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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 employses of tha Goddard Space Flight
Centexr {(GSFC). Thie document may ke diastributed outside GSFC only as a
courtasy te othar government agencies and contractors. Any distribution of
thia document, or application or use of the lnfcormation contalned hereiln, is
expreaaly conditioned upon, and is subject to, the following understandings
and limitations:

{a)

{b)

{c)

{d)

(@)

The informatlon was developed for general guidance only and ie
subject to change at any time;

The information wae davelopad under uniguae GSFC laboratory conditions
which may differ substantially from cutside conditions;

GSFC does nok warrankt the accuracy of the information when applied or
uped under other than unigue GSFC laboratory conditions;

The information should not be construed ase a represantation of
product performance by either GSFC or the manufacturer;

Neither the United States government nor any person acting on behalf
of the Unilted States government assumaes any liability resulting from
the application or uee of the information.
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A radiation evaluation was performed on AD7224UQ to deternine the
total dose tolerance of these parts. A prief summary of the test

results is provided below. For detailed information, refer to
mables 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 Figure 1 for bias configquration), and two parts
were used as contral samples. The total dose radiation steps were
2.5, 5, 10, 15 and 20 krads. After 20 krads, parts were annealed
at 25°C for 24 hours. The dose rate was hetween 125 — 250

rads fhour, depending on the total dese level (see Table i1 for
radiation schedule). After each radiation expesure and annealing
treatment, parts were electrically tested accaording to the test
conditions and the specification 1imits listed in Table IIL. See
appendix I for a description of each test performed.

all (8) parts passed all tests up to 2.5 krads. After 5 Krads
exposure, one part (sN 259) falled Zere coade Error 1 (ZCE1} with
a reading of 32.1mV against the upper specification limit of
30mV. After 10 krads irradiation, six parts failed ZCEL with
readings ranging from 2 mV to 762mV. In addition, parts began
failing Fullscale Error. DBx Error, SUM INL-, DBx Carry Error,
and SUM DNL* and sone of the Truth Table functional tests. After
15 krads, parts began failing ZCE2, and centinued degradation in
all of the ahove parameters was observed. Parts continued to
deteriorate after 20 krads and no significant recovery was
nbserved after annealing the parts for 24 hours. In contrast to
the ahove tests, all parts passed all input leakage current tests
up teo 20 krads. Table IV provides the mean and standard deviatien
values for each parameter fter different radiation exposures and
annealing treatments. I+ also provides a summary of functicnal
rest results after each radiation/annealing step.

.. Any further detalls about this evaluation can be obtained upon
o request. If you have any questicns, please call me at 301-731-
B954.



TABLE I.

Generic Part Number:

ISTP Non=Common Buy
Part Humber:

ISTP MNon-Commnsnh Buy
Control Nunber:

Charge No. ¢
Manufacturer:
Quantity Procured:
Lot Date Code:
Quantity Tested:

Serial Numbers of
Radiation Samples:

Serial Numbers= of
Control Samples:

Part Function:
Part Technolagy:

Package Style:

Part Information

AD7224UQ

AD7224UQ/883B

1932

CO03875

Analog Devices

38

4919

140

252, 253, 254, 255,
256, 257, 258, 259

250, 251

8 Bit D/A Converter
CMOS

18 Pin DIP



TABLE II. Radiation Schedule

EVENTS

1) Initial Electrical Mcasurements

2) 2.5 krads irradiation 8 12% rads/hr
Post 2.5 krads Electrical Measurements

3) 5 krads irradiation € 125 rads/hr
Post 5 krads Electrical Measurements

4) 10 krads irradiation @ 250 rads/hr
Post 10 krads Electrical Measurements

§) 15 krads irradiation @ 250 rads/hr
Post 15 krads Electrical Measurements

6) 20 krads irradiation & 250 rads/hr
Post 20 krads Electrical Measurenents

7) 24 hr= annealing
Post 24 hr Electrical Measurements

DATE

04/01/91

04/01/91
04702791

04702791
04703791

04/03/91
04704791

04/04/91
04/05/91

o4/08/91%
04/09/91

04/09/91
04/10/91

«+ The cumulative radiation step of 20 krads was scheduled to
begin on 04/05/91; however, the radiation facility was not
available until 04/08/91.. The parts were kept under bias from

04/05/91 to 04/08/91.

Notes:

[

- All parts were radiated under bias at the cobalt-60 gamma ray

facility at GSFC.

- A1l electrical measurements were performed off-site at 25°C.

- Annealing performed at 25°C under bias.



Table ITI. Electrical characteristics of AD7224UQ

fﬁn
\"\..
TESTE DESCRIPTLON MIN MAX
1 oD @ L6.5V 0.4ma dma
2 155 @ #S.SV. ~3ma -0.3ma
3.X Zero Code Error -30mv 10mv
4 Fullscale Error (Dual) ~1.5L88 1.5LSB
] Total Unadjusted Brroc {Dual} -2LSB ZLSB' -
B DiEferential Nonlinearity {Dual) -1LSB 1.88 ‘
7 Input Leakage @ QV -lua lua
;’ 8 Input Leakage € 11.4V ~lua lua -
&“ 9 Total Unadjustad Errer (Single) -2LSB 2188
10 Diffarential Nonlinearity {Single} -1088 1L.SB
1l Input Leakage B OV -lua lua
12 Input Leakage @ 14,25V -lua lua
13 10D @ 15.75V 0.6ma 6ma

ld Truth Table Functional — ———
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Table 1V. Summary of Ei.  ital Measurements
after Total Dose Exposures and Anncaling for AD7224UQ/883 1/, 2/, 3/, v
Total Dose Exposure {krads) anneal ing
Tnitials 2. 5 10 15 20 24 hrs.
Spec. Limlts
E?Eﬂmeters min  max  mean sd e an sd MeEan 5d meart gd maan £d mean ad mean sd
|00 @15.5v mal c.a a0 f2.3]0.2|2.3]0.212.3 5.1 2.4 0.1 3.2]06.12]3.21 0o [3.1] 0
135 @-5.5v mal-3.0 -0.3|-1.7] 0.1 {-1.6|0.1 |~-1.6| 0.2 |~1.5] 0.1 ~1.5' 0.1 |-1.5]| 0.1 |-1.5] 0.1
AN 1 30 30 |-3.3] 4.0 | 2.0 | 3.0 !20.0| 4.0 | 150 | 200 | 400 | 200 | 765 | 5 | 765 5
7032 T30 30 |-1.0] 3.0 0.5 | 2.0]1.5]2.0]9.06|2.0]|220| 8 |375)120 378 | 122
¢S Ercor  Lse|-1.5 1.5 }1.30] .07 |1.43] .01 | 0.9 6.4 [1.73]| 0.4 2.9 0.4 | 4.8 | 0.6 | 4.2 0.7
pgl bite LSl -2z | 0.1 ]0.1 0.1 0.3 [=0.1)0.1 -4.0} 4.0 |-7.7]| 3.0 |-15.5! 0.1 |-14.0] 5.0
Guin TAL- L5B| -2 2 1.8 | 0.7 1.0 1.0 | 0.6 | 0.2 0.2 ]1e0.14}1.0.2} 0.1 0 0 o 0
Sum INL-  LSB| -2 2 0 o l-0.1| 0.1 {-0.6| 1.0 }-13.0/30.0] -80 | 25 [-113| 1 3-100| 20
138 carryE 1S8] -1 1 | 0.2} 0 0.3 10.2]0.3 0.1 )2.34.0]6.5]3.0]15.0}0.1|14.0}2.0
o omte 1es. 11 | 0.6 0.2 |o.78] .05 |0.57|0.20[ 8.0 [15.0]) 4 | 33 } 66 | 4 | 58 | 9
Sum DNL-  LsB| -1 ~ 0.1/ ¢ |-0.1| o |-0.1j o |-0.4|[0.5|-2.0|0.8 |-3.8]0.5 ~3.B]0.5
DBO 1IL A 0 0 0 0 0 0 0 I ER: 0 0. a [.0 0
JReset TIL uwAl -1 ] 0 0 0 o | o 0 o | o | a | o o | @ 0 o
JLBAC TIL  uh| -1 1 o 0 0 0 0 0 o-§ 0 | © 0 0 o 0 0
JwR TIL wal -1 1 | o 0 0 n 0 o et o 1ua o | 0] ¢ -0 0
jC8 TIL wal -1 1 Q 0 D 0 o o | 6.1 o |70 o | o | ¢ | .0 0

<Table IV continued on next page’

[PRp——
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Table IV. (¢ ,;'nued)

Total Daose Exposure (Krads) Annezling
Inicials 2.5 5 10 15 20 24 hrs.
gpec. Limits

Parameters min max mean sd mean sd mzan 54 mean 5d mean sd mean sd mean ad
lps0 11n w| -1 1 o 0 0 0 0 0 o a | o 0 a o 0 0
/Resec TN _uwal -1 1 | @ 0 0 0 o | o 0 o | o 0 0 o 1 o | o
l/LBac TR wAl -1 1 0 0 0 0 o 0 0 o 0 0 0 0 0 0
";_,f_-.;.r_u 1TH uA| -1 1 0 0 0 D 4 0 0 o 0 0 0 0 0 0
/cs 11 ual -1 1 0 0 0 0 0 0 0 0 4] 0 0 0 Q 0
truth 41 9.9 10.1| Pass Pass ; Pass Pass 7B/1F 4P/ AF 3P/SF
Truch #2 5.9 10.1| Pass Pass Pass Pass 7?/1F 4P/ 4F| 4P/4F
Trath k3 9.9 10.1| Pass Pass Pass Pass 7P/1F P/ 5T 3P/SF
Fruch f4 5.3 10.1] Pass "pass Pass Pass 7B/1F 3P/ 5F| 3P/5F
Truch S 9.9 10.1] Pass . Pass Pass Pass 7P/1F AP/4F 3P/5F
Truch 46 6.9 7.1 | Pass | Pass Pass 7P/1F 4P/ 4F Fail Fail
;;;th 47 6.5 7.1 | Pass Pass Fass TP/1F AD/AT Fail | Fail
Teuth 48 -0.1 0.1 | Pass Pass Pass 8P/ 2F 1B/LF Fail Fail
Truth 49 0.1 0.1 | Pass Fass Pass 68/ 2F LE/LF Fail Fail
Truth 110 | 0.9 1.1 |Pass Pass Pass 6B/2F 4B/4F Fail Fail
NMoraes:

1/ The mean and standard deviation values were calculated over tha eight parts irradiated in this tesclng.

The cearrol samples remalned constant throughout the testing and are not included in this rable.
2/ The tests listed in Table IV were performed with v55 = -5y {Dual Supply). Single supply {VSS = OV)

tezts wera also performed and these tests showed similar degradation in the same parameters as above. This

JdaLa Ls avallable and can be obtalned upon request.

3/ Table 1v lists the number of parts which passed or faliled each of the Truth Table tests. A part was
cansldered to have failed such a test if its readlng was cutside that of the passing range (ie. §.89V ls a
fai1ling reading for Truth Table teat#l.
4/ Some of the parameters tested are not included in Table TV however, the parametric dzte included in
Taple IV 15 representative of all the test data. For example, test date on IGD ®15.75V was similar to that
of IDD @l6.5¥, and teat data on Data Blt Error 2 through 8 was similar to that of DBl Errar.

g




Figure L. Radiation Bias Circuit for AD7224UQ

Vss RL o Voo
o———/\/\/\—=l| VvsS Vop |L18¥/\/\/\——T——0
v e A VAVA T R ek RS |1
1o 3| vmzr _LDAC |1&
4 4] AGND _WR [15—
5| DGND ~cs |14
—/\/\/\—6| DB7 DBA {13—/\/\/\—
—/\/\/\—==7| DBE LBl |12—/\/\/\—r
—/\/\/\—8| D85 B2 |Li—=/\/\/\—y
—/\/\/\=——8] DB4 DE3 [10—/\/\/\—y
- Vs
NOTE: Vpp is turned oo fizst, than Vgg #ollowed by Vazs
2. VDD 515-01"0.5 volts
3. Vg = -3.0 % G.25 Volta
4. V1 = +5.0 + Q.23 Yalka
5. ®1 = 100 Ohms, 5%, 1/4 waktsx

ALl @otqa= rasitors are 2k Obms, 3%, 1/4 wattx




Appendix I

Testi 1 IDD @ 16.53V 4ma Max

yDD is set to L16.5 volks,VSS is seb Lo ~5.5¥ and Vref is
cet to 12.5 volts. ALl inpuk bits are turned on EO nrovide the
maximum curcent draw. The curcent of VDO is measurad.

Test§ 2 155 & ~5.5V ~-Ima HMax

Yoh is seb Lo 16.9% wvolkbks, V55 ig set ko ~5.5V and vraf is
set to 12.5 wvolks. ALl input bits are curned an to provide the
maximum current draw. The current af V55 is measurad.

i

Test® 3.X  Zero Code Erroer (Dbual) - HUhvhﬂaﬁ

oD is set to 16.5 volts, vref is set ta 12.5 volts and V55,
is set to -5 volts. The paC output is measured with all bits C
off. The ourputbt voltage is measured. Test§3.Z has vbD changed
ko 11.4v and Vref o 7.4v. Qutput is then measucrsd. Tastil3.d
has VDD changed ko 14V and Veef to L0V, The output is then
measucesd.

Testd 4 Fullscale Errarc (ﬁual} 1.5L58 Max

wpD is seb to l4 volts. The DAC output is measursed with all
inputs bits on. The theaorstical value {5 subtracted frem the
measured value. The difference is scaled in tarms cf LSB.

Test: 5 Toral Unadjusted ErCrorc {pual) . 2LSB Max

Input code 1s sec to 1 and the voltage out is measured. The
theoretical value is subtracted from the neasurad value and the
cegult is expressed in L58. DBl is turned off and 0BZ is turned
on and the outputl measured. This is done For all 8 bits. The
pasitive and negative sums ace caleulatad.

Testh © ‘giffsrential Linearity 1 LSS Max

DiLEEeczntial Linearicy comgaces rhe change in the cubput .,
due to cone code increment ar the inpukb, with the theoratical
sta2g size. The paC autputs far all Majar Carrcy Paics ars meas-—
ured. Their differences acs campared te an {8 based on the
pacC's fullscale value. The ecror LS scated in tecms ol Ls8's-
The pasitive and negative sums are calculatzad.
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Test$ 7 Digital Lnput Leakage @ OV lua Max

Uno is set ko 11.3V, V¥8S to -5V. All input biks are set to
11.4Y except the pin under test. The pin under test is set to O
volts. The currant out is measured using the current sense
resistors. All input bits are tested this way.

Testf 8 Digital Input Leakage @ 11.4v lua Max

YOD is set to 11,4V, VS5 to -5v. All imput bikts are sek to
OV except the pin under test. The pin under test is set to 11.4
valts. The curtent out is measured usling the current sense
resistors. All input bits are tested this way.

Testi 9 Total Unadjusted Error (Singlej ) 2ZLSB Max
VDo is set to 14V, VSS set to Ov and VREF to 10V. Inmput .

code is set to 1 and the voltage out is measured. The theore- -
tical value is subtracted from the measured value and the .,

result is expressed in LSB, DBl is turned off and DB2 is turned

on and the output measured. This is done for all & hits. The
positive and negative sums are calculaced.

Tests 10 Differencial Linearity (Single) 1 LSB Max

Differential Linearity compares the change in the output,
dua to one code increment at the input, with the theorekical
step size. The DAC outputs for all Major Carry Palirs are meas-
ured. Their diEferences are compared Lo an LS3 bhased an the
DAC's fullscale value. The ecror is scaled in tcerms of LSBE's.
The positive and negative sums are calculated.

Teseh 11 Digital Inpur Leakage @ OV : lua Max

VDD is set to 14.25V, V88 to OV. AllL input bits are set TO
14.25V except the pin under test. The pin under test is s=t tO
3 volrs. The current out is measucred uslny ‘tha current sense
resisrors. ALl input bits are tested this way.

Testy 12 Digital Input Leakage @ 14,23V lua Max

YyDD is set ta 14,25V, V55 wo OV. All input bics arerseb £
0V except the pin under test. The pin under test is set to
14.25 valts. The current out Ls measured using the currant
canse resistors. ALl input bits are tested this way.



Tesktg 13 TDD & 15.75V 6ma Max

YpD is sekt to 15.75 volis,VSS is set Lo 0V and VrefE is set
to 10 wolbks., All input bits are turned on LO provide the maxi-
mum current draw. The current of VDD is measured.

Test} 14 Truth Table Functional
The truth table on page 6 of the spsc is tested.

T4]4.01 has the input code set to have 1OV out and the register
logic set for transparent mode. The cutput should be 10V.

1314.02 has the register logic set for latched mode 1 and input
code set to have 9V out. The output should stay 10V.

214.03 has the register logic set for latched mode 2 and input
code set to have 8V out. The cutput should stay 10V. -

T214.04 has the register logic set for input register transpa-
rent mode and Lnput code set to have 7V out. The oubtput should
stay l0V. Lnput register now has 7V code in it. ‘

T214.05 has the register logic set for input register latched
mode and input code set to have 6V out. The output should stay-
10V. ILnput register now has 7V code latched in it. '

T114.06 has the register logle set for DAC register kransparenkt
mode and input code set to have 5V out. The output should go to
Tv‘

T:14.07 has the register logic set For DAC ragister latched
mcde and input code set to have 4V put. The output should stay
V.

T214.08 has the register logic set foc both registers loaded
with zero's and input code set to have 3V out. The oulput
should go to V.

T314.09 has the register logic set for bath registers latched
with zera's and input code set to have 2V out. The cutput
should stay at OV.

TL14.10 has'the register logic set for both cagisters
transpareat and iaput code ser to have 1¥ out. The ouktnut
should go to 1V. '



