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A radistion evaluation was performed on OP 07A (Op Amp) to delernuine the total dose tolerance of these parts. A
brief summary of the test results is provided below. For detailed information, refer to Tables I through IV and
Figure 1.

The total dosc testing was performed using a cobalt-60 gamma ray source. During the radiation testing, eight parts
were irradiated under bias (s¢c Figure 1 for bias configuration), and two parts were used as control samples. The
total dose radiation levels were 5, 10, 15, 20, 30, 50, 74 and 100 kmads*. The dose rate was belween 0.03 and 1.32
krads/hour, depending on the total dose level (see Table I1 for radiation scheduie) After the 100 krad irradeation,
parts were annealed at 25°C for 168 hours, after which the parts were annealed at 100°C for 168 hours. After each
radiation exposure and annealing treatment, parts were electrically tested according to the test conditions and the
gpecification limits** listed in Table II7,

All parts passed initial electrical measurements, All irradiated parts passcd all electrical tests up to and including
ihe 5 krad irradiation level. At the 10 krad irradiation level, 7 patts (SN 3, 4, 5, 7, & 9 and 10) exceeded the
maximum specification kimit of 2.00 nA for +Ibias, with readings in the range of 2 40-5.16 nA, 7 parts (/N 4, 5,
6,7, 8, 9 and 10) exceeded the maximum specification limit of 2.00 nA for -Ibias, with readings in the range of
2.02-5.74 nA and 1 part (8/N 5) exceeded the minimum specification limit of -23.0 PV for Vio, with a reading of -
308 uV

At the 15 krad leve], all irradiated paris failed both +Ibias and -lbias, with readings approximately twice the
previous values and S/N 5 continued to fail the Vio test, with a reading of -35.8 uV,

Afier the 20 krad irradiation, the same fhilures continued for +Ibias and -Ibias, with readings in the range of ¢ to
23 nA and 6 to 17 nA, regpectively and S/N 3, §, 6, & and 9 failed the Via test, with readings in the range of -4 to
+28 V.

At the 30 krad level, all irradiated parts continued to fail +Ibiag and -Ibias, with slightly higher readings. All pants
except S/N 4 faiied Vio, with readings ranging from -71 to +34 pV, and one part (8/N 5) exceeded the minimum
specification limit of -2.00 nA for lio, with a reading of -3.08 nA

At Lhe 50 krad level, all irradiated parts continued to fail +1bias and -Ibias, with readings ranging from 36 to 73
nA and 35 i 77 A, respectively. S/N 3, 5, 8 and 9 failed Vio, with readings ranging from -51 to +97 gV and S/N
3, 5 and 3 fell below Lhe minimum specification limit of 300 V/imV for Avs_2K, with readings ranging from 230 to
290 VAnY. Mo reliable readings could be obtained for -SR at this level.

*The term rads, as used in this decument, means rads{silicon). All radiation levels cifed are cumulative.
*+Tlese are manufacturer's non-irradiation data specification limits, No post-irradiation limits were provided by
the soanufacturer at the time these tests were performed.
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In addition, at the 50 krad level, S/N 8 and 9 fall below the minimum specilication limit of 100.0 dB lfor +PSRR,
with readings of 98.9 and 97.3 dB, respectively and S/N 9 fell below the wminimum specification limit of 100.0 dB
for -PSRR, with a reading of 98.4 dB.

At the 75 krad level, all irradiated parts except S/N 7 and 10 failed Vio, +lbias, -Ibias, Lio and Avs_ZK. with
increasing readings. S/N 7 and 10 passed the [io test. All parts except S/N 6 read .00 V for -5r. S/N 3,4, 6,7
and 8 marginally failed -PSRR with readings ranging from 93.1 to 98.5 dB and S/N 9 marginally failed +PSRR,
with a reading o[ 96.1 dR,

From the 75 krad level, throngh the 168-hour room-temperatere anneal, no reliable readings could be abtained for
+5R and -SR.

At the 100 krad level, afl irradiated parts except S/N &, which rcad 0.95 nA, passed Lio, §/N 4 and § passed Vio at
this level and S/N 3, 4, 5, 7, 8, 9 and 10 passed lio. All other parts continued to fail Vio, +Ibias, -Ibias and
Avs 2K, with readings two to three times higher than at the 75 krad level. Marginal +PSRR and -PSRR failures
continued. In addition, S/N 8 and 9 marginally fell below the minimum specification limit of 110.0 dB for CMRER,
with readings of 107.9 and 106_35 dR, respectively, -

After annealing for 168 hours at 25°C, the same failures continued, with no appreciable recovery observed.
After annealing for 168 hours at 100°C, ne rebound cffects were observed,

Table 1V provides a summary of the mean and standard deviation values for cach parameter after different
irradiation exposures and annealing steps. S

Any further detarls about this evaluation can bc obtained ypon request. If you have any quesitons, please call me at
{301) 7T31-8954.

ANVISORY ON THE USE OF THIS DOCUMENT

The information contained in this dwwumeni has besn developad solely for the purpose of providing
general guidance to employees of the Goddard Space Flight Center (GSFC). This decument may be
distriuded outside GSFC only a5 o courieey 10 other government agencics and eontracioes.  Any
distribartion of this document, or applicstion ot use of the informstion contained hersin, is cxpressly
conditional wpor, and is subject to, the following understandingy and limitations:

(2] The information was developed for general guidance only and is subject to change at any time;

(b} The information was developed under unique GEFC Inborstory couditions which may differ
substantially from eutside conditions;

(=} GSFC doay not wamant the accuracy of the inforowation when applicd or used under other than
vnique GEFC laborstory conditions;

{d} The information should nat he convirued as a representation of prodact performance by sither GSFC
or the manufactorsr, -

{c) Neilher the 1inited Stales govenment nor any peson acting on behalf of the United Siates
Eovernment assumes any liability cesultnyg from the application or use of the information.



TABLE 1. Part Information

Generic Pant Number: OP 07A

FUSE

Part Nuember: OPL77A

FUSE

Conrol Namber: £543

Charpe Numnber: Cad406
Manufacturer: Linear Technology
Lot Date Code: 2410

Quantity Tested: 10

Serial Number of

Control Samples: 1,2

Serial Numbers of

Radiation Sample: 3,4,56,7,8,9 10
Pamt Function: Op Amp

Part Technology: Linear

Package Style: TO-8 can

Test Equipment; AS540

Test Engineer; C. Nguyen

* No radiation tolerance/hardness was guaranteed by the manunfactarer for this part,
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TABLE II. Radiatton Schedule for OP 07A

EVENTS DATE

1} INITIAL ELECTRICAL MEASUREMENTS 4120094
1) 5 KRAD IRRADIATION (0.26 KRADS/HOUR) 07/21/94
POST-3 KRAD ELECTRICAL MEASUREMENT 06/22/04
3} L0 KRAD IRRADIATION (U.08 KRADS/HOUR) 07122794
POST-10 KRAD} ELECTRICAL MEASUREMENT 125194
4) 15 KRAD TREADIATION (0.26 KRADS/HOUR) 0742594
POST-15 KRAD ELECTRICAL MEASUREMENT 0712754
5) 20 KRAD IRRADIATION (0.29 KRADS/HOUR) 0712794
POST-20 KRAD ELECTRICAL MEASUREMENT 07/28/94
6} 30 KRAD IRRADIATION (0.50 KRADS/HOUR) 07/28/94
POST-30 KRAD ELECTRICAL MEASUREMENT 07/29/94
7) 50 KRAD IRRADIATION {0.31 KRADS/HOUR) 07/29/94
POST-50 KRAD ELECTRICAL MEASUREMENT 08/01/94
8) 75 KRAD IRRADIATION (1.25 KRADS/HOUR) 08/01/94
POST-75 KRAD ELECTRICAL MEASUREMENT 08/02/94
9) 100 KRAD IRRADIATION (1.32 KRADS/HOUR) (8/02/94
POST-100 KRAD ELECTRICAL MEASUREMENT 0843/94
10) 163-HOUR. ANNEALING @25°C 08/03/94
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT 08/10/94
11} 168-HOUR ANNEALING @I100°C* 08/10/94
POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT 08/17/94

PARTS WERE [RRADIATED AND ANNEALED UNDER BIAS; SEE FIGURE 1.

*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 information on the
need to perform this test, refer to MIL-STD-883D, Method 1019, Para. 3,101,
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Table III. Electrical Charactenstics of OP 07A

Test Name Min, Max
Tdd 15 0 mA 4 mA
Iss_15 -4 mA 0 mA
tVo 600 10 v -
-Vo 2K 12 mAa -
-Vo_e00 - ~10
-V0 2K - -12
Vio =25 uv 25 pv
+Ibias -2 nA 2 nA
—Ibias -2 nA 2 nA
Tio -2 nh 2 nA
Avs 2K 300 V/mv —
CMRR 110 dB -
+PSRR 100 dB -
-PSER 10C dB -
+Ios -65 0
-Ios 0 65
+SR 0.08v -
-5R 0.08V -
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Figure 1. Radiation Bias Circuit for OP 07A

Vuu-t;

415 +/-0.5V

+Vee =

~Veca= ~15 +/~05V

Rin =.2 XKohm +/-5%, 14W,.
'Rl = 10Kohm +/-5%, 1/4W.



