallel load.

Transfer of information to the output pins occurs when the clock input goes
from a logical H to a logical L.

Device type 02
Positive logic: Low input of clear sets all outputs to logical L.

Clear input is independent of clock.
Preset is independent of the clock or clear inputs.

The flip-flops may be independently set to the logical H state by applying a logical H to both
the preset input of the specific flip-flop and the common preset input.

Transfer of information to the output pins occurs when the clock input goes from a logical
L to a logical H.

The clear input shall be a logical H and the preset input shall be at a logical L. when clocking
occurs.

The proper information shall appear at the R-S inputs of each flip-flop prior to the rising edge
of the clock input voltage waveform.

I 2 3 4 5 6 I 121314 15 16 17 18 19 20 21 22

CLOCK PULSE MU
SERIAL INPUT [} ),;I l

OUTPUT A l l . ' |
OuUTPUT B

OUTPUT C [

QUTPUT D "

OUTPUTE J_L,/,r

SYNCHRONOUS OPERATION

> 7

1

[ 1
[ 1
[

FIGURE 2. Truth tables and timing diagrams - Continued.
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PRESET PULSE_[ | _ T
ocee 1 n
PRESET B-D PULSES n

| 2 3 4 5 6 7 8 9 10
RISV I U 1 T I A 6 A O
ouTPUT A  _ | L M
OUTPUT B 1 [
OUTPUT C I T
OUTPUT D ] a |
OUTPUT E [ |

ASYNCHRONOUS OPERATION

DEVICE TYPE 02

NOTE TYPICAL INPUT/OUTPUT VOLTAGE WAVEFORMS
INPUTS NOT SHOWN ARE HELD AT LOGIC LEVEL"L".

Device type 03

SERIAL INPUTS A AND B

INPUTS OUTPUT

AT tn AT tn+ 1
A B Qa

H H H

L H L

H L L

L L L

Positive logic: tp = bit time before clock pulse.
tpe 1 = bit time after clock pulse.
Data at the serial inputs may be changed while the clock is high, but only
information meeting the setup requirements will be entered. Clocking occurs
on the low-to-high level transition of the clock input.
The clear input is asynchronous. Low-level at clear input sets all outputs to
logical low.

FIGURE 2. Truth table and timing diagrams - continued.
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TYPICAL CLEAR, INHIBIT, SHIFT,CLEAR, AND INHIBIT SEQUENCES

CLEAR LT }J
A—
T e T S e N
INPUTS i
B—— [ _
cock T LML UL UunUL
(QA::1, .
Qg- "] L1 !
o [ TS W
anZI1 L
OUTPUTSJ ]
Q"1 | | J
@1 —
Q-1
Qu-"1
~
| |
CLEAR CLEAR

Device Type 04

Positive logic: Transfer of information to the output occurs when the clock input goes from
a logical L to a logical H.

Clocking is accomplished through a 2-input positive-NOR gate, permitting one input to be used
as a clock-inhibit function. Holding either of the clock inputs high inhibits clocking, and holding
either clock input low with the load input high enables the other clock input. The clock-inhibit
should be changed to the high level only while the clock input is high. Parallel loading is
inhibited as long as the load input is high. When taken low, data at the parallel inputs are loaded
directly into the register independently of the state of the clock.

TYPICAL SHIFT, LOAD, AND INHIBIT SEQUENCES

cook [ LML U UL LU

CLOCK INHIBIT ]

SERIAL INPUT L !

SHIFT/LOAD L] H

- ! |

A ‘Eﬁl I

B8 oL |

N f

c fiH] !

D :L N

I

DATAC n7:1 |

F L :

l T

6__Jiwl !

I

_ IH }

I

ouTPUT QY ~ T T :H Hle [rleJrle [rl
ouTPUT Y~ 7] e o Rlemle e

1

mean—vk———ssnw_ SHIF T ———er—tm

LOAD

FIGURE 2. Truth tables and timing diagrams - continued,
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Device Type 05

Positive logic:
The register has four distinct modes of operation, namely:

MODE CONTROL
S1 SO
Parallel (Broadside) Load H H
Shift Right (in the direction QA towardQp)| L H
Shift Left (In the direction QD toward QA) H L
Inhibit Clock (Do nothing) i L L

In the parallel-load mode, data is loaded into the associated flip-flop and appears
at the output after the positive transition of the clock input. During loading,
serial data flow is inhibited. Shift right is accomplished synchronously with

the rising edge of the clock pulse when SO is high and S1 is low. Serial data

for this mode is entered at the shift-right data input. When SO is low and S1

is high, data shifts left synchronously and new data is entered at the shift-

left serial input. Clocking of the flip-flops is inhibited when both mode-control
inputs are low. The mode controls should be changed only while the clock input
is high.

typical clear, load, right-shift, left- shift, inhibit, and clear sequences

Mope (50277 — 1
ONTROLY ___ &
iNPUTS | SIZZT 1 ' b
CLEAR'—]l._Ii : E i i '}J'
SERIAL | R I 1 [ g I
DATA [y o ] !
INPUTS | L — ! :W‘-&—
A4 ! 5 :
] ] i 1
PARALLEL | B . : :[ |
DATA < ! i T )
INPUTS C_.d'?_l L : i
D4 L L : :
\ _-l ' T | i H |
’QA__L_!"‘TLI—I - I _
] ] ]
& S H L ;
OUTPUTS<Q - e ! ]
C | I | L_.,;__L__J' I_ll: | -
op-1 Ll :
| j@—SHIFT RIGHT—s| |e—SHIFT LEF Febe—INHIBIT—]
CLEAR LOAD CLEAR

FIGURE 2. Truth tables and timing diagrams - continued.
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Device type 06

Positive logic:
The registers have two modes of operation:
Parallel (broadside) load
Shift (in direction Qp toward Qp)

Parallel loading is accomplished by applying the four bits of data and taking the shift/load
control input low. The data is loaded into the associated flip-flop and appears at the outputs
after the positive transition of the clock input. During loading, serial data flow is inhibited.

Shifting is accomplished synchronously when the shift/load control input is high. Serial
data for this mode is entered at the J-K inputs. These inputs permit the first stage to
perform as a J-K, D-, or T-type flip-flop as shown in the truth table.

TRUTH TABLE
Inputs at tp Outputs at t;,, 1

J K QA Qp Q¢ 9

L H QAn QaAn QBn QCn @Cn
L L L QAn QBn QCn QCn
H H I'j QAn QBn an 9Cn
H L QAan Qan QBn QWn  Qcp

H = high level, L = low level

NOTES: 1. tj = bit time before clock pulse
2. tp,1 = bit time after clock pulse
3. QAn = state of QAn at tg.

typical clear, shift, and load sequences

CLock 1Lyt re e o rert
]

CLEAR jl._J

) [}
i |
seriaLf ¥ — 1 :
INPUTSY] K { : 1 :
SHIFT/LOAD ] , I
A | : _rH_f—l |
} 1 1
PARALLEL | B i E L :
DATA <
iNPUTS | € — : S
Qp === — —
Og 273 I ’
OUTPUTS 9 o 1211 : pr— :
[Qp===1 i 1 i — —
]
| e SERIAL SHIFT——#  t@——SERIAL SHIF T—-
CLEAR LOAD

FIGURE 2. Truth tables and timing diagrams - continued.
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Device type 03

OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT
Qp Qg Qc Qp Qe Qf Qg QH
9

s Qape4s Qpl-e4s Ocle-4s Qp}e4s Qel-eqs QF}e4s QG
~qclock | ~qerock | dcLock | ~dqerock | pdclock | pqeLock | ~geLock | g

R Q¢ R Qp R Gf rR & R Qg

R Qg
CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR CLEAR
CLEAR] | LCLEAR] £ (CLEAR] | |CLEAR] _"._l 1

2

A B, CLOCK CLEAR Device type 04
SERIAL INPUTS

PARALLEL
INPUTS
A
/ a 8 c D £ F 6 Ho\
T’ TT ﬂ ? ? ? ?
PRESET| PRESET FPRESET] PRESET [PRESE PRESET PRESE T PRESET ouTPUT
Qa S Qg Qp S Qg S Qf S Qg S Qu -0 QH
o CLOCK ~ CLOCK we CLOCK ws CLOCK ~dcLock <fcrock |} pdcLock | dclock OUTPUT
R R R Qg R QG R Qg R Qn ° 3
CLEAR CLEAR LfAR CLEAR CLEAR CLEAR CLEAR CLEAR H

.
A

O
SERIAL SHIFT/ CLOCK CLOCK
INPUT LOAD INHIBIT

FIGURE 3. Logic diagrams - continued.
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Device type 05

PARALLEL OUTPUTS
/. b —\
' Qg Qc Qp
Q Q 0 <)
'—MS Qa9 s Qple —<{>—-‘$ Qcl-¢ -—4>—S Qo
—dCLOCK —deLoex Fccwcx —dcrocx
R R R R
CLEAR CL§AR CLEAR
CLEARO—C‘ >0 * & ®
CLOCK
(si0—>—+4 ot P l - BER
CONTROL >}-):> : . ‘ I
soo—> l
& 4 3 3 iy
SHIFT \A 8 c D,SHIFT
RIGHT \/ LEFT
SERIAL SERIAL
SERIAL PARALLEL INPUTS SERIAL
Device type 06
PARALLEL OUTPUTS
4/\
‘/QA Qg Qc Q 6\
? O | j
~>s a4 —>s ost¢ >—s oc|¢ s Qp
—dcLock —dCLOCK —dcLock —dcLock
R Ga R R R Qp
CLEAR CLEAR CLEAR AR
d b
P ] ] 4
6 6 ¢ 0 L
SHIFT/ W K \A B8 C D/ CLEAR CLOCK
LOAD v
CONTROL SERIAL PARALLEL INPUTS
INPUT
FIGURE 3.

Logic diagrams - continued.
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Device type 01, circuit A

g 54' §< x
FS -2 S 2
CLOCK 2
{LEFT—
SHIFT)

IKQ

CLOCK1 ~
(RIGHT —O—
SHIFT)

g

MODE
CONTROL
1 1
o o 1L o) o
SERIAL wr;ur = |N%ur w%u'r
. INPUT
NOTES.

I.COMPONENT VALUES SHOWN ARE NOMINAL
2.R VALUES ARE EITHER 4K OR 6K.

FIGURE 4. Schematic circuits.
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Device Type 01

CLOCK |
(RIGHT SERIAL MODE
SHIFT) INPUT CONTROL GND

cp A7
O—AAAN—]
P, [TLIL.J 1 )P 100KHZ SQUARE WAVE, O-3V ! =

e R
[T 1__"" ¢k, 50 kHZ SQUARE WAVE,O-3V CPro A A ]
NOTES:
R] = 100 maximum.
R2 = R7 = R8 = 27¢ maximum.
R3 = R4 = R5 = R6 = 2200 +5%.

ICC maximum = 72 mA.
VCC shall be of such a value as to provide 5 V minimum at device terminals
CP2 voltage transitions shall occur at least 5 ns after CP] transitions.

Device Type 02

VCC O- °

Ry Ry SRy SRg SRg SRg

Vee Qe Qp Q¢ G @
CLEAR
e
n®o
w<g
SERIAL xz
CLOCK INPUT GNDA B C D Eouw
. i
8
cP Ofi’fﬂ__r‘l_r‘L 100 kHZ SQUARE WAVE CPjO—AAn—— -
_311_—1.___1'_ 50 kHz SQUARE WAVE =
CPo OV Rg
CPro SAYAY
NOTES:
R] = 108 maximum.
R2 = R3 = R4 = R5 = R6 = R-/ = 2206 5%,
R8 = R9 = 274 maximum.
I, maximum = 68 mA,
vCC shall be of such a value as to provide 5 V minimum at device terminals.

CP2 voltage transitions shall occur at least 5 ns after CP] transitions.

FIGURE 5. Burn-in and life test circuits.
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Device Type 03

Vee
arn R, SR, SR, SR, SR; SR, SR; SR, %R,

Ict l’_*

Vee @y Qg QF Q Qp Q¢ Qg QuCLEARB

(9]
ra
o

A CLOCK

270

L cpy
UL CP oA

..|}_q

NOTES:

ICCMAX = b4mA.

CPq = 100 kHz, 50% duty cycle, square wave, 0-3V

CPg = 50 kHz, 50% duty cycle, square wave, 0-3Vv

CPg = voltage transitions shall occur at least 5 ns after CPy transitions.
All resistors, = 5%

Rl = 220Q

Vee Shall provide 5V min, at device terminals.

Device Type 04

—¢
>
o+
o+

o °
=

59 _

5@

I

GND OZF

270+8%

S U 1 WY o1 .
L e R L

NOTES:
Iccmax - 63mA
CP; = 100 kHz, 50% duty cycle, square wave, 0-3v

CPy = 50kHz, 50% duty cycle, square wave, 0-3V

CP, voltage transitions shall occur at least 5 ns after CPq transitions.
Ry = 2200+ 35 %

Ve shall provide 5V min. at device terminals.

FIGURE 5. Burn-in and life test circuits - Continued
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Device type 05

V¢ Ga Qg Q¢ Qp CLEAR SO S

SHIFT SHIFT

RIGHT LEFT

SERIAL SERIAL
CLOCK A B C D_INPUT INPUT GND

CPI O—AAN

Rg
CP2O—/ VW

|l}

NOTES:
Ry = 4.7 ohms £+5%
Ry = Rg = 220 ohmsz 5%

R7 = Rg = 27 ohmsz 5%

CP1 = 100 kHz, 50% duty cycle, 0-3V
CP3 = 50kHz, 50% duty cycle, 0-3V
Iccmax = 63mA

Ve shall provide 5V min. at device terminals.

FIGURE 5. Burn-in and lift test circuits - continued.
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Device type 06

vee

5.5 v MAX
5.0 VMIN

Ver CLEAR SHIFT/Gn Op Qc O Qa
cc LoaD D

CLOCK J K A

R X iiL

CPpO VAN

NOTES:

Icecmax = 63mA.

CP1 = 0 - 3.0V; 100kHz; 50% duty cycle
CP2 = 0 - 3.0V; 50 kHz; 50% duty cycle
Ry = 4.7Q +10%

Rg = Rg = R4 = R5 = Rg = Ry = 220Q+10%
Rg = Rg = 27 +10%.
Vec shall provide 5V min. at device terminals.

FIGURE 5. Burn-in and life test circuits - continued.
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5.0V
Q
50v OuUTPUT RL
o (NOTE 4)
(NOTE 3)
I MODE CONTROL
MODE CONTROL
PULSE ] |
GENERATOR — SERIAL INPUT < CL
(NOTE 1) (NOTE 2)
Q
L 1A A 1
SAME OUTPUT LOAD -
SEE  (—B8 Q8 |
DATA PULSE | | 1hore AS OUTPUT QA
GENERATOR [ "+ c
NOTE | — Q

( ) FOR ¢ | sAaME ouTtPuT LOAD

COMPLETH] T

TERMINAL [P 0 AS OUTPUT QA

CONDITIONS
CLOCK PULSE [—CLOCK | SAME OUTPUT LOAD
GENERATOR [ : AS OUTPUT Qa

(NOTE 1) —4CLOCK 2

1t T

NOTES:
1. Unless otherwise specified in the notes with the individual waveforms, all pulse generators

shall have the following characteristics: tTLH <10 ns, tTHL, <10 ns, VIH = 3.0V
minimum, VIL, = 0V, ZOUT = 508.

2, CL = 50 pF minimum, including jig and probe capacitance.

. All diodes are 1N3064 or equivalent.

RL = 4009 +5%.

> W

FIGURE 6. Switching test circuits and waveforms for device type 01.
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MAXIMUM SHIFT FREQUENCY (fMAX) and CLOCK TO OUTPUT (tPLH)

MODE
CONTROL
INPUT

—am] fa—tq4 (CLOCK I INHIBIT)

‘ 'TLH*‘ e -tl:-'THL

— -V
A,B,C, OR D = :\S:’%’H— '
INPUT - —_ 1

ViL
J_.[,,,
CLOCK | f: INZEY T
INPUT t :J _'3.,3/\/ viL
trin —=t b—t7hL

l — H—'HOLD
'SETUP‘L‘*’
T —¥t= —_——— —V
CLOCK 2 i %_2._75?,— H
NPUT  — L ;‘ —Q.7V i,
'TLH"“
t, (CLOCK 2 ENABLE)
Q tp — VOH
ouTPUT 1.5V
4[;— — — — VoL
- tpLH

NOTES:

1,

2.

Mode control input characteristics: For fMAX, PRR = 22 MHz at TA = 25°C and PRR = 16 MHz
at -55°C < TA < 125°C. For tPLH, PRR = 1 MHz, tp = 35 ns, tTLH = tTHL < 10 ns.

A, B, C, or D input characteristics: For fMAX, PRR = 11 MHz at TA = 25°C and PRR = 8 MHz
at -55°C < TA < 125°C. For tPLH, PRR = 500 kHz, tp = tSETUP + tHOLD. ISETUP = 20 ns,
tHOLD = 5ns, tTLH = tTHL < 10 ns.

Clock 1 input characteristics: When testing fMAX, PRR = 11 MHz at 25°C and PRR = 8 MHz
at -55°C < TA < 125°C. For tPLH, PRR = 500 kHz, tp = 20 ns minimum, tTLH = {THL

< 10 ns.

Clock 2 input characteristics: When testing fMAX, PRR = 22 MHz at 25°C and PRR = 16 MHz
at -55°C < TA < 125°C. For tPLH, PRR = 1 MHz, tp = 20 ns minimum, tTLH = tTHL

<10 ns.

Serial input = GND.

Except for input under test, all other data inputs are open.

FIGURE 6. Switching test circuits and waveforms for device type 01 - Continued.
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CLOCK TO OUTPUT (tpH1,)

MODE
CONTROL
INPUT

1
TH= P = TLH
4—1 r‘—-—- 1P 4"‘ |."
=~ -
—= = —=ViL
sl |m—1t3 (CLOCK 2 INHIBIT)

t

TLH

MTHL [-“ v

SERIAL LT T _T%CV H
INPUT —l=X-07V_ _

CLOCK |
INPUT %I

CLOCK 2
INPUT

Q
OuUTPUT

NOTES:

1, Mode control input characteristics: PRR = 1 MHz, tp = 35ns, tTLH = tTHL < 10 ns.

2. Serial input characteristics: PRR = 500 kHz, tp = tSETUP + tHOLD, tSETUP = 20 ns
minimum, tHOLD = 5, tTLH = tTHL < 10 ns.

3. Clock 1 input characteristics: PRR = 1 MHz, tp = 20 ns minimum, tTLH = tTHL < 10 ns.

4. Clock 2 input characteristics: PRR = 500 kHz, tp = 20 ns minimum, tTLH = tTHL
< 10 ns.

5. Inputs A thru D = OPEN.

FIGURE 6. Switching test circuits and waveforms for device type 01 - Continued.
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50V
5.0V ouTPUT é RL
(NOTE &)
N
(NOTE 3)
SERIAL INPUT SERIAL INPUT Qa | PPt
PULSE
GENERATOR |— c
L {CLEAR INPUT L
(NoTE D I (NOTE 2)
CLOCK INPUT ' 1
— 0g H SAME OUTPUT LOAD
CLEAR PULSE SEE AS OUTPUT Qp
GENERATOR [—{TABLE
L {PRESET A
(NOTE 1) FOR Q
COMPLETE ¢ || sAME ouTPUT LOAD
TERMINAL TPUT
CONDH’ION%'_—' PRESET B o AS OUTPUT Qa
CLOCK PULSE PRESET C SAME OUTPUT LOAD
GENERATOR | Qg AS OUTPUT QA
(NOTE 1) PRESET D
PRESETE SAME OUTPUT LOAD

B — l AS QUTPUT QA

NOTES:

1. Unless otherwise specified in the notes with the individual waveforms, all pulse generators
shall have the following characteristics: tpr,g < 10 ns, tTHL < 10 ns, Vg = 3. 0 V minimum,
VIL = 0V, ZOUT = 50%.

2, CL = 50 pF minimum, including jig and probe capacitance.

3. All diodes are 1N3064 or equivalent,

4, RL = 4002 +5%.

FIGURE 7. Switching test circuits and waveforms for device type 02.
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MAXIMUM CLOCK FREQUENCY (fMAX) and CLOCK TO OUTPUT (tPLH1).

—-] tTHL
TLH -

SERIAL — X -5V U
INPUT oV,

- tHOLD
T 'SETUP [""TLH

CLOCK
INPUT

P 2 W VoH
OUTPUT - T T 3\_"5V

— L VoL
—— tPLH,

NOTES:

1. Serial input characteristics: For fMAX, PRR = 5 MHz at TA = 25°C, PRR =3.5MHz at
-55° < TA < 125°C. For tPLH1, PRR = 500 kHz, tp = tSETUP + tHOLD, tSETUP = 30 ns,
tHOLD = O ns, tTHL = tTLH < 10 ns.

2. Clock input characteristics: For fMAX, PRR = 10 MHz at TA = 25°C, PRR = 7 MHz at
-55" < TA <125°C. For tPLH], PRR = 1 MHz, tp = 35 ns, tTLH = tTHL < 10 ns.

3. Clear = 4.5 V, preset enable = GND, preset A thru E = OPE

CLOCK TO OUTPUT (tPHL1)
F'TLH
t
SERIAL - [’_TH_L =MH_;
oo
CLOCK
INPUT
q ‘ VoH
OuTPUT X - - = = — = - /jI.SV
N
'PHL,

NOTES:

1. Serial input characteristics: PRR = 500 kHz, tTHL = tTLH < 10 ns, tp = tSETUP + tHOLD,
tSETUP = 30 ns, tHOLD = O ns.

2. Clock input characteristics: PRR = 1 MHz, tTHL = tTLH < 10ns, tp = 35 ns.

3. Clear = 4.5 V, preset enable = GND, preset A thru E = OPEN.

FIGURE 7. Switching test circuits and waveforms for device type 02 - Continued.
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PRESET ENABLE TO OUTPUT (tPLH2) and CLEAR TO OUTPUT (tPHL3)

PRESET
ENABLE
INPUT

Q N 1.5V ! H15v
OUTPUT : - —— —VoL
— 'PHL3 L —-—-I tPLH,

NOTES:

1. Clear input characteristics: PRR = 1 MHz, tTHL = tTLH < 10 ns, tp = 30 ns.
2. Preset enable characteristics;: PRR = 1 MHz, tTHL = tTLH < 10 ns, tp = 30 ns.
3. Preset A thruE = 4.5 V, clock = GND, serial = OPEN,

FIGURE 7. Switching test circuits and waveforms for device type 02 - Continued.
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5.0V
@
OuTPUT éRL
5.0V (NOTE 4)
(NOTE 3)
Qa
CL
cLock PULSE] /[\
GENERATOR |—  lcLock (NOTE 2)
(NOTE 1) SEE Qg _:L
TABLE 1T
LEAR P FOR —CLEAR QC o
Ul
GENERATOR |——{ OMPLETE
(NOTE ) TERMINAL Qp +
CONDITIONS 1A CONNECT EACH
INPUTS Qg WITH SAME
DATA PULSE 1 OUTPUT LOAD AS
GENERATOR || QF 4 LouTpPur QA
(NOTE 1)
Qg
-—,___ QH —

NOTES:
1.

QD W

Unless otherwise specified in the notes with the individual waveforms, all pulse generators
shall have the following characteristics: tTLH < 10 ns, tTHL < 10 ns, VIH = 3.0 V minimum,
VIL = 0V, ZOUT = 50%.

CL = 50 pF minimum, including jig and probe capacitance.

All diodes are 1N3064 or equivalent.

RL = 8008 +5%.

QA outputs are illustrated in the individual waveforms. Relationship of serial input A

and B data to other Q outputs is illustrated in the typical shift sequence.

FIGURE 8. Switching test circuit and waveforms for device type 03.
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CLEAR INPUT TO Q OUTPUTS (tPHL1)

l--?THL
- p='TLH

CLEAR bote — 35y Vin
INPUT (- —— 1.5V
— — forv
—————————— ViL

Q VOH
OuUTPUT — = — — — FLSV

NOTES:
1. Clear input characteristics: PRR = 1 MHz, tTHL = tTLH < 10 ns, tp = 50 ns maximum.
2. Clock = GND, serial inputs A and B = OPEN. o

MAXIMUM CLOCK FREQUENCY, (fMAX) and CLOCK INPUT TO Q OUTPUT (tPLH3).

CLOCK
INPUT

SERIAL
INPUT

Q
OUTPUT

NOTES:
1. Clock input characteristics: For fMAX, PRR = 22 MHz at TA = 25°C, PRR = 18 MHz
at -55°C < TA < 125°C. For tPLH2, PRR = 1 MHz, tp = 30 ns maximum, tTHL =
tTLH < 10ns.
2. Serialinput characteristics: For {MAX, PRR = 11 MHz at 25°C, PRR = 9 MHz at
-55° < TA < 125°C. For tPLH2, PRR = 500 kHz, tp = tSETUP + tHOLD, tSETUP = 15 ns
minimum, tHOLD = 10 ns maximum, tTHL = tTLH < 10 ns.
3. Clear = 4.5 V. -

FIGURE 8. Switching test circuit and waveforms for device type 03 - Continued.
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CLOCK INPUT TO Q OUTPUT (tPHL2)

CLOCK
INPUT

SERIAL
INPUT

Q -~ — — — —~VoH
ouTPUT WA . LY
— L'PHLZ

NOTES:

1. Clock input characteristics: PRR = 1 MHz, tTHL = tTLH < 10 ns, tp = 30 ns maximum.

2. Serial input characteristics: PRR = 500 kHz, tp = tsgTUP + tHOLD, tSETUP = 15 ns
minimum, tHOLD = 10 ns maximum, tTHL = tTLH < 10 ns.

3. Clear = 4.5 V.

FIGURE 8. Switching test circuit and waveforms for device type 03 - Continued.
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50V S0V
p Q
vee
CLOCK
(INHIBIT F—CLOCK INHIBIT ouTPuT RL
NOTE I)
- —{CLOCK (NOTE 4)
CLOCK —{SERIAL (NOTE 3)
(NOTE 1) LA Q
SEE 5
SERIAL TAELE T . AL ot 2)
(NOTE 1) AND — -4
- WAVEFORM— D =
ARALLEL FGR PARALLEL output V€€
(NOTE 1] coMPLETE —E :
TERMINAL |__|F ) RL(NOTE 4)
T CONDITIONS
LOAD —°
{(NOTE 1) b—H c ;NOTE 3)
L{NOTE 2
SHIFT LOAD T
] GND 1

[

N
i

NOTES:

1.

»hs»:l\’)

Unless otherwise specified in the notes with the individual waveforms, all pulse generators
shall have the following characteristics: tTLH < 10 ns, tTHL < 10ns, VIH= 3.0V
minimum, VIL = 0 V, ZOUT ~ 50Q. - -

CL = 50 pF minimum, including jig and probe capacitance.

All diodes are 1N3064 or equivalent.

RL = 4009 +5%.

FIGURE 9. Switching test circuit and waveforms for device type 04.

56



MIL-M-38510/9D

MAXIMUM CLOCK FREQUENCY, fMAX

SHIFT ViH
LOAD
— —ViL
—_ Vv
SERIAL H
INPUT (
ViL
— -V,
CLOCK ! -2. iH
INPUT

1
ISETUP, S/ ~—-4 “TLH

o~
‘ TO CLOCK
1
SET-UR ssmm___l o
TO CLOCK VoH
OUTPUT L5V

VoL
NOTES:
1, Clock pulse characteristics: PRR = 18 MHz at TA = 25°C, PRR = 14 MHz at -55° C<TA <
125°C, tTLH = tTHL < 10 ns, tp = 20 ns minimum.
2. Serlal pulse characteristics: PRR = 9 MHz at TA = 25° C, 7 MHz at -55° < TA < 125°C
tp = tSETUP + tHOLD, tSETUP = 35 ns minimum, tHOLD = 0, tTLH = tTHL < 5 ns.
3. Shift load characteristics: tTLH =< 10 ns, tSETUP = 45 ns,
4.

Clock inhibit = GND, A thru H = GND,

SHIFT LOAD TO OUTPUT (tPHL1, tPLH1)

TLH
SHIFT 'THL™] ['* r“*'P ‘! ™~ 'seTup
LOAD ! ) ’

PARALLEL — |
INPUT 1.5V

H

< e T

— — = = VoL
] 'PLH,
—_ — ' — — von
XI5V
VoL
o L-—'PHLI — L._

TPHL

[=]]
[
<

NOTES:

1, Shift load characteristics: PRR = 1 MHz, tp = 25 ns, tTHL = tTLH < 10 ns.

2. Parallel input characteristics: PRR = 500 kHz, tp = tSETUP + tHOLD = 40 ns,
tSETUP = 10 ns, tHOLD = 30 ns, tTHL = tTLH < 10 ns.

3. Clock = clock inhibit = GND, A thru G = GND, serial = OPEN,

FIGURE 9. Switching test circuit and waveforms for device type 04 - Continued.
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CLOCK TO OUTPUT (tPHL2 and tPLH2)

'THL__I -~ I“"TLH *—L‘*'serupz 30ns
1 — -
CLOCK - _i =27V P2 sV
INHIBIT P —0.7V ’ ViL

'TLH I—~ —-1 ["THL
= v
o =N J Ny
L:— :-.‘ —Q.7VY — — —ViL
"L *-l F=—tTHL
A — — —VH
_0.7V

SERIAL

n

T ;o
|
i o

NOTES:
1. Clock inhibit characteristics: PRR = 1 MHz, tp2 = 50 ns, tTHL = tTLH < 10 ns

tSETUP2 = 30 ns.
Clock pulse characteristics: PRR = 1 MHz, tpl = 25 ns, tTHL = tTLH < 10 ns.

3. Serial pulse characteristics: PRR = 500 kHz, tp3 = tSETUP + tHOLD, tSETUP = 35 ns

tHOLD = 0, tTLH = tTHL < 5 ns.
4, Shift/load = 5.0 V.

(H) INPUT TO QH and QH OUTPUTS (tPHL3 and tPLH3) (tTHL4 and tPLH4)

’1 r"m e

PARALLEL X fs\
(H) - - —Q.J Y Vi

/ — — —— —VoH
— — — * 1.5V

QH

L* VoL
—— 'PLH3 — ] 'PHL3

tPHL 4 L“ — L'PLM
NOTES:

1. (H) input characteristics: PRR = 1 MHz, 50% duty cycle, tTLH = tTHL < 10 ns.
2. Shift/load = GND, clock inhibit = GND, ser1a1 GND, A thru G = GND, “clock = GND.

[\

FIGURE 9. Switching test circuit and waveforms for device type 04 - Continued.
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5.0V
0
0V OUTPUT é RL
Q {NOTE 4)
) SHIFT Voo
RIGHT (NOTE 2)
b SHIF T g
CLOCK PULSE LEFT
GENERATOR [ 1
'NOTE 3) —— cLock = L
(a (NOTE 1)
L cLEaR 1
SEE . SAME OUTPUT LOAD -
CLEAR PuLsE| |TABLEIL © 811 as outPuT A
GENERATOR [—] FOR OUTPUTS
TERMINAL ¢ || SAME ouTPUT LOAD
CONDITIONS._ {5 0 AS OUTPUT A
N
DATA PULSE —8 INPUTS SAME OQUTPUT LOAD
GENERATOR [ AS OUTPUT A
{NOTE 3) c
D

+ 1

NOTES:

1. CIL = 50 pF minimum including probe and jig capacitance.

2. All diodes are 1N3064, or equivalent.

3. Unless otherwise specified in the notes associated with the individual tests, all pulse generators
have the following characteristics: ZOUT =~ 502, tTLH <7 ns, tTHL <7ns, VIH = 3.0V
minimum, VIL = 0.

4. RL = 4002 +5%.

FIGURE 10. Switching test circuit and waveforms for device type 05.
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CLEAR TO OUTPUT

'P(CLEAR)
'THL——1 f=—tTLH
— —|iF=z7V ViN
CLEAR v
PULSE A
(NOTE 1) ===y
'TLH = =~ p~'HL — —in
: —= 27v |t |
CLOCK SET-UP

ock —_/__—3\_|5v |.5%_\7
0.7V
(NOTE 2) v
'P(CLOCK) I

VoH
ouTPUT \\qsv__/——'
— L - — ——voL
—=tPHL,
NOTES:

1. The clear pulse has the following characteristics: tP(CLEAR) = 20 ns, tSETUp = 25 ns,
PRR = 1 MHz.

2. The clock pulse has the following characteristics:

tP(CLOCK) = 20 ns, PRR = 1 MHz.

CLOCK TO OUTPUT, DATA PULSE TO PARALLEL INPUT (tpLH2)

'P(CLEAR)
R{Thae! F=—tTLH v
CLEAR -2 7V IH

PULSE 6'75\/" 'TLH
(NOTE ) }:- — — e —ViL
'SET—U Py | —.1 _THL ViH
CLOCK . ; -2.7V
PULSE If — — Xi=L5V
(NOTE 2) I =07V,
'SET-UPZT*—"J 'P(CLOCK) L
DATA —— - AV AR —Vin
PULSE — | =% -5V
(NOTE3) ___ — | =1 x=01Y viL
trL "HoLD
—-—‘ t VOH
ouTPUT THL
PULSE L5V
e a
PLH
NOTES: LH2

1. The clear pulse is a momentary ground, then VIH is applied to the input tP(CLEAR) < 75 ns,

tTHL < 15 ns and tTLH < 15 ns, SETUP = 25 ns.

Clock pulse character'ws’.ucs. P(CLOCK) = 20 ns, PRR = 2 MHz.

Data pulse characteristics: tP(DATA) = (SETUP2) HOLD’ tSETUPZ = 20 ns, tHOLD =7,
PRR = 1 MHz.

FIGURE 10. Switching test circuit and waveforms for device type 05 - Continued.
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CLOCK TO OUTPUT, DATA PULSE TO PARALLEL INPUT {tPHL2)

PULSE
(NOTE 1) :
DATA -F - “.1' oy
PULSE I -
(NOTE 2) R I AL S ViL
T —— t
SETUP HOLD Vo
______ H
OUTPUT 15V
PULSE
VoL
—= tPHL? L’
NOTES:

1. Clock pulse characteristics: tP(CLOCK) = 20 ns, PRR = 2 MHz.
2. Data pulse characteristics: tP(DATA) = tSETUP = 20 ns, PRR = 1 MHz.

MAXIMUM CLOCK FREQUENCY (fMAX)

T THL= malRdRY 5oV
CLEAR N R AY 0

PULSE

(NOTE 1) J —ozv_ SRcock
’ 'P(CLEAR)L T i § R
CLOCK - —Xl|-2.7v IH
PULSE -5V
(NOTE 2} — -0.7V viL
-“"I'SET-UP"" oy
DATA IH
PULSE f - ~1 - X -5V
(NOTE 3) . ViL
tHoLD
VOH
OUTPUT \ /
PULSE

- —— - — VoL

NOTES:

1. The clear pulse is a momentary GND, then VIH is applied to the input, tP(CLEAR) < 20 ns,
tTHL < 15 ns, tTLH < 15 ns,

2. Clock pulse characteristics: tP(CLOCK) = 20 ns, PRR = 18 MHz at -55°C < TA <125°C
(22 MHz at TA = 25°C).

3. Data pulse characteristics: tP(DATA) = tSETUP = 20 ns, PRR = 9 MHz at -55°C <TA <
125°C (11 MHz at TA = 25°C).

FIGURE 10. Switching test circuit and waveforms for device type 05 - Continued.
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50V
OUTPUT
5.0V Ry (NOTE 4)
- - vee {NOTE 3}
4 CLOCK
L1y
CLOCK PULSE » C, (NOTE 2)
GENERATOR SEE | g an L
{NOTE |) TABLE I <L
FOR TE_——A 0 ———1__| SAME LOAD =
DATA/CLEAR PULS COMPLE
GENERATOR TERMINAL [—1B Qc AS Gy
(NOTE 1) CONDITIONS__{ ¢ Qp
FT/LOAD PULSE Q SAME LOAD
SHI LD
GENERATOR D AS Qa
(NOTE 1} | SHIF T/LOAD
L 1 CLEAR SAME LOAD
- GND AS Qa
=— ‘l— SAME LOAD
AS Qp

NOTES:

1. Unless otherwise specified in the notes with the individual waveforms, all pulse generators
shall have the following characteristics: tTLH <7 ns, tTHL <7 ns, VIH = 3.0 V minimum,
VIL = 0, ZOUT = 509.

CL = 50 pF minimum, including jig and probe capacitance.

All diodes are 1N3064 or equivalent.

RL = 40092 +5%.

W IN

MAXIMUM CLOCK FREQUENCY, fMAX

CLEAR
PULSE
{NOTE |}

VIH

Y
p(CLOCK) V“—

CLOCK
PULSE
(NOTE 2)

—~| bt -

- - - -V,
OUTPUT oH
PULSE

VoL

NOTES:

1. The clear pulse is a momentary GND, then VIH is applied to the input. tTHL < 15 ns,
tTLH < 15 ns, tP(CLEAR) <75 ns.

2. Clock pulse characteristics: tP(CLOCK) = 16 ns, PRR = 24 MHz at -55°C < Ta <125°C
(30 MHz at TA = 25°C), VIH = 3.0 V minimum, VIL = GND.

FIGURE 11. Switching test circuit and waveforms for device type 06.
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CLEAR TO OUTPUT (tPHL1)

T F='TLH oy
CLEAR _— -2V IH
PULSE — — |f£ 15V

(NOTE 1) — - F-07V Vi
t -t TR(CLOCK -
TLH B~ = THC 'SET-uP" al Voo v
CLOCK —_-— -24V (CLESR) [
PULSE - — XI5V
{NOTE 2) - - -0.TV | ViL

1 VOH
OUTPUT ! 15V
} | - — — — ——VoL

tPHLY

NOTES:
1. Clear pulse characteristics: tP(CLEAR) = 12 ns, tSETUP = 25 ns, PRR = 1 MHz.
2. Clock pulse characteristics: tP(CLOCK) = 16 ns, PRR = 1 MHz.

CLOCK TO OUTPUT (tPLH2)

T r*
CLEAR !
PULSE
(NCTE 1)
CLOCK
PULSE
(NOTE 2)
—ViH
DATA ) . |
PULSE TP (DATA) -
{NOTE 3) g ViL
SET -UP| F=—"TLH v
— VI
SHIF T/LOAD
— — #Isv
PULSE
{NOTE 4) _r'RELEAEl ViL
P (SHIFT) — et v
— — VoH
ouTPUT \ ISET-UPy— A—/fﬁzsv \ 0
VoL

—=itpL Ho L—
NOTES:

1. The clear pulse is a momentary GND, then VIH is applied to the input. tTHL < 15 ns,
tTLH < 15 ns, tP(CLEAR) < 100 ns.
2. Clock pulse characteristics: tp(CLOCK) ~ 16 ns, PRR = 2 MHz.
3. Data pulse characteristics: tP(DATA) = 25 ns, tSETUP1 = 25ns, tHOLD = 0, PRR = 1 MHz.
4. Shift/load pulse characteristics: tP(SHIFT) = 17 ns, tRELEASE = 10 ns, tSETUP2 = 27 ns,
PRR = 2 MHz.

FIGURE 11. Switching test circuit and waveforms for device type 06 - Continued.
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CLOCK TO OUTPUT (tPHL2)

CLEAR
PULSE
(NOTE I

CLOCK
PULSE
(NOTE 2)

’ L
DATA R
PULSE L -t — -5V
RELEAS ] :
(NOTE 3} / ELEASE \L:_: _li(zz v_ viL

'THL tr t |t —- 1
LH THL TLH
SHIFT = o = ViH
PULSE
(NOTE 4)
--tr - - =T L
t e 'RELEASE
OUTPUT P (SHIFT) ASE  vou
PULSE \ /* TSET-UP, = \lsv
L Vo
—4 tPHL2
NOTES:

1. The clear pulse is a momentary GND, then VIH is applied to the input. tTHL < 15 ns,
tTLH < 15 ns, tP(CLEAR) < 100 ns.

2. Clock pulse characteristics: tP(CLOCK) = 16 ns, PRR = 2 MHz.

3. Data pulse characteristics: tP(DATA) = tSETUP + tHOLD = 20 ns, tSETUP1 = 20 ns,
tHOLD = 0, PRR = 1 MHz,

4. Shift/load pulse characteristics: tP(SHIFT) = 22 ns, tRELEASE = 10 ns, tSETUP2 = 32 ns,
PRR = 2 MHz.

FIGURE 11. Switching test circuit and waveforms for device type 06 - Continued.
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3.6 Marking. Marking shall be in accordance with MIL-M-38510 and 1.2. At the option of the
manufacturer, the marking of the country of origin may be omitted from the body of the microcircuit,
but shall be retained on the initial container.

3.7 Microcircuit group assignment. The devices covered by this specification shall be in micro-
circuit group number 5 (see MIL-M-38510, appendix E).

4. QUALITY ASSURANCE PROVISIONS

4.1 Sampling and inspection. Sampling and inspection procedures shall be in accordance with
MIL-M-38810 and methods 5005 and 5007, as applicable, of MIL-STD-883, except as modified herein.

4.2 Screening. Screening shall be in accordance with method 5004 of MIL-STD-883, and shall be

conducted on all devices prior to qualification and quality conformance inspection. The following
additional criteria shall apply:

a. Burn-in test (method 1015 of MIL-STD-883).
1. Test condition D or E, using the circuit shown on
figure 5, or equivalent.
2. TA = 125°C minimum.

b. Interim and final electrical test parameters shall be as specified in table
11, except interim electrical parameters test prior to burn-in is optional
at the discretion of the manufacturer.

c. Percent defective allowable (PDA) - The PDA for class S devices shall be as
specified in MIL-M-38510. The PDA for class B devices shall be 10 percent
based on failures from group A, subgroup 1 test after cooldown as final
electrical test in accordance with method 5004 of MIL-STD-883, and with no
intervening electrical measurements. If interim electrical parameter tests
are performed prior to burn-in, failures resulting from pre burn-in screening

may be excluded from the PDA. If interim electrical parameter tests prior

to burn-in are omitted, then all screening failures shall be included in the

PDA. The verified failures of group A, subgroup 1 after burn-in divided by

the total number of devices submitted for burn-in in that 1ot shall be used

to determine the percent defective for that lot, and the lot shall be
accepted or rejected based on the PDA for the applicable device class.

4,3 Qualification inspection. Qualification inspection shall be in accordance with MIL-M-38510,
Inspections to be performed shall be those specified in method 5005 of MIL-STD-883 and herein for
group A, B, C, and D inspections (see 4.4.1 through 4.4.4),

4.4 Quality conformance inspection. Quality conformance inspection shall be in accordance with
MIL-M-385T0. Inspections to be performed shall be those specified in method 5005 of MIL-STD-883 and
herein for group A, B, C, and D inspections (see 4.4.1 through 4,4.4).

4.4.1 Group A inspection. Group A inspection shall be in accordance with table I of method 5005
of MIL-STD-883 and as follows:

a. Tests shall be as specified in table II herein.
b. Subgroups 4, 5, and 6 shall be omitted.

4.4.2 Group B inspection. Group B inspection shall be in accordance with table II of method
5005 of MIL-STD-883.
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4.4.3 Group C inspection. Group C inspection shall be in accordance with table III of method 5005
of MIL-STD-883 and as follows:

a. End-point electrical parameters shall be as specified in table II herein.
b. Subgroups 3 and 4 shall be added to the group C inspection requirements
for class B and C devices and shall consist of the tests, conditions,
and limits specified for subgroups 10 and 11 of group A.
c. Operating 1ife test (method 1005 of MIL-STD-883) conditions, or equivalent:
1. Test condition D or €, using the circuit shown on f1gure 8, or
equivalent.
2. TA 125°C minimum.

3. Test duration: 1,000 hours, except as permitted by appendix B of
MIL-M-38510.

4.4.4 Group D inspection. Group D inspection shall be in accordance with table IV of method 5005
of MIL-STD-883; end-point electrical parameters shall be specified in table II herein.

4.5 Methods of examination and test. Methods of examination and test shall be as specified in
the appropriate tables and as follows:

4.5.1 Voltage and current. All voltages given are referenced to the microcircuit ground terminal.
Currents given are conventional current and positive when flowing into the referenced terminal.

4,5,2 Life test cooldown procedure. When devices are measured at 25°C following application of
the operating 1ife or burn-in test condition, they shall be cooled to room temperature prior to removal
of the bias. Alternately, the bias may be removed during cooling if the case temperature is reduced
to room temperature within 30 minutes after removal of the test condition.

4.6 Packaging inspection. The sampling and inspection of the preservation-packaging, packing, and
container marking shall be in accordance with the requirements of MIL-M-38510, except that the rough
handling test shall not apply.

5. PACKAGING

5.1 Packaging requirements. The requirements for packaging shall be in accordance with MIL-M-38510.

6. NOTES
6.1 Notes. The notes specified in MIL-M-38510 are applicable to this specification.

6.2 Intended use. Microcircuits conforming to this specification are intended for use for
Government microcircuit applications (original equipment) and logistic support.

6.3 Ordering data. Procurement documents should specify the following:

a. Complete part number (see 1.2).

b. Reguirements for delivery of one copy of the quality conformance inspection
data pertinent to the device inspection Tot to be supplied with each shipment
by the device manufacturer, if applicable.

c. Requirements for certificate of compliance, if applicable.

d. Requirements for notification of change of product or process to procuring
activity in addition to notification to the qualifying activity, if applicable.

e. Requirements for packing and packaging.

f. Requirements for failure analysis (including required test condition of
method 5003 of MIL-STD-883), corrective action, and reporting of results,
if applicable.

g. Requirements for product assurance options.

h. Requirements for carriers, special lead lengths or lead forming, if applicable.
These requirements shall not affect the part number. Unless otherwise specified,
these requirements shall not apply to direct purchase by or direct shipment to
the Government.

i. Requirement for "JAN" marking.
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6.4 Abbreviations, symbols,and definitions. The abbreviations, symbols, and definitions used
herein are defined in MIL-M-38510, MIL-STD-1331, and as follows:

GND = = = = == = = = = = = -~ Electrical ground (common terminal)
VIN -------------- Voltage Tevel at an input terminal

VIc —————————————— Input clamp voltage

IIN -------------- Current flowing into an input terminal

6.5 Logistic support. Lead materials and finishes (see 3.3) are interchangeable. Unless
otherwise specified, microcircuits procured for Government logistic support will be procured to
device class B (see 1.2.2) and lead finish C (see 3.3). Longer length leads and lead forming shall
not affect the part number.

6.6 Substitutability. The cross-reference information below is presented for the convenience of
users. Microcircuits covered by this specification shall functionally replace the 1isted generic-
industry type. Generic-industry microcircuit types may not have equivalent operational performance
characteristics across military temperature ranges or reliability factors equivalent to MIL-M-38510
device types and may have slight physical variations in relation to case size. The presence of this
information shall not be deemed as permitting substitution of generic-industry types for MIL-M-38510
types or as a waiver of any of the provisions of MIL-M-38510.

Military device type Generic-industry type
01 5495, 7495
02 5496, 7496
03 54164, 74164
04 54165, 74165
05 54194, 74194
06 54195, 74195

. 6.7 Changes from previous issue. Asterisks are not used in this revision to identify changes
with respect to the previous issue, due to the extensiveness of the changes.

Custodians: Preparing activity:
Army - ER Air Force - 17
Navy - EC
Air Force - 17 Agent:

DLA - ES

Review activities:

Army - AR, MI (Project 5962-0339)
Air Force - 11, 85, 99

NASA - NA

DLA - ES

User activities:
Army - SM, WC
Navy - AS, CG, MC, 0S, SH
Air Force - 19

93



