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ADVISORY ON TAE USE OF THIS DOCUMENT

The infermation eontalned in this document has meen developed solely for the

. purpose of providing general guidance to employees of the Coddard Space Flight
canter (G65FC}. This dogument may be distributed cutside GSFC only &E a
courteay te cther governmant agencimes and centractors. A&ny distribution of
this document, or application or use of the informatlion contained Irerein, is
expressly conditioned upon, and is subject to, the folleowing understandings
and limitations:

(a) The information was develeped for general guidance only and is
subject to change at any time;

{b) The informatisn was developed under unigue GSFC laberatory conditions
which may differ substantially from ocutside conditions;

ic} CSTC does not warrant the aesuracy of the informetion when spelied or
psed under other than unigue GSFC laboratory cenditions;

{g} The information should net be construed zs a sepresentation of
mroduct performance by either GSrC or the manufacturery

(e} Keither the United States govermnment nor zny person acting on behalf
of +he United States government assumes any llabilicy resulting from
the application or use of the inforwmatien.
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An annealing study was performed on elght different 54AC series partslf
{S4ACO0, B4AC02, 5S4AC0Z, 54pC1l, S54aci109, 54AC181, S4AC245 and 54ACT245y,
previcusly irradiated to 300 krads total dose, The ohiective of this study
wae to determine the effects of long-term (approximately bLwo years) annealing
on these parts. A brief summary of the test results ig provided belew. For
detailed information, refer to Tables T through ITI,

For each part. type, the previvus total dase testing had been perfarmed earlier
{between 3722 and B/8/91, for the SMEX Project) using a cobalt«60 gamma ray

source. During the radiation testing, eight parts were irradiated undex hias
and two parts were used as contraol %ﬁpples. The tatal dese radiation steps
were 10, 20, 30, 80, 75 and 100 Krads</, After 100 krads, parts were annealed
at +35°C for 168 hours, and then the irradiation was continued to 200 and 300
krads (cumulative). The doae rate ranged from 0.06 to 5.7 krads /hour,
depending on the total dose level. hfrer each radiation exposure and

annealing treatment, parts were electr;g?lly- tested according to the test
conditicns and the specification limits astablished for each part typa.
These. tests included DO tasts {VOH, VOL, IIH, IIL, ICCH, Iccl, IOZH, IOZL and
ICCZ), AC tests (propagation delay) and at least one functicnal test for each
part type.

For all part types, significant increases in ICCH and ICCL measurements wereg
observed after total dose levels ranging from 10 to 200 krads. After 2300
krads, ICCH measurements ranged from 963 to 41000 wA and ICCL measnrements
ranged from 1000 to 234000 pa, against maximum specification limits of BO or
160 pA, Iwo part types (54AC161 and S4RCTZ245) alse ghowed funcﬁ}onal
failures, . For further details, refer to the follewing radiation reports®f;

Part Type Report No. Part Typa Repart Na,
54AC00 PEM=-91-440 S54nciel FPM~91-252
54a002 PPM~91-508 S54AC245 FPM-91-442
544004 PPM-81-376 54ACT245 PPM-91=~191
S4AC11 PPM-91-425
54AC1065 PPM=91-437
1/ These are not radiation-hardened parts. N radialion tolerance was

gquaranteed by the manufacturer for these parts,
2/ The term rads, as used in thi=s document, means rads(silicon).
3/ These were manufacturers’ non-irradiated data specification limits. MNe
post-irradiation limite were provided by the manufacturer at the time thess
tests were performed.
4/ Copies of these reports are available to gualified users; please submit a
written request through the cognizant GSFC Project Office or Branch Head to
the Office of Flight Assurance Information Center, {ode 300,
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The jrradiated parts used in this study were under storage at room temperature
anneal (withouk bias) for approximately two ycars. At the end of this pericd,
electrical measurements wcre made. The parts were then placed under bias and
annesaled for one week {168 hours) at 25°C, after which electrical measuremsnts
were performed. The parts were then placed back in annealing at 25°C for s
total of 804 hours (eumulative), and electrical measurements were made at the
end of this period. Finally, the parts were annealed for 168 haura ar 1o0e°c
to test for rebound effects.

Tables I and II present the test results for ICCH and ICCL measurements,
respectively, after varicus annealing steps. These parameters were the most
senaitive to radiation. After annealing for one year without bias, seven pars
types showed decreases in ICCH and ICCL, ranging from 7% to B83%. One part
typs (54AClél), however, showed an increase in both ICCH and ICCL of over
500%, after annealing for one year. All part types were still over the
maximum specification limits for both parameters. After annealing for 168
hours under hias at 25°C, five part types {S54AC00, S4ACH2, 54AC04, 54AC109 and
54AC245) showed some vecovery. ranging from 2% to 23% (see Fig.l), while three
part types (54AC11, S54AC161 and 54ACT245) showed an increase (2% to 24%) in
the values of these parameters (see Fig.2). After annealing under the same
conditions for 504 hours, only 54ACl0% showed an increase af 9% in ICCH; all
other part types showed continved decreases from 1% toe 22% in both ICCH and
IcCL.

Six part types (54AC00, 54AC0Z, L4ACO4, S54AC11, S54AC10% and 54AMC245) passed
all functicnal tests throughvut all irradiation and annealing steps. The
S4AaCl61 device lot had 5 failures at 300 krads radlation exposure and
throughout all subsequent annealing steps at 25°C. The S43CT245 device lot
had 4 {failures at 300 krads radiation exposure, but all parts passcd all
functional tests during all subsequent annealing steps.

After annealing for 168 hours at 100°C, no rebound effects were phserved.

Any further details about this evaluation can be obtained upon reguest., If
you have any questions, please call me at {301} 731-8954,

The Tnformation contained in this document has been developed solely for the rpose af providing gemneral
guidance to empioyees of the Goddard $pace Flight Center (GSFC). Thiz decument may be distributed gutside -
GSFC only as a courtecy to other government agehciecs and contractors.  Any distribution of this document, o
application or use of the information contained hereim, i sxpressly conditivnal upon, and ig subject ta,
tﬁe follovwing understandings and limitations:

{a} The information was developed for gemeral guidance anly and s subject te change at ARy ‘time;

th)  The information was developed under unique GSFC laboratory conditions which may differ subetantialfy -
from outside conditions; .

{e) GSFC does hot warrant the accuracy of the information when applied or used under ather than unigque GSFC
taboratory conditions;

(d) The informatien should not be conatrued as s representation of product performance by clither GSFC or
the manufacturer;

{e)] Meither the United States ?overnment nor any person-acting on behalf of The United States government
assumes any biability resulting from the application or uee of the infarmatieon.
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TABLE I: Summary of Mean Values of ICCH Measuremenis After
Total Dose Exposures and Annealing /1

[Total Dose ExpouBure Inneal
Speca. lnitial |300 krads| One Year| 168 hrs. | 504 hrs. |19 hrs.
Part Units| Lim. @25°( ®ESCC @35°¢ @100
type Min|Max Unbiased | Biased Blaaed Blased
S4AC00 TER 0.0 7174 4978 4302 4894 2126
S4AC02 pA _[0.0]80 0.0 16200 7561 7141 7048 1909
S4AC04 pA [0.0]80 0.0 27000 16817 16353 15302 9614
S4ACI1 ud [0.6feo 0.0 95§81 31314 3376 3304 202.79
S54AC108 | pA [0.0180 0.0 41000 30198 29825 30079 16765
S4ACTE1 uA [0.0]160] 0.0 1000 7560 EEEE 8040 2701
54AC245 ua 10.0[160] 0.0 963 636.5 | 524.1 471,17 65.7 |
S4ACT245 | wa Jo.0[160| 0.0 2000 353.9 438 342.5 36.0
TABLE II: Summary of Mean Values of ICCL Measurements After
Total Dose Exposures and Annealing /1
[Total Dosé ExXposurd _ Enncal
Speac. Inicial |300 krads| One Year| 158 hrs. | 504 hrs. | 168 hrs,
Part  Units| Lim, W25% @a5°C @25°C ®Lgaeg
type Min[Max Unhiased | Biased Blased Riased
54AC00 LA j0.0[80 0.0 6194 5721 5655 5622 2522
54AC02 pa [0.0080 0.0 10700 7947 7577 7484 2484
54AC04 pa [0.0]80 0.0 27000 22154 21642 21533 11794
54AC11 pwa 10,0[80 0.0 1345 335 147.6 273.4 (B
54AC109 pad [0.¢[B0 0.0 340080 25051 24418 24424 12081
B3ACTH1 wa |0.0[160] 0.0 1000 7232 8130 7803 3157
54AC245 | uA [0.0160] 0.0 3207 1034 BOT, 2 718 64,6
R4ACT245 | ph [D.0[160] 0.0 3000 505.4 5935 570 42.5
TABLE III: Summary of Funciional Tests After
Total Dose Exposures and Annealing /1
Total Dose Expdeure _ Anneal ]
Initial 1300 krads| One Year| 1868 hrs. | 504 hrs. [ 168 hrs.
Part @25°¢ @25°C @250¢ @100°C
type " |Unblased | Biased hBiased Blased
S4AC00 P P P p P P
S42C02 P P 3 p p P
S4AC04 P i3 P P p P
54AC11 P P P P p P
S54AC103 P 3 P P P P
54AC161 P 3p/SF IP/5F+ 2p/5¥ 2P/SF 3P/4F
S4AC245 P P P P [3 3
[54ACT345 e 4P/4F P P P P

/1

Up to 300 krads, statistics arc based on eigh
For the 168- and 504-hour anpneals ar 25
gtatistics are based on seven camplag,

*One of the passing parts was removed from testin
annealing steps, reducing the sample aize- from
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g arc the fgllowing
3P/5F o ZP/SF.

£ irradiated sampiea.
"C and the 168-hour anneal at 104°C,
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Figure 1

a) ICCH vs. Total Dose and Annealing
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b) ICCL vs. Total Dose and Annealing
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Figure 2

a) ICCH vs. Total Dose and Annealing
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