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1. Scope.

The purpose of the following radiation test is to study the degradation of the electrical
characteristics of the NSC LM111 bipolar voltage comparators at low dose rates
under application bias conditions.

2. Test description

8 samples were received from LABEN. The samples were already serialised as 1, 2, 3,
4,5, 7, 8 and 10. Sample number ten was chosen as the reference sample while
samples 1, 3, 4, 5 and 7 were irradiated. Sample number 6 from the previous radiation
run (Document ref. Ra0104) was also irradiated to investigate low dose rate effects.
Irradiation performed at ESTEC Co-60 facility. All samples were biased during the
entire irradiation run. The bias board was provided by LABEN and could
accommodate for 6 samples. Each sample contained 4 LM111 devices. Figurel
illustrates the internal configuration of each sample. Figure?2 illustrates the position of
the samples on the bias board during irradiation. Figure3 illustrates the electrical
circuit for irradiation (provided by LABEN).
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Figure 1 Sample substrate layout
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Figure 2 Sample position on the bias board
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Figure 3 Electrical circuit for irradiation (provided by LABEN)
3. Test sequence
The following table illustrates the test sequence:
Description Dose Temp. Duration
Rad(Si) Cell [°C] | [min]

Serialisation and selection of control 0
sample. Control sample = 10.
Pre irradiation measurements. 0 20+ 2 20
First irradiation. Devices were biased. 950 19.1
First interim electrical measurements. 0 20+ 2 7
Second irradiation run. Devices were 1101 19.2
biased
Second interim electrical measurements. 0 202 10
Third irradiation run. Devices were 1234 19.5
biased.
Third interim electrical measurements. 0 20+ 2 10
Fourth irradiation run. Devices were 1145 19.6
biased.
Fourth interim electrical measurements. 0 20+ 2 13
Fifth irradiation run. Devices were biased. | 1268 194
Fifth interim electrical measurements. 0 20+ 2 10




Sixth irradiation run. Devices were biased. | 2068 19.9

Sixth interim electrical measurements. 0 20+ 2 30
Seventh irradiation run. Devices were 1088 19.2

biased.

Seventh interim electrical measurements. | O 20+ 2 12
Eighth irradiation run. Devices were 1053 194

biased.

Eighth interim electrical measurements. 0 20 + 2 9
Room temperature anneal, devices biased |0 202 1445
Tenth interim electrical measurements. 0 20+ 2 10
Accelerated Ageing, 168h at 100°C, 0 100 10080
Devices biased

Eleventh interim electrical measurements. {0 20+ 2 10

4. Results

The following table illustrates the dose intervals, measurement parameters and the
number of devices failed at each interval.

Para Pre. 0.95 2.05 3.29 443 5.7 7.76 8.85 9.9 Room 100C
m. Rad. krad krad krad krad krad krad krad krad ann. ann.
Vosl | pass | pass | pass | Pass | Pass | Pass | Pass Pass Pass | Pass Pass
Vos2 | Pass | pass | pass | Pass | Pass | Pass | Pass Pass Pass | Pass Pass
+IS Pass | pass | pass | Pass | Pass | Pass | Pass Pass Pass | Pass Pass
-IS Pass | pass | pass | Pass | Pass | Pass | Pass Pass Pass | Pass Pass
Ib+1 | Pass | pass | pass | Pass | All All All AllFail | All All All Fail
Fail | Fail | Fail Fail Fail
Ib-1 | Pass | pass | pass | All All All All All Fail | All All All Fail
Fail | Fail | Fail [ Fail Fail Fail
Ib+2 | Pass | pass | Pass | All All All All All Fail | All All All Fail
F6 Fail | Fail | Fail | Fail Fail Fail
Ib-2 § pass | pass | All All All All All All Fail | All All All Fail
Fail { Fail [ Fail | Fail | Fail Fail Fail
Iosl | pass | pass | pass | pass | pass | pass | pass Pass Pass | Pass Pass
F1 F3 F1
Ios2 | pass | pass | pass | pass | pass | pass | pass pass pass pass Pass
AVO | pass | pass | pass | Pass | Pass | Pass | Pass Pass Pass | Pass Pass
CM Pass | pass | pass | Pass § Pass | Pass | Pass Pass Pass | Pass Pass
RR1 [ FI
CM pass | pass | pass | Pass | Pass | Pass | Pass Pass Pass | Pass Pass
RR2
Voll | pass | pass | pass | Pass | Pass | Pass | Pass Pass Pass | Pass Pass
Vol2 | pass | pass | pass | Pass [ Pass | Pass [ Pass Pass Pass | Pass Pass

Note: F indicates fail followed by a number indicating the number of failed devices.

The dose rate was measured to 0.86 Rad (Si)/min +10% for all irradiation intervals.
The irradiation intervals are listed below.

1) 0.95 kRad(Si)
2) 2.05 kRad(Si)
3) 3.29 kRad(Si)
4) 4.43 kRad(Si)
5) 5.7 kRad(Si)




6) 7.76 kRad(Si)

7) 8.85 kRad(Si)

8) 9.9 kRad(Si1)

An irradiation test result summary follows below:

0.95 kRad (Si)

None of the devices have failed, however a sharp increase is detected in Ib+1, Ib-1,
Ib+2 and Ib-2. Ib-2 has increased most followed by Ib+2, Ib-1 and Ib+1. This was the
general trend for all irradiation intervals.

2.05 kRad (Si)

All devices fail Ib-2 and six devices failed IB+2. All devices passed the remaining
parameters. Ib-1 for many of the devices is close to the maximum limit of 100 nA.

3.29 kRad (Si)

All devices fail Ib-1 and the remaining devices fail Ib+2. Ib+1 for many of the devices
is close to the maximum limit of 100 nA. All devices passed the remaining
parameters.

4.43 kRad (Si)

All devices fail Ib+1 and the remaining devices fail Ib+2 All devices passed the
remaining parameters.

5.7 kRad (Si)

All Ibs are still increasing. A steady increase in Ios1 is detected. No additional devices
fail.

7.76 kRad(Si)

All Ibs are still increasing. A steady increase in Ios1 is detected. No additional devices
fail.

8.85 kRad (Si)
All Ibs are still increasing. One device fails Ios1. No additional devices fail.
9.9 kRad (Si)

All Tbs are still increasing. Two additional devices fail los1. No additional devices
fail.



24 hour anneal at room temperature.

Some recovery is seen for parameters Ib+1, Ib-1, Ib+2, Ib-2. Two devices recover
Tos1.

168 hour anneal at 100°C

Parameters Ib+1, Ib-1, Ib+2 and Ib-2 recover with approximately 50 to 75 nA.
However, all devices still fail these parameters. The last device recovers los1.

8 Conclusion

The above tests were performed on LM111 devices from a lot dedicated to the Cluster
project. One device (device six) from the lot dedicated to the XMM project was also
included in these tests. Inclusion of device six was intended to provide dose rate
dependency information for devices from the same lot. The above irradiation run was
performed at a dose rate of 0.86 rad (Si)/min while the previous irradiation run (XMM
project) was performed at ~2 rad (Si)/min.

Prior to the above tests it was believed that an increase in parameter degradation rate
would be observed by employing a lower dose rate during irradiation. Results
obtained from the above tests show that this is true only for the Ib parameters. The
other critical parameters such as Vos1, Vos2 and Ios1 illustrate a different behaviour.

At 0.86 rad (Si)/min the Ib+1, Ib-1, Ib+2 and Ib-2 increase faster than what was
observed at a dose rate of 2 rad (Si)/min. This increase in degradation is most obvious
after a total dose of 2 krad. It has to be noted that the 168h, 100°C anneal for the
above devices show a recovery of Ib+1, Ib-1, Ib+2 and Ib-2 by up to 75 nA.

Contrary to the XMM irradiation run, Vos1 and Vos2 did not fail the irradiation tests.
This is also true for Ios1 where only 3 devices failed compared to 16 for the XMM
irradiation run.

Sample 6 (XMM lot) illustrates a marginal deviation for some parameters compared
to devices from the Cluster lot. These are Vos1, Vos2, Avo and Voll. Sample six
shows a small increase in value for Voll. However, devices from the Cluster lot show
an almost negligible change for the same parameter. The initial Voll value of sample
six is also higher than for the other devices.

Appendix A
The following figures are graphs for the measured parameters as a function of dose.

Note: One device failed CMRR1 during pre-irradiation electrical characterisation.
This is attributed to a measurement error.

Note: The graphs of Ib+1, Ib-1, Ib+2 and Ib-2 illustrate a change in value also for the
reference samples after a total dose of 5.7 krad. This is due to a range change of the
measurement instrument (SZ). Four different measurement boards were used during
the measurements. Because of resistor tolerances on the measurement boards and the



change in the electrical measurement circuit of the SZ system due to the range
change, measurements show an increased spread in the parameter values. However,
this is not believed to be significant for the irradiated devices, as the trend in the
parameters is still obvious.
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