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A radiation evaluation was performed on LM139 (Quad Voltage Comparator) to determine the total dose tolerance
of these purls. A brief summary of the tesl results is provided below. For detasled information, refer to Tables 1
through V aod Figure L.

The tota! dose tesling was petformed using a cobalt-60 gamma say Source. During the radiation testing, ten paris
were irradiated under bias (sce Table V for bias configuration), ten parts were irradiated unbiased and three parts
were used as control samples, The total dose radiation levels were 5,10, 15, 20, 30, 50, 75 and 100 krads*. The
dose tates were belween 0.24 and 1.25 krads/hour (sse Table 11 for radiation schedule). After the 15 krad
irradiation, the paris annealed for 140 hours at 25°C, after which they were irradiated to the 20 krad level. After
the 100 krad irradiation, the parts were annealed for 168 hours at 25°C, after which the parts were annecaled for
168 hours at 100°C. After each radiation exposure and annealing step, the paris were electrically tested according
to the test conditions and the specification limits** listed in Table ITL,

All parts passed initial eleciricai measurements. All irradiated parts passed all clectrical and functional tests up o
the 10 krad jevel, After the 15 kead mrradiation, two parts (8/N 954 and 956) from the unbiased group excerded the
maximum specification limit of -100 nA for P IB_5V, N_IIB_5V, P_IIB_30V and N_IIB_30V in at lcast onc
seclion, and one part (8/N 957) [rom the unbiased group exceeded the maximum specification limit for F_IB_30V
and N_IB_30V in at least one section. In the biased group, one part (S/N 968} exceeded (he maximpm
specification limit of -100 nA for P_IIB_3V, N_IB 5V, P_TIB_30V and N_1IB_30V in at least one eection, one
part (8/N 967) exceeded the mayimum specification limit for P_TTE_30V and N_IIB_30V in at least one section,
two parts (8/N 966 and 969) cxceeded the maximum specification limit for P_L{B_30V in at lcast one section and
onc part (/N 975) exceeded the maximum specification limit for N_TB_30V in at least one section  Readings
ranged from -101 {0 -137 nA.

After the 15 krad irradiation, the paris were held under bias at room temperature (25°C) for 140 hours, due to
difficulties with test equipment. After this uzmealing, six parts from the unbiased group (3/N 954, 956, 937, 958,
960 and 961) exceaded the maximum specification Limits for P_IIB_5V, N_[IB_5V, P_IIB_30V and N ITB_30V,
with readings ranging from -100.15 to -135 nA. &/N 965 in the unbiased proup exceeded the maximum
specification limit for P_IIB_30V, with a maximum reading of -104.55 nA. In the biased group, nine parts (5/N
966, 967, 968, 969, 971, 972, Y73, 974 and 275) exceeded the maximum specification Llimits for P_IIB_5V,
N_{lE_5V, P_IB_36V and N_lIB_30V, with rcadings ranging from =100.14 to -144 nA and one part (SN 970)
exceeded the maximum specification limit for P_IIB_30V, witha maxinum reading of -104.3 nA.

*The term rads, as used in this document, means rads(silicon). All radiation levels gited are cnmalative,
«+These are manufacpurer’s 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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Alter the 20 krad irradiaton, all 27 nTadiated paris exceeded the maximym specification limits for P_IID_5V,
N_TIB SV, P IIB 30V and N_IIB_30V, with readings ranging from -104 (o -198 nA.  After the 30 krad
irradiarion, the same failures continued, with rgadings ranging from -152 to -298 nA 1o addition, one part in the
unbiased group (5N %46) exceeded the maximum specilication limit of 25 nA for 1HOS_5Y and 1LOS_30V, with
readings of 26.24 and 29 34 nA, respeclively.

Afler the 50 krad iradiation, the P_IIB and N_L1B failures continued, with readings ranging from =235 to =357 nA.
In the unbiased group, nine parts (8/N 954, 950, Y58, 939, 900, 901, 963, %64 and 965) exceeded the maximum
specification limit for [I0OS_5V and [IQS_J0V, with readings ranging from -23.46 to 45.72 nA, In the biased
group, live paris (/N 966, 967, 968, 969, and 975) exceeded the maximum specification limit for OOS5_5V and
108 30V, with readings ranging [rom 26.11 to 36,50 nA and one part (S/N 973) exceeded the maximum
specification limit for IOS 30V, with a maximum reading of 27.68 nA. In addition, after the 50 krad irradiation,
eight parts in the unbigsed group (/N 954, 956, 957, 958, 960, 961, 963 and 965} fell below the lower
specitication limit of S0 V/mY for AOL, with readings ranging from 41.10 to 48,47 and six parts (5/IN 954, 956,
937, 960, val and 965) fell below the lower specification limit of .00 mA for I_5INK, with readings ranging from
548 to 5,96 mA,

After the 50 krad irradiation, five parts from the unbiased group and five parts from the biased group were
removed from further testinp. The siatistical data in Table IV for the 75 krad irradiation step and all subsequent
steps ara therefore for five samples instead of 1en.

Afier the 75 krad irradiation, the P_IIB and N_[IB failures continued, with readings ranging from -413 to -804 nA,
All irradiated parts exceeded the maximum specification linil for II08_5V and 110S_30V, with readings ranging
from 19.30 to 61.53 nA. All five parts in the unbiased proup [ell below the minimum specification limit for AQL.,
with readings rangiang from 24 27 to 37.9F V/mV and four parls (3/N 972, 973, 974 and 975) in the biased group
fell below the minimum specification lmit for AQL, with readings rangiang [torn 42.33 1o 46.00 VimV. All five
parts in the unbiased group fell below the minimim specification limit for I_SINK, wilh readings ranging Irom
382 o 472 mA and four parts (8N 972, 973, 974 and 975) in the biased proup fell below the minimum
specification limit for I SINK, with readings ranging from 5.63 to 6.00 mA. Fonr parts (8/N 960, 961, 962 and
953} in the unhiased group aiso exceeded the maximum specification limit of 400 mV for V_SAT, with readings
beyond the measuring capability of the test equipment.

After the 100 krad irradiation, all but onc part (S/N 971) failed atl of the above tests. 5/N 971 passed V_SAT.
The ranges of readings were as follows: P B and N_I1B: -634 to -1033 nA, TOS 5V and TOS_30V: 2830 to
79.12 nA, AOL: 15.31 1o 38.04 V/mV, I_SINK; 2,91 104.89 mA and V_SAT: 954.5 to 955.6 mV (some V_SAT
r¢adings were beyond the capability of the test equipment),

After annealing for 168 hours at 25°C, ali irradiated parts continued to fail all of the above tests, with the
exception that all five parts in the biased group passed V_SAT and 5/N 974 passed [IO5_5V. The ranges of
readings were as follows; P_IIB and N_IIB; -589 to -1044 nA, IIOS_ 5V and HOS_30V: 26.23 to 60.82 nA,
ADL: 14.12 to 40.63 V/mV, |_SINK; 2.6% to 3,42 mA, All V_SAT readings were beyond the capabilify of the
fest equipment. [n most cases, failures were more frequent and worse in the unbiased group, as opposed to the
biased group, and readinps for P_IIB and N_IIB lended o be greater afier room-temperature annealing.

After annealing for 168 hours at 100°C, no rebound effects were observed. Table IV provides the mean and
standard deviation values for each parameter after different irradiation exposures and annealing steps.

Any further details about this evalnation can be cbtained upon request. If you have any questions, please call me a4
(301) 731-8954.



ANYEORY UM THE USE OF THIS DOCATMENT

The infairnabing contained in this docuinent has beeri developed solely o the purpose of péviding
general puidance tn employees of the Goddard Space Flight Center (GSFC). This docunient may be
distributed nutside GSEC only as 2 courtcsy to other govemment apsncics and contractors.  Any
distiibution of this decnment, or application or use of the information contained herein, 15 expressly
conditional upon, and i3 subject to, the following understandings and limutations:

{0) The information was developed for goneral guidance only and is subject to change at any 1ime;

(b) The information was develeped wnder unique GSFC lahoratory condilions which may differ
substanticlly from outsids sonditions;

(¢} GSFC doas not warrant the agcuracy of the informetion when applied o used under other than
unique GSFC laboratory conditions,

(d) The information sheuld not ba eonstrued as a representotion of product performance by either GSFC
or the manufacturer;

{8) Nelher the United States government nor any person acting on bebalf of the United States
government assunzes any liability remlting fiom the application or tse of the information.



TABLE 1. Part Iuforraton

Generic Part Numbcr; IM139

CASSINFINMS

Part Nurnber: L1139

CASSINLINME

Control Number: 8090

Charge Number: C44429

Manufacturer; National

Lot Date Cods; unknown

Ouantity Tested; 23

Serial Numbers of

Control Samples. 951, 952, 953

Serial Numbers of

Radiation Samiples.**
Unbased (Initial - 50 krads): 954, 936, 957, 54, 939,

260, 951, 963, 204, 965
Biased (Initial - 50 krads): 260, 967, 968, 969, 970,
971, 972, 973, 974, 975

Unbiased (75 krads - 100°C Anneai); 260, 961, 263, 264, 965
Biased (75 krads - 100°C: Anneal): 971, 972, 973, 974, 975

Parnt Function: Croad Voltage Comparator

Part Technology: Bipolar

[ackage Style: ~ l4-pin DIP

Test Equipment: 5540

Test Engineer: C. Nguyen

* No radiation tolerunce/hardness was gnaranteed by the mamifacturer for this part.
4%  After the 50 krad irradiaticn, five (5} samples from both the unbiased and biased groups were shipped to the
requestor.
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TABLE 1!, Radiation Schedule for LM139

EVENTS DATE
1) INITLAL ELECTRICAL MEASUREMENTS 05725094
2) 5 KRAD IRRADIATION (0 24 KRADS/IIOUR) 05/31/94
POST-5 KRAD ELECTRICAL MEASUREMENTS 06/01/94
3) 10 KRAD IRRADIATION (24 KRADSFIOUR) 06101194
POST-10 KRAD ELECTRICAL. MEASUREMENTS 06/06/94
4) 15 KRAD IRRADIATION. (01.27 KRADS/HOUR) 06/06/34 |
POST-15 KRAD ELECTRICAL MEASURFMENTS 06/07/54
5) 140-HOUR ANNEALING @25°C 06/08/94
POST-48 HOUR ANNEAL ELECTRICAI MEASUREMENTS 06/13/94
6) 20 KRAD IRRADIATION (0.25 KRADS/HOUR) 06/13/94
POST-20 KRAD ELECTRICAL MEASUREMENTS 06/14/94
7) 30 KRAD [RRADIATION (0.25 KRADS/HOUR) 06/14/94
POST-30 KRAD ELECTRICAL MEASUREMENTS 06/15/94
8) 50 KRAD TRRADIATION (0 45 KRADS/HOUR) ~ 06/15/94
POST-50 KRAD ELECTRICAL MEASUREMENTS 06/17/94
9 75 KRAD IRRADIATION (0.38 KRADS/HOUR) 06/17/94
POST.75 KRAD ELECTRICAL MEASUREMENTS 06/20/94
10y 100 KRAD IRRADIATION (1.25 KRADS/HIOUR) 06/20/94
POST-100 KRAD ELECTRICAL MEASUREMENTS 06/21/94
113 168-HOUR ANNEALING @25°C 06/21/94
POST-336 HOUR ANNEAL ELECTRICAL MEASUREMENTS _ 06/28/94
8) 168-HOUR ANNEALING @190°C* 06/28/04
POST-168 HOUR ANNGAL ELECTRICAL MEASUREMENTS 07/05/94

*High temperature annealing is performed to accclerate long term time dependent effects (TDE), namely, the
"repound” 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-5TD-8830, Method 1019, Para. 3.10.1,

5.



Unless Otherwise Specified: T4 =25°C

Table 111, Electrical Characteristics of LM139

TESTNAME |  SYMBOL CONDITIONS - LIMITS
MIN MAX
SUPPLY CURRENT ,
5V Ice +¥Yee = S5V, Voyr = 0V 0.000mA 3.000mA
oV Ice +Yee =30V, Voyup =0V 0.000mA 3.000mA
INPUT OFFSET TESTS
YOS_5V Vio +Vee =5Y, Vour =14V -5.00mV 5.00mV
VOSH30V Vio +¥ee =30V, Voyur = 15V (Note: 1) -5.00mV 5.00mV
PSER PSRR +Veo= (5V,30V), Voyr=14Y 70dB
I OB 5V +Ig +Vee =5V, Vayur = 1.4V (Note: 1) -100.00nA =1.000nA
[ N_1IB 5V Im TVee =5V, VouT = 14V (Note: 1) -100.00nA | -LO0UDA
Oos_sv IIo +¥ee = 5V, Vo = 14V Mote: 1) -25.00n4A 25.00nA
P_IIB_30V +Irp tVee =30V, Voup = 15V (Note: 1) -100.00nA | -L00OnA
N _IIB 30V -Iip +Vee= 30V, Vopr= 15V (Note: 1) ~100,00nA -1.000nA
HOS_30V o TVee=30V, VouT = 15V (Note: 1) -25.000A | 25.00nA
AOL Ve =5V, VouT = U1V, IV) 50 V/mV
I_SINK +Veo =5V, Vopr = 1.5V (Note: 2) 6.00mA
V_SAT ¥Vee= 5V, IgyT = 4-0mA (Note: 2) 400.0mV
LLEAX +Vee =30V, Vo = 30V 0.500uA




TABLE IV: Summary of Electrical Measurements after
Total Dose Exposures and Annealing for LM139 (Unbiased) 11

Tatal Dose Exposure {TDE] Annaalin TDE Anneaiing
Initral 15 krads 140 hrs 20 krads B0 krads/d |75 krads " TO0 krads TBE hrs TOB brs

Spec. Liv. /3 @25°C : i @25tC | @100°C
Parameters /2 min max |mean sd mean Sd |[mean  sd mean =d jmean sd sd imean sd |mean sd |mean sd
Ioc 5V [ d.ea| .01 3 Py .0 .01 PBERY .0t oL BReEEE .ol BEEE] .ol ] o1
| T 3 N IEEE L oz .02 H : oz 02 [Rides: .oz paaodhy oz : 0z
¥OI_5V -5.C T | T 67 | .45 Y 53 53 ; .58 61 q%% R .70 3
VDS 30V “5.C 0 FC.Th| 49 : 50 Y] =] T T 6T LigE 72 = 71 71
PEAR 70 114.4| 7.1 B 5.0 figeddis] 4.9 11 i35 IR T B 1 1.2 1.1
F_LIB_5V -1J -13. 8| 24 Tttty 12 | 14 g 31 pohsed el 51 Lomes 1z G
N_LZE 5V -Zo STi.c]| 75 45s] 1z (s 15 SaEd 30 Laiie] e FER:
IIns 5V -25 EIEN BT ¥pg%d 1.5 fabpard 1.9 e 5.3 pRRedl 6.0 3. &
P IZB 30V =100 -14.2] 1.5 win] 13 feddeed 15 i 44 poaimd g9 B
H_I 8 20 EPiN] -14.4% F1: el 13 bRl e 31 Py e
165_30v -75 CRET N S ] o [ene] 7o 5.7 lmEne] 5.8
AT 5 7406 | 1285 TaEne] 17T Lieamd 1% 3.5 [oeis] 5.5
L SINK F.0 4.3 .42 £ .51 Rabidn] .51 Sk 4B EdEE] L4
¥_SAT 208 | 3.E Bk 3.8 fEEmby 9.0 mhesl 5.1 pEgEed B.0
I _LERK 0. 6% ] L0z = .03 T3 [oph%d D

1/ The mean and standard deviation values ware calculated over the ten parts irradiated Zn this

testing.

in thia takble.

2/ Values for all parameters except Icc 5V and Ice 30V are given onl

was usually the worst case.
Mean and standard deviaticn values for VOS and ITOS are corputed from absolute valuess.
No post-irradiation
limits were provided by the manufacturer at the time the tests were performed.

3/ These are manufacturers' non-irradiated data sheat specificaticn limits,
B

4/ After rthe 50 Krad{Si) irradiatiom,

?_IIB, N_IIB,

ITos, ACL, I SINK and V_SAT.

egt .

_30% . for section 3, which
Values Tor other s€ctions are avallable on re

The control samples remained constant throughout the testing and is not inciuded

half (5} of each of the unbiased and unblazsed parts were removed from testing.
Therefora, for the 75 Krad($i) and 100 Krad(5i} irradiationzs and the subsequent

annealing steps, statistical data are for only five {5) samples.

Radiation-sensitive parameters were:




TABLE IV (cont'd.): Summary of Electrical Measarements after
Total Dose Exposures and Annealing for 1. M139 (Biased) /1

Total Dose Exposure {TDE] Annealing TDE TDE Arnnealing
Initial |% krads T krads |15 krads Td3 hrs |20 krads  [30 krads b0 krads/4 |[/o xrads  [100 krads TGE hrs ToZ Frs
$pec. Lim. /3 @25°C : @25°Cc | @100°C
Parameters /2 min _max [mean sd sd |mean sd |mean sd mean sd |mean sd |mean sd gd |mean sd |mean =&d mean sd |mean sd
Icc 5V EAEE 3.3 Jro.ea| .oz .02 paf .01 AR T -0 01 SgEdE] oL PESEE .oz [iED 3 .01
Iee_ 30V mA| O 3.7 f 0.82 | .03 07 FBH 02 .CE [pggey] (02 Faaved 0% g .0z o Uz Ehamxy e
V25 5V wv| -5.0 | 5.2 { o.ex | .49 e q% 51 SRS .a4 LgEry .05 o 57 [asEa .49 .35 .m
Vo3 3V m] =5.0 ] 5.0 [ o.70 54 57 EguBI .53 pogrelt a6 Logppmy 50 S8 pagRsd 50 ¢ .47 .30
PERR de| 7o 155 14 1.3 EragEen 6.5 0 6.3 [adeas] 5.0 96 }!‘E;%s[ 3.3 & 3.0 7.8
P_IIE SV nal -100 | -z.0f -15 1.5 3.7 EpRgEEn 7.2 BNamet: 11 pEEgad] 11 16 psEdEEy 21 EE) = ML
H ITE 5¥ na| =100 | ——.0 {-12.5| .37 3.2 &gigg 6.0 Az 10 e 1l 14 e 35 28
1108 sV nhl -25 25 o.z7 ) S.E BT E:F 1.1 1.3 % .4 g4 .-3 2.6 g 5.2
F_ITE_30V na] -i0d [ =10 {-14.2| .26 Z.E g 12 12 fiskagd L7 2 CF s i ER
N_TIB 30V nh| -100 | -0 1-14.3] .dQ 3. 5 12 12 &% 1€ id ar praadad] 35
1105 _20¥ nAl =25 | 25 [ 0.8 | 1.3 1.1 1.3 {4 1.4 T Z.9 g§ (s G
AOL vimy] 50 1547 | 1055 33 50 logamu] 33 Eeygand 23 12 ESdxs] 8.4
I_SIHK mA[ 3.0 14.3] .o .41 R L E gan .41 .40 sgaaaw 41
¥ _SAT o 40z | 209 | 2.0 Z.5 2.6 [geni] 2.5 Prant] 4.1 ) 7%
I _LEEK 'Y 0.5 g-0.95] .02 R 7] R 0 ey W a % [1]
1{ The mean and standard deviation values were calculated over the tepn parts irradiated in this
testing., The control samples remained constant throughout the testing and is not included
in this table.
2/ Values for all parameters except Icc 5V and Icc 30V are given only for section 3, whica
" was usually the worst case. Values Tor other sections are available on request.
. Mean and standard deviation values for VOS and IICS are computed from ahsolute values,
3/ Theze are manufacturers' non-irradiated data sgheet specification limiks. No pos:t-irradiation
limits were provided the manufacfurer at the time the tests were performed.
4/ After the 50 Kradi{si) irradiaticn, half {5] of each of the unbiased and unbiased parts ware remcved from tes-ing.

Therefore, for the 75 Krad(si) and 104 Krad(Si]) irradiations and the subksequent
annealing stepsa, statistical data are for only five (5] samples.

Radiation senaitive parameters were: P _IIB, N_IIB, IICS, AOL, I SINK and V_SAT.



Condi tians:

Table V. Radiation Bias Circuit for LM139

vee = 30.0v+0.5V0C
R = 1SkDhma, 1/2W
Ta = 2%°C
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