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4 radiation evaluation was performed on LM13? (Uuad voltage Comparator) to determine the totsl dose
tolerance of these parts. A brief summary of the test results s provided below. Fer detailed information,
refer te Tablss 1 through [V and Figure 1.

The total dose testing was performed using m cohalt-80 gemma roy souree, During the rediation testing,
elght parte wer¢ irradieted under bias (ses Figure 1 for bfas configuration), and two parts were used as
control eamples. The total dose radiation levels were 5, 10, 15, 20, 3%, 50 and 56 krads*. The dose rate
was betwsen 0.05 and 0.45 krads/hour, depending oh the total dose level (see Table II for radiation
schedule}, Aftar the 56 krad irradiatior, the parts wers snnealed for 168 hours at 25°C, after which the
parta were snnealed for 168 hours at 100°C.  After each radiatisn exposure, parts were electrically tested
acenrding to the test conditions and the specification Limits** Listed in feble 111.

ALl parta passed inftial electrical measursmants. At the 5 krad irradiatioen level, two parts (S/N & and 8}
excesded the Llawer specificatien Limit of =100 A for P_IIB_5V, N_IIB SV, P_1iB_30V mnd W_IIB_30V, with
readings ranging from -102 to -110 mA. At the 10 kred ievel, all eight irradiated parts esxceeded the Lower
specification Limit for these parameters, with readings ranging from -155 to -243 nA. The same fallures
contirnved at the 15 krad level, with readings ranging from -234 to -400 nA, and at the 20 krad level, with
resdings ranging from -315 t& -535 nA_  In addition, st the 20 krad level, one section of one part (S/M 6}
failed to meet the minimum specification limit for .00 ma for [_SINK, with a reading of 5.75 mA.

At the 30 krad level, all eight irradiated parts contirued to exceed the lower specification limit for
P_ILB 5V, W_[IB_Sv, P_lIB_30V end N_I18_30V, with resdings remging from =457 to -754 A, At least one
section of all eight irradiated parts also feiled to meet the minimum specifization limit for 1_SINK, with
readings renging from 4.39 to 5.93 mh, and at least ane section of atl cight irrediated parts also failed %o
meet the minimam specification timit of 50 v/mv for AQL, with resdinga ranging from 35 to 4% Vimv.

at the 50 krad Llevel, all eight irradiated parts exceeded the maximum specificatien Llimit of 400 wv for
v_SaT, with readings renging from 660.4 to %000.4 w¥. These failures indicate functional faiiures of the
part. The failures observed in P_t18_5Y, N_]I8_5Y, P_I[B 30V and N_IIB_30V ecentinued, with readings about
twice the valuss Bt the %0 krad level., Also, ail sections of all eight irradisted parts failed to meer the
minimum spacification Limits for AGL and [_SiNK, with readings ranging from 14 to 30 v/rv, and 2.9 ta 4.1

*The term rads, as used in thisx deeument, means rags(silicon). AlL radiation levels cited are cumulative.
*#Thege are manufacturer’s nam-irradiated data specification limits. Ho post-irradiation Limits were
provided by the manufecturer st the time these tests were parformed.
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mi. Im addition, at least one section of two parts (S/N 3 and 7} cxceeded the specification rarge of +25.00
nd for both 1105 5V and [10S 30V and one section of one part {S/N 10) cxceeded the specification range for
1105 30¥.  Absolute values of readings ranged from 27.04 to 38.99 nh.  After 56 krads frradiation, no
significent changes were observed.

after annesling for 168 hours at 25°C, no significant changes were observed in any parameter. After
ahnealing for 168 hours at 100°C, no rebound effects were shaerved.

Table 1V provides the mean asnd standard deviation values for each parameter after different irradiation
exposures and annealing steps. Mean and standard deviation wvalues for all parameters cxcept Iec SV and
[ec_30V are given only for section 3 of the parts since, in general, this wWas the worst ease. Values for
othar sections are availesblie on request.

Any further details about this svaluation can be obtained upon request. 1f you have any questions, plesse
call me at {301) 731-8954.

ADVISORY ON THE USE DOF THIS DOCUMENT

The infermation contained in this document has been developed sclely for the purpese of providing general
guidance to employees of the Goddard Space Flight Centar (GSFC}. This dosument may be distributed ocutside
GSFC only as 3 courtesy to other government agencies and camtractors. Any distributfon of this decument, or
application or use of the information contained herein, 13 &xpressly econditional uwpon, and is subject to,
the following understandings and Limitations:

{(a) The information was developed for general guidance only and is subject to change at mny time;

{k) The information was developed under unique GSFC laboratory conditions which may differ substantially
from owtside conditions;

{c) GEFC dees not warrent the mccuracy of the information when applied or used under other than unigue GSFC
labaratery cenditions;

td) The imformatian should net be construed as & representetion of product performance by either GSFC or
the manufacturer;

fe) Neither the United States gavernment nor eny perach seting on behalf of the Unived States government
assumes any liability resulting fram the applicetion or use of the Information.



TABLE 1.
Generic Part Number:

CassinifGCHS
Part Number:

Cassini/GCMS
Control Number:

Charge Number:

Manufacturer:

Lot Date Code:

Quantity Tested:

Serial Hurmber of
Control Ssmples:

Serial Humbers of
Radiation Semples:

Part Function:

Fart Technology:

Package Style:

Test Equipment:

Teat Enginser:
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Part Information

LM13%

LM13G*

10455

CA2P4E

National Scmiconductor
9313

1

1, &

3, 4,5, 6,7, 8, 9 10
Guad Voltage Comparator
Bipolar

14-pin DIP

A540

T. Moncy

* No radiation taleranceshardneas was guaranteed by the mernufacturer for this part.



TABLE 11. Radiation Schedule far 1MI13P

EVENTS DATE

1} INITIAL ELECTRICAL MEASUREMENTS U3/07794
2) 5 KRAD IRRADIATION (0.12 KRADS/HOUR) 03/08/9%
POST-5 KRAD ELECTRICAL MEASUREMENT 03710794
3) 10 KRAD IRRADIATION (0.05 XRADS/HOUR} 03/11/2%
POST=10 KRAP ELECTRICAL MEASUREMENT 03514594
4) 15 KRAD I1RRADIATION (0,11 XRADS/HQUR} 03/ 14/%4%
POST=15 KRAD ELECTRICAL MEASUREMENT 03/16/94
5) 20 KRAD IRRADIATION (0.11 KRADS/SHOUR} 03/ 16/94
POST-20 KRAD ELECTRICAL MEASUREMENT 03/ 18/9%
&) 30 KRAD IRRADIATION <¢0.15 KRADS/HOUR) 03718/9%
PUST-30 KRAD ELECTRICAL MEASLREMENMT 03721794
73 50 KRAD IRRADIATION ¢0.45 KRADS/HOUR) 03/21/9%
POST-50 KRAD ELECTRICAL MEASUREMENT 03724794
B) 54 KRAD IRRADIATION (0.27 KRADS/HOUR) 03525794
POST-%& KRAD ELECTRICAL MEASUREMENT 03728794
9) 1468-HOUR ANNEALING 225%C 0%/28/96
POST-168 HOUR ANMEAL ELECTRICAL MEASUREMENT 04 f06 /9%
10) 168-HOUR ANMEALING @100°C* 04504 /94
POST«168 HOUR ELECTRICAL MEASUREMENT 04,1194

*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 informetion
on the reed to perform this test, refer to MIL-STD-8830, Method 1019, Para. 3.10.1.
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Unless Otherwise Specified: T =25°C

Table 11I.

Electrical Characteristics of LM139

TEST NAME SYMBOL CONDITIONS LIMITS
MIN MAX
SUPPLY CURKRENT :
5V Tee +Vee =5V, VouT = 0V 0.000mA | 3.000mA
30V Yoo TVee= 30V, VouT = 0V 0.000mA | 3.000mA
INPUT OFFSET TESTS
VOS_5V V1o ee= 5V, Vour =14V 5.00mV 5.00mV
VOS_30V V10 FVee = 30V, Vouy = 15V (Note: 1) -5.00mV 5.00mY
PSRR FORR *Veem 5V, 30V), VouT =14V 70dB
P B SV +I1p +Vee =5V, Vour =14V (Note: 1) ~100.00nA -1.000nA
N_IIB_5V Iip +Vee = 5V, Voyr = 1.4V (Note: 1) -100.00nA -1.000nA
IIOs_S5Y 10 +Vec =5V, Vour =14V Mote: 1) «25.00nA 25.00nA
P IIB_30V +Ip +Ver =30V, Voprr = 15V (Note: 1) ~100.00nA =1.000nA
N_IB_30V Tig Veem 30V, Vour = 15V (Note: 1) -100.000A | -1.000DA
1105_30V o Ve =30V, Vour = 15V (Note: 1) 25.000A | 25.00nA
A0L TWVeem 5V, VouT = (LY, IV) 50 VimV
I SINK " +Vec =5V, Vopr = 1.5V (Note: 2) 6.00mA
\;SA.T +Vec = 5V, Igyr = 4.0mA (Note: 2) £00.0mV
1 LEAK +Vec = 30V, VoL = 30 0.500uA




TABLE IV: Summary of Electrical Measurements after
Total Dose Exposures and Annealing for LM139 /1

Total Dose Exposure (krads) Annealing
sipec Initial 5 10 15 20 30 50 56 168 hrs (168 hrs
Lim. /3 @252C | @100sC

Paramaters /2 min max (mean 53 mean s4 |mean sd mean sd [mean sd sd mean s5¢

|Ice_ 5V ma | 0 3.0 FHE#NDY .01 EUTE| o2 FRuebi .02 Eols e .02z HEeE| 02 .01 Efag Lol |

Icc 30V ma | 0 3.0 FOERYH .02 HaB9) .02 EEIREY .oz B A .oz EREREH .oz .02 .02

V0OS_S5V nv [-5.0- 5.0 FeE a0 ooesd] (aa oA (1o BER 5 a4 PEoAR| a7 .4C .38
vOS_30V mv [-5.0: 5.0 [QSEs .35 P 39 BT a0 [y g2 .46 FRIRGY .40 .42 .40

PSRR ams| 70 Gin¥s 5.8 hager) 13 ] 4.2 48 S 1.9 BASSAL 1.5 1.4 1.4
P_IIB_5V Ak |-t iR a3 EEER 13 B ac ERAYE 66 LagERS 63 51 46
N_TIE_GSV A iEoy| .42 [PEed| 13 pergay iz [Edas E £5 65 fewais 62 51, 46
I11GS_5V na GO .17 PE Seih] 2.5 |dioEl ChaTET 7.1 ESiEg 9.4 8.3 53] 7.6

P IIB_30V na | -100 | -1.0 FEigss 46 a7 Al ARk: B2 [menld a2z 67 £0

N IIH 30V na | -10¢ | -1.0 i 44 58 a5 [aEE] SR #E%1S 80 Espngl eo 66 59
LIOS_30% na | -25 | 25 oA 18 [Ai4 3.0 Poed] 4.2 BEEA] 6.0 [EEE 8.4 BEEE 103 9.3 £.9

BGL Y/mv¥ | 50 I 324 | 15 [OEARS] 14 pEACED 3 [BEE 5.2 PR 3.0 3.5 3.9

I .SINK mh | 6.0 43 [Bakd] S0 PFletes .53 hudwe| .50 by 37 .33 .34

V_SAT ny 400 iedb a.a [EEE| 9.1 [EEERE -1 [BERdE 18 PEEEH 235 253 E 332

I LEAK A 0.5 gty .03 pEas] o geeds 0 e o3 Pgiedd O o 1 .02

1/ The mean and standard devia-ion values were calculated over the eight parts irradiated in this

‘testing. The contrel samples remained constant throughout the testing ard are not included
in this :able.

2/

3/

_was,
Mean and standard deviation values for V08 and II0S are computed from absolute values.

Values for all parameters except Icc_5V anod Icc_30V are given only for section 3, which
in general, the worst case. Values for other sections are available on regquest.

These are manufacturaers’ non-irradiated data sheet specification limits. HNo post-irradiatcion
ilmits were provided by the manufacturer at the time the tests were performed,

Radiation-sensitive parameters were:
I SINK, ACL and V_SAT.

P_IIB 5V, N_IIBSV, P _TIB 30V, N TIB 30V,

1108 S5V,

I108 30V,




Figure 1. Radiation Bias Circuit for LN139

Conditions:
Vee = 30.0V+0.5VDE
R = 15k0hmz, 172
Ta = 25°C



