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1. Purpose

The purpose of this testing was to characterize Analog Devices’ AD8065 FastFET amplifier for
low-dose rate (LDR) total ionizing dose (TID) response based on the Lucy project requirements
and will be used on the L’ORRI instrument being built by Johns Hopkins University Applied
Physics Lab.

The AD8065 is a voltage feedback amplifier with FET inputs developed with the proprietary
eXtra Fast Complementary Bipolar (XFCB) process. The amplifier boasts low noise operation
and very high input impedance with a wide supply voltage range.

2. Test Samples

Ten parts each of AD8065s from two flight lots were provided by Lucy to Code 561 for TID
testing. Two of the ten from each lot were used as controls. More information can be found in

Table 1.

Table 1: Part Identification Information

Qty | Flight Part Number | Generic Part Number | Lot Date Code Package

10 AD8065ARZ AD8065 1838 SOIC-8
10 AD8065ARZ AD8065 1128 SOIC-8
AD80E5
NC [ E] NG

-IN [ 2 7] +vg
+IN|3 B vnu'r
-Vs[4] Topview [s]NC
(Mot to Scale)

Figure 1: Pin out for AD8065

3. General

Radiation testing was conducted by exposing the parts to gamma radiation at a dose rate of 10
mrad(Si)/s. Ten parts from each lot were tested — eight exposed to radiation and the two
remaining were used as controls. Prior to the first radiation dose, all parts were electrically
tested. After each exposure level, the parts (including the controls) were tested again. Parts
were subjected to multiple levels of total dose as shown in Table 2.



Table 2: Device Grouping and Step-Stress Instructions

Group | LDC | Qty Sample # Dose Rate Test Levels (krad(Si))
1 1838 4 Biased 1,234 10 mrad(Si)/s 0,1,5,10, 13, 15, 20, 30
2 1838 | 4 | Unbiased 56,7,8 10 mrad(Si)/s 0,1,5, 10,13, 15, 20, 30
3 1838 | 2 Controls C1, C2 N/A N/A
4 1128 4 Biased 11,12,13,14 10 mrad(Si)/s 0,1,5,10,13,15, 20,30
5 1128 4 Unbiased | 15, 16,17, 18 10 mrad(Si)/s 0,1,5,10, 13, 15, 20, 30
6 1128 2 Controls C11, C12 N/A N/A

After the 13 krad(Si) dose point, an unavoidable power shutdown occurred in Building 22 at
NASA GSFC, which affected the Radiation Effects Facility. The parts were put in the freezer to
limit annealing for 96 hours until power was restored. The electrical parameters were
measured before and after the power shutdown, and there were no discernable changes, so
the test resumed as planned.

4. Electrical Tests

Electrical tests were performed in accordance with the datasheet revL. The electrical

parameters listed in Table 3 were tested:

Table 3: List of Parameters Measured

Conditions Specifications
Parameter Symbol V=15V
RL=1kQ Min Typical Max | Unit
Input Offset Vio Vem = 0V SOIC 0.4 15 my
Voltage package only
Input Bias Current I SOIC package 2 6 pA
Input Offset
Current lo 1 10 PA
. Vo =13V,
Open-Loop Gain G R =1 kO 100 113 dB
Output Voltage Vout Ri=1kQ -4.881t0+4.90 | -4.94 to +4.95 Vv
Swing
Quiescent Current la 6.4 7.2 mA
Slew Rate SR G=+2,Vo=4V step 130 180 V/us
Power Supply PSRR 85 -100 dB
Rejection Ration




In addition to the parameters and conditions shown above in Table 3, the same parameters
were also measured for the application-specific supply voltage of +12 V. The parameters
measured with #5 V are labeled as “dual supply” in the subsequent sections and results, while
the results of the parameters measured with +12 V are labeled as “single supply”. There are no
datasheet specified minimums and maximums for the single 12-V supply voltage, so no
specification is included in those tables and graphs.

5. Failure Criteria

The parameter limits were defined as those listed in the datasheet revl for the 5 V supply.
Accurate parameter measurements were maintained beyond the specified limits when
parameter drift was observed. Functional failure was not observed during this test.

6. Source Requirements

The total dose source was the gamma source in the Radiation Effects Facility, which is
compliant with MIL-STD-883, Method 1019. Dosimetry is NIST traceable.

7. Bias Conditions and Fixtures

The unbiased parts had all leads grounded, while the biased part configuration was connected
in the following way:

Table 4: Applied Voltages for Biased Irradiations

Pin Name Pin Number Connection

NC 1 n/a

-IN 2

+IN 3

-Vs 4 GND with bypass capacitors, 4.7uF and

0.1uF, in parallel

NC 5 n/a

Vout 6

+Vs 7 +12 V with bypass capacitors, 4.7uF and

0.1uF, in parallel
NC 8 n/a




8. Procedure

General test procedures were in accordance with MIL-STD-883, Method 1019, Condition D.
Parts were serialized, with controls marked prominently to distinguish them from test samples.
Exposures were performed at ambient laboratory temperature. Approximate cumulative test
levels were provided by the values in Table 2.

9. Traceability
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10.

Results

Input Offset Voltage
Dual Supply

Figure 4. Input offset voltage as a function of total ionizing dose with +5 V supply voltages.

Table 5: Input offset voltage values with 5 V supply voltages

Input Offset Voltage [V]
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Input Offset Voltage [, "o 5 1 kradSi) 5 krad{5i} 10 krad{Si) |13 krad{Si)  |96-hr Freeze |15 krad(Si) |20 krad{Si} |30 krad({Si)
Control [€1) 1.89E-04) 1.91E-04 1.92E-04 1.94E-04 1.92E-04) 1.926-04 1.91E-04 1.94E-04 1.92E-04
-4 .33E-04) E-04 -4.31E-04 -4 34E-04 -4.32E-04) -4.29E-04 -4.29E-04 -4.29E-04 -4 28E-04]
-1.77E-04) -1.B2E-04 -1.B1E-04 -1.83E-04 -1.82E-04) -1.90€-04 -1.BBE-04 -1.85E-04 ~1.90E-04]
o -3.09E-04 -3.06E-04 -3.12E-04 -3.14E-04 -3.17E-04 -3.16E-04 -3.20E-04 -3.20E-04 -3.21E-04
§ -1.52E-05) -1.B7E-05 -8.40E-05 -B.68E-05 -B.56E-05) -9, 74E-05 -9, T4E-05 -9.49E-05 -9.64E-05]
H -1.90E-04 -1.94E-04 -1.9BE-04 -1.98E-04 -1.99E-04 -2.02E-04 -1.99E-04 -2.05E-04 -2.04E-04
. =7.66E-05) -7.49E-05 -7 ABE-05 <7.47E-05 ~6.88E-05) =7 15E-05 <7 A4E-05 <7.58E-05 =8.01E-05]
2.62E-04 2.62E-04 2.63E-04 2.62E-04 2.60E-04 2.62E-04 2.62E-04 2.59E-04 2.58E-04
2.29E-04, 2.20E-04 2.35E-04 2.34E-04 2.29E-04, 2.56E-04 2.56E-04 2.60E-04 2.69E-04]
1.25E-04) 1.26E-04 1.2GE-04 1.25E-04 1.25E-04, 1.25E-04 1.28E-04 1.30E-04 1.32E-04]
~4.60E-04) -4.55E-04 -4.61E-04 -4.53E-04 ~4.55E-04) -4, -04 -4.50E-04 -4.57E-04 ~4.58E-04]
Contral [C12) -7.15E-04 -7.09E-04 -121E-04 -7.10E-04 -7.09E-04 -7.07E-04 -1.0BE-04 -.ME-04 -1.07E-04
DUT11 6. 41E-05) B.65E-05 6.60E-05 6.59E-05 6.57E-05) 6. 26E-05 6.02E-05 6.08E-05 6. 10E-05]
o |DUT12 -2.06E-04 -2.06E-04 -2.17E-04 -2.1BE-04 -2.18E-04 -2.17E-04 -2.19E-04 -2.21E-04 -2.30E-04
I:_q: DuT13 -B.89E-05) -B.93E-05 -1.05E-04 <1.08E-04 -1.08E-04 -1.08E-04 -1.06E-04 <1.11E-04 -1.14E-04
H oDuT1a 4.27e-04 4.27e-04 4.42E-04 4.43E-04 4.38E-04 4.52e-04 4.51E-04 4.54E-04 4.60E-04
= |ouTis -6.92E-05] -6.67E-05 -6.87E-05 -7.02E-05 -7.18E-05) -7.33E-05 -7.07E-05 -7.21E-05 -6.55E-05|
DUT1E 1.88E-04, 1.83E-04 1.87E-D4 1.88E-04 1.86E-04, 1.78E-04 1.81E-04 1.84E-04 1.89E-04]
DUT17 1.83E-04) 1.83E-04 1.B4E-D4 1.85E-04 1.85E-04, 1.99E-04 2.00E-D4 1.99E-04 1.99E-04]
DuT1E 1.64E-05, 1.52E-05 1.46E-05 1.20E-05 1.54E-05, 1.88E-05 1.95E-05 2.09E-05 2.28E-05]
1.50E-03) 1.506-03 1.50E-03 1.50E-03 1.50E-03) 1.506-03 1.50E-03 1.50E-03 1.50E-03]
CTRL Avg 3.55E-04, 3.52E-04 3.55E-04 3.51E-04 3.51E-04, 3.49E-04 3.49E-04 3.49E-04 3.50E-04]
CTRL Std Dav 3.33E-04 3.32E-04 3.36E-04 3.33E-04 3.32E-04 3.31E-04 3.30E-04 3.31E-04 3.31E-04]
_E, CTRL +99/90 1.45E-03) 1.45€-03 1.47E-03 1.46E-03 1.45E-03) 1.45€-03 1.45€E-03 1.45E-03 1.45E-03]
|§ CTRL -99/90 2.16E-03) 215603 218E-03 2.16E-03 2.16E-03) 215603 2.15E-03 2.15E-03 2.15E-03
+CTRL Error Bar 5.44E-04) 5.43E-04 5.47E-04 5.45E-04 5.43E-04 5.41E-04 5.40E-04 5.43E-04 5.42E-04
-CTRL Error Bar 3.60E-04) 3.58E-04 3.66E-04 3.59E-04 3.58E-04) 3.57E-04 3.50E-04 3.55E-04 3.57E-04
Blased Avg 6.93E-05, T.04E-05 7.35E-05 7.45E-05 7.57E-05, 7.G9E-05 7.70E-05 7.77E-05 7.92E-05]
Biased Std Dev 2.14E-04, 2.14E-04 2.21E-04 2.22E-04 2.21E-04, 2.25E-04 2.25E-04 2.26E-04 2.29E-04]
1% Biased +99/90 7.41E-04, TA1E-04 7.63E-04 7.65E-04 7.60E-04, 7.75E-04 7.74E-04 7.79E-04 7.88E-04]
i@ |Biased -99/90 8.79E-04 8.82E-04 9.10E-04 9.15E-04 9.11E-04) 9.29E-04 9.28E-04 9.34E-04 9.46E-04]
+Biased Error Bar 4.97E-04) 4.97E-04 5.16E-04 5.1RE-D4 5.14E-04) 5.20E-04 5.2BE-04 5.32E-04 5.39E-04
-Biasad Error Bar 2.30E-04) 2.36E-04 2.30E-04 2.40E-04 2.A2E-04) 2.30E-04 2.43E-04 2.42E-04 2.A2E-04
Unbiased Avg =1.69E-05) -1.59-05 -1.60E-05 <1.68E-05 =1.65E-05) =1.37E-05 -1.44E-05 <1.49E-05 =1.46E-05]
o |Unblased Std Dev 1.64E-04 1.63E-04 1.65E-04 1.65E-04 1.63E-04 1.70E-04 1.71E-04 1.71E-04 1.74E-04
_§ L 6.02E-04, 6.01E-D4 6.07E-04 6.06E-04 6.00E-04, 6.29E-04 6.31E-04 6.33E-04 6.42E-04]
f_; 6.36E-04) 6.32E-04 6.40E-04 6.40E-04 6.33E-04, 6.56E-04 6.60E-D4 6.63E-04 6.71E-04]
+Unbiased Error Bar 2.79E-04, 2.78E-04 2.79E-04 2.79E-04 2.77E-04 2.7GE-04 2.77E-04 2.75E-04 2.83E-04]
-Unbiasad Error Bar 1.71E-04 1.G8E-04 1.71E-04 1.71E-04 1.70E-04 1.8GE-04 1.85E-04 1.84E-04 1.84E-04]
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Figure 5. Input offset voltage as a function of total ionizing dose with 12 V supply voltage.

Table 6: Input offset voltage values with 12 V supply voltage

Total lonizing Dose
Input Offset Voltage |, " 1 krad(si) 5 krad(5i) 10 krad(si) 1.1skrml[.‘ai] 15 krad(Si) |20 kead(5i) |30 krad{Si)
Control [C1) 1.33E-04 1.34E-04 1.35€-04 1.37E-04 1.34E-04 1.35E-04 1.36E-04 1.35€-04
Cantral (C2) 1.00E-05% 1.01E-05 1.00E-05 9.99E-06 1.00E-05 1.01E-05 1.01E-05 1.02E-05
DUTL 2.20E-05 218605 219605 215605 2.16E-05, 212605 213605 2.09E-05
o |DUT2 1.426-05 1.436-05 1.41E-05 1.40E-05 3.87E-05 1.386-05 1.38€-05 1.38E-05
'_‘;E DUT3 4.1BE-05 4.08E-05 3.94E-05 3.B4E-05 3.BRE-05 3.60E-05 3.64E-05 3.65E-05
2 [outa 197605 1.95E-05 1.91E.05 1.89E-05 1.90E-05, 1.89E-05 1.85E-05 1.84E-05
* louts 3.756-05 3.749E-05 3.76E-05 3.74E-05 383605 3.756-05 3.726-05 3.60E-05
DUTE 2.44E-04 2.A43E-04 2.A5E-04 2.44E-04 2.41E-04 2.A43E-04 2A41E-04 2.40E-04
DUT? 2.35E-04 2.36E-04 242604 2.42E-04 237604 2.63E-04 2.67E-04 2.76E-04
DUTS 3.60E-05, 357605 3.54E-05 3.566-05 3.60E-05 3.58E-05 3.46E-05 3.45E6-05
Control [C11) 9.87E-06 5.91E-06 9.856-06|  9.926-06 9.91E-06 9.99E-06 5.90€-06 9.89€-06,
Control (C12) 9.59E-06 9.61E-06 9.5BE-06| 9.58E-06/ 9.58E-06 9.99E-06 9.60E-06 9.60E-06
puTiL 8.25E-05 2.306-05 8.206-05 8.376-05 8.39E-05, 8.06E-05 8.126-05 5.006-05
o [DUTL2 1.61E-05 1.62E-05 1.55€-05 1.54E-05 15505 1.54E-05 1.53E-05 1.49E-05
'_':’: DUT13 3.BBE-05 3.8BE-05 3.46E-05 3.42E-05 3.40E-05 3.46E-05 3.32E-05 3.23E-05
8 [ouTia 4.35E-04 4.376-04 451604 4.536-04 4.49E-04 4.60E-04 4.62E-04 4.60E-04
= |outis 3.756-05 3.71E-05 3.726-05 3.65E-05 3.63E-05 3.65E-05 3.626-05 3.80E-05
DUT16 1.52E-05 1.55E-05 1.53E-05 1.53E-05 1.52E-05 1.57E-05% 1.56E-05 1.51E-05
DUT17 2.19E-05 2.196-05 219605 2.18E-05 2.16E-05, 2.026-05 2.04E-05 2.02E-05
DUT1E 5.186-05 5.156-05 5.00E-05 5.06E-05 51705 5.31E-05 5.356-05 5.47E-05
CTRL Avg 4.05E-05 4.09E-05 410E-05 4 16E-05 4.10E-05, 4.13E-05 4.14E-05 411E-05
_ [cTRLStd Dav 5.326-05 5.38E-05 5.40E-05 5.49E-05 5.40E-05 5.41E-05 5.46E-05 5.41E-05
£ [cTaL+29/00 3.30F-04 33304 3.356-04 3.40F-04 3.34F-04 3.36F-04 3.39E-04 3.356-04
§ [cTRL-99/90 2.49E-04 252604 2.53E-04 2.57E-04 252604 2.53E-04 2.56E-04 2.53E-04
+CTRL Error Bar 9. 21E-05 9.32E-05 9.35E-05 9.52E-05 9.35E-05 9.3BE-05 9.46E-05 9.3BE-05
-CTRL Ervor Bar 3.09E-05 3.136-05 3.14E-05 3.20E-05 3.14E-05. 3.13E-05 3.18E-05 3.156-05
Biased Avg 8.3BE-05 8.39E-05 B.4BE-05 B.4BE-05 B.75E-05 8.50E-05 B.52E-05
Blased Std Dev 1.34E-04 1.356-04 1.90E-04 1.41E-04 1.38E-04 143604 1.44E-04
2 [Binsed +93/90 5.02E-04 5.956-04 6.146-04 6.17E-04 6.10E-04 6.26E-04 6.306-04
Eg Biased -ggjlgﬂ -4, 25E-04 -4, 2TE-04 -4 45E-04 -4 47E-04 -4 35E-04 -4 S6E-04 -4, 59E-04
+Biased Error Bar 3.51E-04 3.53E-04 3.66E-04 3.68E-04 3.61E-04 3.75E-04 377604
“Biased Error Bar 6.96E-05 6.96E-05 7.07€-05 7.00E-05 7.20E-05 7.13E-05 7.14€-05
Unbiased Avg 8.49E-05 3.48E-05 8.56E-05 8.54E-05 8.47E-05, 8.81E-05 3.82E-05
o |Unbiased 5td Dav 9.00E-05 9.00E-05 9.16E-05 9.16€-05 8.98E-05 9.59E-05 9,66E-05
& [Unblased +09/90 4.25F-04 4.25E-04 4.326-04 4.326-04 4.24F-04 4.51F-04 4.59E-00
8 [Unbiased -99/30 2.56E-04 2.56E-04 2.61E-04 2.61E-04 2.55E-04 2.75E-04 2.77€-04
2 +Unbiased Error Bar 1.60E-04 1.59E-04 1.59E-04 1.58E-04 1.56E-04 1.75E-04 1.79E-04 1.87E-04
~Unblased Error Bar 6.07E-05 6.93E-05 7.03E-05 7.02E-05 5.99E-05, 7.29E-05 7.26E-05 7.426-05
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Figure 6. Input bias current as a function of total ionizing dose with +5 V supply voltages.
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Table 7: Input bias current values with 5 V supply voltages

Total lonizing Dose

Irupit Blas Currant Pre-Rad Lkrad(si) |5 krad(si) 10kead(si) |13 krad(sil |96 hr Frecae |15 kradisil |20 krad(sil |30 krad(si)
Control [C1) 4.60E-13 398613 4.00E-13 2.95613|  4.74E-13 303613 4.30E-13 461613 B.O7E12
Control (C2) 5.66E-12 562612 5.60E-12 5.60E-12 5.65E-12 5.42E-12 5.53E-12 558612 5.38F-12
DUT1 2.18E-12 3.06E-12 2.98E-12 2.92E-12 3.01E-12 -2.70E-12 3.08E-12 . 3.90E-12
& [DUT2 4.57E-12 4.41E-12 4.65E-12 4. 70E-12 4.74E-12 -4 64E-12 4.74E-12 5.53E-12
8 [puTs 4.63E.12 449E12|  4.50E12 4.45612] 445612 395612 4.38E12 12| a9z
4 |ouTa 4.85E-12 agse-12]  a90E-12 agse-12| 402612 -4B1E-132]  4.84E-12 1| s7eEn2
* louts 4.66E-12 4.74E-12 4. 78E-12 4.83E-12 4.67E-12 -4.66E-12 4.70E-12 12 4.66E-12
DUTE 4.64E-12 466612 a78E12 488612 470612 4.82612]  4.60E-12 12 a0%E12
DUT? 6.09E-13 608E-13) 63313 5.35E-13 7.08E-13 7.386-13 13 s30E13
DUTB 2.26E-12 2.22E-12 2.26E-12 2.29E-12 2.21E-12 -2.16E-12 2.18E-12 12 2.28E-12
Control [C11) 7.03E-12 7.808-12 7.82E-12 7.936-12 7.00E-12]  -7.866-12 7.676-12 12| 780612
Control (C12) 1.11E-11 1.20€-11 1.16E-11 1.18E-11 1.18E-11 -1.11E-11 1.20E-11 11 1.18E-11
DUT1L 5.61E-13 629613 6.25E13 7.016-13 7.73E-13 761613  B.95E-13 12| 208612
o [DUT12 4.09E-12 388E-12| 415612 43312 438E12 447612 434612 12| sasE12
E DUT13 2.23E-12 2.11E-12 2A47E-12 2.70E-12 2.75E-12 -2.57€-12 2.56E-12 F. 3.97E-12
H DUT14 2.75E-12 2.69E-12 3.56E-12 3.50€-12 2.92E-12 -3.89E-12 3.35E-12 5.34E-12
= [ouT1s 532613 115612 3.56E-13 125612 15512 3.53E13]  9.06E-13 2.80E-12
DUT16 2.70E-12 3.206-12 3.10F-12 3.366-12 3476-12] 317612 3.076-12 1.536-12
DuT17 3.96E-12 3.8BBE-12 4.04E-12 3.98E-12 4.07E-12 -4.46E-12 4.14E-12 12 4.15E-12
DUTiE 2.60E-14 3.576-13 3.41E-13 4.986-13 5.59E-13 548613 6.33E-13 13 756613
Spacification Maximum| 6.00E-12 6.00E-12 6.00E-12 6.00E-12 6.00E-12 6.00E-12 6.00E-12 12 6.00E-12
CTRL Avg 6.29E-12 6.45E-12 6.36E-12 6.42E-12 b.4A5E-12 -6.20E-12 b6.41E-12 12 B.4%9E-12
_ [cTRLstd pav 3.89E-12 418612 a06E-12 418612 4.08E12 3.0612)  4.16E12 12| 231E12
§ [cTRL+s9/90 2.74-11 2926-11 2.85E-11 2.016-11 2.86E-11 151E-11 2.00E-11 1| 210611
E CTRL -99/90 -1.49E-11 -1.63E-11 -1.57E-11 -1.63E-11 -1.57E-11 -2.75E-11 -1.62E-11 11 -4.07E-12
+CTRL Error Bar 4.84E-12 5.54E-12 5.27E-12 5.42E-12 5.31E-12 5.81E-12 5.59E-12 12 3.31E-12
“CTRL Error Bar 5.83E-12 5.05E-12 5.96E-12 512612 59712 4.94E-12 5.08E-12 12 i
Biased Ave 3.236-12 3.26612 3.48E-12 352612 3.49E-12 347612 3.53E12 12| 46eE12
Blased Std Dev 1.44E-12 1348-12 1.39E-12 1316-12] 131612 1.296-12 1.276-12 1] 12En
-§ Bla;er.l+99,.l’90 B.68E-12 B.33E-12 B.54E-12 B.46E-12 BATE-12 1.41E-12 B.35E-12 12 9.31E-12
g Biased -99,/90 2.21E-12 1.B0E-12 1.58E-12 1.43E-12 1.48E-12 8.356-12 1.28E-12 13 4.24E-14
+Biased Error Bar 1.62F-12 159612 1.42F12 13312 143F12 271612 141612 12 120612
-Biased Error Bar 2.67E-12 2.64E-12 2.85E-12 2.82E-12 M 2.72E-12 1.34E-12 2.64E-12 12 2.64E-12
Unblased Avg 2.43E-12 2.60E-12 35312 271612 3.03E-12] 252612 2.626-12 1] 27msE12
v |Unbiased Std Dev 1.75€-12 1.66E-12 1.80E-12 1.68E-12 1.50E-12 1.92E-12 1.63E-12 12 1.58E-12
# [Unbiased +93/90 9.07E-12 887612 0.34E12 0.07612] 871612 476612 &81E-12 12 smEL
& [Unbiased -89/50 4.20E-12 367E12| 427612 3.64E-12 2.64E-12 9.80E-12 3.56E-12 12 323E12
= +Unbiasad Error Bar 2.22E-12 2.14E-12 2.24E-12 2.13E-12 1.67E-12 2.B7E-12 2.08E-12 -12 2.24E-12
-Unbi; d Error Bar 2.41E-12 2.24E-12 2.19E-12 2.21E-12 2.48E-12 2.30€E-12 1.99E-12 =12 1.99E-12
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Figure 7. Input bias current as a function of total ionizing dose with 12 V supply voltage.

Table 8: Input bias current values with 12 V supply voltage

Input Blas Current Total lonizing Dose
Pre-Rad 1 krad(5i) 5 krad(5i} 10 krad{Si) 13 krad(5i) 15 krad(si} 20 krad(si) 30 krad({Si)
Control [€1) 5.30E-13 5.02E-13 S5.34E-13 5.26E-13 5.22E-13 5.01E-13 5.18E-13 6.67E-13
Cantral (C2) -5.69E-12 -5.75E-12 -5.72E-12 -5.80E-12 =5.75E-12 -5.73E-12 -5.79E-12 -5.94E-12
DuT1 -3.59E-12 -3.70E-12 -3.74E-12 4.12E-12 -4.42E-12 =4.75E-12 -5.79E-12 -B.19E-12
o |DUT2 5.14E-12 5.18E-12 5.32E-12 5.74E-12 5.27E-12 6.44E-12 7.26E-12 9.51E-12
'_‘;E DUT3 -4.81E-12 -5.00E-12 -5.03E-12 -5.74E-12 -5.31E-12 -5.57E-12 -5.96E-12 -6.37E-12
8 DuT4 5.17E-12 5.28E-12 5.32E-12 5.44E-12 5.61E-12 5.98E-12 6.39E-12 7.15E-12
* louts 5.02E-12 5.01E-12 5.03E-12 5.25E-12 5.31E-12 5.65E-12 5.62E-12 5.89E-12
DUTE -4.96E-12 -5.11E-12 -5.40E-12 -5.76E-12 -5.68E-12 -5.90E-12 -6.(ME-12 -6.48E-12
DuT? 6.56E-13 6.52E-13 7.1GE-13 7.90E-13 8.08E-13 9.08E-13 9.66E-13 1.18E-12
DuUTE -2.09E-12 -2.10E-12 -2.16E-12 -2.40E-12 -2.40E-12 -2.53E-12 -2.87E-12 -3.27E-12
Control (C11) 9.29E-12 9.03E-12 9.12E-12 9.31E-12 9.27E-12 9.14E-12 9.37E-12 9.39E-12
Control (C12) -1.40E-11 -1.34E-11 -1.44E-11 -1.39€-11 -1.36E-11 -1.44E-11 -1.45E-11 -1.52E-11
DUT11 -5.85E-13 -6.09E-13 -7.21E-13 -0.77€-13 -1.18€-12 -1.46E-12 -1.96E-12 -2.98E-12
o |DUT1Z 5.60E-12 6.79E-12 7.16E-12 7.85E-12 9.23E-12 1.21E-11
'_':.: DUT13 -2.58E-12 -3.92E-12 ~-4.33E-12 -4, B0E-12 -6.76E-12 -1.00E-11
8 DuUT14 -3.70E-12 -3.92E-12 -3.67E-12 -4.G8E-12 -5.73E-12 -B.34E-12
< [ouTis 3.80E-12 3.47E-12 4.10E-12 4.26E-12 4.45E-12 5.39E-12 6.09E-12
DUT16 -B.97E-12 -7.01E-12 -B.61E-12 -7.44E-12 -B.22E-12 -1.08E-11 -1.32E-11
DuUT1? =7.73E-12 -5.92E-12 -7.87E-12 -7.44E-12 -8.05E-12 -1.09e-11 -1.42E-11
DUT1E 1.90E-12 1.68E-12 2.15E-12 2.44E-12 2.31E-12 2.38E-12 2.65E-12
CTRL Avg 7.37E-12 7.16E-12 7.38E-12 7.29E-12 7.45E-12 7.56E-12 7.80E-12
_ |ETRL Std Dav 4.92E-12 4.70E-12 4.89E-12 4.B0E-12 5.07E-12 5.12E-12 2.29E-12
§ CTRL +99/90 1.94E-11 1.84E-11 1.92E-11 1.B8E-11 2.01E-11 2.03E-11 2.10€E-11
é CTRL -99/90 3.41E-11 3.27E-11 3.39E-11 3.34E-11 3.50E-11 3.54E-11 3.66E-11
+CTRL Error Bar 6.84E-12 6.66E-12 6.85E-12 6.77E-12 6.95E-12 7.04E-12 7.14E-12
-CTRL Ervor Bar 6.60E-12 6.21E-12 6.50E-12 6.34E-12 6.97E-12 6.99E-12 7.41E-12
Biased Avg -3.90E-12 -3.79E-12 -4.58E-12 -4.62E-12 -5.19E-12 -6.13E-12 -8.08BE-12
Blased 5td Dev 1.57E-12 1.64E-12 1.67E-12 1.63E-12 1.73E-12 1.91E-12 2.55€-12
§ Biasad +99/90 2,03E-12 2.43E-12 1.74E-12 1.54E-12 1.35E-12 1.08E-12 1.56E-12
;2 Biasad -99)’9D -9.83E-12 -1.00E-11 -1.09€-11 -1.08E-11 -1.17E-11 -1.33E-11 -1.77E-11
+Biased Error Bar 3.30E-12 3.19€-12 3.44E-12 3.73E-12 4.18E-12 5.10E-12
-Biasad Error Bar 1.70E-12 1.64E-12 2.54E-12 2,65E-12 3.10E-12 4.04E-12
Unbiased Avg 4.39E-12 3.87E-12 4.47E-12 4.75E-12 5.62E-12 6.61E-12
- |Unbiased Std Dav 2.71E-12 2.10E-12 2.28E-12 2.52E-12 3.43E-12 4.43E-12
§ Unblased +99/90 5.85E-12 4.09E-12 4.16E-12 4.78E-12 7.38E-12 1.02E-11
:é Unbiased -93/90 1.46E-11 1.18E-11 1.31E-11 1.43E-11 1.86E-11
= +Unbiased Error Bar 3.73E-12 3.22E-12 3.66E-12 3.B4E-12 4.65E-12
-Unbiased Error Bar 4,58E-12 3.15E-12 2.97E-12 3.47E-12 5.25E-12
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Figure 8. Input offset current as a function of total ionizing dose with 15 V supply voltages.

Table 9: Input offset current values with 15 V supply voltages

Total lonizing Dose

nput Offsat Current 1o o0 Tkrad(sil |5 kradisi) |10 kradisi |13 kradisi) __ |96-hr Frecae |15 kradisi) |20 krad(si)__ |30 kradisi)
Control (1] 2.686-13)  3.05613|  3.476-13| 419613  2.506-13)  3.30613|  3.07613|  2.65613|  9.70E-12
Control (C2) 349613 226613| 261613  3.84E-13| 204613 163£13|  2.39E13]  2.53E13|  -155E-13
DUT1 7.77E-13 1.33E-13 6.87E-14 5.89E-14 B.33E-14 -13 6.44E-14 5.97E- 1.70E-13
& [DUT2 -9.28E-14 1.49E-13 -1.17E-13 -2.89E-13 .26E-13 -14 -1.21E-13 -1.62E-11 -1.48E-13
& [outa 250613| 156613  L87E13] 19013 174613 13]  112614]  aa9e14] 141613
4 [ouTa 256613 -2.566-13|  -2.84E-13|  -3.166-13]  -3.08E-13 13| 261613 263613 -2.926-13
* louts -2.24E-13 -2.41E-13 -2.89E-13 -3.39€-13 -2.61E-13 14 -1.82E-13 -2.65E-13| -1.57E-13
bUTe 1706-14] 250614  2.82614]  7.00614] 436614 13| 146613 166613 7.38E-14
DUT? 284E13|  288E13| 263643 250613 13| 241613] 226613 215613
DUTB 1.95E-13 2.09€-13 1.57E-13 1.19E-13 1.45E-13 -13 2.18E-13 1.42E-13 1.45E-13
5p L00E11 100611 L.0OE-11]  1ODE-11]  1.00E-11 1] 1.00E-11 1.00E-11
Control (€11) 378E.13)  36BE13|  SAGE13|  AGSE13|  3.44E13 13 213813 304613
Contral (C12) 3.98E-13 -4.07E-13 -2.21E-13 -3.3BE-13 -2.04E-13 3 -4.08E-13 -3.8BE-13
DUT11 4 48E-13 3.85E-13 3.96E-13 3.54E-13 3.52E-13 -13 3.78E-13 3.64E-13
« [DUT12 140E13| 141613 7.61E18]  L1E18]  5.3E18 14| 93315 3.83E.14
3 [puTss 1296-13|  166E-13| 181613 1036-13]  B.58E-14 1| 221613 L0713
! |ouTia 1.55E-13 9.92E-14 -6.12E-13 -6.17E-13 6.82E-15 -13 -1.27E-13 -7.63E-13
= Joutis 154612] 901613 t76612]  1.02612]  6.81E13 12 120e12 463612
DUT1E LA1E12|  466E13|  7.00E43|  3.88E-13|  3.06E-13 13| 42813 218612
DuT17 2.27E-13 1.73E-13 1.59E€-13 9.15E-14 6.75E-14 -13 6.54E-14 1.23E-13
DUT18 1.12E-12 1I7E-13 7.22E-13 6.56E-13 5.03E-13 -13 5.31E-13 4.47E-13
CTRL Avg -7.75E-15 -1.74E-13 -1.70E-13 -1.92E-13 -1.48E-13 14 -1.38E-13 2.21E-12
_ [cTRLstd Dav 349613 284613 3.24613]  2.56613] 235613 13 268613 432612
E [cTRLv99/50 186E-12]  1376-12|  1596-12] 174613 113612 12| 13E12 . 2.57E-11
:_5| CTRL -99/90 -1.88E-12 -1.72E-12 -1.93E-12 -2.13E-12 -1.43E-12 12 -1.59E-12 2.12E-12 -2.13E-11
+CTRL Error Bar 4.06E-13 4.79E-13 5.17E-13 6.11E-13 3.98E-13 13 4.45E-13 6.23E-13 7.49E-12
~CTRL Error Bar 370643] 233613 376E13]  273E13] 196613 13| 269613 387613 260E12
Biased Ave 131613 8.24614] 507614 L1E13|  L.63E14 13]  191E14] 200614 110613
Blased Std Dev 3.296-13|  1876-13|  2.00E-13]  2.836-13]  L87E-13 13| 1e1E13| 198613 3.14E13
-§ Blal!ﬂ+99)’9’n 1.37E-12 791E-13 1.04E-12 9.61E-13 6.91E-13 12 7.42E-13 7.28E-13 1.08E-12
i-g Biased -99,/90 1.11E-12 6.26E-13 1.16E-12 1.18E-12 7.24E-13 13 7.04E-13 7.69E-13 1.30E-12
+Biased Error Bar 6.46E13)  302E13] 455613 4.64E13]  3.68E-13 13| 359613 387613 473E13
~Biased Error Bar 3.87E-13 3.39e-13 5.52E-13 5.00E-13 1 2.92E-13 =13 2.80E-13 2.44E-13 6.53E-13
Unblased Avg 534E-13]  3256-13]  439E-13]  2.83613]  2.04E-3]  5776-13]  331E-13] 343613 957613
v |Unbiased Std Dev 5.92E-13 3.54E-13 5.89E-13 3.B6E-13 2.91E-13 7.63E-13 3.87E-13 4.23E-13 1.55E-12
4 [Onbiased +83/90 278612]  166€12]  2.67642]  174612]  1.31642]  3.46612]  1.80E12] 194612  6.81E12
2 [Unbiased 83 171642]  102£12]  1.79E12]  1L.18E12|  B.B7E43|  2.31612]  113E12] 126612  4.90E-12
= +Unbiasad Error Bar 1.01E-12 5.77E-13 1.32€-12 7.30E-13 4.67E-13 1.95€-12 B.72E-13 K 3 3.67E-12
-Unbi; d Error Bar 7.58E-13 5.66E-13 7.28E-13 4.74E-13 6.02E-13 5.14E-13 1.11E-12

10
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Figure 9. Input offset current as a function of total ionizing dose with 12 V supply voltage.

Table 10: Input offset current values with 12 V supply voltage

Input Offset Current Total lonizing Dose
Pre-Rad 1 krad(51) 5 kead(5i) Wkrad(s)) |13 kead(5i) |15 krad(5i) |20 krad(Si) |30 krad(Si)
Control [€1) 2,82E-13 2.64E-13 2.70E-13 2.69E-13 2.72E-13 1.95E-13 1.91E-13 2.52E-14
Cantral (C2) -5.77E-13 -5.77E-13 -5.78E-13 -7.00E-13 -6.04E-13 -5.79E-13 -6.00E-13 -6.10E-13
DuT1 -2.42E-13 -2.27E-13 -2.36E-13 -2.79€-13 -3.09E-13 -2.97E-13 -6.00E-13 -2.83E-13
o |DUT2 3.92E-13 4.15E-13 3.53E-13 3.55E-13 2.09E-13 5.27E-13 5.63E-13 5.36E-13
'_‘;E DUT3 -2.32E-13 -2.36E-13 -1.73E-13 -3 E-13 -2.06E-13 -1.70E-13 -1.34E-13 -2.74E-13
8 DuT4 3.26E-13 3.13E-12 3.10E-13 3.08E-13 3.03E-13 2.02E-13 2.24E-13 3.10E-13
* louts 3.64E-13 3.04E-13 3.04E-13 1.46E-13 4.16E-13 4,61E-13 4.42E-13 4.63E-13
DUTE -2.05E-13 -1.51E-13 -1.36E-13 -1.02E-13 -3.70E-14 1.11E-13 3.52E-13 2.34E-13
DuT? 2.30E-13 2.32E-13 2.3GE-13 2.25E-13 1.99E-13 1.62E-13 1.66E-13 1.34E-13
DuUTE 1.21E-13 1.32E-13 9.65E-14 0.84E-15 -1.B6E-14 -6.04E-14 -1.35E-13 -2.09E-13
Control (C11) 9.18E-13 8.62E-13 8.76E-12 .52E-13 8.80E-13 8.74E-13 9.28E-13 9.07E-13
Control (C12) -4, 97E-12 -3.67E-12 -6.05E-12 -4.80E-12 ~-4.50E-12 -5.14E-12 -5.64E-12 -6.29E-12
DUT11 2.07E-13 1.86E-13 1.09€-13 5.67E-14 5.55E-14 -8.76E-15 -1.87E-14 -1.12E-13
o |DUT1Z 4.57E-13 4.04E-13 4.43E-13 3.98E-13 5.54E-13 6.22E-13 6.74E-13 4.18E-13
'_':.: DUT13 3.21E-13 2.64E-13 3.43E-14 3E- 1.52E-14 1.13E-13 4.55E-13 1.10E-12
8 DUT14 -9.10E-13 -6.46E-13 -2.10E-12 7.53E-14 -6.34E-13 -9.25E-13 -9.67E-13 -2.06E-12
< [ouTis 4.40E-13 3.38E-13 4.30E-13 4.42E-13 5.66E-13 8.62E-13 1.45E-12 2.53E-12
DUT16 5.54E-12 2.70E-12 5.63E-12 3.87E-12 1.70E-12 2.B2E-12 5.19E-12 B.04E-12
DuUT1? 4.11E-12 1.75E-12 5.54E-12 3.84E-12 1.70E-12 3.53E-12 7.25E-12 1.30E-11
DUT1E 4.25E-13 2.84E-13 2.04E-13 2.62E-13 1.07E-13 7.94E-14 5.44E-14 2.83E-14
CTRL Avg 1.55E-12 1.21E-12 1.81E-12 1.50E-12 1.43E-12 1.60E-12 1.74E-12 1.9G6E-12
_ |ETRL Std Dav 2.02E-12 1.48E-12 2.4BE-12 1.95E-12 1.B2E-12 2,08E-12 2.29E-12 2.52E-12
§ CTRL +99/90 9.46E-12 6.84E-12 1.17€-11 0.11E-12 8.49E-12 9.71E-12 1.07E-11 1.1BE-11
é CTRL -99/90 1.26E-11 9.26E-12 1.53E-11 1.21E-11 1.13E-11 1.29E-11 1.42E-11 1.57E-11
+CTRL Error Bar 1.8B3E-12 1.48E-12 2.0BE-12 1.76E-12 1.70E-12 1.79E-12 1.93E-12 1.93E-12
-CTRL Ervor Bar 3.42E-12 2.46GE-12 4.24E-12 3.30€-12 3.07E-12 3.54E-12 4.33E-
Biased Avg -2.54E-13 -2.24E-13 -4, 3 -1.86E-13 -2.68E-13
Blased 5td Dev 3.60E-13 2.87E-13 2.00E-13 2.27E-13
§ Biasad +99/90 1.11E-12 8.63E-13 2.04E-12 5.72E-13 5.89E-13 2.67E-12
;2 Biasad -99)’9D -1.62E-12 -1.31E-12 -2.91E-12 -9.44E-13 -1.13E-12 -3.40E-12
+Biased Error Bar 5.75E-13 4.88E-12 5.43E-13 2.61E-13 3.23E-13, 1.4GE-12
-Biasad Error Bar 6.56E-13 4.22E-13 1.67E-12 2.12E-13 3.66E-13 1.70E-12
Unbiased Avg 1.18E-12 5.38E-12 1.35E-12 0.40E-13 3.31E-13 2.27E-12
- |Unbiased Std Dav 2.15E-12 1.03E-12 2.45E-12 1.70E-12 8.23E-13 4.99E-12
§ Unblased +99/90 9.32E-12 4.42E-12 1.06E-11 7.36E-12 3.45E-12 2.12E-11
:é Unbiased -99,/90 6.97E-12 3.34E-12 7.92E-12 5.48E-12 2.78E-12 4.99E-12 9.57E-12 1.66E-11
= +Unbiased Error Bar 4.36E-12 2.16E-12 4.2BE-12 3 ¥ 1.36E-12 2.8B6E-12 5.BBE-12 1.07E-11
-Unbiased Error Bar 1.62E-12 B.76E-13 1.7BE-12 1.38E-12 8.97E-13 1.53E-12 2.83E-12 4.80E-12
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Figure 10. Open-loop gain as a function of total ionizing dose with 5 V supply voltages.

Table 11: Open-loop gain values with 5 V supply voltages

Total lonizing Dose

Opan-Locp Gain Pre-Rad Lkrad(si) |5 krad(si) 10kead(si) |13 krad(sil |96 hr Frecae |15 kradisil |20 krad(sil |30 krad(si)
Control [C1) 12191 116.36 119.20 120.36 123.52 121.30 123,23 122.39 126,27
Control (C2) 118.43 117.61 117.06) 115.16 116.91 117.65 119.32 11882 116.29)
DUT1 124.04 132.21 128.90) 127.11 124.77 129.75% 131.25 124.94) 124.47]
& [DUT2 143.37 130.06 125.71 132.33 127.10] 132.58 130.84 12574 132.06]
8 [puTs 135.30) 132.95 139.20) 130.63 130,88 135.40 142,23 135.35 137,67
4 |ouTa 13117 145.21 139.13 127.37 129.00) 123.82 133.35 128.12 120.53
* louts 121.52 120.43 119.34 118.45% 119.77 121.21 119.57 1.20.94) 118.59]
DUTE 122,38 119.91 119,50 123.24 12111 123.46 123.53 120.40) 118.39)
DUT? 118.73 119.76 119.80) 119.45 12093 11932 120.73 12116 118.99]
DUTB 133.86/| 138.68 136.66/| 137.31 129.39 139.78 130.84 130.98) 131.40]
Control [C11) 12122 119.62 120.43) 119.69 119.84 122.50 119.89) 119.57 121.79)
Control (C12) 104.66/| 107.81 106.81 107.29 106.96/| 107.81 108.07| 111.04) 109.41
DUT1L 127.31 127.35 123,77 125.36 136.39) 119.22 137.79 128.74 125,67
o [DUT12 136.28 131.22 131.58 126.25 131.95 131.08 137.89 130.83 120,58
E DUT13 132.68] 137.85% 133.22 134.84 129.36| 133.21 134.61 124.88| 139.84
H DUT14 118.82 117.27 116.61 120.22 116.67 120.31 118.68| 12098 116.90)
= [ouT1s 123.92 11853 124.07 12308 121.38 110.73 124.97 12335 129.29]
DUT16 122.86 12263 121.56 125.45 125.42 123.98 122.03 124.80 123.14
DuT17 133.32 148.67 142.98] 130.06 129.52 122.98 134.63 136.13) 128.67
DUTiE 137.50 134.64 134,55 124.03 128.74 13168 135.71 135.11) 132.95
Spacification Minimum| 100.00) 100.00 100.00)| 100.00 100.00)| 100.00 100.00)| 100.00| 100.00)]
CTRL Avg 116.56| 115.48 115.89 115.75 116.81 117.31 117.63 117.95| 118.44
_ [cTRLstd pav 6.99 454 5.38 5.33 6.15 5.77 5.72 221 6.30
§ [cTRL+s9/90 154.55 140.15 145.13 144.73 150.25 148.60 14871 140.85 152.70)
:5' CTRL -99/90 78.56/| 90.80 B6.64 B6.77 B83.37 B5.94 86.54 95.06| 84,19
+CTRL Error Bar 5.36/| 4.15 4.59 5.11 6.71 5.19 5.60 4.43] 7.83
“CTRL Error Bar 1180 7.66 9.07 5.46 9.85 950 9,56 5.92] 5.03
Biased Ave 153112 13177 120.77 128.01 128.26 12817 133.33 127.45 120,48
Blased Std Dev 7.18 7.52 7.23 425 5.43 5.80 6.58 408 .88
-§ Biased +99,|'19'D 158.29 160.21 157.11 144.08 148.82 150.11 158.24 142.90 155.50)
g Biased -99,/90 103.96 103.33 102.42 111.95 107.71 106.23 108.42 111.99) 103.43
+Biased Error Bar 12.25 13.44 9.43 5.83 812 7.23 2.90 7.0 10.37
~Biased Error Bar 12.30] 14.50 13.15 1.79 11.59 B.95 14.65 6.47] 12.56
Unblased Avg 126.77 127.90 127.22 125.36 124.53 125.27 126.50 126.61 125.13]
v |Unbiased Std Dev 6.57 10.57 872 5.64 3.94 (.56 5.94 6.09) 5.70|
# [Unbiased +93/90 151,62 167.90 160.30) 146.68 139,44 150.08 148.97 149.63) 146.75
& [Unbiased -9, 101.92 87.91 94.33 104.04 109.63 100.25 104.03 103.58 103.60)
= +Unbiasad Error Bar 10.82 20.76 15.66| 11.95 4,99 14.51 9.21 9.52] 7.7
-Unbi; d Error Bar 8.04 9.37 .97 6.91 4,76 5.95 6.93 6.21 6. 79|

12



Single Supply

200

=
o)
(=)

=
(o]
o

N
B
o

o]
(=]

Open-Loop Gain (dB)
3 2

== CTRL Avg

20 ~{}-Biased Avg
== Unbiased Avg
20 ++o+ Biased 99/90
<« =+ Unbiased 99/90
PN I S S S S S
0 c 10 15 20 25

Figure 11. Open-loop gain as a function of total ionizing dose with 12 V supply voltage.
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Table 12: Open-loop gain values with 12 V supply voltage

30

Open-Loop Gain Total lonizing Dose
Pre-Rad 1 krad(51) 5 kead(5i) Wkrad(s)) |13 kead(5i) |15 krad(5i) |20 krad(Si) |30 krad(Si)

Control [€1) 116.43 117.29 118.40] 118.14 118.10 118.14 117.39 116.52
Cantral (C2) 113.87 115.02 114.82 114.34 113.66 114.42 114.50 115.00
DuT1 125.01 125.71 122.45 118.68, 121.32 121.29 119.94 118.70
o |DUT2 128.49 155.38 136.67 135.76 131.09 134.72 129.57 130.01
'_‘:E DUT3 155.01 139.61 141.10/ 143.93 138.95 140.33 142.05 126.40
8 DuT4 125.12 123.72 123.00] 121.55 122.47 121.46 119.71 119.59
* louts 117.38 118.14 119.17 120.55 122,25 119.62 122.29 123.39
DUTE 115.97 115.91 114.60/ 113.15 113.58 114.20 113.43 112.06
DuT? 114.55 114.26 113.31 113.03 113.00 114.49 112.83 112.24
DuUTE 141.52 159.34 133.17 124.90) 129.87 131.44 125.31 121.46
Control [C11) 116.47 117.24 117.91 118.68, 115.62 98.00 116.95 118.31
Control (C12) 114.00 114.94 113.37 113.26/ 113.76 99.49 113.96 113.63
DUT11 123.08 125.07 121.67 121.42 123.39 99.45 120.48 118.595
o |DUT1Z 146.62 133.09 135.69 135.42 139.56 96.13 130.85 125.23
'_':.: DUT13 129.38 131.07 129.66 132.34 130.04 B9.20 138.42 135.56
8 DuUT14 114.72 115.02 116.01 114.69) 114.48 95.18 113.37 113.08
< [ouTis 120.18 119.81 119.32 116.67) 117.83 105.82 117.67 114.92
DUT16 120.30 120.18 121.10/ 119.34 123.78 94.44 127.52 125.68
DuUT1? 138.79 139.52 145.90] 134.99) 132.69 84.85 126.84 125.28
DUT1E 128.05 128.06 127.65 127.03 125.02 109.95 121.07 119.58
CTRL Avg 115.19 116.12 116.12 116.10| 115.29 107.51 115.70 115.86
_ |ETRL Std Dav 126 114 2.10] 2.34 1.80 8.88 1.49 1.74
§ CTRL +99/90 122.03 122.32 127.55 128.84 125.09 155.79 123.80 125.34
é CTRL -99/90 108.35 109.92 104.70| 103.36, 105.48 59.23 107.60 106.39
+CTRL Error Bar 1.28 1.17 2.28 2.57 2.82 10.63 1.69 2.44
-CTRL Ervor Bar 1.32 1.18 2.76 2.84 1.62 9.51 1.74 2.24
Biased Avg 130.93 131.08 128.28 127.97| 127.66 112.22 126.80 123.44
Blased 5td Dev 12.38 11.43 8.27 9.60, 8.26 18.38 9.42 6.77
§ Biasad +99/90 17779 174.31 159.58 164.28 158.90 181.80 162.43 149.06
;2 Biasad -99)’9D B4.07 B7.86 96.98 91.66/ 96.43 42.64 91.17 97.83
+Biased Error Bar 24.08 24.30 12.82 15.96] 11.90 28.11 15.25 12.12
-Biasad Error Bar 16.21 16.06 12.27 13.28/ 13.18 23.02 13.43 10.36
Unbiased Avg 124.59 126.90 124.28] 121.21 122.25 109.35 120.87 119.32
- |Unbiased Std Dav 9.78 14.43 10.20] .02 6.68 13.60 5.38 2.24
§ Unblased +99/90 161.59 181.49 162.87 147.75 147.54 160.78 141.24 130.13
:é Unbiased -99,/90 87.59 72.32 85.68, 94.66 96.97 57.92 100.50 99.52
= +Unbiased Error Bar 16.92 32.44 21.63 13.79] 10.44 22.08 6.65 6.35
-Unbiased Error Bar 10.05 12.64 10.96 8.18) 9.25 24.50 B.04 7.26
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Figure 12. Positive output voltage swing as a function of total ionizing dose with 5 V supply voltages.
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Table 13: Positive output voltage swing values with 5 V supply voltages

Positive Output Total lonizing Dose

Voltage Swing Pre-Rad 1 kradisi} 5 krad(5i) 10 krad(5i) 13 kradiSi} 96-hr Freeze |15 krad(Si} 20 krad(5i) 30 kradisi}
Contrel (C1) 4.99 4.99 4.99 4.99 4,99 4.99 4.99] 4,99 4.99]
Contral (C2) 4.99 4.99 4.99 4.99 4.99 4.99 4.99| 4.99 4.99]
DUTL 4.99 4.99 4.99 4.99 4.99) 4.99 4.99) 4.99 4.99]
& [DUTZ 4.99 4.99 4.99 4.99 4.99] 4.99 4.99) 4.99 4.99]
?al ouT3 4.99 4.99 4.99 4.99 4,99 4.99 4.99] 4,99 4.99]
8 ouTd 4.99 4.99 4.99 4.99 4,99 4.99 4.99| 4,99 4.09]
* louts 4.99 4.99 4.99 4.99 4.99] 4.99 4.99] 4.99 4.99]
DUTE 4,99 4.99 4.99 4.99 4,99 4.99 4.99] 4,99 4.99]
DUT? 4.99 4.99 4.99 4.99 4.99 4.99 4.99| 4.99 4.99]
DUTE 4.99 4.99 4.99 4.99 4.99) 4.99 4.99) 4.99 4.99]
Control (€11) 4.99 4.99 4.99 4.99 4,99 4.99 4.99| 4,99 4.09]
Control [€12) 4.98] 4.97 a7 4.96 a7 4.96 a7 4.98 4.98]
DuT11 4.99 4.99 4.99 4.99 4,99 4.99 4.99] 4,99 4.99]
o |DUT12 4.99 4.99 4.99 4.99 4.99 4.99 4.99] 4.99 4.99]
= [outis 4.99 4.99 4.99 4.99 4.99) 4.99 4.99) 4.99 4.99]
& |ouTia 4.99 4.99 4.99 4.99 4.99] 4.99 4.99] 4.99 4.99]
= |ouT1s 4.99 4.99 4.99 4.99 4.99 4.99 4.99| 4.99 4.99]
DUT16 4.99 4.99 4.99 4.99 4,99 4.99 4.99| 4,99 4.09]
DUT17 4.99 4.99 4.99 4.99 4.99] 4.99 4.99] 4.99 4.99]
DUT1E 4,99 4.99 4.99 4.99 4,99 4.99 4.99] 4,99 4.99]
Spacification Minimum| 4.90) 4.90 4.90) 4.90 4.90) 4.90 4.90) 4.90 4.90)
4.99 4.98 4.98] 4.98 4.99] 4.98 4.98] 4.99 4.99]
_ 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.00 0.00]
E 5.01 5.04 5.03 5.05 5.03 5.04 5.03 5.01 5.01
:53. 4.96/ 4.93 4.94 4.92 4.95 4.92 4.94 4.97 4.96)
+CTRL Error Bar 0.00) 0.01 0.01 0.01 0.00) 0.01 0.01 0.00 0.00]
-CTRL Error Bar 0.01 0.02 0.01 0.02 0.01 0.02 0.02 0.01 0.01
Biasad Avg 4.99 4.99 4.99 4.99 4,99 4.99 4.99] 4,99 4.99]
Blased Std Dev 0.00) 0.00 0.00) 0.00 0.00) 0.00 0.00) 0.00 0.00]
F |Biased +99/90 4.99 4.99 4.99 4.99 4.99) 4.99 4.99) 4.99 4.99]
& [Biased -09/90 4.99 4.99 499 4.99 4,99 4.99 4,99 4.99 4,99
+Biased Error Bar 0.00| 0.00 0.00| 0.00 0.00) 0.00 0.00) 0.00 0.00]
-Blased Error Bar 0.00) 0.00 0.00) 0.00 0.00) 0.00 0.00) 0.00 0.00]
Unbilased Avg 4.99 4.99 4.99 4.99 4,99 4.99 4.99| 4,99 4.09]
o |Unbiased Std Dev 0.00] 0.00 0.00] 0.00 0.00] 0.00 0.00) 0.00 0.00]
_ﬁ Unbiased +93/90 4.99 4.99 4.99 4.99 4,99 4.99 4.99| 4,99 4.99]
£ |Unbiased - 4.99 4.99 4.99 4.99 4.99 4.99 4.99] 4.99 4.99]
= [sunbiased error Bar 0.00) 0.00 0.00) 0.00 0.00) 0.00 0.00) 0.00 0.00)
-Unbiased Error Bar 0.00) 0.00 0.00) 0.00 0.00) 0.00 0.00) 0.00 0.00)
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Figure 13. Negative output voltage swing as a function of total ionizing dose with £5 V supply voltages.

Table 14: Negative output voltage swing values with +5 V supply voltages

Negative Output Tortal lonizing Dose

Voltage Swing Pri-Rad 1 kradisi} 5 krad(5i) 10 krad(5i) 13 kradisi} 96-hr Freeze |15 kradisi) 20 krad(5i) 30 kradisi}
Ceontrel [C1) 4.99 4.99 4.99 4.99 4,99 4.99 4,99 4.99 4,99
Control (C2) 4.99 4.99 4.99 4.99 4.99 4.99 4.99| -4.99 4.99]
DuT1 -4.99 -4.99 -4.99 -4.99 -4.99 -4.99 -4.99| -4.99) -4.99|
& |DUT2 -4.99 -4.99 -4.99 -4.99 -4.99] -4.99 -4.99) -4.99) -4.99|
?a. ouT3 4.99 4.99 4.99 4.99 4.99 4.99 4,99 4.99 4,99
8 ouTd -4.99 -4.99 -4.99 -4.99 -4.09 -4.99 -4.99| -4.98) -4.099|
' louts -4.99 -4.99 -4.99 -4.99 -4.99| -4.99 -4.99| -4.99) -4.99|
DUTE 4.99 4.99 4.99 4.99 4,99 4.99 4,99 4.99 4,99
ouT? 4.99 4.99 4.99 4.99 4.99 4.99 4.99| -4.99 4.99]
DUTE -4.99 -4.99 -4.99 -4.99 -4.99| -4.99 -4.99| -4.99) -4.99|
Control (C11) -4.99 -4.99 -4.99 -4.99 -4.99 -4.99 -4.99| -4.98) -4.099|
Control (C12) -4.99 -4.99 -4.99 -4.99 -4.99| -4.99 -4.99| -4.99) -4.99|
DuT11 4.99 4.99 4.99 4.99 4,99 4.99 4,99 4.99 4,99
o |DUT12 4.99 4.99 4.99 4.99 4.99 4.99 4.99| -4.99 4.99]
E DUT13 -4.99 -4.99 -4.99 -4.99 -4.99| -4.99 -4.99| -4.99) -4.99|
8 DuT1a -4.99 -4.99 -4.99 -4.99 -4.99] -4.99 -4.99) -4.99) -4.99|
= |ouT1s 4.99 4.99 4.99 4.99 4.99 4.99 4.99| -4.99 4.99]
DUT16 -4.99 -4.99 -4.99 -4.99 -4.99 -4.99 -4.99| -4.98) -4.099|
DuT17 -4.99 -4.99 -4.99 -4.99 -4.99| -4.99 -4.99| -4.99) -4.99|
DUT1E 4.99 4.99 4.99 4.99 4,99 4.99 4,99 4.99 4,99
Spacification Maximum| -4.B8 -4 88 -4.B8| -4 88 -4.B8] -4_88 -4.B8] -4_HE| -4.B8|
-4.99 -4.99 -4.99 -4.99 -4.99) -4.99 -4.99] -4.99) -4.99|
_ 0.00] 0.00 0,00 0.00 0,00 0.00 0,00/ 0.00 0.00]
E -4.99 -4.99 -4.99 -4.99 -4.09 -4.99 -4.99| -4.99) -4.09|
é -4.99 -4.99 -4.99 -4.99 -4.99| -4.99 -4.99| -4.99) -4.99|
+CTRL Error Bar 0.00] 0.00 0.00] 0.00 0.00] 0.00 0.00] 0.00] 0.00]
-CTRL Error Bar 0.00| 0.00 0,00 0.00 0,00 0.00 0,00 0.00 0.00]
Biasad Avg 4.99 4.99 4.99 4.99 4,99 4.99 4,99 4.99 4,99
Blased Std Dev 0.00) 0.00 0.00) 0.00 0.00) 0.00 0.00) 0.00 0.00]
-§ Blased +99,/30 -4.99 -4.99 -4.99 -4.99 -4.99| -4.99 -4.99| -4.99) -4.99|
'ri"‘i Biased -99/90 4.99 4.99 4.99 4.99 4.99] -4.99 4.99] 499 4.99|
+Biased Error Bar 0.00| 0.00 0.00| 0.00 0.00) 0.00 0.00) 0.00 0.00]
=Biased Error Bar 0.00] 0.00 0.00] 0.00 0.00] 0.00 0.00] 0.00] 0.00]
-4.99 -4.99 -4.99 -4.99 -4.99 -4.99 -4.99| -4.98) -4.099|
p |Unbiased Std Dev 0.00] 0.00 0.00] 0.00 0.00] 0.00 0.00] 0.00] 0.00]
_ﬁ Unbiased +99/90 4.99 4.99 4.99 4.99 4,99 4.99 4,99 4.99 4,99
£ 4.99 4.99 4.99 4.99 4.99 4.99 4.99| -4.99 4.99]
= +Unbiased Error Bar 0.00] 0.00 0.00] 0.00 0.00] 0.00 0.00] 0.00] 0.00]
-Unbiased Error Bar 0.00 0.00 0.00 0.00 0.00 0.00 0.00] 0.00] 0.00
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Figure 14. Output voltage swing as a function of total ionizing dose with 12 V supply voltage.
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Table 15: Output voltage swing values with 12 V supply voltage

Output Voltage Swing T m TOI:..I loniting Dosc. T - ;

Pre-Rad 1 krad(5i) 5 krad(5i) 10 kead(5) |13 kead(Si) |15 kead(Si) |20 krad(Si) |30 krad{5i)
Control | 11.99 11.99 11.99] 11.99 11.99 11.99 11.99
Cantral (C2) 11.99 11.99 11.99 11.99] 11.99 11.99 11.99 11.99
DuT1 11.99 11.99 11.99 11.99; 11.99 11.99 11.99 11.99
o [DUT2 11.99 11.99 11.99 11.99] 11.99 11.99 11.99 11.99
gE DuT3 11.99 11.99 11.99 11.99] 11.99 11.99 11.99 11.99
8 DuT4 11.99 11.99 11.99 11.99; 11.99 11.99 11.99 11.99
* louts 11.99 11.99 11.99 11.99] 11.99 11.99 11.99 11.99
DUTE 11.99 11.99 11.99 11.99] 11.99 11.99 11.99 11.99
DuT? 11.99 11.99 11.99 11.99; 11.99 11.99 11.99 11.99
puTe 11.99 11.99 11.99 11.99] 11.99 11.99 11.99 11.99
11.99 11.99 11.99 11.99; 11.99 11.99 11.99 11.99
11.98 11.98 11.98 11.98; 11.96 11.99 11.97 11.98
11.98 11.99 11.59 11.99] 11.99 11.98 11.98 11.59
o 11.99 11.99 11.99 11.99; 11.99 11.99 11.99 11.99
‘_:E 11.99 11.99 11.99 11.99] 11.99 11.99 11.99 11.99
8 11.98 11.99 11.50 11.99; 11.99 11.98 11.99 11.50
= 11.99 11.99 11.99 11.99] 11.99 11.99 11.99 11.99
11.99 11.99 11.99 11.99] 11.99 11.99 11.99 11.99
DuT1? 11.99 11.99 11.99 11.99; 11.99 11.99 11.99 11.99
DUT1E 11.99 11.99 11.99 11.99] 11.99 11.99 11.99 11.99
CTRL Avg 11.99 11.99 11.99 11.99; 11.98 11.99 11.99 11.99
_ |ETRL Std Dav 0.01 0.01 0.00] 0.00) 0.01 0.00 0.01 0.00
?_? CTRL +99/90 12.01 12.02 12.01 12.01 12.06 12.00 12.04 12.01
§ CTRL -95/90 11.96 11.95 11.97 11.96] 11.91 11.98 11.93 11.96
+CTRL Error Bar 0.01 0.01 0.00 0.00; 0.01 0.00 0.01 0.00
-CTRL Ervor Bar 0.01 0.01 0.01 0.01 0.02 0.00 0.02 0.01
Biased Avg 11.99 11.99 11.99 11.99 11.99 11.99 11.99 11.99
Blased 5td Dev 0.00 0.00 0.00] 0.00, 0.00 0.00 0.00 0.00
§ Biasad +99/90 11.99 11.99 11.99 11.99] 11.99 11.99 11.99 11.99
;2 Biasad -99,/90 11.99 11.99 11.99 11.99] 11.99 11.99 11.99 11.99
+Biased Error Bar 0.00 0.00 0.00] 0.00) 0.00 0.00 0.00 0.00
-Biasad Error Bar 0.00 0.00 0.00] 0.00/ 0.00 0.00 0.00 0.00
Unbiased Avg 11.99 11.99 11.99 11.99; 11.99 11.99 11.99 11.99
- |Unbiased Std Dav 0.00 0.00 0.00] 0.00) 0.00 0.00 0.00 0.00
§ Unblased +99/90 11.99 11.99 11.99 11.99; 11.99 11.99 11.99 11.99
:é Unbiased -99,/90 11.99 11.99 11.99 11.99; 11.99 11.99 11.99 11.99
2 +Unbiased Error Bar 0.00 0.00 0.00 0.00; 0.00 0.00 0.00 0.00
-Unblased Error Bar 0.00 0.00 0.00] 0.00) 0.00 0.00 0.00 0.00
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Figure 15. Positive quiescent current as a function of total ionizing dose with +5 V supply voltages.

Table 16: Positive quiescent current values with £5 V supply voltages

Tortal lonizing Dose

Currant Pre-Rad 1 kradisi} 5 krad(5i) 10 krad(5i) 13 kradisi} 96-hr Freeze |15 kradisi) 20 krad(5i) 30 kradisi}
Contrel (C1) 5.51E-03 5.53E-03 S.48E-03 5.51E-03 5.53E-03 5.53E-03 5.50E-03 5.60E-03
Control (C2) 5.15E-03 5.14E-03 5.14E-03 5.15E-03 5.15E-03 5.17E-03 5.17E-03 5.22E-03
DuT1 5.82E-03 5.80E-03 5.81E-03 5.79E-03 5.80E-03 5.79E-03 5.79E-03 5. TBE-03
& |DUT2 5.60E-03 5.60E-03 5.58E-03 5.5BE-03 5.56E-03 5.58E-03 3 5.59E-03
?al ouT3 5.14E-03 5.35E-03 5.22E-03 5.19€-03 5.25E-03 5.19€-03 5.37E-03 5.29E-03 5.22E-03
8 ouTd 5.25E-03 5.31E-03 5.29E-03 5.25€-03 5.32E-03 5.31E-03 5.33E-03 5.31E-03 5.28E-03
' louts 5.21E-03 5.23E-03 5.17E-03 5.21E-03 5.21E-03 5.22E-03 5.27E-03 5.27E-03 5.24E-03
DUTE 5.11E-03 5.14E-03 5.13E-03 5.19€-03 5.16E-03 S5.18E-03 5.18E-03 5.17E-03 5.22E-03
ouT? 5.31E-03 5.33E-03 5.31E-03 5.31E-03 5.32E-03 5.25E-03 5.24E-03 5.27E-03 5.26E-03
DUTE 6.08E-03 6.09E-03 6.07E-03 6.04E-03 6.08E-03 6.06E-03 6.07E-03 6.06E-03) 6.06E-03
Contrel (€11) 5.53E-03 5.53E-03 5.52E-03 5.52E-03 5.52E-03 5.52€-03 5.55E-03 5.54E-03 5.54E-03
Control (C12) 4.E-03 4.71E-03 4. ME-03 4.71E-03 4.M1E-03 4.71E-03 A4.M1E-03 4.71E-03 4. ME-03
DuT11 6.14E-03 6.10E-03 6.11E-03 6.12E-03 6.13E-03 6.16€-03 6.09E-03 6.15E-03 6.15E-03
o |DUT12 5.93E-03 5.95E-03 5.91E-03 5.88E-03 5.90E-03 5.89E-03 5.94E-03 5.89E-03 5.85E-03
E DUT13 6.31E-03 6.34E-03 6.28E-03 6.2 13 6.24E-03 6.21E-03 6.27E-03 6. 24E-03 6.22E-03
8 DuT1a 5.02E-03 4.97E-03 4.97E-03 4.96E-03 4.97E-03 4.96E-03 4.94E-03 5.01E-03 5.00E-03
— [ouTis 6.33E-02 6.35E-03 6.33E-03 6.29E-03 6.30E-03 6.29E-03 6.34E-03 6.27E-03 6.35E-03
DUT16 6.08E-03 5.10E-03 6.07E-03 56.08E-03 6.08E-03 6.09E-03 6.14E-03 6.07E-03 6.08E-03
DuT17 6.11E-03 6. 14E-03 6.09E-03 6.09E-03 6.09E-03 6.04E-03 6.08E-03 6.06E-03 6.07E-03
DUT1E 6.32E-03 6.29E-03 6.33E-03 6.31E-03 6.34E-03 6.26E-03 6.27E-03 6.22E-03 6.21E-03
Spacification Maximum| 7.20E-03 7.20E-03 7.20E-03 7.20E-03 7.20E-03 7.20E-03 7.20E-03 7. 20E-03) 7.20E-03
CTRL Avg 5.22E-03 5.23E-03 5.21E-03 5.22E-03 5.23E-03 5.23E-03 5.23E-03 5.25E-03 5.27E-03
_ |CTRL Std Dav 3.33E-04 3.39€-04 3.24E-04 3.32€-04 3.35E-04 3.35E-04 3.35E-04 3.46E-04 3.50E-04
E CTRL +59/30 7.03E-02 7.07E-03 6.08E-03 7.03E-03 7.05E-03 7.05E-03 7.05E-03 7.13E-03 7.17E-D3
:_5| CTRL -99,/20 3.41E-03 3.38E-03 3.A45E-03 3.42e-03 3.40E-03 3.41E-03 3.41E-03 3.37E-03 3.37E-03
+CTRL Error Bar 3.05E-04 3.05E-04 3.02E-04 2.96E-04 3.02E-04 3.03E-04 3.16E-04 3.11E-04 3.30E-04
-CTRL Error Bar 5.14E-04 5.17E-04 5.02E-04 5.14E-04 5.15E-04 5.21E-04 5.22E-04 5.36E-04 5.53E-04
Biasad Avg 5.65E-03 5.68E-03 S5.65E-03 5.62E-03 5.65E-03 5.63E-03 S5.66E-03 5.66E-03 5.64E-03
Blased Std Dev 4.48E-04 4.26E-04 4.31E-04 4.31E-04 4.18E-04 4.27€-04 4.13E-04 4.09E-04 4.13E-04
-§ Blased +99,/30 7.34E-03 71.29€-03 7.28E-03 1.25E-03 7.23E-03 7. 25E-03 7.23E-03 7.20€-03 7.20E-03
3 Biased -99/90 3.96E-03 4.07E-03 4.01E-03 4.00E-03 4.06E-03 4.02E-03 4.10E-03 4.11E-03 4.07E-03
+Biased Error Bar 6.58E-04 6.60E-04 6.31E-04 6.08E-04 5.96E-D4 5.83E-04 G.04E-D4 5.86E-04 5.84E-04
=Biased Error Bar 6.32E-04 7.07E-04 6.80E-04 6.61E-04 6. 7BE-04 6.606E-04 7.20E-04 H.46E-04 6.32E-04
Unblased Avg 5.82E-03 5.83E-03 5.81E-03 5.81E-03 5.82E-03 5.80E-03 5.82E-03 5.80E-03 5.81E-03
p |Unbiased Std Dev 4.83E-04 A.73E-04 4.83E-04 A.56E-04 A4.69E-04 4.59E-04 4. 70E-04 A4.41E-04 A.51E-04
_ﬁ Unbiased +99/90 7.64E-03 7.63E-03 7.64E-03 7.54E-03 7.59E-03 7.53E-03 7.60E-03 7A7E-03 7.52E-03f
£ [Unbiased -93, 3.99E-03 4.04E-03 3.99E-03 4.09e-03 4.05E-03 4.0GE-03 4.05E-03 4.13E-03 4.11E-03
= +Unbiased Error Bar 5.09E-04 5.14E-04 5.15E-04 4.91E-04 5.13E-04 4.91E-04 5.20E-04 4.67E-04 5.37E-04
-Unbiased Error Bar 7.05E-04 6.90E-04 6. 79E-04 6. 24E-04 6.60E-04 6. 20E-04 6.46E-04 6. 26E-04 5.93E-04
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Figure 16. Negative quiescent current as a function of total ionizing dose with +5 V supply voltages.

Total lonizing Dose [krad(Si)]

Table 17: Negative quiescent current values with £5 V supply voltages

Tortal lonizing Dose

Currant Pre-Rad 1 kradisi} 5 krad(5i) 10 krad(5i) 13 kradisi} 96-hr Freeze |15 kradisi) 20 krad(5i) 30 kradisi}
Contrel (C1) 5.51E-03 5.53E-03 S.48E-03 5.51E-03 5.53E-03 5.53E-03 5.50E-03 5.56€-03 5.60E-03
Control (C2) 5.15E-03 5.14E-03 5.14E-03 5.15E-03 5.15E-03 5.17E-03 5.17E-03 5.17E-03 5.22E-03
DuT1 -5.82E-03 -5.80E-03 -5.81E-03 -5.79E-03 -5.80E-03 -5. 79E-03 -5.79E-03 -5. TBE-03) -5.78E-03
& |DUT2 -5.60E-03 -5.60E-03 -5.58E-03 -5.57E-03 -5.56E-03 -5.53E-03 -5.58E-03 -5.57E-03) -5.59E-03
?al ouT3 4.76E-023 4.76E-03 4.76E-03 4.7G6E-03 4.76E-03 4.76E-03 4.76E-03 4.76E-03 4.76E-03
8 ouTd -4.75E-03 =4.7GE-03 -4.75E-03 -4.76E-03 -4.76E-03 -4.76E-03 -4.76E-03 -4.76E-03| -4.75E-03
' louts -4.78E-03 -4.7RE-03 -4.78E-03 -4.77E-03 -4.78E-03 -4.7BE-03 -4 77E-03 -4.77E-03 -4 77E-03
DUTE 4.75E-03 4.75E-03 4.75E-03 4.75E-03 4.75E-03 4.75E-03 4.75E-03 4,75E-03 4.74E-03
ouT? 5.31E-03 5.33E-03 5.31E-03 5.31E-03 5.32E-03 5.25E-03 5.24E-03 5.27E-03 5.26E-03
DUTE -6.08E-03 -6.09€-03 -6.07E-03 -6.04E-03 -6.08E-03 -6.06E-03 -6.07E-03 -6.06E-03) -6.06E-03
Contrel (€11) -5.53E-03 -5.53E-03 -5.51E-03 -5.52E-03 -5.52E-03 -5.51E-03 -5.55E-03 -5.54E-03| -5.54E-03
Control (C12) -4.71E-03 -4.71E-03 -4.71E-03 -4.71E-03 -4.71E-03 -4.71E-03 -4.71E-03 -4.71E-03 -4.71E-03
DuT11 6.14E-03 6.09E-03 6.11E-03 6.12E-03 6.12E-03 6.16€-03 6.08E-03 6.15E-03 6.14E-03
o |DUT12 5.93E-03 5.95E-03 5.91E-03 5.89E-03 5.88E-03 5.94E-03 5.89E-03 5.85E-03
E DUT13 -6.31E-03 -6.34E-03 -6.27E-03 -6.24E-03 -6.21E-03 -6.27E-03 -6. 24E-03 -6.22E-03
8 DuT1a -5.02E-03 -4.97€-03 -4.96E-03 -4.96E-03 -4.97E-03 -4.96E-03 -4.94E-03 -5.01E-03) -5.00E-03
— [ouTis 6.33E-02 6.35E-03 6.33E-03 6.29E-03 6.30E-03 6.29E-03 6.34E-03 6.26E-03 6.35E-03
DUT16 -G.08E-03 -6.10E-03 -6.07E-03 -6.08E-03 -6.08E-03 -6.00E-03 -6.14E-03 -6.07E-03| -6.08E-03
DuT17 -6.11E-03 -6.14E-03 -6.09E-03 -6.09E-03 -6.09E-03 -6.04E-03 -6.08E-03 -6.06E-03 -6.07E-03
DUT1E 6.32E-03 6.29E-03 6.33E-03 6.31E-03 6.33E-03 6.27E-03 6.22E-03 6.21E-03
Specification Minimum| -7.20E-03 -7 20E-03 -7.20E-03 -1, 20E-03 .20E-03 -7.20E-03 - 7. 20E-03) -7.20E-03
CTRL Avg -5.22E-03 -5.23E-03 -5.21E-03 5.23E-03 £ -5.23E-03 -5.25E-03 -5.27E-03
_ |CTRL Std Dav 3.33E-04 3.39€-04 3.24E-04 3.35E-04 3.35E-04 3.35E-04 3.46E-04 3.50E-04
E CTRL +59/30 -3.41E-03 -3.3BE-03 -3.45E-03 -3.40E-03 -3.41E-03 -3.41E-03 -3.37E-03| -3.36E-03
E CTRL -99,/20 -7.03E-03 -1.07E-03 -6.98E-03 -7.05E-03 -1.05E-03 -7.13 3 -1.17E-03
+CTRL Error Bar 5.13E-04 5.17E-04 5.02E-04 5.226-04 5.22E-04 5.36E-04 5.53E-04
-CTRL Error Bar 3.06E-04 3.06E-04 3.02E-04 3.02E-04 J.03E-04 3.1GE-D4 3.11E-04 3.30E-04
Biasad Avg S5.54E-03 5.53E-03 5.52E-03 5.51E-03 5.51E-03 5.51E-03 5.52E-03 5.52E-03 5.51E-03
Blased Std Dev 5.79E-04 5.83E-04 5.73E-04 5.63E-04 5.67E-04 5.66E-04 5.63E-04 5.58E-04
-§ Blased +99,/30 E-03 -3.33E-03 3.3BE-03 JE-03 3.37E-03 -3.3 3 -3.40E-03
3 Biased -99/90 7.73E-03 7.74E-03 7.69E-03 7.64E-03 7.66E-03 7.65E-03 7.65E-03 7.62E-03
+Biased Error Bar 7.89E-04 7.76E-04 7.67E-D4 7.54E-04 7.57E-D4 7.50E-04 7.63E-04 7.60E-D4
=Biased Error Bar 7.08E-04 8.02E-04 7.54E-04 7. 22E-04 7.27E-04 7.06E-D4 7. 21E-04 7.0BE-04
Unblased Avg -5.72E-03 =5.73E-03 -5.72E-03 -5.70E-03 -5.72E-03 -5.69E-03 -5.63E-03| -5.68E-03
p |Unbiased Std Dev 6.27E-04 6. 29E-04 6.25E-04 6. 16E-04 6.23E-04 6. 14E-04 6.04E-04 6.19E-04
_ﬁ Unbiased +99/90 3.35E-03 3.35E-03 3.35E-03 3.38E-03 3.36E-03 3.37E-03 3.32E-03 3.40€-03 3.35E-03
£ |Unbiased -99/50 8.09E-03 8.11E-03 8.08E-03 8.03E-03 8.07E-03 8.01E-03 8.10E-03 7.97E-03 8.04E-03
= +Unbiased Error Bar 9.72E-04 9. 80E-04 9.69E-04 9.55E-04 9.68E-04 S.40E-04 9.61E-04 9.32E-04 9.52E-04
-Unbiased Error Bar 6.08E-04 6. 21E-04 6.14E-04 6.02E-04 6.19E-04 6.00E-04 6.35E-04 5.B0E-04 6.55E-04

18



Single Supply

2.5E-02
2.0E-02
<
=
U 15602 1 [ i [ I
=
E |
2 !
Y 10802 F T ‘
v
2
=]
o] i
B PP . ! —O-CTRL Avg -
5.0E-03 o e - : Tooeees . ~{}-Biased Avg -
- =& Unbiased Avg
- «++++ Biased 99/90
- -+« Unbiased 99/90
0O0E+00 Lo o o o o 0o o 0

0 5 10 15 20 25 30
Total lonizing Dose [krad(Si)]

Figure 17. Quiescent current as a function of total ionizing dose with 12 V supply voltage.

Table 18: Quiescent current values with 12 V supply voltage

Quiescent Current Total lonizing Dose
Pre-Rad 1 krad(51) 5 kead(5i) Wkrad(s)) |13 kead(5i) |15 krad(5i) |20 krad(Si) |30 krad(Si)

Control [€1) 1.49E-02 1.49E-02 1.49€-02 1.49€-02 1.49€-02 1.49E-02 1.49E-02 1.49€-02
Cantral (C2) 1.19E-02 1.16E-02 1.19E-02 1.19€-02 1.19E-02 1.20E-02 1.20E-02 1.21E-02
DuT1 1.37E-02 1.37e-02 1.37€-02 1.37E-02 1.37E-02 1.37E-02 1.20E-02 1.37€-02
o |DUT2 1.30E-02 1.30€E-02 1.30E-02 1.30€-02 9.41E-03 1.30E-02 1.30E-02 1.31E-02
"‘;E DUT3 9.65E-03 9.39E-03 9.51E-03 1.30€-02 9.45E-03 9.44E-03 9.43E-03 9.44E-03
8 DuT4 9.15E-03 8.87E-02 9.10E-02 8.97E-03 8.90E-03 8.75E-03 8.76E-03 B8.90E-02
* louts 9.49E-03 9.49E-03 9.64E-03 0.60E-03 9.33E-03 9.37E-03 9.35E-03 9.41E-03
DUTE 1.08E-02 1.05E-02 1.07E-02 1.04E-02 1.06E-02 1.04E-02 1.06E-02 1.03E-02
DuT? 1.48E-02 1.48E-02 1.48E-02 1.48E-02 1.48E-02 1.48E-02 1.48E-02 1.48E-02
DuUTE 1.44E-02 1.44E-02 1.44E-02 1.44E-02 1.44E-02 1.44E-02 1.44E-02 1.44E-02
Control (C11) 1.23E-02 1.24E-02 1.23e-02 1.23E-02 1.23E-02 1.24E-02 1.24E-02 1.23E-02
Control (C12) 4.75E-03 4.75E-03 4.75E-03 4.75E-03 4.75E-03 4.75E-03 4.75E-03 4.75E-03
DUT11 1.49E-02 1.49E-02 1.49€-02 1.49€-02 1.49E-02 1.49E-02 1.50E-02 1.50€-02
o |DUT1Z 1.36E-02 1.37E-02 1.36E-02 1.35E-02 1.35E-02 1.35E-02 1.34E-02 1.35€-02
§ DUT13 1.47E-02 1.48E-02 1.46E-D2 1.46E-02 1.46E-02 1.47E-02 1.46E-02 1.46E-D2
8 DUT14 1.49E-02 1.49E-02 1.49€-02 1.4GE-02 1.49E-02 1.49E-02 1.49€E-02 1.49€-02
< [ouTis 1.43E-02 1.44E-02 1.43E-02 1.43E-02 1.43E-02 1.43E-02 1.43E-02 1.44E-02
DUT16 1.37E-02 1.3BE-02 1.37E-02 1.37€-02 1.37E-02 1.3BE-02 1.37E-02 1.37E-02
DuUT1? 1.40E-02 1.41E-02 1.40E-02 1.40€-02 1.37E-02 1.40E-02 1.40E-02 1.39€-02
DUT1E 1.48E-02 1.49E-02 1.48E-02 1.48E-02 1.48E-02 1.49E-02 1.49E-02 1.50€E-02
CTRL Avg 1.10E-02 1.09€e-02 1.10E-02 1.09E-02 1.10E-02 1.10E-02 1.10E-02 1.10E-02
_ |ETRL Std Dav 3.76E-03 3.75E-03 3.76E-03 3.76E-03 3.76E-03 3.78E-03 3.77E-03 3.78E-03
§ CTRL +99/90 3.14E-02 3.13E-02 3.14E-02 3.14E-02 3.14E-02 3.16E-02 3.15E-02 3.16E-02
é CTRL -99/90 9.49E-03 9.49E-03 9.48E-02 0.48E-03 9.48E-03 9.53E-03 9.49E-03 9.53E-023
+CTRL Error Bar 3.90E-03 3.96E-03 3.91E-03 3.91E-03 3.90E-03 3.B4E-03 3.B7E-03 3.8BBE-D3
-CTRL Ervor Bar 6.21E-03 6.15E-03 6.21E-03 6.20E-03 6.22E-03 6.27E-03 6.24E-03 6.27E-03
Biased Avg 1.30E-02 1.29E-02 1.29E-02 1.33E-02 1.24E-02 1.29E-02 1.26E-02 1.29E-02
Blased 5td Dev 2.16E-03 2.27E-02 2.19€-03 1.77€-03 2.51E-03 2.28E-03 2.2GE-02 2.24€-03
§ Biasad +99/90 2.11E-02 2.15E-02 2.12E-02 2.00€-02 2.19€-02 2.15E-02 2.12E-02 2.13E-02
;2 Biasad -99)’9D 4.BDE-03 4.30E-03 4. 66E-03 6.59E-03 2.94E-03 4.23E-03 4.08E-03 4.41E-03
+Biased Error Bar 1.99e-03 2.04E-02 2.02e-03 1.65E-03 2.52E-03 2.08E-03 2.34E-02 2.08E-03
-Biasad Error Bar 3.81E-03 4.03E-03 3.83E-03 4.33E-03 3.52E-03 4.12E-03 3.87E-03 3.98E-03
Unbiased Avg 1.33E-02 1.33e-02 1.33E-02 1.33E-02 1.32E-02 1.33E-02 1.33e-02 1.32E-02
- |Unbiased Std Dav 1.B7E-03 1.94E-03 1.87E-03 1.91E-03 1.94E-03 1.98E-03 1.95E-03 2.01E-03
§ Unblased +99/90 2.04E-02 2.06E-02 2.04E-02 2.05E-02 2.06E-02 2.07E-02 2.06E-02 2.0BE-02
:é Unbiased -99,/90 6.23E-03 5.95E-03 6.24E-02 6.03E-03 5.85E-03 5.76E-03 5.87E-02 5.65E-02
= +Unbiased Error Bar 1.51E-03 1.56E-03 1.52E-03 1.56E-03 1.58E-03 1.63E-03 1.66E-03 1.72E-03
-Unbiased Error Bar 3.81E-03 3.80E-03 3.6GE-03 3.66E-03 3.87E-03 3.89E-03 3.90E-03 3.84E-03
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Figure 18. Slew rate as a function of total ionizing dose with 15 V supply voltages.

Table 19: Slew rate values with £5 V supply voltages

low Tortal lonizing Dose
Staw Rata Pre-Rad 1 kradisi} 5 krad(5i) 10 krad(5i) 13 kradisi} 96-hr Freeze |15 kradisi) 20 krad(5i) 30 kradisi}
Contrel (C1) 185.16 182.99 187.92 180.00 188.52 185.16 187.11 181.63, 180.83
Control (C2) 176.90| 180.35 174.27 178.98 185.16| 174.06 178.80) 179.83 181.13
DuT1 177.27 179.83 183.81 180.87 185.71 181.56 180.22 178.10 178.35
& |DUT2 189.67 185.16 184.75 182.61 182.72 188.52 187.53 187.53 188.95
?al ouT3 182.46 185.16 188.06 182.46 182.46 187.36 184.75 183.94 183.39]
8 ouTd 182.46) 180.95 180.00) 180.87 184.75 150.3% 187.95 188.80 180.09]
' louts 17727 184.34 184.21 187.36 181.56) 192.89 188.24 186.13 189.52
DUTE 179.83 178.80 182.46 184.07 181.40) 184.75 178.98) 182.59 178.16
ouT? 179.44 185.16 182.46| 189.33 182.72 183.53 179.36) 184.89 182.46]
DUTE 181.66) 184.34 180.87 176.40 181.66) 180.87 182.59) 177.97 179.44
Control (C11) 194.19 188.95 199.04 154.08 192.66) 157.94 185.58) 191.71 196.85
Control (C12) 190.83 190.39 185.16| 186.83 192.22 189.09 189.67) 197.94 193.79)
DuT11 196.85 199.04 191.85 202.27 191.93 193.85 192,20 195.92 197.94
o |DUT12 189.95 195.92 191.85 193.34 192.22 193.34 194.44 186.94 191.71
E DUT13 200.32 194.09 197.16) 190.91 197.80) 198.10 198.88 193.8% 193.79)
8 DuT1a 195.61 199.04 191.12 195.65 197.47 194.59 195.65 189.09 200.64
— [ouTis 191.41 194.09 190.83 192.66 190.76| 190.53 190.83 197.34 191.12
DUT16 194.09 200.64 193.34 150.91 186.27 194.74 189.67) 192.44 190.83
DuT17 197.94 190.83 190.83 193.85 197.49) 197.94 192.66) 192.59 191.48|
DUT1E 187.95 193.34 191.41 194.09 187.53 192.89 189.57 189.09 194.39]
Specification Minimum| 130.00) 130.00 130.00) 130.00 130.00 130.00) 130.00
CTRL Avg 186.77 185.67 186.60) 184.97 186.56 185.29) 187.78 188.15
_ |CTRL Std Dav 6.55 4.14 8.81 6.07 8.57 4.02 7.41 7.25
E CTRL +59/30 222.38 208.17 234.51 217.96 233.18 207.15 228.07 227.56]
:_5| CTRL -99,/20 151.16| 163.16 138.69 151.99 139.94 163.42 147.49 148.74
+CTRL Error Bar 7.42 4.3 12.44 9.12 11.38 4.38] 10.16| .70
-CTRL Error Bar 9.87 5.32 12.33 6.00 12.50 5.49| 7.95 7.32
Biasad Avg 189.32 191.03 188.57 188.62 190.96 190,20/ 188.02 189.36]
Blased Std Dev 7.56 6.68 5.16] 7.56 4.82 5.80) 5.18 7.66]
-§ Blased +99,/30 217.92 216.30 208.08) 217.23 209.19 212.13 207.61 218.32
3 Biased -99/90 160.73 165.75 169.07 160.01 172.73 168.28) 168.43 160.40|
+Biased Error Bar 11.00] 8.02 8.58 13.65 7.13 8.68, 7.90 11.29|
=Biased Error Bar 12.05 11.20 8.57 1.75 9.41 9.99] 9.92] 11.00f
Unblased Avg 186.20) 188.94 187.05 188.58 180.77 1865.49) 187.38 187.17]
p |Unbiased Std Dev 1.22 6.57 4.68] 5.60 5.64 5.02 3 5.79|
_ﬁ Unbiased +99/90 213.51 213.81 204.77 209.77 211.12 205.49| 209.95 209.09]
£ [Unbiased -93, 158.89 164.07 169.33 167.39 168.42 167.48) 165.81 165.26]
= +Unbiased Error Bar 11.74 11.70 6.29 5.51 B8.17 6.18] 9.46| 722
-Unbiased Error Bar 8.93 10.15 6.18] 12.19 8.90 7.51 9.91 9.02
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Figure 19. Slew rate as a function of total ionizing dose with 12 V supply voltage.
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Table 20: Slew rate values with 12 V supply voltage

Total lonizing Dose

Slew Rate Pre-Rad 1 krad(5) 5 krad(5i) 10 krad(s) |13 kead(si) |15 krad(5i) |20 kead(Si) |30 krad(si)
Control [C1) 178.80 178.29 182.46) 179.83 184.75 180.22 184.34 186.28
Cantral (C2) 177.52 177.27 176.27 176.90)| 174.42 178.80 177.02 183.93
DUTI 179.44 187.53 184.75 189.95 177.27 174.79 182.45 187.95

o |DUT2 182.46 182.46 187.11 182.06 182.46 131.40 185.44 189.14

'_‘:E DUT3 179.83 188.52 187.95 182.99| 179.05 184.57 182.61 179.65

& [ouTa 194,39 181.40 188.24 191.75 185.71 177.02 192.30 184.20

* |ouTs 184,07 18475 185.16) 180.09 182.72 182,72 187.95 185.02
DUTE 176.52 175.77 179.44 179.83 174.79 176.27 182.46 186.55
DUT? 187.95 187.95 193.79 187.53 184.75 185.73 190.39 185.44
DUTS 177.52 184.48 179.44 17880 177.27 177.46 180.74 179.00
Contral [C11) 193.79 197.31 189.00 197.94 192,59 19873 198.27 200.97
Control (C12) 199.52 206.57 203.92 205.21 203.26 203.26 208.70 210,10
DUTIL 202.57 200.00 200.00) 203.55 196.85 193.79 190.83 190.03

o [DUTLZ 109.04 19053 19083 19163 195,61 200.64 107.47 195.45

'_':’: DUT13 203.92 201.94 205.60)| 198.73 202,76 203.92 201.92 206.62

& [ouTia 213.15 203.92 206.62 211.06 205.26 204.42 203.26 201.30

= [ouTis 100,83 102,59 193.25 200.64 196.38 190.19 193.79 197.00
DUT16 196.85 194.44 197.16 195.61 192.59 196.85% 197.16 198.39
DUT17 203.26 204.42 200.43 207.83 202.27 206.39 203.26 207.07
DUT1E 104,24 109,52 20194 196.87 200.32 199.52 197.94 199.52
CTRL Avg 187.41 189.86 187.93 189.97 183.76 190.25 192.08 19532

_ [cTRLStd Dav .48 12.52 10.28 11.93 10,56 10.67 12.26 10.74

£ [cTaL+29/00 238.93 257.93 20384 254.85 246.20 249.37 258.73 253.74

§ [cTRL-99/90 135.88 12179 13203 125.00 131.32 131.13 125.44 136.90
+CTRL Error Bar 12.11 16.71 15.99 15.24 14.50 13.01 16.61 14.78
~CTRL Error Bar 9.88 12.59 11.66 13.07 14.33 11.45 15.06 11.39
Biased Avg 194.35 192.04 193.89 193.97| 190.62 190.07 192.03 192.92
Blased Std Dev 1178 824 524 932 10.17 1136 7.74 8.61

% [Binsed +99/90 238.90 223.20 225.05 220.23 22011 233.08 22130 225.49

Eg Biased -ggjlgﬂ 149.80 160.88 162.73 158.70)| 152.13 147.09 162.77 160.35
+Biased Error Bar 18.80 1188 12.74 17.09) 14,64 14.35 11.22 13.70
“Biasad Error Bar 14,91 10.64 9.13 1191 13.35 15.28 .58 13.27
Unbiased Avg 188.93 190.29 191.33 190.90. 183.89 189.39 19171 192.25

o [Unbiased Std Dav 874 857 8.37 10.23 5,50 10.12 7.31 5.94

& [Unblased +09/90 221.98 222.92 22297 229.50 225.96 227.69 219.38 226.07
8 [Unbiased -99/30 155.88 158.07 159.68) 152.21 151.81 15109 164.04 158.43
2 +Unbiased Error Bar 14.33 13.93 10.62 16.93 13.38 17.00 11.55% 14.82

“Unblased Error Bar 12.41 14.72 118 12.10 14.10 13.12 10.97 13.25
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Figure 20. Power supply rejection ratio as a function of total ionizing dose with +5 V supply voltages.
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Table 21: Power supply rejection ratio values with 5 V supply voltages

Power Supply Total lonizing Dose
ji Ratio Pre-Rad 1 kradisi} 5 krad(5i) 10 krad(5i) 13 kradiSi} 96-hr Freeze |15 krad(Si} 20 krad(5i) 30 kradisi}
Centrel (C1) 116.54 116.39 120.67 116.53 114,83 116.76 117.71 117.33 114.97]
Contral (C2) 107.69 107.40 105.97 107.37 106.76) 108.79 106.48, 107.10, 106.28]
DUTL 117.45 118.10 117.19 119.33 118.21 117.20 118.72 115.11 116.09
& [DUTZ 133.63 121.23 124.36 124.89 122.17 132.57 120.72 141.04 122.43
?al ouT3 112,52 114.28 114.13 113.46 113.95 113.88 113.08) 115.62 116.84
8 ouTd 125.64 130.46 118.52 133.38 122.13 123.44 121.86) 138.19 125.19]
* louts 113.51 114.94 116.67 113.95 110.42 108.96 116.91 116.85] 110.99
DUTE 133.77 121.80 124.99 119.58 120,90 132.83 125.14 118.75 122.48]
DUT? 108.82 107.35 111.25 108.39 107.45 108.16 110.19] 107.51 109.75
DUTE 113.66 114.72 116.07 113.04 117.85 115.33 114.53 115.02] 115.17
Control (C11) 120.75 117.8% 104.32 131.90 113.26) 119.68 114.79] 114.71 117.38]
Control [€12) 117.41 115.26 109.34 119.48 123.23 120.20 117.39 120.84 |-
DuT11 119.82 122.54 114,51 119.49 125,86 120.55 121.40) 123.72 133.91
o |DUT12 117.79 117.07 103.90| 115.81 116.58| 115.15 114.37 127.22 120.36]
= [outis 109.40 110.50 109.04 107.97 110.76 109.39 110.48 109.13] 107.88
& |ouTia 115.94 114.79 110.37 111.71 114.22 115.30 112.61 114.38 114.21
= |ouT1s 123.84 119.05 105.88| 116.82 115.13 111.53 114.30) 118.33 120.53
DUT16 126.16] 114.78 98.83 121.73 114.79 117.71 114.54 113.75
DUT17 103.19 102.56 105.59 103.04 103.07 102.05 101.60
DUT1E 128.31 122.97 104.07 120.90 129.80| 132.99 125.30|
Spacification Minimum| 85.00/ 85.00 85.00/ B5.00 85.00/ B5.00 85.00/
CTRL Avg 115.60 114.24 110.08 118.82 114.52 116.36 114.09
_ |CTRL Std Dav 4.82 4.05 6.38) 8.77 5.87 4.56 4.54
E CTRL +58/90 141.83 136.28 144.76 166.51 146.42 141.17 138.77
:53. CTRL -93/30 89,36/ 92.19 75.39 71.13 82.61 91.55 89.42
+CTRL Error Bar 5.15 3.66 10,60/ 13.08 8.71 3.83 3.62
-CTRL Error Bar 7.90| 6.83 5.75 11.45 7.76) 7.57 761
Biasad Avg 119.02 119.81 114,00 118.26 117.99] 118.44 116.66
Blased Std Dev 7.13 B8.23 5.89 7.53 4.76) 6.65 4.23
F |Biased +99/90 145.98 150.94 136.30 146.73 136.00 143.60 132.65
& [Biased -09/90 92.06/ 8867 91.70/ £0.78 99.97 93.27 100.67
+Biased Error Bar 14.61 19.65 10.35 15.13 7.88) 14.14 5.21
-Blased Error Bar 9.63 8.91 10,10/ 10.29 7.22 9.05 6.18) 1392
Unblased Avg 118.91 114.77 110.42 114.68 114.93 116.18 115.31 116.16
o |Unbiased Std Dev 9.95 6.51 793 6.08 7.6 10.61 721 8.93
_ﬁ Unbiased +93/90 156.54 139.40 140,40 137.67 144,30 156.33 142,57 149.93
£ |Unbiased -39, 81.27 90.14 80.43 91.69 85.56] T6.06 88.06] 82.39
= [sunbiased error Bar 14.87 8.20 14.57 .08 14.87 16.79 9.08, 1951
-Unbiased Error Bar 15.72 12.21 11.59 11.65 11.86/ 14.15 13.71 12.77
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Figure 21. Power supply rejection ratio as a function of total ionizing dose with 12 V supply voltage.

Table 22: Power supply rejection ratio values with 12 V supply voltage

Power Supply Total lonizing Dose
Ratio Pre-Rad 1 krad(51) 5 kead(5i) Wkrad(s)) |13 kead(5i) |15 krad(5i) |20 krad(Si) |30 krad(Si)

Control [€1) 106.76 107.44 110.20] 99.41 100.24 105.82 100.69 102.65
Cantral (C2) 96.17 91.95 92.65 95.96/ 96.09 93.73 93.78 92.63
DuT1 95.06 95.28 97.58 94.98 96.59 105.96 98.67 98.99
o |DUT2 105.59 110.25 101.96 104.58 106.42 103.42 136.38 111.12
'i"E DUT3 112.82 106.46 109.25 110.67 118.19 105.51 106.27 111.59
8 DuT4 116.55 104.69 115.08 102.09) 103.90 113.54 109.86 104.69
* louts 90.49 91.31 93.26 90.65 93.04 90.88 90.91 90.99
DUTE 105.46 104.17 99.59 100.31 102.82 100.97 98.97 104.87
DuT? 91.92 91.66 89.57 92.99) 93.23 00.41 92.00 91.85
DuUTE 91.62 91.93 95.43 91.30 91.35 91.32 90.64 91.58
Control [C11) 105.81 107.72 105.51 97.43 102.42 98.00 95.11 96.86
Control (C12) 92.95 100.91 93.74 101.73 101.34 99.49 95.98 98.10
DUT11 a97.77 94.87 88.03 87.15 95.44 99.45 98.30 97.58
o |DUT1Z 98.85 102.09 82.28 98.33 102.35 96.13 95.17 104.28
'_':.: DUT13 B9.06 B9.87 95.92 90.30 B8.35 B9.20 91.64 91.07
8 DuUT14 96.87 96.72 88.77 97.34 92.82 95.18 96.67 98.17
< [ouTis 107.97 108.78 77.95 102.58 108.06 105.82 104.07 105.69
DUT16 98.67 94.96 96.30 91.47 97.62 94.44 92.07 93.36
DuT1? 84.38 824.16 87.80 £83.94 B84.09 84.85 84.18 85.67
DUT1E 106.62 105.10 97.43 99.04 104.09 109.95 107.69 101.48
CTRL Avg 100.42 102.00 100.52 98.64 100.02 99.26 96.39 97.56
_ |ETRL Std Dav 5.98 6.41 7.53 2,16 2,40 4.34 2.60 3.57
?! CTRL +99/90 132.04 136.88 141.44 110.39) 113.06 122.83 110.58 116.98
§ CTRL -99/90 67.91 67.13 59.60| 86.90 86.92 75.69 82.23 78.14
+CTRL Error Bar 6.33 5.71 9.67 3.08/ 2.39 6.56 4.30 5.09
-CTRL Ervor Bar 747 10.06 7.88 2.69) 3.94 5.53 2.61 4.93
Biased Avg 101.57 100.03 97.36| 99.43 100.51 101.05 104.12 102.19
Blased 5td Dev 8.73 647 10.41 5.85 8.74 7.13 13.38 6.61
§ Biasad +99/90 134.60 124.51 136.74 121.56 133.56 128.04 154.75 127.21
;2 Biasad -99,/90 B68.54 75.55 57.98 77.30] 67.45 74.06 53.49 77.17
+Biased Error Bar 14.98 10.22 17.72 11.24 17.68 12.49 32.26 0.40
-Biasad Error Bar 12.51 10.16 15.08 9.13 12.16 11.85 12.48 11.12
Unbiased Avg 97.14 96.51 92.18 94.03 96.80 96.08 95.07 95.69
- |Unbiased Std Dav 8.24 7.96 6.51 2,77 1.37 8.08 7.33 b.87
§ Unblased +99/90 128.31 126.69 116.80| 115.85 124.67 126.63 122.78 121.67
:é Unbiased -99,/90 65.97 66.33 67.55 pryrl 68.93 65.53 67.35 69.70
= +Unbiased Error Bar 10.83 12.27 7.41 B.55 11.25 13.87 12.62 10.01
-Unblased Error Bar 12.76 12.35 14.23 10.10; 12.71 11.23 10.88 10.01
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