
1 

National Aeronautics and Space Administration 

 
 
 
 
 

RH1014MW Quad Precision Operational Amplifier 
Total Ionizing Dose Radiation Lot Acceptance Test 

(RLAT) Report 
 
 

Megan Casey1 
  

1. NASA Goddard Space Flight Center, Code 561, Greenbelt, MD 20771  
  

Test start date: July 5, 2019  
Test completion date: December 30, 2019  

Test report date: August 1, 2020  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



2 

1. Purpose 
The purpose of this testing was to characterize the Analog Devices (ADI) RH1014MW flight lot 
for use in the fabrication of Europa Clipper Propulsion subsystem flight hardware.  This test 
shall serve as the radiation lot acceptance test (RLAT) for this flight lot with wafer lot number 
883426.1 and lot date code (LDC) 1803A.  The RH1014 is a precision quad operational amplifier 
with low offset voltage, low drift, low offset current, and high gain. Low dose rate (LDR) 
irradiations were performed in this test so that the device susceptibility to enhanced low dose 
rate sensitivity (ELDRS) can be determined. 

2. Test Samples 
Twenty-five (25) parts from the flight lot of RH1014s have been provided by the Europa Clipper 
Propulsion system to Code 561 for TID testing.  Two of the twenty-five were used as controls. 
More information can be found in Table 1. 
 
 

Table 1: Part Identification Information 

Qty Generic Part Number Flight Part Number LDC Wafer Lot Package 

25 RH1014 RH1014MW 1803A 883426.1 14-Lead Flatpak Glass Sealed 
 

 
Figure 1: Pin out for RH1014MW operational amplifier. 

 

3. General 
Radiation testing was done by exposing the parts to gamma radiation at a dose rate of 
0.01 rad(Si)/s.  25 parts were tested – 23 exposed to radiation and the remaining two were 
used as controls.  Prior to the first radiation dose, all parts were electrically tested.  After each 
exposure level, the parts (including controls) were tested again.  Parts were subjected to 
multiple levels of total dose and step levels tested as shown in Table 2. 
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Table 2: Device Grouping and Step-Stress Instructions 

Group Qty Bias Sample # Dose Rate Test Levels (krad(Si)) 

1 
6 Biased 1, 2, 3, 4, 5, 6 LDR 0.01 

rad(Si)/s 0, 25, 50, 80, 100, 127.8 

6 Unbiased 7, 8, 9, 10, 11, 12 LDR 0.01 
rad(Si)/s 0, 25, 50, 80, 100, 127.8 

2 
6 Biased 13, 14, 15, 16, 17, 18 LDR 0.01 

rad(Si)/s 0, 25, 55, 75, 103, 125 

5 Unbiased 19, 20, 21, 22, 23 LDR 0.01 
rad(Si)/s 0, 25, 55, 75, 103, 125 

3 2 Controls 24, 25 N/A N/A 
 

4. Electrical Tests 
These parts will be used in a specific application with a +15.2 V supply and ground. Therefore, 
all electrical parameters listed below were performed in accordance with the Analog Devices 
datasheet I.D. No. 66-10-0179 Rev. E 0508 (Table 3), as well as with the application-specific 
supply voltage (Table 4).  All test conditions listed for the following parameters were tested: 
 

Table 3: List of Parameters measured 

Test Symbol 
Conditions 
TA = +25°C 
VS = ±15 V 

Specifications 

Min Typ Max 
Input Offset Voltage VOS    900 µV 
Input Offset Current IOS    25 nA 
Input Bias Current IB    250 nA 

Input Voltage Range   
13.5 V   
-15 V   

Common-Mode Rejection 
Ratio CMRR VCM = 13 V, -15 V 86 dB   

Large-Signal Voltage Gain AVOL RL ≥ 10 kΩ, VO = 5-10 V 25 V/mV   
Maximum Output Voltage 
Swing VOUT RL ≥ 10 kΩ -12.5 V  +12.5 V 

Supply Current IS Per Amplifier   0.55 mA 
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Table 4: List of Parameters measured with application-specific supply voltages 

Test Symbol 
Conditions 
TA = +25°C 

VS = 15.2 V, 0 V 

Input Offset Voltage VOS  
Input Offset Current IOS  
Input Bias Current IB  

Input Voltage Range   

Common-Mode Rejection 
Ratio CMRR VCM = 13.2 V, 0 V 

Large-Signal Voltage Gain AVOL RL ≥ 10 kΩ, VO = 5-10 V 
Maximum Output Voltage 
Swing VOUT RL ≥ 10 kΩ 

Output Voltage Shift 
(Application-Specific) ΔVOUT See bias circuit for 

conditions 
Supply Current IS Per Amplifier 

 

5. Failure Criteria 
The parameter limits were defined as those listed in the Analog Devices datasheet I.D. No. 66-
11-1014 Rev. G 1007. Accurate parameter measurements were maintained beyond the 
specified limits when parameter drift was observed. No functional failure was observed.  

6. Source Requirements 
The total dose sources are the GSFC 1-MeV gamma ray irradiator in the Radiation Effects 
Facility, which is compliant with MIL-STD-883, Method 1019. Dosimetry shall be NIST traceable. 

7. Bias Conditions and Fixtures 
During irradiation, the unbiased parts had all leads grounded and the biased part configuration 
was connected in the following way: 
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Table 5: Applied Voltages for Biased Irradiations 

Pin Name Symbol Pin Number Connection 

Output A OUT A 1 
Negative Input A (Pin 2) through 20 kΩ 
resistor and 10 kΩ resistor to +4.73 V 

Negative Input A -IN A 2 
Output A (Pin 1) through 20 kΩ resistor 
and 220 Ω resistor to Negative Input B 
(Pin 6) 

Positive Input A +IN A 3 +4.88 V through 2.5 kΩ resistor 
Positive Supply Voltage +V 4 27 Ω resistor to +15.2 V 
Positive Input B +IN B 5 +4.89 V through 2.5 kΩ resistor 

Negative Input B -IN B 6 
Output B (Pin 7) through 20 kΩ resistor 
and 220 Ω resistor to Negative Input A 
(Pin 2) 

Output B OUT B 7 Negative Input B (Pin 6) through 20 kΩ 
resistor and 10 kΩ resistor to +4.73 V 

Output C OUT C 8 Negative Input C (Pin 9) through 20 kΩ 
resistor 

Negative Input C -IN C 9 Output C (Pin 8) through 20 kΩ resistor 
and 10 kΩ resistor to +4 V 

Positive Input C +IN C 10 +4.73 V through 6.67 kΩ resistor 
Negative Supply Voltage -V 11 27 Ω resistor to Ground (0 V) 
Positive Input D +IN D 12 +2.65 V through 600 Ω resistor 
Negative Input D -IN D 13 Output D (Pin 14) through 1 kΩ resistor 

Output D OUT D 14 Negative Input D (Pin 13) through 1 kΩ 
resistor and 100 Ω resistor to +2.65 V 

 

 
Figure 2: Pin out for RH1014MW operational amplifier. 
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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.  Cumulative test levels are 
provided by the values in Table 2. 

All data from the evaluation of the parameters in Table 3 and 4 were logged in ASCII format, 
suitable for import into Microsoft Excel. Data for all twenty-five op amps were measured and 
logged.  

9. Results 

 
Figure 3. Input offset voltage as a function of total ionizing dose with datasheet-specified supply 
voltages. 
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Figure 4. Input offset voltage as a function of total ionizing dose with application-specific supply 
voltages. 

 

 
Figure 5. Input offset current as a function of total ionizing dose with datasheet-specified supply 
voltages. 
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Figure 6. Input offset current as a function of total ionizing dose with application-specific supply 
voltages. 

 

 
Figure 7. Input bias current as a function of total ionizing dose with datasheet-specified supply 
voltages. 
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Figure 8. Input bias current as a function of total ionizing dose with application-specific supply 
voltages. 

 

 
Figure 9. Minimum input voltage range as a function of total ionizing dose with datasheet-specified 
supply voltages. 
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Figure 10. Maximum input voltage range as a function of total ionizing dose with datasheet-specified 
supply voltages. 

 

 
Figure 11. Maximum input voltage range as a function of total ionizing dose with application-specific 
supply voltages. 
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Figure 12. Common-mode rejection ratio as a function of total ionizing dose with datasheet-specified 
supply voltages. 

 

 
Figure 13. Common-mode rejection ratio as a function of total ionizing dose with application-specific 
supply voltages. 
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Figure 14. Large-signal voltage gain as a function of total ionizing dose with datasheet-specified supply 
voltages. 

 

 
Figure 15. Large-signal voltage gain as a function of total ionizing dose with application-specific supply 
voltages. 
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Figure 16. Positive maximum output voltage swing as a function of total ionizing dose with datasheet-
specified supply voltages. 

 

 
Figure 17. Negative maximum output voltage swing as a function of total ionizing dose with 
datasheet-specified supply voltages. 
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Figure 18. Maximum output voltage swing as a function of total ionizing dose with application-specific 
supply voltages. 

 

 
Figure 19. Positive power supply current as a function of total ionizing dose with datasheet-specified 
supply voltages. 



15 

 
Figure 20. Negative power supply current as a function of total ionizing dose with datasheet-specified 
supply voltages. 

 

 
Figure 21. Power supply current as a function of total ionizing dose with application-specific supply 
voltages. 
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10. Raw Data 
Table 5. Input offset voltage values with datasheet-specified supply voltages
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Table 6. Input offset voltage values with application-specific supply voltages 
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Table 7. Input offset current values with datasheet-specified supply voltages 
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Table 8. Input offset current values with application-specific supply voltages 
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Table 9. Input bias current values with datasheet-specified supply voltages 
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Table 10. Input bias current values with application-specific supply voltages 

 



22 

Table 11. Minimum input voltage range values with datasheet-specified supply voltages 
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Table 12. Maximum input voltage range values with datasheet-specified supply voltages 
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Table 13. Maximum input voltage range values with application-specific supply voltages 
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Table 14. Common-mode rejection ratio values with datasheet-specified supply voltages 
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Table 15. Common-mode rejection ratio values with application-specific supply voltages 
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Table 16. Large-signal voltage gain values with datasheet-specified supply voltages 
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Table 17. Large-signal voltage gain values with application-specific supply voltages 
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Table 18. Positive maximum output voltage swing values with datasheet-specified supply voltages 

 



30 

 
Table 19. Negative maximum output voltage swing values with datasheet-specified supply voltages 
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Table 20. Maximum output voltage swing values with application-specific supply voltages 
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Table 21. Positive power supply current values with datasheet-specific supply voltages 

 
 

Table 22. Negative power supply current values with datasheet-specific supply voltages 
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Table 23. Power supply current values with application-specific supply voltages 

 
 

11. Summary 
The datasheet-specific supply voltage results were all in specification with the exception of the 
power supply currents. Five of the six biased parts from Group 2 exceeded the positive supply 
current values at the 25 krad(Si) data point. This appears to be a measurement error as the 
parameters returned to within specification at the 50 krad(Si) point and stayed within after. The 
same datapoints were out of specification for the negative supply current, as well as a few 
other random points (including one of the control parts at the pre-irradiation datapoint.) All 
other datapoints remained within specification for all dose levels. 
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1) Department of Defense “Test Method Standard Microcircuits,” MIL-STD-883 Test 

Method 1019.9 Ionizing radiation (total dose) test procedure, June 7, 2013, 
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883/std883.pdf. 

2) Analog Devices datasheet I.D. No. 66-10-0179 Rev. E 0508 rh102110fe 
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