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A radiation evaluation was performed on 28C256 (EEPROM) 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 Co® gamma ray source. During the radiation testing, four parts were
irradiated under bias (see Figure 1 for bias configuration) and two parts were used as control samples. The total
dose radiation levels were 1,2, 3,4,5,6,7, 8,9, 10, 12, 14, 16, 18 and 20 krads'. The dose rate was between 0.06
and 0.13 krads/hour (see Table II for radiation schedule). After the 3 krad exposure, the parts were annealed for 24
hours at 25°C, and after the 20 krad exposure, the parts were annealed for 192 hours at 25°C. After each radiation
exposure, parts were electrically tested according to the test conditions and the specification limits™" listed in Table
III The initial electrical measurements included six functional tests: three with Vcc = 4.5 V (WR/RD ZEROES,
WR/RD ONES, WR/RD CHKBD) and the same three with Vcc = 5.5 V. Prior to the first irradiation, a
checkerboard pattern was written into the parts to be irradiated. After the start of the radiation exposures, two
additional functional tests were added to the original six: READ CHKBD at Vcc = 4.5 V and READ CHKBD at
Vec=55V.

All parts passed initial electrical measurements. All irradiated parts passed all electrical parametric tests throughout
all irradiation steps up to and including the 16 krad irradiation level (for details of parametric test results, see
Appendix A).

All irradiated parts (S/N 52, 53, 54 and 55) passed all functional tests throughout all irradiation steps up to and
including the 2 krad irradiation level; however, S/N 52 began failing functional tests at the 3 krad level.

A brief summary of the results of the functional testing is as follows:

® S/N 53, 54 and 55 passed all WR/RD ZEROES, WR/RD ONES and WR/RD CHKBD tests at Vec = 4.5
and 5.5 V up to and including 14 krads.

®  S/N 52 passed all WR/RD ZEROES, WR/RD ONES and WR/RD CHKBD tests at Vcc =4.5 and 5.5 V
up to and including 2 krads.

®  S/N 52 failed WR/RD CHKBD at Vce = 5.5 V after 3 krads, after 24 hours annealing at 25°C and after
4 krads, but passed WR/RD CHKBD at Vec=4.5 V.

®  S/N 52 passed WR/RD CHKBD at Vcc =4.5, 5 and 5.25 V, but failed at Vcc = 5.5 V after 4 krads and
5 krads.

. . . .y . . - .
“T“he term rads, as used in this document, means rads(silicon). All radiation levels cited are cumulative.

These are manufacturer’s pre-irradiation data specification limits. No post-irradiation limits were provided by the
manufacturer at the time these tests were performed.
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®  S/N 52 passed WR/RD CHKBD at 4.5 and 5 V and failed at 5.25 and 5.5 V after 6, 7, 8 and 9 krads.

® S/N 52 failed WR/RD CHKBD at 5.0, 5.25 and 5.5 V, but passed at 4.5 V at 10, 12 and 14 krads.

® Note that, with increasing radiation exposure, S/N 52 failed WR/RD CHKBD at progressively lower
values of Vcc.

At the 16 krad level and above, other radiation-induced functional and parametric failures began to be observed in
other parts.

During the course of the testing, many changes were made in the sequence of functional tests in order to determine
the cause of the premature functional failures in S/N 52. These changes are detailed in Appendix A. It was
ultimately determined that these failures were due to the inability to write a valid checkerboard pattern with Vcc
greater than some value intermediate between 4.5 and 5.5 V depending on the value of accumulated radiation dose.

In summary, except for S/N 52, no functional or parametric radiation-induced failures were observed up to and
including the 14 krad level.

Table IV provides a summary of the functional test results and the mean and standard deviation values for each
parameter after each irradiation exposure and annealing step.

Any further details about this evaluation can be obtained upon request. If you have any questions, 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 courtesy 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 is subject to, the following understandings and
limitations: :

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

(b) 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 information 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;

(e) Neither the United States government nor any person acting on behalf of the
United States government assumes any liability resulting from the application or
use of the information.
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Figure 1. Radiation Bias Circuit for 28C256
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1) Vecc = +5.0 VDC #+ 0.5 VDC, Vec/2 = 2.5 VDC + 0.25 VDC

2) All resistors R = 2.0K Ohms + 10%, 1/4 W
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TABLE 1. Part Information

Generic Part Number:
AXAF/Gulton Part Number
AXAF/Guiton Control Number:
Charge Number:

Manufacturer:

Lot Date Code (LDC):

Quantity Tested:

Serial Number of Control Samples:
Serial Numbers of Radiation Samples:
Part Function:

Part Technology:

Package Style:

Test Equipment:

Engineer:

28C256*
28C256EF-25
13781
EES6461
SEEQ

9526

6

50,51
52,53,54,55
EEPROM
MOSFET
28-pin Flatpack
S-50

K. Kim

* No radiation tolerance/hardness was guaranteed by the manufacturer for this part.
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TABLE 1I. Radiation Schedule for 28C256

EVENT .ottt nerre e resteae st s e s e ses e e ses sttt sess s st b s e s e r et e b s bR E s R e R R b e RS d s A e Tt s b n sttt DATE

1) INITIAL ELECTRICAL MEASUREMENTS......ccoiivininiiiicinninnnas rerersrsaeasensnatesaanas 05/17/95
2) 1 KRAD IRRADIATION (0.059 KRADS/HOUR) ....covviriitninenenessstssssisssnsininsissssssmarsnassssssnsssssssssssssssasass 07/17/95
POST-1 KRAD ELECTRICAL MEASUREMENT........cootviniinircetissnstcnsenicnnaennacnsassanss 07/18/95
3) 2 KRAD IRRADIATION (0.059 KRADS/HOUR) ........coccvncrenenees ' 07/18/95
POST-2 KRAD ELECTRICAL MEASUREMENT ......ooooiriiiinenrncnnitsssisisinsnsisiscnste s tasssssasssssescscssasnss 07/19/95
4) 3 KRAD IRRADIATION (0.058 KRADS/HOUR) eerereeerets et s e s e n st e s e sns s enes 07/19/95
POST-3 KRAD ELECTRICAL MEASUREMENT................ . 07/20/95
5)24 HOUR ANNEALING @ 25°C .....ccverinesmisissssssrirernsssssasssssnsssssnssnssssons 07/20/95
POST-24 HOUR ANNEAL ELECTRICAL MEASUREMENT 07/21/95
6) 4 KRAD IRRADIATION (0.059 KRADS/HOUR) ... 07/23/95
POST-4 KRAD ELECTRICAL MEASUREMENT................... .. 07/24/95
7) 5 KRAD IRRADIATION (0.059 KRADS/HOUR) 07/24/95
POST-5 KRAD ELECTRICAL MEASUREMENT. X 07/25/95
8) 6 KRAD IRRADIATION (0.059 KRADS/HOURY) .....couriirnresnsnssensrsssssssssassssssssssssssssssisssssassssessessasssssasnases 07/25/95
POST-6 KRAD ELECTRICAL MEASUREMENT . ... 07/26/95
9) 7KRAD IRRADIATION (0.059 KRADS/HOUR)...... . ceersesnnaserenasenns 07/26/95
POST-7 KRAD ELECTRICAL MEASUREMENT.................. ... 07/27/95
10) 8 KRAD IRRADIATION (0.059 KRADS/HOUR)...... . 07/27/95
POST-8 KRAD ELECTRICAL MEASUREMENT... . .. 07/28/95
11) 9 KRAD IRRADIATION (0.059 KRADS/HOUR) ....ccovirrnrusisnssnnsnsnsesesssasessssassrsinisansisnssssssssssssssasssnssssns 07/31/95
POST-9 KRAD ELECTRICAL MEASUREMENT.........cooiiiitrrintennniinsseccsnsasssssitnsiisassissessssassnsases 08/01/95
12) 10 KRAD IRRADIATION (0.059 KRADS/HOUR) ......crvrriiunrerenirasersrsrersssnssssssstsasssescscassssssssessssssassenes 08/01/95
POST-10 KRAD ELECTRICAL MEASUREMENT....... erueressaersnirsanseasansersasasnsnases ... 08/02/95
13) 12 KRAD IRRADIATION (0.12 KRADS/HOUR) ....ccovrerirunrersresnmmmnsssssssssasnsesssssssssssassasassessssssnsnsasassases 08/02/95
POST-12 KRAD ELECTRICAL MEASUREMENT......cuvmiitiuinnresimsstesssarasssssssssssssensaseasssssssasasssnssnasass 08/03/95
14) 14 KRAD IRRADIATION (0.12 KRADS/HOUR) ....cccommurrmnerssssmmnsminsssssssssssssssssssssssssesssssssssssssessasseses 08/03/95
POST-14 KRAD ELECTRICAL MEASUREMENT.......ccoooirinnnesnesstensssissonsanssacans . 08/04/95
15) 16 KRAD IRRADIATION (0.13 KRADS/HOUR) .........cocereurueunencs reeseseereseren b bebeaereneaeaeaen 08/06/95
POST-16 KRAD ELECTRICAL MEASUREMENT Ceeeresesrsreees ittt e e e e e st b e bR s nsanatane 08/07/95
16) 18 KRAD IRRADIATION (0.12 KRADS/HOURY) ....covrviriruininmnenssnsnsscsssisscsnnscsesssssisisisssssseessscsisans 08/07/95
POST-18 KRAD ELECTRICAL MEASUREMENT ...ttt snsssens 08/08/95
17) 20 KRAD IRRADIATION (0.12 KRADS/HOURY) .....cccvnmviriiuinnierenississssssssrssssssssenssssesesssasssassossosssnsses 08/08/95
POST-20 KRAD ELECTRICAL MEASUREMENT.......coiiiiinnnnntnineiisensesssisississssiesisnsiiniins 08/09/95
18) 192-HOUR ANNEALING @25°C.......ccoevvvrvecnennee eeeterrhessars ettt et se ket et m bR sR b b 08/09/95
POST-192 HOUR ANNEAL ELECTRICAL MEASUREMENT ...t snesestieneneieneeaene 08/17/95

PARTS WERE IRRADIATED AND ANNEALED UNDER BIAS; SEZ FIGURE 1.
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Table I1I. Electrical Characteristics of 28C256
PVT OR fNITIAL EM'S . FUNCTIONAL TESTS PERFCRMED
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APPENDIX A

After the 3 krad irradiation, S/N 52 failed Functional Tests # 1 and 2 (READ CHKBD) and Functional Test # 8
(WR/RD CHKBD) at Vce = 5.5 V. All other irradiated parts passed all other functional and parametric tests at this
level.

After annealing for 24 hours at 25°C, no recovery was observed.

After the 4 krad irradiation, the same functional failures were observed in S/N 52. All other irradiated parts passed
all other functional and parametric tests at this level.

At this point, it was decided to modify the functional test program in order to determine the Vcc level at which S/N
52 failed the READ CHKBD test , and whether the failure was due to a write or read problem. A new set of sixteen
functional tests was devised as follows:

Functional Tests 1-4: READ CHKBD tests at gradually increasing Vcc levels, namely 4.5, 5.0, 5.25 and 5. 5 V
Functional Tests 5-7 WR/RD 0’s, WR/RD 1°s and WR/RD CHKBD at Vee=45V,

Functional Tests 8-10: the same tests at Vcc = 5.0 V,

Functional Tests 11-13: the same tests at Vec = 5.25 V,

Functional Tests 14-16: the same tests at Vcc=5.5 V.

The purpose of this modification was to determine at which level S/N 52 failed the READ CHKBD tests, and
whether this was due to a read or write problem. No modification was made to the parametric test program.

After this modification, the parts were retested using the new test program. In this test, S/N 52 failed Functional
Tests # 1-4 (READ CHKBD) and Functional Test # 16 (WR/RD CHKBD @ Vcc = 5.5 V). All other irradiated
parts passed all other functional and parametric tests at this level.

After the 5 krad irradiation, the same functional failures were observed in S/N 52. All other irradiated parts passed
all other functional and parametric tests at this level.

After the 5 krad irradiation, the functional test program was again modified, as follows:

Functional Tests 1-4: READ CHKBD tests at gradually increasing Vcc levels, namely 4.5, 5.0, 5.25 and 5.5 V,
Functional Tests 5-7 WR/RD 0’s, WR/RD 1’s and WR/RD CHKBD at Vcc = 4.5 v,

Functional Tests 8-10: the same tests at Vcc=5.5V,

Functional Tests 11-13: the same tests at Vcc = 5.0 V,

Functional Tests 14-16: the same tests at Vcc =525 V.

The purpose of this modification was a further attempt to determine at which level S/N 52 failed the READ
CHKBD tests, and whether this was due to a read or write problem.

After the 6 krad irradiation, The same functional failures were observed in S/N 52 and, in addition, S/N 52 failed
Functional Test # 10 (WR/RD CHKBD @ Vcc = 5.0 V). All other irradiated parts passed all other functional and
parametric tests at this level.

The same failures continued throughout the 7, 8 and 9 krad irradiations. All other irradiated parts passed all other
functional and parametric tests at these levels.

After the 9 krad irradiation, it was determined that the READ CHKBD and WR/RD CHKBD failures in S/N 52
were due to a problem in writing the checkerboard pattern at higher voltages. The functional test program was

again modified as follows:

Functional Tests 1-4: READ CHKBD tests at gradually increasing’Vcc levels, namely 4.5, 5.0, 5.25 and 5.5 V,

It
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Functional Tests 5-7 WR/RD 0’s, WR/RD 1’s and WR/RD CHKBD at Vcc=5.0 V,
Functional Tests 8-10: the same tests at Vcc = 5.25 V,
Functional Tests 11-13: the same tests at Vcc = 5.5V,
Functional Tests 14-16: the same tests at Vcc=4.5 V.

The reason for deviating from the previous increasing values of Vcc for the last three tests, i.e., writing and reading
the checkerboard pattern at 4.5 V instead of 5.5 V, is that, since it had been determined that the failure in S/N 52
was a write, rather than a read problem, and that it occurred at higher values of Vcc, writing the checkerboard
pattern at Vcc = 4.5 V just before the next irradiation insured that a valid checkerboard pattern would be written into
all the parts before irradiation.

After the 10 krad irradiation, S/N 52 failed Functional Tests # 1-4 (READ CHKBD) and Functional Tests # 7
(WR/RD CHKBD @ Vcc = 5.0 V), 10 (WR/RD CHKBD @ Vcc = 5.25 V) and 16 (WR/RD CHKBD @ Vcc = 4.5
V). All other irradiated parts passed all other functional and parametric tests at this level.

After the 12 krad irradiation, S/N 52 continued to fail Functional Tests # 7, 10 and 16, but passed Functional Tests
1-4. All other irradiated parts passed all other functional and parametric tests at this level. o

After the 14 krad irradiation, the same failures were observed in S/N 52. All other irradiated parts passed all other
functional and parametric tests at this level. *

After the 16 krad irradiation, the same failures were observed in S/N 52. In addition, S/N 50 failed Functional Tests
# 1-4 and Functional Tests # 7 (WR/RD CHKBD @ Vcc = 5.0 V), 10 (WR/RD CHKBD @ Vec = 525 V), 13
(WR/RD CHKBD @ Vcc = 5.25 V) and 16 (WR/RD CHKBD @ Vcc =4.5 V). All other irradiated parts passed all
other functional and parametric tests at this level.

After the 18 krad irradiation, the same failures were observed in S/N 52. S/N 50 failed all functional tests except #
5 ((WR/RD 0’s @ Vcc = 4.5 V). S/N 53 failed Functional Tests # 1.4, 7, 10, 13, 15 (WR/RD I’s @ Vcc = 4.5 V)
and 16. In addition, S/N 50 read 0.0 V for VOH, indicating functional failure, and S/N read -1.011 V for VOL, also
indicating functional failure. All other irradiated parts passed all other functional and parametric tests at this level.

After the 20 krad irradiation, S/N 50 failed Functional Tests #_1-4, 6, 7, 9, 10, 12, 13, 15 and 16, S/N 51 and 52
failed Functional Tests # 7, 10, 13 and 16 and S/N 53 failed Functional Tests # 1-4, 6,7, 9, 10, 13, 15 and 16. S/N
50 read within specification limits for VOH, but all irradiated parts read -1.011 V for VOL. All irradiated parts
passed all other functional and parametric tests at this level.

After annealing for 192 hours at 25°C, no recovery was observed.



