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A radiation evaluation wag performed on QOP400 (5962-8777101M3A) to determine the total dose loierance of these
parts. A brief summary of the test resuits is provided below. For detailed information, refer to Tables [ through 1V
and Figure 1. '

The total dose testing was performed usitg a Co™ gamma ray source. During the radiation testing, eight parts were
iradiated under bias (see Figure 1 for bias configuration} and two parts were used as control samples. The total
dose radiation levels were 2.5, 5.0, 10.0, 15.0, 20.0 and 30.0 kRads " The dose rate was between 0.06 and 0.12%
kRadathour (see Table 1] for radiation schedule). Between the 10.0 and 15.0 kRad exposures, the parts were
annsaled for 936 hours at 25°C. After each radiation exposure and annealing treatment, parts were electrically
tested according to the test conditions and the specification limits™ listed in Table I11, except for slew rate. See the
note for slew rate test in tables 1] and IV,

Tnitial electrical measurements were made on 10 samples. Eight samples (SN's 90, 91, 92 53, 94, 97, 98, and 99)
were used as radiation samples while SN's 95 and 96 were nsed as control samples. All parts passed all tests during
initial electrical measurements.

After the 2.5 kRad irradiarion, all devices passed all tests except SN 91 and 93. Thege patts failed to meet the

specification limit for Avs_10k for section 4 only. The readings were 3808 and 4626 VimV, respectively. The

specification limit for Avs_10k is 5000 V/mYV.

After the 5.0 kRad frradiation, parts showed degradation in Avs_10k and Ibias. Four patts (SN's 90, 92, 93, and 94)
failed to meet the specification limit for Avs_l0k with readings between 3000 and 5000 V/mV. Ibias readings for
these parts ranged from 3.0-5.0 nA, against the specification limit of 3.0 nA.

After the 10.0 kRad irradiation, all parts failed to meet the specification limit for Avs_10k and Ibias. The readings
for these parameters were in the range of 2800 10 4500 V/mV for Avs 10k and 5.0 to 7.5 nA for Thias. Five parts
also failed to meet the specification limit for Avs 2k, Readings for this parameter were in the range of 1600 {o
1960 V/mV against the specification limit of 2000 V/mV.

After annealing the parts for 168 hours at 25°C, parts showed some recovery, but most parts failed to meet the
specification limit for Avs_10k and Ibias.

After the 15.0 kRad irradiation, parts showed increased degradation in Avs 2k, Avs_10k, and Thias. Readings for
these parameters ranged from 1400 to 1900 V/imV, 1900 1 4000 V/mV, and 6 to 10 nA respectively.

* The term Rads, as used in this document, means Rads(silicon). All radiation levels cited are cumulative.
"' These are manufacturet’s pre-irradiation data specification limits. The manufacturer provided ne post-irradiation
litnits at the time thesc tests were performed.
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After the 20.0 kRad ircadiation, parts continued to show increased degradation in Avs 2k, Awvs 10k, and Ibias,
Readings tor these parameters ranged from 1000 to 1500 V/mV, 1900 to 3600 V/mV, and 10 te 13 nA respectively.

Aller the 30.0 kRad irradiation, parts again continued to show increased degradation in Avs 2k, Avs_l0k, and
Ibias. Readings for these parameters ranged from B00 to 1300 VimV, 1000 te 2000 V/mV, and 16 to 20 nA
respectively.

Please note thar dug o the test set-up problein with the Automatic Test Equipment (ATE), A-340, no data is
available on the slew rate after each radiation and angealing siep. However, some slew rate measuremenrs were
made with a bench set-up on one conirol sample and two radiation samples after 30 kRads. This data is provided in
nole 3 on Tabie 11

Table 1V provides a summary of the test results with the mean and standard devialion values for each parameter
after each irradiation exposure and annealing step.

Any further details about this evaluation can be obtained upen request. It you have any yuestions, please call me at
(301} 731-8934.

ADVISCRY ON THE USE OF THIS DOCUMENT

The information contained in this document has been developed solely for the
purpose of providing general guidance to employees of the Goddard Space
Flight Center (GSFC). This doecument may be distributed outside GSFC only as
a courtesy to other government agencies and coniractors. Any distribulion of
this document, or application or use of the information contained herein, is
gxpressly conditional upon, and is subject te, the following understandings and
limitations:

{a) The information was developed for general puidance only and is subject to
change at any time;

{t) The information was developed under unique GSFC laboratory conditions
which may differ substantially from outside conditions,

{c) GSFC does not warrant the accuracy of the infonnation when applied or
used under other than unique GSFC laboratory conditions;

{d) The information should not be construed as a representation of product
performance by either GSFC or the manufacturer;

{g) Neither the United States government nar any person acting an behalf of the
United States government assumes any liability resulting from the application or
use of the information.
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Figure I, Radiation Rias Circuit for OP400
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Note: Lse 28 pin LCC to 14 pin DIP socket adapters with 14 pin DIP radiation bias boards.
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TABLE I. Part Information

Generic Parl Number- QP400
SIMEX-LITE Part Numbar 5962-877T101M3A
Charge Number: EET1381
Manylacturer: Analog Devices
Lot Date Code (LDC): 96144
Quantity Tested: in
Serial Number of Control Samples: 05,96
Serial Numbers of Radiation Samples: 90, 21,92, 93, 94,97, 98, and 99
Part Function: Quad OP-AMP
Part Technology: Bipolar
Package Style; 28 Pin LCC
Test Equipment; AS40
Test Engineer: A, Naji

No radiation tolerance/hardness was guarantced by the manufacturer for this part.
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TABLE I1. Radiation Schedule for QP400

EVEN T cerertms sttt 800 5 e e 848 ettt e et oesese oo DATE

1) INITIAL ELECTRICAL MEASUREMENTS .covocvnceevie e oesoseoseeess st oo sooe oo 01724197
225 KRAD IRRADIATION (0.062 KRADS/HOURY ......oooocoveosesersesssessoe oo oo oo 01/31/97
POST-2.5 KRAD LLECTRICAL MEASURBMENT....co...ormoooooooooosesseesesese oo e 220070 02/03/97
3) § KRAD IRRADIATION (8,062 KRADSHOUR) coovoevvee s evcssesenes s aeese oo 02/03/97
POST-5 KRAD ELECTRICAL MEASUREMENT..cvvccvevrusrosossosssoss oo ooooeneee 777 02/06/97
4 10.0 KRAD IRRADIATION (0.062 KRADS/HOURY c-ccco- oo oo 02/06/97
POST-10.0 KRAD ELECTRICAL MEASUREMENT.......... e e e 02/10/97
5) 936 HOUR ANNEALING @25°C ...ovoeoo v sse oo smsesconsseesese e oo 02110/97
POST-936 HOUR ANNEAL ELECTRICAL MEASUREMENT ... 03/24/97
6) 15.0 KRAD IRRADIATION (0.125 KRADS/HOUR) ......oooooocooeeieoooooo 03/24/97
POST-15.0 KRAD ELECTRICAL MEASUREMENT. ... s 03/28/97
7) 20.0 KRAD [RRADIATION (0.125 KRADS/HOURY) .....ooocovomseaseessesmesessessoeos oo o 033157
POST-20.0 KRAD ELECTRICAL MEASUREMENT .. vvvoocimooosooseomsosessssoooeeeoeeoee 04/02/97
8) 30.0 KRAD IRRADIATION (0.250 KRADS/HOURY covvceeeeec oo oo 04/02/97
POST-30.0 KRAD ELECTRICAL MEASUREMENT ....oooroooooooe oot 04/04/37

Effective Dose Rate = 30,000 RADS/62 DAY S=20.2 RADS/HOUR=0.006 RADS/SEC

PARTS WERE IRRADIATED AND ANNEALED UNDER BIAS, SEE FIGURE 1.
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Table III. Electrical Characteristics of OP409 /1

Test Spec.  Lim.

#  Parameter Units Test Condltions min max

G mA]Vs=+15V, n¢ load 0.0 79
z |Idd mMA|Vs=-15¥, nu load -9 0.0
3 Vaoh 2Kk ViRI=Zk 110 -
4 |Vol 2k V|RI=2k - -JL0
5 [Voh_I0k ¥|RI=10k 120 0
& Vol 10k ¥ RIF10k - -12.0
7 [Vie uv -150.0 | 150.0
&  +Thias nAYem=0V -3.0 A0
% [-Tblas nA Vem=0V 3.0 30 |
W Ha /2 nA|Yem=0¥V - 3.00
11 [Avs 2k ¥imY|RI=2k, Vo=+/-10W 00 -
12 fAvs 10k V/mV[RI=10k, Vo=t/-10% 5000 -
13 |PSRR WYVIV=+L3V to +-18V - 1.80
4 CMRR dBVem=+.-12V 1200 -
15 [+SR /3 ¥ius 0.1¢ -
16 SR/ Y/ps 0.10 -

Note:

1/ These are the manufacturer’s non-irradiated data sheet specification limits. No post-imadiation fimits were
provided by the manufacturer at the time the tests were performed.

Vie = input offset voltage, lio = input offset cutrent,

2/ hio was calculated from Vio and Thias.

3/ Slew rate tneasurements could not be mads reiiably due to a test set-up problem with the automatic tester, A-540,
The measurements were made with a bench set-up on one control sample (SN96} and two radiation samples (SN’s
98 and 99) afler 30 kRads. The measurements are provided below:

Control Sample (SN 96)
OUT! =160 mV/ps OUT2 = 160 mV/us CUT3 = 160 mV/us  OUT4 = 160 mV/ps

Post 30 kRads (SN 98)
OUTI =133 mV/ipis OUT2 =129 mV/us QUT3I =***mV/us OUT4 = 129 mV/us

Post 30 kRads (SN 99}
OUTL =***mViiz OUT2 =121 mV/us QUT3 =125mV/us OUT4 = 125 my/us

*** implies that the part had degraded to the point where no reliable measurement could he taken,
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TABLE 1V: Summary of Electrical Measurements after
Total Dose Exposures and Annealing for OP400AY /1

Total Dosa Exp. kRads [Rad Level |Azneal Rad Leval [Rad Lavel [Rad Lavel
Talelal T 2.5 5 10 kRads 934 bra. 15 ERadz 20 kRads 10 kRada

Tast Epeo. Lim J2 a15+C
4  Farsmeter boits min max nd ad sd
1 |+Idd mA| 0.0 | 2.7 0.1 0.03 [T
I -1dd BA] 25| 0.0 9.0% 4.4 0.06
3 |Vah_ZE V[ 11.6 - 0.1 o [
i Vel FE v - -1l.0 T [
5 [vah_iI0E L BT [
& [vol 10k VI - 120
7 |Vl wv[-T5a. [150.0 63.1 3.2 3.5
E [+Ibiam okl -3 6| 3.0 0.7 [ 1.5
5 [-Ibian nAl 3.0 | 3.0 0.7 T.9 1.2
2 |Iig nA| -2 00| 3.00 1.9% 2,15 178
11 |Avas Tk ¥/oV| 2008 - 188 131 114
12 {Ava 10k ¥/ov| 50040 - 1403 454 126
13 [FSRR S - I.80 0.13 0,15 0.21
14 |CHae dE[1z0.0| - 3.0 6.2 g
1= |5R J4 Vina| o.10 =

Notes:
1/ The mean and standard deviatian wWere caloulated over the eight parts irradiaced in thia testing. The contral
samples remained constant throughout the teating and are not included in this tahle.

Vio = Input offsget voltage, Ile = ocutput offset ocurrent,

2/ These are manufacturer's non-irradicted data sheet specification limitas. Mo post-irradiation limits were pravidad
by the manufacturer at the time tha tepts were performad. )

3/ 5lew rate measurements were only made aftar 3¢ kRads using a bench setup on one centrol dample and twa
radiation samples. See Hote * on Table III.

The radiation-sensitive parameters were Ibias, Avs, Tio, SR and Vio.




