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A radiation evaluation was performed on EM1OSA {Up Amp) to determine the total dose tolernce of these parts,
A brief summary of the test results is provided below. For detailed information, refer to Tables T through IV and

Figure 1,

The total dose testing was performed using a coball-60 gamma ray source, During the radiaticn testing, cight parts
were Liradiated under bias (see Figure 1 for bias configuration), and two patts were used as control samples. The
total dose radiation levels were §, 10, 15, 20, 30, 50, 75 and 100 krads*. The dose rate was between (0,08 and 1.32
krads/hour, depending on the total dose level (see Tabls IT far radiation schedule). After ihe 100 krad irradiation,
parts were annealed a1 25°C for 168 hours, after which the parts were annealed at 100°C for 168 honrs. After each
tadiation exposure and anncaling treatment, parts were electrically tested according to the test conditions and the
specification limits** fisted in Table IIL

All parts passed initial electrical measurements. At the § krad radiation level, all irmdiated parts marginaily
exceeded the maximum specification liudt of 2 nA for P_IIB_N15, N_IB_NI5, P IIR P15, N_IIB P15,
P_IIB_0V, N_TIB_0V, P_TIB_5V and N_IIB_5V, with rcadings ranging from 2.02 nA to .99 nA.

At the 10 krad radiation level, the same [ailures comtinued, with readings in the range of 3.90 nA to 8,96 nA. In
addition, one part (S/N 52) fell below the minimum specification limit of -0.200 nA for 1108 N13, IHOS P15,
TGS_0V and OS_SV, with readings runging from -0.30 nA to -0.32 nA.

Atthe 15 krad level, the same Failures continued, with itcreasing values.

At the 20 krad level, The sume failures for P_IIB and N_1IB continued, with readings ranging from 12.7 to 17 na,
S/N 51 failed all four TI0S tests and 52 failed three of four TIOS tests, with readings ranging from - 21 to -.33 nA,
and /N 51, 52, 54, 55 and 57 fell below the minizun; specification limit of -500 wV for all four VOS tests, with
readings ranging from -567 10 -764 |V, '

At the 30 krad level, the same failures for P_IIB and N_TIB continued, with increasing values. All jrradiated pacis
failed at Jeast ane TIOS tost, with readings ranging from - 315 nA to -.663 nA and all irradiated parts failed all four
VOS tests, with readings ranging from 772 WV 1o -2777 uV. In addition, S/N 51, 52, 55, 57 and 59 fell balow 1he
nunrmum specification limit of 80.00 VimV for P_AOL and N_AOL and the minimum specification limit of 20.00
YimV for AOL_3, with rcadings ranging from 33 (o 743,33 t0 67 and 112 to 20 V/mV, respactively, while S/N 33
failed N_AOL and AOL_5, with readings of 55 and 19 V/mV and S/N 54 failed P_AOL and N_AOL, wilh
readings of 745 and 67 VimV,

*T'he termn 7ads, as nsed in this document, means zads(silicon). All radiation levels cited are cumulative,
**These are manufacturer's non-irradiaiion datn specification limits, No post-irradiation limits were provided by
(he manufacturcr at the time these tests were performed. No radiation tulerance/hardncss was guaranteed by the
mannfactuter for this part,
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Al the 50 krad level, S/N 51 failed all parametric tests except Plus_Icc, Minus_Iecc, F_VOUT and N_VOU L', with
readings in the range of S o 10 times the maximum specification limits. All other irradiated parts faled all
parametric tests except Plus Icc, Minus_Ice, P_VQUT, N_VOUT, PLUS_SLEW and MINUS_SLEW and in
addition, S/N 52 passed Minus PSRR. Readings were in the range of S to 10 times the maximum specification
limits, '

At the 75 krad level, the saue Failures continued, with slightly increasing readings, along with a fow marginal
failurcs in P_VOUT.

At the 100 krad level, the saine filures continued.
After anncaling for 168 honrs at 25°C, the same [xilures continued, with no appreciable recovery obscrved.
After anncaling for 168 hours at 100°C, no rebound effsuls were observed.

Tabie IV provides a summary of the mean and standard deviation values for each paramcter after different
irradiation exposures and annealing steps.

Any further details about this evaluation can be oblained upon request. Tf you have any questions, please call me at
(301) 731-8954.

ADVISORY ON THE USE OF THIS DOCUMENT

The information conmtained in this document has becn developed salely for the purpose of pruviding -
general puidance to emploveed of the Goddard Space Flight Center {(GSFC). This docuzment may be
distributed outside GSFC snly as a courtesy to other povernmient agencies and contraviors. Any
distribution of this document, or application or use of the information contained hecein, i sxpressly
canditional upon, and ja sulijedt to, the following understandingx and limitations:

(a) The information was developed for genieral guidance only and is subjsct to change al any lime;

(b) The information was devcloped under vnique GSFC Isboratory conditions which may diffe
eubstantially from outsida conditions;

(@) GSFC docs not warrant the aoctiracy of the iufurmnation when applied or used under other than .
unique GEFC laboratory conditions;

{d) The information should not be construed 45 a representation of product performance by either CHIE
or the manufactuces;

(2} Neither the United Siates government nor eny person acting on hehalf of the United Stales
government assuznes any liability resulting from the application or usc of the intommation.



TABLE {. Parl Information

Generic Part Number: LMIDBA
EQS/AM

Part Nnmher: LM108A
EOSIAM

Control Nomber: 8538

Charge Number: C44406
Manufacturer: Lincar Technology
Lot Date Code: 2347

Quuntity Tested: i0

Seriul Number of

Conirel Samples: 50, 56

Serial Numbers of

Radiation Sample: 51, 52, 53, 54, 55, 57, 58, 59
Part Ponction: Op Amp

Fart Technology: Bipolar

Packagc Stylc: TO-% can

Test Equipment; A34Q

Test Engineer; C. Npuyen

* No radiation tolerance/hardness was guaranteed by the manufacturer for this part,
’ =3-



TABLE I1. Radiation Schedule for LM108A

EVENTS DATFE.

17 INITTAL ELECTRICAL MEASIUREMENTS 07120794
2) 5 KRAD IRRADIATION (.26 KRADS/HOQUR) 07/21494
POST-5 KRAD ELECTRICAL MEASITREMENT 07/22/94
3) 10 KRAD IRRADIATION (0.08 KRADS/HQUR) 07722794
POST-10 KRAD ELECTRICAL MEASUREMENT 07/25/94
4) 15 KRAD IRRADIATION (0.26 KRADS/HCITRY 07725194
POST-15 KRAD ELECTRICAL MEASUREMENT 0742794
5) 20 KRAD JRRADIATION (0.29 KRADS/HOUR) 72704
POST=20 KRAD ELECIRICAL MEASUREMENT {7/28/94
6) 30 KRAD IRRADIATION {0.50 KRADS/HOIR) 07728594
POST-30 KRAD CLECT RICAL MEASUREMENT 07/29/94
7} 50 KRAD IRRADIATION (0.31 KRADS/HOUR) 07/29/94
POST-50 KRAD ELECTRICAL MEASTREMENT DR 04
8) 75 KRAD [RRADIATION (1.25 KRADS/FOUR) ORN17/94
PQST-75 KRAD ELECTRICAL MEASUREMENT N394
91 100 KRAD IRRADIATION (1.32 KRADSHOUR) OR8/002/04
POST-100 KRAD ELECTRICAL MEASUREMENT (8/03/94
10 168-HOUR ANNEALING @25°C 0R/03/94
PORT-168 HOUR ANNEAL ELECTRICAL MEASURLCMENT 08/10/94
11} 168-HOUR ANNEALING @ 100C* OB/ 194
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT 08/17/94

PARTS WERE IRRADIATED AND ANNEALED UNDER BIAS; SEFE FIGURE 1.

*High temperature annealing is perfnrmed to accelerate long term time dependent effects (’I"DE], nameiy, the
“rebound” effect due (v Ihe growth of interface states after the radiation exposure. For more information on the
need 10 perferm this (est, refer to MTL-8TD-883D, Method 1019, Para. 3.10.1.
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l'able TT1. Electrical Characteristics of LM138A

| TESTNAME | SYMBOL T 'CONDITIONS . LIMITS
MIN MAX
i SUPPLY CURRENT |
Plas_Tec Iee +Vee = 15V, -Vee=15V, V= 0V [ 600uA
__Minus_Tee Ice +Vee = 15V, Vee 15V, YouT = 6V | -600uA
N ~ INPUT OFFSKT TESTS |
VOS_N20V Vio ' (Vem=_13V) “SUH0uV 5000V
+Vee = 35V, -Veo=-5V, Vo = 15V
P_ITB_N15 IR (Vem=-15V) -100pA 2nA
. F¥oe - IV, -Veem5V, Vo= 15V
N_IIB_N15 IR (Vem=-15V) -100pA 2nA
+Vee =35V, -Voe=5Y, Yoy =15V )
II0S_N15 i1o T (Vem=15Y) -200pA 200pA
+Vee = 35V, -Vee=5V, Yorrp = 15V
VOS_P20V VIO (Vem=15V) ' -500uy 500uV
+¥ee = 3V, -Vee=35V, Your = =15V
T 1B P15 +I1p (Yem=15V) -100pA 2nA
+Vee =5V, uVee=35V, Your =-15V
N IR P15 -IIp (Vem=15V) -100pA InA
+¥ee =5V, -Voe=35Y, Vorrr = -15V
1108_F15 1o (Vem=15V) -200pA 200pA
1Vee = 5V, -Vee=-35Y, Vorr = -15V
YOs5 0V YI0 Ve =0V ~500uV S0y
P_IIB_0V +IR Viop =0V ~100pA 2nA
N_IIB_0V i Yom =ty ~100pA ZnA
oS ov Tio Vop =0V [ -200pa 200pA
YOS_5V Vio Vom =0V, Voo — +- 5Y 1 -500uv 500uV
F IIB_5V +yp ] YoM =0V, Voo = +- 5V | -100pA 2nA
N_IIB _5Y -Ite Vo =0V, Yoo = +- 5V ~100pA, 2nA
1108 5V 1o Ve =0V, Yoo = +- 5V -200pA 200pA
CMR_15 CMR VoM - H- 15V 96dB
Plus_PSRR +PSRR +Vee = 10V, -Voo =20V _ -16uVIV 16uV/V
MiuusPSRR PERR +Vee =20V, Voo - -10V -16uVIV T6uviv
P_VOUT Wop ) Ry, - 10K< &V [
N_VOUT -VOP R, = 10KG} 1 -16V
OPEN LOOP GAIN TESTS |
P_AOQL +Ayg R1, = 10KQ, Vapr =-15¥ S0VimY |
N AOQL ~Avysg Ry, = 10K, Vo = 15V 80Vimv | - -
P AOL S5 | +Avyg Vec+8V, Ry, = 2K82, VouT - 2V 0V/mV |
" PLUS_ST.EFW +SR Ay=1, VI~ -5Y to +5V, Rp=10K1), Cs-30pF, 0.05V/mS
Ry ~10KQ
MINUS_SLLW "SR Ay=T, VI = 15V to -5Y, Rp-10K<Y, Cs=30pT. | 0.05V 78
R =10K(}

5




‘peroszazd 2I9m S7887 21 SWTY SUI 3P IS

"dASd PUE TOV "SOA ‘SO ‘GIT N *dIl d 2394 sIRjmeted danIsuss WonBpeL 3y /¢

Inaizeinuew 393 A< pepracad 3ass SaTUTS

UOT3RTIRRIIT-330d O '§3aTU47T UcoTiessgytoads 33sy8 =aEp E2IRTDEIIT-UCU &, I8INIDERINIEN 238 35S /7
"2TUEI STYI uT DSPUISUT 300 §T pue Burogsd syl JnoubnoIyl juessuoco CRUTENSS S2TCWES TOIjuod™ syl

"BLT38El 3TY] UT DeleTpziat £319¢ ybTs 2yl IsaD F232TN0TED 2J34 SaNTeaA UDTIERTASD RATPIE]S LUE LEdw U] £

SETCMES U8ASS SCI 3% 5 0¥ PUT CIGY M IOW 4 ‘dESd SNUTH ‘¥HSd SNTd ‘AST Mwe I0F sBuipEsa "TSAST STUD 7 ae

TTRART BTY] IA® peuTelqe 39 DINo> sDUTpesd 2YgRTTaa O .
gc” [&et4-| v lerta-| 1ot [Lzea-] zo fsze-| zer |ere-| To- fc- Jeerp-| Tor fsevo- | tor jseto-| Ter feeco-] oo | 8¢ 0- | se be [en/a wE1s sonaM] w2
e | ®zro | g6 Fero| gcc [ stta b o=p o] ze |ete| 10 ze” | v¢-o ] 100 | sz o | 10 ez'0 | To- |aze | 10 lsza 50 0 |En/A  METY BOT4| L2
es- | ozl * * ¥ x * * 31 | g | g8 oL sz _|ss9e | s t2s | ¥iT ) 6L | iz | umtr [T & =ou| ¢
L'z |osz| w * ¥ " N x ¥B 3 10 zz th |oez | 101 | 1ok izs F sssT | prsT | ooTE 08 |pia TOY | 2
5° 7T | §°¢F ¥ v ' ¥ . x LE 1o TE £2 | ute | exr | se§ | zer | ocwt1 | tee | ecsz 08 [Amgs Tovw 4] ee
e &' 'EL= TC~ & BT~ TG & BT=- o' 5 'HT- T -] T°T Ta- 0" &T= T 4" 5T= TEC" J'6EL= SE ' 5" HT- AT- i BD.}.IZ. €
w3° loer st [ ¥ot ) 66 |estu-| v [mrer-| < T 1T zo- Foer | vo foet | e Jaet| o | oee 31 |a IADA g 2Z
0's | TUIS x x ¥ v + 3 ST T £t et [ate] s [woes sz [0 6 SE"0 91 - |askn wdsga enuvin| 1
EE | Srr o« L) * % ¥ + ¥I $'% BT 08" |t sz BT so- lscro-| st | o1~ |asan @wsa srial co
i | 'rros " . B ¥ ¥ 02 3'E ¢ L 8-z |~ ' $'Z g e | aetr e |gp AST wRo| 8T
Bo  |&sro-| Ez- fzzr- SR sz° a7 1T ¢ 1% 20" 13 - lste-] zo| za- fwu AS FOLTI{ 6T
8'7 | T%1 | =z beeTr Bt 5°T 3z o't £E- ET" Tt {Eso Z {ta- |y A% EIT R| e
3¢ | ter | ez [ ErzT i BT ¥ £z 5T gL oz PR i z |t o- by A5 SIT g o=
teL faive-] + | e | v s9% Doz gL o ST 51 oed | pes- [an A5 soal a1
50 | T-1 iE {&kT-| 14 1N L T’ zy' 6" - Q 20|z~ fyu Af sarz] st
£ JE¥L | Tz | Ter| 52 5T 57 2'F 5T 56 ° 1Z° £1° 4 T - |wu A0 EIL M| 5T
£s fevt] ez s | 58 LT %7 5T 9T 5% - £ ET- g | - |yu A0 €IL 4] =T
S¥'1le |odgg- - »* 3 TLL 1 LEZ ca 13 It o1 ngs oi5- |An .....Q|Mg T
et lero-| g6 JesiT-| e 10 60 e 10° To- To- ¢ LA ol 18 so-1| at
5 € | 521 | 16" | 264 §'F £°7T ¥1 T°7 T Lo 2T £1° Z T 3- (yu g13 arl H|
62 | g'11 | %6 |zwai v LT £ 1 T T 0% TE" 1T T . Ttg- |wa $13 a1 | ¢
s60T |1682-] Cx A 195 sEt T 1% S8 5L 00§ | ocs- |an sz soal 2
o~ lseo-] ss Jes-e-| zo1 LE - 8T 5T by 3 20 | Z20- [vu SIH sOII[
s 1 lost] 1t fese| 10 5°¢ q'E 51T Iz EL- z | xe- lvu stH 2= N s
st 'awr| gt fzoz| =E 8¢ 6'1 51 85" 1% | 1= [wu GIN g-1 g] »
ESL | ZEEE-| & M - = “ Zbs zoE 53 g aT 005 | 015- [an AOIR so04] ®
ot Isge-| wor Jego-]| zo- |sen | zo 1c* T0° Lo’ 13- 10 o - |vm oor snuTy| z
o Jzeea| e |eee] zem |FEC ] T0e Ic” o g 1o o 5 b |vm ool sntal T
ps uedm| pE uUPeN pE Ueswm pg re pa pea ps =] XEUW TITW sIiTua  JeysmETED  f
Uo_u_n.._”@ Uumﬂ@ Zf ETT ‘oadp IEAL

£x279 £37| ST £oT 00T gl 08 Dt oF o7 0T g |sTeryTug
GOT TEaimy SPEAY) ovIANS0d¥y 8800 TPa01

[/ V80OTIA"] J0J uleduuy pue saInsodx:] aso(] [e10]
19)JB SJUDWURINSEIA [BOLNO3]H JO ATewIuing :A] IV




Figure 17 Radiation Bias Circuit for LMTOSA
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