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ADVISORY ON THE USE OF THIS DOCUMENT

The information contained in thig document has been develeped solely for the
purpose af providing general quidance to employees of the Goddard Space Flight
Center (GEFC). This document may be diestributed outaide csrFo tnly as a
courtesy to other government agencies and contractors. Any distribution of
this document, or application or use of the Information contained herein, is
expresaly conditioned upon, and ims subject to, the following understandings
and limitations:

(a) The information wag developed for general guldance only and ia
subject to change at any time;

{b) The information was develaped undar unigua GsrFC laboratory conditions
which may differ substantially from outside conditions;

{e) GSFC does not warrant tha accuracy of the information when applied aor
used under other than unjigque GSFC laboratory conditionn;

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

(=) Neither the United States government ner any person acting on pehalf
of the United Stataes governmant assumes any liability resulting from
the applicatien or use of the informatlion.
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A radiation evaluation was performed on CS7820-Ub *o decermine
the total dose tolerance of these parts. & brief summary of the
test results is provided below, For detailad infurmation, refer
to Tables I through IV and Yigure 1.

The total dosz testing was performed using a2 cobalt-60 gamma ray
gource. Dnring the radiation testing, eight parts were irradiated
under bias (see Figure 1 for bias configuration}, and two parts
were used as control samples. The total dose radiation steps were
2.5, b, 10, 15, and 18.1 krads. After 18.1 krads, parts wereo
annealed at 25°C for 24 and 168 hours. The dose rate was between
125 - 250 rads/hour, depending on the total dose laval {see Tzhle
II for radiaticon schedule). After each radiation exposura and
annealing treatment, parts were electrically tested according to
the test conditions and the specification limits listed in

Table III. For a detailed description of each test, refer to
Appendix I.

All eight parts passed all tests up te 2.5 krads. After 2, krads
irradiation, one part (SN 206) began failing functionally  and
five of the eight parts failed to meet the maximum specification
limit of 1uA for IIL (WR) with readings ranging from -0.,4uA to -
5.0uh. SN 206 was reading 192 code against the maximum
specification limit of 138 code for the RD/RD-WR functional
tests. In addition, SN 206 failed Missing Codes (reading was
16DEC against the specification of 1DEC) and failed Non-
Linearity2 (reading was -14LS3B against the specification limit of
T1LSB) . After 10 krads four parts failed functional tests -
including RD mode, RD-WR mode, RD-WR Stand Alone, Convert to 0Os,
Missing Codes, First/Last Transition locations, Non-Linearity and
Cede Width. In addition, all parts failed TIL and IOZL, Also,
parts began failing VOL and Power Supply sensitivity,



After 15 krads exposure, all parts failed functicnally as well as
falling IIL, ToZL, VOL and VOH. In addition, two parts (SNs 206
and 207) failed to meet the maximum specification limit of 15ma
for IS (readings were 17.9mA and 15.5 ma, respectively) . Also
four parts (SNs 202, 204, 205 and 208) began failing IIH (C8)
with falling readings ranging from 1,.3ua to 1.5uA against the
maximum specification limit of 1ua.

Further degradation in all of the above tests resulted after 18.1
krads, and no significant recovery was ohserved after annealing
the parts for 74 and 168 hours. Table IV provides the mean and
standard deviation values for cach parameter after different
radiation exposures and annealing treatments.

Any further details about this evaluation can be obtained upon

request.. If you have any questions, please call me at 301-731~
8354,

* Refer to Note 2 in Table IV for definition of functiocnal
failure.



TABLE 1.

Generic Parlt Number:

ISTP Non-Common Buy
Part Number:

ISTP Non-Common Buy
Control Number:

Manufacturer:
Quantity Procured:
Lot Date Code:
Quantity Tested:

Serial Numbers of
Radiation Samples:

Serial Numbers of
Contrel Samples:

Part Function:

Part Technology:

Package Style;

Part Information

CST7820-UD

CS7820-uD

2011

Crystal Semiconductor
40

9008

1¢

202, 203, 204, 205
206, 207, 208, 209
200, 201

8 BIT A/D Converter

Bipeglar

20 Pin Metal



TABLE II. Radiation Schedule

EVENTS DATE

1) Initial Electrical Measursments 03/14/91
2) 2.5 krads irradiation @ 125 rads/hr 03/18/981
Post 2.5 krads Electrical Measurements Q3/719/91
3) 5 krads irradiation @ 175 rada/hr 03/19/91
Post 5 krads Electrical Measurcments 03/20/791
4) 10 krads irradiation @ 250 rads/hr 03/20/%81
Post 10 krads Electrical Measurcments 03/21/91
5) 15 krads irradiation @ 250 rads/hr 03/21/91
Post 15 krads Electrical Measurements 03/22/91
6) 18.1 krads” irradiation @ 250 rads/ir 03/22/91
Post 18.1 krads Electrical Measurements 03/23/51
7} 24 hrs annealing 03/23/91
Post 24 hr Electrical Measurements 03/24/91
B} 168 hrs annealing 03/23/91
Post 168 hr Electrical Moasurements 04/01/91

* An alarm at the radiation facility during the last radiation
exposure resulted in a final cumulative dose of 18,13 krads
instead of the scheduled 20.0 krads.

Hotes:

— All parts wecre radiated under bias at the cobalt-60 gamma ray
facility at GSFc.

— Al) electrical measurements were performed oflf-site at 25°C.
—- Annealing performed at 25°C under bias.
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10
Ll
L2
13
14,1
l4.3
15
16.1
lg.2
17
18

Table IXI, Electrical Characteristics gof C87820-UD

vref Input Resistance

RD Mode Coaversion

WR~RD Mode Conversion

WR-RD Mgde Stand Alone

Convert ta Q's

VOL 8 1.6ma

Fullscale Ccnvért

VOR @ -360ua

TRI-STATE Leakage Current @ 0V
TRI-STATE Leakage Current g Sv
Analog Input Current @ oV
Analog Input Current @ 5v
Iinh & SV {(CS,RD)

Iinh @ 5V (WR)

Iinl @ cv (CS,RD,WR)

Power Supply Sensitivity +53%
Power Supply Sensitivity -5%
Missing Codes Test

Total Unadjusted Error

1 Kohm

118cade

lchode.

ll8code

0 code

ov
255¢ode
4v

~3ua
-3ua
~3ua
-Jua
~lua
~3ua
~lua

-4 .88mv
-4.88mv

-1lLs8

133code
138Bcode

1l28code

0 code
0. av
255¢code
5.1v
3ua
Jua
Jua
3ua
lua
3ua
lua
4.88mv

4 . 88mv

1L33



Table IV. Summary of Electrical Measurements

after Total Dose Exposures and Annealing for CS7820-UD 1/, 2¢
Total Dose Exposure (krads) Annealing
Initials 2.5 5 10 15 18.1 | 24 nrs | 168 hrs
Spec. Limits

Tst#|Parameters min max mean &d sd
1 |Is maf-6.1 15,0 4 o 0.4
Z |RIN kGhm| 1.0 4.0 0 0.1
3 |RD mode code| 128 138 4] 290
4 |WR-RD cecde| 1186 138 0 20
3 [WR-R2> SA c¢ode| 118 138 4] 20
& |Cenvet 0 code i) Q o] 4]
9.1 |VCOL v 0 3.4 o 0
7.2 |/OFL VOL v ] 0.4 ] 0
FS conv cada| 2535  28% G il
VOH v] 4.0 5.1 g ]
JINTR VOH v G 5.1 0 0
JFOFL VCH W L0 5.4 0 o
ZOZL ufl-3.0 3.0 o 0.2
IOZH aal~-3.0 3.0 0 [y

BIC 30V ud| =3.0 3.0 ¥ o
ALC RB5V ua|-3.0 3.0 1) i}
IinB €&  v¢aA{-1.0 1.0 0 0
IinE RD whk|=-1.0 1.0 G 0
IirH WR uif-3.0 3.0 0 0
IinL. C38 u|-1.0 1.0 0 0
IinL RD wA[-1.0 1.0 0 0
Iinl WR ud|-1.0 1.0 fi0id o 1.0




Table IV. (continued)

Total Decse Exposure (krads) Annealipg

Initials 2.5 5 10 15 18.1 24 hrs 168 hr

Spec. Linmita

Tst#|Paramaters min max mean sd mean sd ad
15.1|P5 sens 5% mv{-4.88 4.88 | 4 a0 40
15.2|FS sens —5% mV(-4,88 4,886 80 61
v 17 [Missinc c¢odes i 1 1.2 0
18_1|1st Trana Vl-.01 .03 0.1 0
18.2|Last Trans v|4.95 4.95 0.2 .2
18.3|Kon~-Lin 1 LSH] -1 1 4,0 .0
18, 4|Coda-Hd-hl LSB a 2 4.0 .1
18.5|Hon-Lin 2 LSB| -1 1 o 0
18, 6/Code-Wdth2 LsB[ 0 p o
18,7(Step by 1 iy 1 Y

WNotes:

1/ The mean and standard deviation values were calculated cver the eight parts irradiated in this
testing. The control samples remained constant throughout the testing and are not included in this
takle.,

2/ Parta were consicdered to be failing functionally if they failed to meet the speclfication limits
on any cf the following tests: RD Mode Conversion, WR-RD Mode Conversion, WR-RD Mode Conversicn,
WR-FD Made Stand Alone, Convert to 0's, Fullscale Convert, Missing Codas, l1st/last “ransitien
locations, Non-linearity 1,2, Code Width 1,2, and Step by 1.

=)



Figure 1. Radiation Bias Circuit for CS7820-UD
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All regisiers are 2k chm, 1/4W
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Appendix I -

Task?® 1 +5V Supply Current l15ma Max .

VSA is set ko 5V and connected to VOO (pin 20). Current ig

measured through VSA.

Test? 2 Vref Input Resistance . d¥ohm Max

The V/L source is connected to Vrsf input. The V/T is set
to force 5V and current is measured through V/I. Tha input re-

sistance is calculated as 5V/meas I.

Testsd 3 RD Mcode Canversisn 118-138 code

The main DAC (0 to l0V unipolar range) on the the family
board is set to force 2.5 volts. MODE pin is grounded to put
che DUT is the Read mode. When RD is set low, /INT line goes
low and the output code is read. A code between 118 and 133

indicates conversion is done.

Teskbi 4 WR-RD Mode Conversion 118-133 ende

MOOE pin is set hign to put the DUT in the WR-RD mode. XD
s set high and /WR is pulsed low, When /INT line goes low, RD
1s set low and the output code is read. A code between 118 and

138 indicates coaversion is done.



f’“\

e I
P L e
%

EEERLTE

Teskts 5 WR—-RD Mode Stand Alone 118-132 code

MOBE pin is set high to put the DUT in the WR-RD mode. RD
is set low and /WR Iis pulsed low. When /INT line goes low, the
output code is read. A code between 118 and 138 indicates con-

version is done.

Testt B Convert to 0O0's 0 coda
VSA is set to 4.75 volts. The main DAC is set tc OV. The

cutput code is read.

Tastg 7 Data Out LOW Drive € 1.6ma U}4V Max

with all output low f£rom last test, V/I is set to Force
l.6ma. V/I is connected to each digital cutput (T27.01=-153,7.08
=MS5B,7.09=INTR and 7.1=0FL) one at a time and the valtage meas-

ured through the V/I. : -.

Tast$ 8 Fullscale Convert ' 25% code
The main DAC is set to 5V {fullscale) and conversicn is

done. The ogutput code is read.

Tast? 9 Data Out HI Drive @ =360ua 2.4V Min

DUT is set to fullscale convert {output all 1's). ¥/I is

set to force -360ua and caonnected sequentially to the digikcal

oubtputs {(T%9.01=158,T2%.08=M5R,T#9.09=INTR and T%%.1=0QFL]}.



The outpUt voltage is measured through khe V/T. )

Testi 10 TRI~STATE Leakage Current @ Qv 3ua Max

/RD and /CS are set high. ajl digital outputs should be {n

The V/I is set to force Ov,
_ cannected to each outpue (T

the high impedance State, It is

#10.01=LSB, Tzl0.08=M35p) and the

current measured.

Test§ 11 TRI-STATE Leakage Current @ sy Jua Max
Same as tesgt: 10, except v/I is Set Lo § wolts,
Testd 12 Analog Inpute Lezkage Current @ gy Jua Max

/C8 is set to sV and the analog input is connected to the

V/I source. The V/L source is gat to force 0OV and

the current
is measuyred,

Test 2 13

e Analog Inputg Leakage Current g sv Jua Max
i .-“l.'.'.\‘.:lﬂl;ﬂf".-;'. Fy
Same as tasrka 12, except V/L is ser tg force sVv.
Testi 14,1 Tinh &8 sv (Cs,rD) lua Max

V/L is5 set tg force 5V and connectsd one at a time to /CS
and /RD inpuk lipnes.

Current is measured through V/I source.
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Test# 14.3 Iinh 8 5v (wWr) ' 3ua Max
V/I is set ko force 5V and connected Lo /WR input lipe.

Current is measured through V/I source.

Testg 15 Iinl @ 0OV {CS ,RD,WR) lua Max

Set V/I to force 0OV and canneck one at a time ta the dig-
ital anut lines (T#15.1 to 15.4 = pins 13,8 and 6} Current is

measured through V/I source.

Test: 16.1 Power Supoly Sensitivity +5% 4.8Bmv Hax

VSa is set to 5.25V and LST of Code 255 is logcated within
§ averages. Next, with the source set to 5.00V the procedure is
repeated. The result is the difference between the two loca-

tions.

Test} 16.2 Power Supply Sensitivigy ~5£- 4.88mv Max

Same as ktesti 16.1, except VSA is set to 4.75V and 5.00v,

Test? 17 Missing Codes Teasgt

Analog input is connected re the main DAC. The Slave Pro-
“ess50r takes control of the maln DAC and runs through the en-
tire analog input range in search of ¢ach code from 0 ko full-

scdle in seguence. Any missing codes will be datalogged.



Teskd 18 Total Unadjusted Error 1 LSB Max -

The transistion voltage foé LST af Codp 1 (V1} is located
and remembered as offset EV3=li from the ideal voltage of 0.61
mv {(V2)}. The transition voltage for LST of code 255 (V1) is lo-
cated and remembered as gain (V3=2) from the ideal voltage af
4.99817v (V2). JNT(36), unadjusted -F5 error, is set using data
from offset test, JINT{37), unadjusted +FS error, 1s set using
data from gain test. These variables are used Ln the linearity
subroutine ko calculate the Total Unadjusted Error. ALl of Ehé
major transition codes, {1l to 254), +/- 3 codes are tested -
(v2=d,73=3} with 5 averages {(NUM=5). The Integral HNon-Linearity
limit is initially set to +/- 1 LSB (INL=1) and the Differen-
l\ tial Non-Linearity is initially set to +/- 1 LSB (DNL=1) and a
GOSUB 21000 (Linearity Subroutine) is performed. Values tested

will be on the worst case INL code {V1I=0BH).

. .
Tt e e



