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The information centained in this document hae been developed solely for the

. purpocsa of providing general guidance to employees of the Goddard Space Flight
Center (GSFC). This document may be distributed sutside GSFC cnly as a
courtesy to other govezament agencies and ¢ontracters. Any distributicn of
this document, or application or use of the informatien contained lherein, f{a
expressly conditioned upon, and is subject to, the follewing understandings
and limitaticne:

(a}

{b}

{c}

{d}

(@)

The informaticon was developed for general guidance only and ia
subject to change at any time;

The information was developed under unigua GSFC laboratory conditions
which may differ substantially from cutside conditions;

GSFC doas not warrant the accuracy of the infeormation when applied ox
vsed undar asther than unigue GSFC laboratory conditicons;

The infermatien sheuld not be construed as a representation of
proguct performance by either GSFC or the manufacturery

Heither the United Statas govermment nor any person acting on behalf
of the Dnited States govarnment asszumea any liability resulting from
the application or use eof tha information.
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A radiation evaluation was performed on 2N2222 (NPN Transistor)
to determine 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 dose testing was performed using a Cobalt-60 gamma-ray
source. During the radiation testing, eight parts were
irradiated under bias (see Pigure 1 for bias configuration), and
two parts were used as control samples. The total dose radiation
steps were 5, 10, 20, 30 and 40 krads#. After 40 krads, parts
were annealed at +25°C for 168 hours., The irradiation was then
continued to 60 krads (cumulative). The dose rate was between
0.07 and 1.0 krads/hour, depending on the total doge level (see
Table IT for radiation schedule). After each radiation exposure
and annealing treatment, parts were electrically tested at 25°C
according to the test conditions and the specification limits*=*
listed in Table IIT. :

A1l ten parts passed initial (pre-rad) electrical tests. All
irradiated parts passed all electrical tests up to and including
the 20-krad irradiation step. After the 30-krad irradiation,
seven parts (SN 272, 273, 274, 275, 277, 278 and 279) did not
meet the minimum specification limit of 50 for HFEsl, five parts
(SN 272, 273, 274, 278 and 279) did not meet the minimun
specification limit of 75 for HFEs2, and cne part (SN -273)did not
meet the minimum specification limit of of 100 for HFEs3.

#The term rads, as used in this document, means rads(silicon).
##Thegse are manufacturers’ 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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Readings ranged from 316.%0 to 49%.26 (HFEsl) and 67.98 fo 74.79
{(HFEs2). The reading was 96.6 for HFEs3. The one remaining
irradiated part continued to pass at this irradiation step.

After the 40-krad irradiation, All eight irradiated parts failed
to meet the minimum specification limits for koth HFEsl and
HFEs2, with readings slightly lower than at the 30-krad step and
tive parts (SN 272, 273, 274, 278 and 279) failed to meet the
minimum specification limit for HFEs3, with readings ranging from
89.45 Lo 99.50D.

After annealing for 168 hours at 259, three parts (SN 272, 278
and 279) recovered to within specification limits for HFEs3 and
one part (8N 276) recovered to within specification limits for
HFEs2. After continued irradiation to 60 krads (cumulative}, all
eight irradiated parts failed to meet minimum specificatiocn
limits for HFEs1-3, with readings ranging from 21.98 to 32.68
(HFEs1), 47.62 to 60.83 (HFEs2) and 77.82 to 93.90 (HFEs3).. 1In
addition, one part (SN273) failed to meet the minimum
specification 1imit of 100 for HFEs4, with a reading of 95.24.
No appreciable change was noted in any other parameters
throughout all irradiation and annealing steps.

After a final annealing at 100°C, no rebound effects were
observed.

Table IV provides a summary of the functional test results, as
well as the mean and standard deviation values for each parameter
after different irradiation exposures and annealing steps.

Any further details about this evaluation can be cohtained upaon
regquest. If you have any gquestions, please call me at (301) .731-
8954,

ADVISORY 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 document may be
distributed outside GSFC only as a vourtesy to other government
agencies and contractors. Any distribution of this document, or
application or use of the information contained herein, is
expressly conditional upon, and 1s subject to, the following
understandings and limitations:

fa) The information was developed for general guidance only and
is subject to change at any time;

(b) The information was developed under unigque GSFC laboratory
conditions which may differ substantially from outside

conditions;
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(c) GSFC does not warrant the accuracy of the information when
applied or used under cther than unique GSFC laboratory
conditions;

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

fe) Neither the United States government nor any person acting
cn behalf of the United States government assumes any liability
resulting from the application or use of the informatiocn.



Generic Part Number:

Part Number:

FAST/HCI
Contrcl Humber:

Charge Number:
Manufacturer:
Lot Date Code:
Quantity Tested:

Serial Numbers of
Radiation Samples:

Serial Numbers of
Control Samples:

Part Function:
Part Technoleogy:
Package Style:

Test Engineer:

TABLE I. Part Information

2N2222

JANTXV2N2222A

7348
33110
Motorocla
9112

10

272, 273, 274, 275, 276,

270, 271

NPN Transistor

Bipolar

20=-pin DIP3-pin TOX can

A. Phung

277,

278,289



TABLE II. Radiation Schedule for 2N2222

EVENTS DATE

1) Initial Electrical Measurements 10/20/92
2) 5 KRAD TRRADTATION (0.25 Krads/hour) 10/29/92
POST-8 KRAD ELECTRICAL MEASUREMENT 10/30/%92
3) 10 KRAD IRRADIATION (0.074 Krads/hour} l0/30/92
POST-10 KRAD ELECTRICAL MEASUREMENT 11/02/92
4) 20 KRAD IRRADIATION (0.513 Krads/hour} 11/02/92
FOST-20 KRAD ELECTRICAL MEASUREMENT 10/03/92
%)} 30 KRAD TRRADIATION (0.50 KRADS/HOUR) 11/03/92
POST-30 KRAD ELECTRICAL MEASUREMENT 11/04/92
6} 40 KRAD IRRADIATION (0.56 KRADS/HOUR) 11/04/92
POST-40 KRAD ELECTRICAL MEASUREMENT 11/05/92
7} 168 HOUR ANNEALING €25°C 11/05/92
POST=-168 HOUR ANNEAL ELECTRICAL MEASUREMENT 11/1z2/92
8) 60 KRAD IRRADTIATION {1.03 KRADS/HOUR) 11/12/92
POST~60 KRAD ELECTRICAL MEASUREMENT 11/13/92
) 168 HOUR ANNEALING BLlQO°(C* 11/13/92

POST-168 HOUR ANNEAL ELECTRICAL MEASUREMENT 11720792
AL, ELECTRICAL MEASUREMENTS WERE PERFORMED AT 25°C.

PARTS WERE IRRADTATED 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 101%, Para. 3.10.1.



Takle IIT.

Electrical Characteristics of 2N2222

Test Conditions Min. Masx. Units
VBRCBO Ic = 10 uA DC 15 VvV DC
VBREBO Ie = 10 uA DC 5 Vv DC
VBRCED Ic = 10 m& DC 50 vV DC
ICES Ve = 50 V DC 0 10 na DC
ICBO Veb = 60 V DC o 50 na DC
1EBQ Veb = 4 V DC 0 50 nad DC
HFEs1 Ic = 0.1 mA DC 50

HFEs2Z2 Ic = 1.0 mA DC 75 325

HFEs3 Ic = 10 maA DC 100

HFEs4 Ic¢ = 150 mA DC 100 300

HFEsS I¢ = 560 mA DC 30

VCESAT1 Ic = 150 ma DC H 0.3 vV DC
VCESATZ2 Ic = 500 ma DC i 1.0 vV DC
VBESAT1 Ic = 150 mad DC 0.6 1.2 Vv DC
VBESATZ2 Ic = 500 mA DC 0 2.0 vV DC
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Figurc 1. Radiation Bias Circuit for 2N2zzz

Vee = <o Ndco
Re = 10 Kohm +/-5%, 1/14W



