National Semiconductor

Military/Aerospace Analog Engineering

TOTAL DOSE RADIATION TEST

I. INTRODUCTION

Total dose radiation tests are designed to characterize
changes in device performance due to total dose radiation.
These tests are not intended to classify maximum radiation
tolerance of any particular device, rather, they simply show
trends in the critical parameters as a function of total dose.
Whether a device meets tolerance requirements is left up to
the designer. In many occasions, designers have the ability
to circumvent radiation effects by adding appropriate
shielding or compensating for the variations in
performance.

MIL-STD-883 method 1019 is used as a guideline for
these tests. National's gamma radiation source is kept in
compliance with method 1019 and radiation test samples
are irradiated under dose rate condition A, which tests for
total-dose effects. Samples are kept biased while
irradiating. Dose rate is maintained between 50 - 300
Rads(Si)/sec and all samples are exposed to a total dose of
200 kRads(Si).

II. RADIATION SOURCE
A. Type

Atomic Energy of Canada Limited cobalt 60
irradiation unit model Gammacell 220 is used to irradiate
the devices under test. The Gaaumll 220 produces
gamma radiation photons approximately 1.25MeV in
energy. Dose rate in the gammacell is maintained between
50 and 300 Rads(Si)/sec with an accuracy of +/- 10%.

B. Dosimetery

Thermoluminescence Dosimetery is performed according
to MIL-STD-883 method 1019. Actual dose rate for
individual test is calculated from the exponentigcaly
approximation of the dosimetery data.

IIl. TEST SETUP AND PROCEDURE
A. Pre-radiation Electrical Test

All test samples are verified to be functionally and
parameterically working prior to irradiation. They are
subject to group A qualification test including burn in.
Samples are also verified to be within room temperature
acceptance limits.

B. Test Environment

Samples are enclosed in a lead/aluminum container
vertically aligned with the source of radiation while being
irradiated. Ambient temperature throughout the test is
approximately 2%C.

C. Biasing

All devices under test are kept biased during irradiation.
Bias circuit used for burn-in is also used for irradiation.

C. Electrical Test

Remote electrical tests are performed on the irradiated
devices at several total dose levels. All samples are short
circuited while transporting to the automatic electrical
tester. Electrical tests are completed within two hours of
each irradiation step.

IV. DATA PRESENTATION

A Test Summary sheet provides details on the origins
of test samples, dose rate, list of parameters tested and total
variation in those parameters. Details of the test consists of
select device parameter plotted and tabulated as a function
of total dose. Test conditions for each parameter are also
specified. Acceptance limits specified in RETS or MDS are
also plotted on the graph for reference purpose.

This RHA report is supplied only as a guideline to
demonstrate the characteristics of our product in a Total
Dose Radiation environment. The results reported are
representative only of the lot tested in this specific sample
and should not be used as generic RHA qualification data.
National Semiconductor uses different process flows for
different product qualification levels, and National
Semiconductor will not guarantee the RHA performance of
any product unless National Semiconductor has tested and
certified the specific manufacturing lot. At each radiation
exposure level, minimum and maximum shows a plausible
variation in the parameter values. It is important to
remember that this variation includes variation due to
radiation exposure as well as variation between lots and
variation between wafers. Measurement variation is
assumed insignificant. Whenever possible, radiation test
reports will provide an estimate of the percentage of total
variation that can be attributed to radiation exposure. This
estimate is calculated by analysis of variance (ANOVA) or
similar statistical method.
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Dose Rate: 69.095 Rads(Si)/sec, V+=5V, Vcm = 0 unless specified otherwise.
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Total Dose Radiation Test Characteristics

Vio; V+=30V, COMP 1 vs

Vio, Ven=28.5V, COMP 1 vs

Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. S. Dev. Fail*
0 -0.459 -0.840 0.105 0.387 0 -0.364 -0.647 0.150 0.306
20 -0.628 -0.961 -0.057 0.389 20 -0.430 -0.727 0.081 0.308
35 -0.698 -1.064 -0.095 0.392 35 -0.420 -0.735 0.105 0.310
Vio; V+=5V, COMP 1 vs Vio; V+=30V, COMP 2 vs
Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. S. Dev. Fail*
0 -0.409 -0.680 0.090 0.313 0 0 0.366 -0.239 0.907 0.379 0
20 -0.504 -0.794 0.002 0.319 0 20 0.241 -0.316 0.789 0.365 0
35 -0.657 -0.896 -0.338 0.185 0 35 0.181 -0.331 0.765 0.365 0
Vio; Vew=28.5V, COMP 2 vs Vio; V+=5V, COMP 2 vs
Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. S. Dev. Fail*
0 0.623 0.169 1.094 0.301 0 0 0.415 -0.058 0.857 0.303 0
20 0.577 0.140 1.048 0.296 0 20 0.348 -0.087 0.797 0.292 0
35 0.587 0.172 1.077 0.296 0 35 0.308 -0.091 0.789 0.295 0

Dose Rate: 69.095 Rads(Si)/sec, V+=5V, Vcm = 0 unless specified otherwise.

Note 1: Number of devices that were outside MDS sub group 1 limits.
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Dose Rate: 69.095 Rads(Si)/sec, V+=5V, Vcm = 0 unless specified otherwise.
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Total Dose Radiation Test Charateristics

Vio; V+=30V, COMP 3 vs

Vio, Ven=28.5V, COMP 3 vs

Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. S. Dev. Fail*
0 0.368 -0.184 0.655 0.311 0 0.462 -0.044 0.732 0.276
20 0.259 -0.244 0.527 0.289 20 0.435 -0.052 0.694 0.267
35 0.228 -0.243 0.486 0.266 35 0.458 -0.024 0.717 0.262
Vio; V+=5V, COMP 3 vs Vio; V+=30V, COMP 4 vs
Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. S. Dev. Fail*
0 0.472 -0.025 0.737 0.276 0 -0.869 -1.294 -0.247 0.404 0
20 0.418 -0.042 0.669 0.259 20 -0.966 -1.412 -0.345 0.391 0
35 0.396 -0.038 0.638 0.241 35 -1.012 -1.487 -0.373 0.389 0
Vio; Vew=28.5V, COMP 4 vs Vio; V+=5V, COMP 4 vs
Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. . Dev. Fail*
0 -0.706 -1.085 -0.167 0.342 0 0 -0.745 -1.162 -0.192 0.358 0
20 -0.731 -1.087 -0.203 0.334 0 20 -0.799 -1.164 -0.249 0.344 0
35 -0.728 -1.093 -0.190 0.333 0 35 -0.831 -1.219 -0.264 0.342 0

Dose Rate: 69.095 Rads(Si)/sec, V+=5V, Vcm = 0 unless specified otherwise.

Note 1: Number of devices that were outside MDS sub group 1 limits.
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Dose Rate: 69.095 Rads(Si)/sec, V+=5V, Vcm = 0 unless specified otherwise.
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Total Dose Radiation Test Characteristics

lio; Vo=1.5V, COMP 1 vs

lo: Vo=1.5V, COMP 2 vs
Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. S. Dev. Fail*
0 -0.950 -1.800 -0.300 0.550 0 -1.200 -1.500 -0.900 0.268
20 -3.917 -4.900 -3.000 0.685 20 -4.450 -4.900 -3.400 0.561
35 -5.150 -5.500 -4.600 0.351 35 -5.650 -6.100 -5.200 0.414
lo: Vo=1.5V, COMP 3 vs lo: Vo=1.5V, COMP 4 vs
Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. S. Dev. Fail*
0 -0.450 -0.900 0.300 0.455 0 0 0.700 0.100 1.600 0.537 0
20 -3.417 -4.600 -2.700 0.708 20 -0.650 -1.100 -0.200 0.315 0
35 -2.917 -4.600 0.300 2.074 0 35 -0.700 -1.400 -0.200 0.490 0
lg+: Vo=1.5V, COMP 1 vs e~ Vo=1.5V, COMP 1 vs
Title Line 2 Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. S. Dev. Fail*
0l -21.250f -21.700] -20.800 0.493 0 0| -20.300f -21.100f -19.600 0.525 0
20| -45.850| -46.800f -43.800 1.374 0 20| -41.917| -42.600f -40.700 0.864 0
35| -61.100| -61.500f -59.700 0.727 0 35| -55.950] -56.300f -54.800 0.582 0

Dose Rate: 69.095 Rads(Si)/sec, V+=5V, Vcm = 0 unless specified otherwise.

Note 1: Number of devices that were outside MDS sub group 1 limits.




LM139AW-QMLV
Total Dose Radiation Test Characteristics

lg+; Vo=1.5V, COMP 2 vs

Total Dose
0.0
-20.0 L\
T
\\\
-40.0
< ~
= ~—_ S
+  -60.0 S~ !
@ : ) P
-80.0
-100.0
0 10 20 30 40
Total Dose kRads(Si)
lig+; Vo=1.5V, COMP 3 vs
Total Dose
0.0
-20.0 L\\
~
40.0 ™~
< N
= *\\\\ <‘T£
+ -60.0 b
-80.0
-100.0
0 10 20 30 40
Total Dose kRads(Si)
lig+; Vo=1.5V, COMP 4 vs
Total Dose
0.0
-20.0 L
~—_
T
40.0 ™~
< - .
< \\\\\ <é
+ -60.0 ~a !
= @
-80.0
-100.0
0 10 20 30 40

Total Dose kRads(Si)

Dose Rate: 69.095 Rads(Si)/sec, V+=5V, Vcm = 0 unless specified otherwise.
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Total Dose Radiation Test Characteristics

lg+; Vo=1.5V, COMP 2 vs le-; Vo=1.5V, COMP 2 vs

Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. S. Dev. Fail*
0|l -21.750f -22.200] -21.000 0.493 0 0| -20.550[ -21.000f -19.500 0.592
20| -47.667| -49.500[ -45.500 1.387 0 20| -43.233| -44.900f -40.900 1.517
35| -63.267| -65.400| -62.300 1.181 0 35| -57.600] -59.200f -56.500 0.903

lg+; Vo=1.5V, COMP 3 vs le-; Vo=1.5V, COMP 3 vs

Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. S. Dev. Fail*
0| -20.650f -21.100] -19.900 0.414 0 0| -20.283| -20.900f -19.000 0.694 0
20| -46.600| -47.800| -45.300 1.056 0 20| -43.150| -44.400f -41.700 1.029 0
35| -62.150| -63.400| -60.600 1.052 0 35| -58.000] -58.800f -57.300 0.675 0
lg+: Vo=1.5V, COMP 4 vs e~ Vo=1.5V, COMP 4 vs
Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. S. Dev. Fail*
0|l -19.533| -20.000] -18.400 0.599 0 0| -20.250[ -20.700| -19.800 0.367 0
20| -43.817| -45.400| -42.300 1.052 0 20| -43.167| -44.600f -42.100 0.876 0
35| -58.800| -60.000{ -57.000 1.138 0 35| -58.100] -58.900f -56.800 0.841 0

Dose Rate: 69.095 Rads(Si)/sec, V+=5V, Vcm = 0 unless specified otherwise.
Note 1: Number of devices that were outside MDS sub group 1 limits.
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Dose Rate: 69.095 Rads(Si)/sec, V+=5V, Vcm = 0 unless specified otherwise.
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Total Dose Radiation Test Characteristics

Avs; Ri=15K, COMP 1 vs Avs; Ri=15K, COMP 2 vs
Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. S. Dev. Fail*
0 695.0 651.1 775.9 51.738 0 0 527.9 485.4 571.1 30.675
20 470.0 432.8 549.3 42.778 0 20 378.0 352.0 408.4 20.138
35 375.4 3394 446.8 39.209 0 35 304.4 290.7 320.4 10.002
Avs; Ri=15K, COMP 3 vs Avs; Ri=15K, COMP 4 vs
Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. S. Dev. Fail*
0 526.7 495.7 550.9 20.602 0 0 326.7 316.0 355.2 14.636
20 380.6 350.3 416.2 25.999 0 20 275.1 265.8 287.7 8.892
35 319.9 289.2 351.2 26.149 0 35 244.9 229.7 261.2 11.313
lesx. V+=30V, COMP 1 vs lesx. V+=30V, COMP 2 vs
Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. S. Dev. Fail*
0 0.000 0.000 0.000 0.000 0 0 0.003 0.000 0.010 0.005
20 0.000 0.000 0.000 0.000 0 20 0.000 0.000 0.000 0.000
35 0.000 0.000 0.000 0.000 0 35 0.000 0.000 0.000 0.000

Dose Rate: 69.095 Rads(Si)/sec, V+=5V, Vcm = 0 unless specified otherwise.
Note 1: Number of devices that were outside MDS sub group 1 limits.
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Dose Rate: 69.095 Rads(Si)/sec, V+=5V, Vcm = 0 unless specified otherwise.
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Total Dose Radiation Test Characteristics

lesx. V+=30V, COMP 3 vs lesx. V+=30V, COMP 4 vs
Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. . Dev. Fail*
0 0.000 0.000 0.000 0.000 0 0 0.010 0.010 0.010 0.000
20 0.000 0.000 0.000 0.000 0 20 0.010 0.010 0.010 0.000
35 0.000 0.000 0.000 0.000 0 35 0.010 0.010 0.010 0.000
lce; V+=5V vs Total lce; V+=30V vs Total
Dose Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. . Dev. Fail*
0 0.765 0.748 0.772 0.009 0 0 0.931 0.909 0.942 0.012
20 0.761 0.743 0.767 0.009 0 20 0.920 0.897 0.929 0.012
35 0.744 0.726 0.753 0.010 0 35 0.901 0.875 0.913 0.014
Veur, lsnc=4ma, COMP 1 vs Venr; lsnc=4ma, COMP 2 vs
Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. . Dev. Fail*
0 0.192 0.190 0.200 0.004 0 0 0.198 0.190 0.200 0.004
20 0.192 0.190 0.200 0.004 0 20 0.198 0.190 0.200 0.004
35 0.197 0.190 0.200 0.005 0 35 0.203 0.200 0.210 0.005

Dose Rate: 69.095 Rads(Si)/sec, V+=5V, Vcm = 0 unless specified otherwise.
Note 1: Number of devices that were outside MDS sub group 1 limits.
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Dose Rate: 69.095 Rads(Si)/sec, V+=5V, Vcm = 0 unless specified otherwise.
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Total Dose Radiation Test Characteristics

Veur, lsnc=4ma, COMP 3 vs Veur, lsnc=4ma, COMP 4 vs
Total Dose Total Dose
Dose Avg. Min. Max. S. Dev. Fail* Dose Avg. Min. Max. S. Dev. Fail*
0 0.200 0.200 0.200 0.000 0 0 0.198 0.190 0.200 0.004
20 0.200 0.200 0.200 0.000 0 20 0.198 0.190 0.200 0.004
35 0.202 0.200 0.210 0.004 0 35 0.200 0.200 0.200 0.000

Dose Rate: 69.095 Rads(Si)/sec, V+=5V, Vcm = 0 unless specified otherwise.
Note 1: Number of devices that were outside MDS sub group 1 limits.



