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The information contained in this deocument has been developed solely for the

- purpose of providing genexal guidapce to employees of the Goddard Space Flight
Center (GS5FC). Thieg document may be distributed outside GSFC only as a
courtesy to cther govarnment agencies and contraectora. Any distributien of
this document, or application or use of the information contained Merelin, is

expressly conditioned upen, and is subject to, the following understandings
and limitaticns:

ta) The information was develeped for general guidance only and is
subkject to change at any time;

(b} The infermation was develepad under unicue GSFC labozatery cenditions
which may differ substantially from outeide conditions;

{c) GSTC does not warrant the accuracy of the informztion when applied or
used under other than unigue $SIC laboratory conditlorns;

{d) The information should not De construed as a representatisn of
product performance by either GEFC or the manufacturer:

{a) Y¥either the United States government nor zmy persen Acting on behals
cf the United States government assumes any liability resulting from
the application cx use cf the informaticn,
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A radiation evaluation was performed on 54AC193 (4-Bit Binary
Counter} to determine the total dose tolerance of these parts. A.
brief 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 performad using a cobalt-60 gamma ray
Source. During the radiation testing, eight parts were
irradiated under bias (see Fiqure 1 for bias configuration), and
two parts were used as control samples. The total dose radiation
levels were 5, 10, 20, 40 and 60 krads*. After 60 krads, parts
were annealed at 25°C for 168 hours. The irradiation was then
continued to 100 krads (cumulative). The dose rate was between
0.26 and 1.0 krads/hour, depending on the total dose level {see
Table II for radiation schedule). Finally the parte were
annealed for 168 hours at 100°C. After each radiation exposure
and annealing treatment, parts were electrically testsd aceording -
to the test conditions and the specification limits** listed in
‘Table ITI. These tests included six functional tests at 1.0 MHz.

All ten parts passed initial {pre-rad) electrical tests. all
eight irradiated parts passed all electrical tests at each
irradiation and annealing level up to and including the 10-krad
irradiation. After the 20-krad irradiation, all irradiated parts
exceeded the maximum specification limit of 8.0 ua for ICC, with
readings ranging from 58 to 392 uaA. At the 40-Kkrad level, the
same fajlures occurred, with readings ranging from 1.33 to 3.28
ma. At the 60-krad level, the same failures continued, with

*The term rads, as used in this document, means rads(silicon).
All radiation levels cited are cumulative.
**These are manufacturers’ non-irradiated data specification
limits. No post-irradiation limits were provided by the
manufacturer at the time these tests were performed.
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readings ranging from 3.45 to 6.81 maA.

After annealing for 168 hours at ¢5°C, all irradiated parts
showed little recovery, but continued to exceed the maximum
specification limit of 8.0 uhA for ICC, with readings ranging from
2.68 to 5.83 mA. Upon continued irradiation to 100 krads
(cunulative), all irradiated parts s3till continued to fail ICC,
with readings ranging from 8.80 to 13.62 maA., 1In addition, all
irradiated parts exceeded the maximum specificaticn limit of 100
mV for VOL1l and VOL2, with Vee = 1.5 and 3.0 vV, with readings of
1.50 V for both parameters, All irradiated parts also exceeded
the maximum specification limit of 260 nv for VOL4, with Vee =
3.0 V, with readings ranging from 1.49 to 1.59 V. All irradiated
parts passed the VOLS and VOLG tests, with vee = 4.5 and 5.5 v,
respectively.

After a final annealing at 100°C, no rebound effects were
ohserved. All irradiated parts passed all other functional and
electrical tests throughout all irradiatien and annealing steps.
No significant sensitivity to radiation was observed in any other
test parameter.

Table IV provides a sunmary of the functional test results, as
well as the mean and standard deviation values for each parameter
after different irradiaticon expasures and annealing steps.

Any further details about this evaluation can be obtained upon
request. If you have any questions, please call me at {301) 731-
8954,
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TABLE I. Part Information

Generic Part Number: 54AC193

Part Number: 54AC193F/3A%
FAST/MUE

Control Number: 6130

Charge Number: C33295

Manufacturer: Harris

Lot Date Cade: 9246

Quantity Tested: 10

Serial Numbers of

Radiation Samples: 27, 28, 29, 30, 3%, 32, 33, 34
Serial Numbers of

Control Samples: 25, 26

Part Function: 4-Bit Binary Counter
Part Technology: CMOS

Package Style: 16-pin DIP

Test Ecquilpment: 5-50

Test Engineer: C. Arcila

* No radiation tolerance/hardness was guaranteed by the
manufacturer for this part.



TABLE II. Radiation Schedule for 54AC193

EVENTS DATE
1) INITIAL ELECTRICAL MEASUREMENTS 03/12/93
2) 5 KRAD IRRADIATION (0.26 KRADS/HOUR) 03/15/93
POST-5 KRAD ELECTRICAI, MEASUREMENT 03/17/93
3) 10 KRAD IRRADIATION (0.28 KRADS/HOUR) 03/18/93
POST-10 KRAD ELECTRICAL. MEASUREMENT 03/18/93
4) 20 KRAD IRRADIATION (0.50 KRADS/HOUR) 03/23/93
POST-20 KRAD ELECTRICAY, MEASUREMENT 03/24/93
5) 40 KRAD IRRADIATTON (1.00 KRADS/HOUR) 03/24/93
POST~40 KRAD ELECTRICAL, MEASUREMENT 03/25/93
6) 60 KRAD IRRADTATION (1,08 KRADS/HOUR) 03/25/93
POST-60 KRAD ELECTRICAL MEASUREMENT 03/26/93
7) 168 HOUR ANNEALING @25°C 03/26/93
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT 04/02/93
8) 100 KRAD IRRADIATION (0.59 KRADS/HOUR) 04/02/93
POST-100 KRAD ELECTRICAL MEASUREMENT - 04/06/93
9} 168 HOUR ANNEALING @100°CH 04/06/93
POST-168 HOUR ANNEAL ELECTRICAI, MEASUREMENT 04/13/93

ALL ELECTRICAL MEASUREMENTS WERE PERFORMED AT 25¢(C.
PARTS WERE IRRADIATED 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 +o
the growth of interface stateg after the radiation exposure. For
more information on the need to perform this test, refer to MIL-

STD-8283D, Method 1019, Para., 3.10.1.



Electrical Characteristics of S4acigl

Table III.
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TABLE IV: Summary of Electrical Measurements After
Total Dose Exposures and Annealing for S4AC193 1/

Total Dose Exposure (TDE) {krads) Anpeal TDE hnneal

Spec. Initial 5 10 20 44 50 168 hrs 100 168 hrs
Lim, /2 e25° krade @109°C

8d

Parameters min rmax mean ad mean sd

FUNC1, 1 MHz, 4.5 ¥ PASE PASE:
FUNC2, 1 MHz, 5.0 v i PASE
FUNC3, 1 MHz, 5.5 v EASS
FUNC4, 1 MHz, 5.5 v -
FUNC5, 1 MHz, 5.5 v
FUNC&, 1 MHz, 5.5 ¥

VOE1/2 v 1.4

VOH3/3 Wi 4.4

YOHS5 /3 ¥ 3.

9
VYaL1/3 mv, O
VOLZ2/3 mv, 0

0
]
a

VOLd /3 my,
VOLS/3 mv]

VOoLE /3 mV]

IIH nal =100
ITL nal -100
Ice udl ¢

T?LH_ LG} ng
TPHL_LO ns

TPELH_CQ nsl

.

TFHL CQ ns
TPHL_CB ns

TPHL MQ ns

TPLH_DJ na

.

Ll Bl - B 51 EY ] ET DT
. v e ). = |-
Hl=o|m| ool o

|TPHL_BQ ns

1/ The mean and stancard deviation values were calculated gver the eight parts i1rradiated
ir this testing. The ceazrol samplag remained constant throughout the testing and are not
included in this tabla,

2/ These are manufacturers’ non-irradiated data shoet specification limits. No post-
irradiation limits were provided by the manuvfacturer at the time the tests were performed.
1/ Ho significant variation was observed in YOHZ, VCHd, VOH6, or VOL3I throughout all
irradiation and anrealing Steps. Additicnal data are avallable on reguest.
Radiation-sensitive parameters were ICC, VOL1, VOI2 and void4.




Figure 1. Radiation Bias Circuit for S4AC193
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1) Vec = +5.0 VDC + 0.5 VDC

2) All resistors R = 2.0K Ohns 4+ 10%, 1/4 W



