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DATE: Novenber 9, 1992 - pPpPM=-92-279
TO: B. Fafaul/311l
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SUBJECT: Radiation Report on FAST/MUE
Part No. H33510f?63023EA (54A0161)
cc: R. Kolecki/740.4
T. Miccolis
A. Sharma/31ll
Library/300.1 v
L. Cusick/740.4

A radiation evaluation was performed on S4AC161 {4-Bit Binary
counter) to determine the total dose tolerance of these parts. A
prief summary of the test results is provided below. For
detailed information, refer to Tables I through IV and Figure 1.

The total dose testing was performed using a cobalt-60 gamma ray
source. During the radiation testing, eight parts weré
jrradiated under blas (see Figure 1 for bias configuration), and
two parts were used as control samples. The total dose radiation
steps were 5, 13, 206 40 and 60 krads*. After 60 krads, parts
ware annealed at +25°C for 168 hours. The irradiation was then
continued to 100 krads (cumulative). The dose rate was hetween
0.24 and 2.0 xrads/hour, depending on the total dose level (see
Table IT for radiation schedule). After each radiation exposure
and annealing treatment, parts were electrically tested according
te the test conditions and the specification limits** listed in
Table III. These tests included three functional tests at 1.0MHz
with vec = 3.0V, 4.5V, and 5.5V.

All ten parts passed initial (pre-rad) electrical tests. after
the 5-krad irradiation, all parts passed all electrical tests
except VOH2 and VOHS. Table ITT shows that VIL and VIH for these
twe tests are 1.35 and 3.15V, respectively. These failures
indicate that VIL of 1.35V ls very close to the threshold voltage
for these parts, and they are not switching to the correct output
state. Therefore, -applications of this part should not specify
VIL greater than 0.9V, at which the parts passed the VOH tests.
Refer to Table IIL and appendix 1 for more details. The VOH2 and
YOHS failures continued at higher radiation levels of 20 - 100
krads, but will not be discussed any further in this report.

After the 10-krad irradiation, SN 605 exceeded the maximum
specification limits of 2 ua for ICCH and ICCL, with readings of

«The term rads, as used in this document, means rads(silicon).
x*These are manufacturers’ non-irradiated data specification
1imits. No post-irradiation 1imits were provided by the
manufacturer at the time these tests were performed.



47.24 and 107.2 uA, respectively. After the 20-krad irradiatien,
aN 605 failed ICCH and TceL with readings of 543 and 791 uA,
respectively, SN 607 marginally failed TCCH, with a reading of
».81 uA and SN608 had a reading of 2.47 uA for ICCH. After the
40~krad irradiation, SH 605 had readings for TCCH and IccL of
3014 and 2296 WA, respectively and SN 607 had readings of 2.05
and 2.533 uA, respectively. SN 608 had readings of 4.08 uA and
2.48 uA, respectively. After the &0-Krad irradiationy'six parts
(SN 602, 604, 605, 606, 607 and 608) exceeded the max imum
specification limits for ICCH and ICCL, with readings ranging
from 2.23 uA to 22.7 ud, except for SN 605 which had readings of
6030 and 3850 uA, respectively. after annealing for 168 hours at
25%C, SN 605 had readings of 5510 and 3439 uwA for ICCH and ICCL,
respectively, and SN 608 read 13.35 ua for ICCH.

After continued jrradiation to 100 krads (cumulative), SN 605
continued to exhibit large readings for ICCH (1234 ud) and ICCL
{6600 uh}. Five other paris continued to fail ICCH and ICCL,
with readings ranging from 2.66 ud to 93.80 uA.

After a final annealing at 100°C, ho rebound effects were
observed. All eight jrradiated parts passed all electrical
tests, with the exception of SN 605, which continued to fail ICCH
and ICCL, with readings of 2895 and 1256 uA, respectively.

All parts passed all functional tests throughout all irradiation
and annealing steps. :

Table IV provides a summary of the Ffunctional test results, as
well as the mean and standard deviation values for each parameter
after different jrradiation exposures and annealing steps.

Any further details about this gvaluation can be obtained upon
request. If you have any questions, please call me at {301} 731-
8954.
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phe information contained in this document has been developed
solely for the purpose of providing general guidance to employees
of the Goddard Space Flight Center (GSFC). This documcnt may be
distributed outside GSFC only as a courtesy to other gavernment
agencies and contractors. Any distribution of this document, or
application or use of the infermation contained herein, is
expressly conditional upon, and 1s subject to, the following
understandings and limitations:

(a} The informaticn was developed for general guidance only and
is subject to change at any time;

(b} The information was developed under unigue GSFC laboratory
conditions which may differ substantially from outside
conditions;



{c) GSFC does not warrant the accuracy of the information when
applied or used under other than unique GSFC laboratory

conditions;

(dy The infornation should not be construed as & representation
of product performance by either GSFC or the manufacturer;

(e} Neither the United States government nor any person acting
on behalf of the United States government assumes any liability
resulting from the application or use of the information.



TABLE I. Part Information

Generic Part Number: 54AC161

Part Number: M38510/76302BEA

FAST/MUE o
Control Number: 6113

Charge Number: C23971

Manufacturer: Hational Semiconductor Corp.
Lot Date Code: 9212

Quantity Tested: 10

Serial Numbers of

Radiation Samples: 602, 603, 604, 605, 606, 607, 608, 609
Serial Numbers of

control Samples: 600,601

Part Function: - 4-Bit Binary Counter

Part Technology: CMOS

Package Style: 16-pin DIP

Test Engineer: C. Nguyen



TABLE II. Radiation Schedule for 54AC161

EVENTS DATE

1) Initial Electrical Measurements 10/07/92
2) 5 KRAD IRRADIATION (0.25 krads/hour) 10/08/92
POST-5 KRAD ELECTRICAL MEASUREMENT 10/09/92
3) 10 KRAD TRRADIATION (0.24 krads/hour) 10/10/92
DOST—10 KRAD ELECTRICAL MEASUREMENT 10/14/92
4) 20 KRAD IRRADIATION (0.59 krads/hour) 10/15/92
POST—20 KRAD ELECTRICAL MEASUREMENT 10/16/92
5} 40 KRAD IRRADIATION (0.30 KRADS/HOUR) 10/16/92
POST—40 KRAD ELECTRICAL MEASUREMENT 10/19/92
6) 60 KRAD IRRADIATION (1.05 KRADS/HOUR) 10/19/92
POST—60 KRAD ELECTRICAI, MEASUREMENT 10/20/92
7) 168 HOUR ANNEALING @25°C 10/20/92
POST—168 HOUR ANNEAL ELECTRICAL MEASUREMENT 10/27/92
8) 100 KRAD IRRADIATION (2.0 KRADS/HOUR) 10/28/92
POST-100 KRAD ELECTRICAL MEASUREMENT 10/29/92
9} 168 HOUR ANNEALING @100°C* 10/29/92
POST—-168 HOUR ANNEAL ELECTRICAL MEASUREMENT 11705792

ALL ELECTRTCAL MEASUREMENTS WERE PERFOEFMED AT 25°C.

PARTS WERE IRRADTATED AND ANNEALED UNDER BIAS; SEE FIGURE 1.

*High temperature annealing is performed to accelerate long term

time dependent effects (TDE), namely, the "rebound" effect due to
the growth of interface states after the radiation exposure. For
more information on the need to perform this test, refer to MIL-

STD-883D, Method 1019, Para. 3.10.1.
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Table III. Elcctrical characteristics of 54ACl61
-H:Hdh-ﬁjfi; ————— e P e —— E;;-w-:ﬁ:L;-—--;;—;-n;;;——;;;h-- ————; HHHHHHH
DEVICE - |* PART TYPE = STHCHRBHHUS\h-ﬂIT BINARY cuuurﬁn PCN : SIT05734
e | _PART NO. 3 M38510/76302BEA (54ALT41) N A e

. TEST PROGRAM LOCATION A . TEST SPECIFIﬁATIDNS
DLSK LABEL 3 MIL=M- }db1ﬂ!?&luz ]
_DIRECTORT -: thT LPRDGRAHS.STIJ l 19 NOYEMBER 1990
____________ _ FUHCTIDH&L TESTS PERFORNED
PARAMETER * VCC VI CONDITIONS CPINS : Z'LIMITS AT +25¢C
mEmm=zdocs S=== E=&= =======::= ======C . EES=CSCSTEE=E=ER=ERE=T=
FUNCT 7 7 3.0V D45y FREQ=1.UQUMHZz ALL I/D an<1 ,50Y » YOH>1.50¥
FURCT 2 &.5Y  O.80V EREG=1-DOOMHE ALL I/9 _vOL<2.Z5Y » YOHX2.2Z5V
FUNEL 3 ¥ UeUUY FREGQ=1.UUUMHz ALL I/D EVULﬂd.fbv ¢ VOHXZ2.75V
DC_PARAMETRIC TESTS PERFORMED
e v v A g ey Rl WP S ek e BN AL S e e o il A B N B B E N N B W BN WY WY v i N e ek i W SR R S — M e e
PARAMETER  V(E YIL, cuunxrrnns PINS LYALTS AT *25C
TEET === - === EamwprFETTE== === EEESEEE SIS S=ES=ESRESEE==E
¥ OHY S U¥ ULPUY ¥ . LOBD==30UA GUTS 2.V # S¢3.0Y
YOH? Ga.sY  1.395ViL 5y LOAD==30UA sUTS Yiho4y¥  , $tlaSY
~¥OHS 5.5V « G.00V 3.85Y LGaD==-50U guTs >+5,4Y  , €H5,.5V
YLETS 5,0V U,YU¥Y 2.1UY LOAD=-U4MA OUT S 2. 4¥ o 3,07
_VOHS - 4.5Y  1.35Y.¢3.15Y L0A0==24MA puUTS PEI.TV  # <H4. DY
~T¥OHS 5.5V 0.0V 3.85Y ;LOAD®-24KA DOTS 46 .7V 5 <tS5.SY
L ¥ORY i BedV. W U?f 3.85¥ LDAD=-30HKA outTs PHILBIV ¢ <HBLSV
Cuh —lTY LR
yoLt 4.0V 0.0V 2.10V LOAG=+50UA gUTS IH0.0¢ . <HULIY
voLe Ha5Y  1.855V - S.1%Y - LOAOETZUUA outTs >4U.0Y s STO0LTV
vois . n.hY L OUY> 3.85Y “LOAD=+50UA DUTS >40.0¥ 5 <#Q.1
¥Youe . “ 3.0V TYUY  Z.70¥ S LOAD=+1ZHA ouTs >e0.0V ~:M:1.5:-:rt\,,,_L
YOES -.:  4.5Y 1 ¥ 5.15Y LOADTYZ4MA guTs PHIL0V o <ﬁp.5vJ"-
¥UOLS San¥ SeBOY  LOADEEZLMA gutTs F+Q.UY s <FQL3Y
YOLT 5.5V 3.85Y TLOAD=+50MA guts >+u.gv 7 SHET.E5Y
o X ¥ - Lyt
5 4 S S.%V  0.00V 5.5uv YIN = (.0V INS . -C2=1.0uRw <0 QU
I b 33BY o oloov 5.50V VIN = 5.5¢ IKS FOLEUR @*1*bqj>o
DL L - : R
VIL™ & (5a5VH UL0UY S.5uV U IIN = =1HA INS s SYIE 0.4V
ICLH 5.5Y O0.0U0Y 5. WIN ® 5.5V YEG 340.00A » <+Z.0iUA 7
i iCCL .. 5.5Y o.o00v 5. .vxu e .0V YCC »+0.0UA » €t2,0U4 -

ol A el - T

LIMITS AT +25C QHLY

I ':::::::: EEEEEESRAEEERE
1LEP aN . % INS < 1ZN§ 7 =
SLPE T TG .. > TN3 < 1LNS =
A CP  TD QN > 185 L 12N5 -,
Cp- Y0 TC- _ 5> {N3 £ 14NS -~ -
"LET-TQ TC . * INS < T1.3N3
CET TO TC ~ : > NS < 11.5H5
ME. TO-gH > THS < 17.53N%
MR .TO TC > IN3 € 15NS .
CP  TO ON. > 1HS < HBa5HNS -,
ce. TO'TCC © 5 INS < 10.9HS ¥
© CPYCTO QN . 5> 1HS ' € EJSNS
Tope J0UTC > 1NS < 10.3NS7
S LET TO0 TG . > N3 S . Ba5HS
CCET..TE TC > TN5 . < B.INS+,
P MR TO QW - > IH§ < B.5NHS .
. HR.TO TC. > iNE < 11.5NSY
A v ] W g e F——-n-n—-—i



TABLE IV: Summary of Electrical Measurements After
Total Dose Exposures and Annealing for 54AC161 1/

Total Dose Exposure (TDE) (krads) Anneal Anneal
Initial 5 10 20 10 G0 168 hrs 1é8 hrs
Spec. Lim. /2 @25°C @109°C
Parameters min max mean 843 |mean sS4 |mean sd |mean sd mean &d
FONCl, 1 MHz, 3.0 V¥ PASE ' PASS ' et
FUNC2, 1 MHz, 4.5 V 4
FUNC3, 1 MHz, 5.5 V
VOH1 v .01
VOH3 L 01
VOHS/3 V]
VOH7 v .04 05
vOLl/4 mV] 0
vOoL7 my 54
IIL nA 0
IIE ni 0
vic- mV| . . 1 3.5 3.5 2.9 16.1
ICCH udl O 2.0 0 ) e ] 15 [ 115 9496 1957
ICCL un G 2.0 0 0.3 1 35 ik 759 5 415
LE_ CP_QN ng 1.0 12.0 1.0 | 1.6 {1.0 1.9 1.0 Boga| 1.1 1.1 41.0
LHE CP TC nsl 1.0 14.0 { 1.0 [ 1.0 Bl L. G 3! 11.0 1.0 B 1 1.0 H 1.0 1.1
HL_CP_0ON ng 1.0 12.0 i 0.9 | 0.8 10,9 i 0.9 [ 10,8 [ 1.4 1.0
BL CP TC ns| 1.0 14.0 3} 0,7 § 0.7 0.7 i 0.7 0.6 [4 10.6 |3 0.6 0.8
LH_ET_TC ns} 1.0 11.5 313 0.5 ¥ 0.5 |E A 0.5 0.5 0.5 | 0.5 0.6 i 0.6
BL_ET TC ns! 1.0 ] 11.5 0.3 0.4 0.3 |Fi43{ 0.3 0.3 |Fi49{ 0.3 | 0.3 0.5
HL_NR_OK nsl 1.0 [ 11.5 0.6 | 0.6 10.6 | 3.6 0.6 |84 0.6 0.6 0.7
HL MR TC ngl 1.0 | 15.0 | 0.8 | 10.8 [ 10.8 [ i{ 0.0 [Foid] 0.8 [20{ 0.8 | i 0.2 | i{0.9
Notes: e :
1/ The mean and standard deviation values were calculated over the eight parts irradiated

in this testing.
ipcluded in this table.
2/These are manufacturers”

The contral samples remained cengtant throughout the testing and are not

non-irradiated data sheet specification limits. HNo post-

irradiation limits were provided by the manufacturer at the time the tests were performed,
1/"PASS" indicates that all parts passed the test and "FAIL" indicates that all parts falred

thae test at
The VOHH test
and VOHL were
initially,
all other VOH

(=3

it

given level.
is shown here ags "
sufficiently close to the threshold voltage for the part that, although it passed
falled these tests after very little (5 krads) radiatlion dose.
tests;

"nPmF" indlcates
"PARSS" or "FAIL®,

rhat n parts passed and m parts failed the test.
because the value of VIL {1.35V) for baoth VOH2

All parts passed
therefore, application of this part in a radiation envirconment

with thege values of VIH and VIL should be avoided.
4/No significant varlation was ohserved in VOL1l - VOL7 during irradiation ard annealing.
hdditicnal data on VOL2 - VCL6 are available on requast.

-7~




Figure 1. Radiation Bias Circuit for 54ACl161
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54AC161
Appendix 1

Initially, the test conditions for VOH and VOL were used per MTL-
M-38510/763 (see Table V). However, the parts failed VOH3, VOHs
and VOH7 in the pre-radiation test. VIL was therefore changed
from 1.65V to 0.0V for these tests. The parts were retested
under the new VIL conditions and all parts passed all_tests.

This indicated that the parts were sensitive to the VIL voltage
threshold level. VIL was not changed, however, for VOH2 and
VOHS5, because parts passed these tests before irradiation,
Beginning at S krads, however, parts alsc failed these tests.

C. Nguyen

Test Engineer

731-8957
Note: VIL for the VOL tests was also changed, but parts did not
fail VOL in the pre-radiation test.

Table V. Comparison of MIL-M-38510/763 and PPM-92=-279 Test

Specifications
Test Conditions MIL-M-38510/763 PPM~92=-2759
VQH1 VIiL= 0.30V 0.90V
VIiHe= 2.10V 2.10V
VOH2 VIi= 1.35V 1.35V
VIH= 3.15V 3.15V
VOH3 ViL= 1.65V 0.00V
VIH= 3.85V A.85Vv
VOH4 VIL= 0.90V J.90V
VIH= 2.10v 2.10v
VOHS VIl= 1.35Vv 1.35V
VIH= 3.15V 3.15V
VOHA VIL= 1.65V G.00v
VIH= 3.85V 3.85V
VOH7 VIL= 1,68V 0.0QV
VIH= 3.85V 3.85V




