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Overview

The RBSP EFW IDPU DFB board contains the EMFISIS MAG and MSC receive buffer amplifiers (see figure 1).  These amplifiers provide differential receivers for each of the MAG and MSC signals from EMFISIS.   The inputs of these amplifiers may be subjected to Deep Dielectric Discharge (DDD) generated in the harnesses from EMFISIS.  This test is to verify that the amplifier (and in particular the opamp) can survive in the DDD environment of the RBSP mission, as described in reference [2], without additional protection (such as C221, C222 in Figure 1).  The DDD model for discharges from insulators onto signals includes a 3pF capacitor charged to 900V, discharging to the signal via 1500ohm (see figure 2 extracted from reference [2]).  A conservatively high number of discharges over the life of the mission is ~1000.
The candidate opamp used in the EMFISIS buffer amplifier is the AD648SQ/883 (see Appendix A for a datasheet).  The part has ESD input protection circuitry, so we expect it will survive DDD events.
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Figure 1.  EMFISIS receive buffer schematic
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Figure 2.  DDD model (from insulator) – from ref 2 fig 3.1.1-1 a. 

1 Test Procedure
The plan is to verify that the AD648 opamp is immune to damage from DDD events in the harness.  This shall be done by generating simulated discharges into the input and output pins of an AD648 opamp, first an ETU part, then a part from the LASP DFB flight lot (AD648SQ/883, D/C 0125).  The AD648 is tested in a ZIF socket with bypass capacitors on the power supply lines to a ground reference for the DDD event simulator (Figure 4).  The bypass capacitors are equivalent to what is on the flight preamp, to provide a similar transient current flow.  The AD648 is tested both biased (+/-10V, as for flight) and unbiased.  No other parts or harness is attached to the AD648; these other parts will tend to mitigate the transient currents, so testing without them is considered worst case.  Testing will be done at +1500V and -1500V (>50% margin over the DDD event model). 
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  Figure 4.  AD648 Test Socket

1.1 DDD Tester
A custom DDD tester was developed at SSL.  It generates a series of simulated DDD pulses of programmable voltage.  Figure 5 is a schematic of the tester.  Note that it has 10pF capacitance to provide margin on the test, and to reduce the effects of stray capacitance in the tester.  In addition, a HV supply, a pulse generator (to run the relay) and a counter were used as shown in Fig 6.   The unit was calibrated against capacitive and resistive loads to verify performance.
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Figure 5.  DDD Tester schematic
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Figure 6.  DDD Test setup

1.2 Opamp Characterization

Prior to DDD testing and between DDD tests the AD648 was fully characterized using an LTS2020 test station with an LTS2100 Opamp family board and an LTS0322 low leakage socket adapter (calibrated Test Tech, 5/21/2008).  This test station makes the following measurements (with the listed accuracies) and verifies the results are within the data sheet specifications.  The values of the parameters are also recorded to look for any significant changes.

Test 1.  V+ supply operating current


±0.2% + 10μA

Test 2.  V- supply operating current


±0.2% + 10μA

Test 3.  Offset voltage


±0.25% + 5μV

Test 4,5  Bias Current

±5% + 25fA

Test 6.  Large Signal Voltage Gain

±1.5% + 1V/mV

Test 7.  Common Mode Rejection Ratio


±0.25% + 0.1dB

Test 8,9.  Output Voltage Swing, 10kohm load

±0.4% + 1mV

Test 13,14.  Output current source/sink

±0.2% + 10μA

Test 10,11.  Slew Rate

±10%

Test 12.  Gain Bandwidth Product.

±10% + 10kHz

Appendix A includes part of the AD648 data sheet showing the operating limits for comparison.    
A control part was measured between measurements of the DDD test device to verify that any change is not a result of a change in the LTS2020.  All testing was done at room temperature.
2 Test Results
Units E1 and E2 are non-flight parts, AD648JN, LDC 9828.  Unit F1 is from the LASP flight parts lot, AD648SQ/883 LDC 0125.  Test results are shown in the tables in Appendix B, C, and D.  All measurements are in spec.  Measurements highlighted are >2.5 sigma from the mean, and are typically tester transients.
2.1 Unit E1.
This part was not exposed to DDD, but was used as the control to verify the test station operation between measurements of parts exposed to the DDD tester.  Results are shown in Appendix B. 
2.2 Unit E2.

Tests were performed first unbiased then biased at +/-10V.  ~1000 DDD pulses of +1500V and -1500V were applied to each of the –IN (pin 2), +In (pin 3) and OUT (pin 1) signals.   The opamp was characterized between each set of tests, as shown in Appendix C.  No significant changes in the opamp performance was seen, and all measurements were in spec.
2.3 Unit F1.

Tests were performed first unbiased then biased at +/-10V.  ~1000 DDD pulses of +1500V and -1500V were applied to each of the –IN (pin 2), +In (pin 3) and OUT (pin 1) signals of the first amplifier in the package, and the  –IN (pin 6), +In (pin 5) and OUT (pin 7) signals of the second amplifier in the package.   The opamp was characterized between each set of tests, as shown in Appendix D.  No significant changes in the opamp performance was seen, and all measurements were in spec.
The part in this configuration is considered qualified for flight with no DDD input protection parts required.
Appendix A – AD648 Data Sheet
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Appendix B -  AD648 Unit E1 (Control) Test Results

[image: image10.emf]AD648A Unit E1 DDD Test
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Min

-400.0-3.000-3.000-20.00-20.00-20.00-20.00300.0300.0 12.0012.00 1.001.00 0.8000.800

Max

400.03.0003.00020.0020.0020.0020.00 -76.00-76.00 -12.00-12.00 -1.00-1.00

AVG

337.4-335.4-0.0350.023-4.43-4.29-4.71-4.312306.31975.3-99.37-98.0914.3514.36-13.15-13.151.411.38-1.68-1.660.8870.88122.7623.51-22.68-22.48

STDDEV

8.59.70.0080.0070.520.560.470.40302.4252.90.230.090.080.080.010.010.030.020.010.010.0220.0220.310.310.100.09

19/25/200817:17:34340.8-335.2-0.0290.022-4.68-4.17-4.68-4.302300.82195.7-99.39-98.1514.1814.19-13.15-13.151.481.35-1.69-1.650.9070.90022.6423.38-22.70-22.50

29/25/200817:46:03339.6-341.0-0.0410.024-5.24-4.80-5.18-4.742216.22441.4-99.12-98.1514.1814.19-13.16-13.161.391.38-1.68-1.660.8850.86722.9523.70-22.60-22.40

39/25/200817:48:05340.6-338.7-0.0410.032-5.31-4.80-5.18-4.802403.22067.3-99.39-98.0914.1814.19-13.16-13.161.401.40-1.67-1.660.8720.87122.9523.72-22.59-22.40

410/7/200813:33:00337.1-337.7-0.0320.024-4.36-4.10-4.55-4.232540.22515.2-99.21-98.0914.3914.40-13.15-13.151.471.36-1.68-1.650.8780.92922.6523.42-22.72-22.52

510/7/200813:35:32338.7-338.5-0.0410.026-4.43-3.91-4.49-4.432145.12015.8-99.23-98.1914.4014.40-13.15-13.151.431.34-1.68-1.660.8490.87022.7723.52-22.67-22.47

610/7/200814:12:11281.0-294.4-0.0570.005-3.73-3.60-4.23-3.981923.81745.8-99.97-97.8814.3914.40-13.15-13.151.411.34-1.70-1.680.8680.91122.5523.32-22.74-22.54

710/7/200814:48:32340.5-336.3-0.0390.028-4.81-4.87-4.93-4.622247.01838.7-99.14-98.0414.4014.40-13.16-13.161.431.38-1.68-1.660.8910.87322.9623.69-22.60-22.39

810/7/200815:19:17341.0-341.4-0.0420.027-4.68-4.36-4.81-4.551954.31927.4-99.21-98.0714.4014.40-13.16-13.161.421.36-1.68-1.660.9500.90022.9223.67-22.62-22.42

910/7/200815:52:50337.2-340.5-0.0440.024-4.93-4.74-5.12-4.622688.91803.1-99.14-97.9614.3914.40-13.16-13.171.441.39-1.68-1.670.8880.87823.0223.76-22.58-22.38

1010/7/200816:26:41339.9-338.5-0.0380.021-4.74-4.30-4.81-4.552263.52191.0-99.01-98.0414.3914.40-13.16-13.161.431.37-1.68-1.660.8900.89522.9423.69-22.61-22.41

1110/7/200816:58:23337.8-338.9-0.0420.026-4.87-4.68-5.06-4.552248.61448.3-99.48-98.0914.3914.40-13.16-13.161.461.37-1.68-1.670.8870.87222.9923.74-22.60-22.41

1210/7/200817:30:56337.6-334.3-0.0260.027-3.98-3.66-4.23-4.042441.42305.9-99.19-98.0414.3914.39-13.15-13.151.431.38-1.68-1.660.8770.86622.7123.46-22.69-22.49

1310/7/200818:02:55340.1-339.5-0.0430.027-4.81-4.68-5.06-4.552142.11791.6-99.10-98.1514.3914.39-13.15-13.151.431.39-1.69-1.660.8680.89322.9423.69-22.62-22.42

1410/8/200810:12:00333.9-334.6-0.0210.008-3.28-3.28-3.66-3.412092.61950.6-99.34-98.2314.1814.19-13.13-13.131.411.35-1.68-1.670.9110.87921.9622.68-22.94-22.73

1510/8/200810:18:03335.4-333.2-0.0240.015-3.35-3.03-3.66-3.472449.11757.8-99.41-98.1314.1814.18-13.14-13.141.441.41-1.68-1.680.8550.86222.0422.78-22.92-22.70

1610/8/200810:20:45335.1-334.4-0.0240.013-3.54-3.16-3.91-3.602074.31804.2-99.57-98.3314.1814.18-13.14-13.141.421.37-1.67-1.680.8870.91422.1422.89-22.88-22.66

1710/8/200810:51:31336.8-337.9-0.0270.027-4.30-4.04-4.43-4.102544.42078.5-99.55-98.1114.1714.18-13.14-13.151.401.38-1.66-1.660.9310.87322.6023.34-22.71-22.51

1810/8/200811:23:52341.3-339.2-0.0380.024-4.68-4.74-4.87-4.432561.32029.1-99.14-98.0414.4014.40-13.16-13.161.381.41-1.67-1.660.9170.89022.8723.61-22.65-22.45

1910/8/200812:00:15340.0-337.4-0.0350.028-4.23-4.10-4.49-4.172992.31858.7-99.52-98.0414.3914.40-13.16-13.161.401.41-1.67-1.650.8870.91822.7523.51-22.68-22.48

2010/8/200815:23:10339.0-338.4-0.0390.027-4.81-4.55-4.99-4.552084.11738.9-99.12-98.0414.3914.40-13.16-13.151.411.35-1.67-1.660.9040.86422.9123.68-22.64-22.44

2110/21/200816:23:06337.7-336.2-0.0290.017-3.79-3.79-4.17-3.792007.92213.0-99.97-98.0714.4014.40-13.15-13.151.431.43-1.69-1.660.8860.88922.3823.11-22.82-22.61

2210/21/200816:24:19337.8-335.9-0.0300.015-3.85-3.73-4.10-3.792288.82106.9-99.80-98.1714.3914.40-13.15-13.151.411.40-1.69-1.670.8950.84122.4223.17-22.81-22.60

2310/21/200817:21:51336.1-337.6-0.0300.004-4.10-3.91-4.36-4.102500.92004.0-99.55-97.9214.3914.40-13.15-13.151.441.40-1.68-1.670.8650.90522.6823.44-22.70-22.51

2410/21/200817:53:29340.0-336.3-0.0300.039-4.43-4.17-4.62-4.231982.01878.0-99.41-98.2914.4014.40-13.16-13.151.421.38-1.68-1.660.8770.88222.7723.53-22.67-22.48

2510/22/200810:24:14334.3-331.0-0.0200.012-3.54-3.60-3.85-3.471821.32140.7-99.48-98.1714.4014.40-13.14-13.141.381.37-1.67-1.660.8670.88222.1322.87-22.88-22.67

2610/22/200810:27:03335.4-333.1-0.0220.014-3.54-3.41-3.98-3.602492.81882.6-99.97-98.2714.3914.40-13.14-13.141.381.34-1.67-1.670.9060.89722.2422.98-22.85-22.63

2710/22/200811:02:16335.8-337.6-0.0330.025-4.23-4.23-4.68-4.102265.21736.0-99.32-98.1514.3914.40-13.15-13.151.401.36-1.67-1.660.8890.91322.6423.40-22.71-22.49

2810/22/200811:39:33341.0-339.8-0.0330.021-4.62-4.55-4.93-4.362086.91846.4-99.12-98.0414.3914.40-13.16-13.161.411.37-1.69-1.660.9010.86522.8423.59-22.66-22.45

2910/22/200816:03:57341.5-339.1-0.0360.024-4.80-4.74-4.99-4.552357.21384.4-99.34-98.0214.4014.41-13.16-13.161.411.41-1.67-1.650.8710.87822.9423.69-22.62-22.42

3010/22/200816:37:58342.1-339.0-0.0430.031-4.68-4.55-4.99-4.492173.91997.5-99.19-98.0414.4014.40-13.17-13.161.411.41-1.69-1.670.9120.92322.9723.70-22.60-22.40

3110/22/200817:09:42340.5-338.2-0.0430.021-4.93-4.99-5.31-4.802705.51840.9-99.19-98.1514.3914.40-13.16-13.161.411.36-1.67-1.660.8460.89223.0623.83-22.59-22.39

3210/22/200817:40:47337.5-338.6-0.0390.031-4.55-4.49-4.93-4.491695.81631.9-99.21-98.1314.3914.40-13.16-13.161.391.39-1.67-1.660.8980.85622.9423.68-22.64-22.44

3310/22/200818:12:32339.2-337.0-0.0350.021-4.74-4.68-5.06-4.552554.91988.4-99.39-97.9814.3914.40-13.16-13.161.411.33-1.67-1.660.8400.85022.9323.69-22.64-22.44

3410/22/200818:50:16337.3-336.8-0.0310.030-3.85-3.16-4.68-4.171790.52140.7-99.43-98.0914.3914.39-13.15-13.151.411.38-1.68-1.670.9240.88822.7023.46-22.71-22.50

3510/23/200810:30:31334.5-331.4-0.0200.020-3.35-3.35-3.72-3.472191.01979.5-99.59-98.0414.1914.19-13.14-13.141.441.36-1.68-1.670.8630.88322.0022.74-22.90-22.69

3610/23/200811:00:47337.3-286.0-0.0350.015-4.36-4.36-4.74-4.362567.71772.0-99.34-98.0914.1814.19-13.15-13.151.391.40-1.66-1.660.8900.90022.7623.50-22.63-22.43

3710/23/200811:34:41338.0-338.2-0.0320.022-4.62-4.56-4.93-4.432198.81949.4-99.37-98.1714.4114.41-13.16-13.161.391.38-1.67-1.660.9290.83222.8823.64-22.65-22.47

3810/23/200812:09:54339.0-339.0-0.0360.028-4.81-4.68-4.93-4.432761.32273.6-99.17-98.1314.4014.41-13.16-13.161.481.33-1.67-1.650.8990.86822.8523.60-22.68-22.47

3910/23/200812:44:07340.7-340.3-0.0440.024-4.61-4.99-5.11-4.862542.32154.1-99.48-98.0714.4114.41-13.17-13.171.411.36-1.67-1.670.8900.89623.0823.82-22.57-22.38

4010/23/200813:19:41338.5-336.2-0.0340.029-4.48-4.30-4.80-4.362422.12173.9-99.39-98.0014.4014.41-13.17-13.171.441.38-1.67-1.660.8740.88122.8723.60-22.64-22.45

4110/23/200813:49:42341.3-336.1-0.0430.024-4.87-4.87-5.12-4.562480.71852.0-99.48-98.0914.3814.39-13.15-13.151.441.34-1.68-1.670.8900.88823.0023.73-22.63-22.43

4210/23/200814:20:44337.4-338.8-0.0400.027-4.56-4.49-4.81-4.431991.01917.8-99.25-98.1114.3814.39-13.15-13.141.401.40-1.68-1.680.8830.86822.9723.73-22.63-22.44

4310/23/200814:53:06340.1-335.1-0.0380.023-4.99-4.93-5.25-4.742111.31697.6-98.97-98.0214.3814.39-13.15-13.151.441.34-1.70-1.670.8830.88923.0723.81-22.59-22.39

4410/23/200815:26:03335.9-338.2-0.0410.033-4.62-4.62-5.06-4.622531.82166.3-99.12-98.1114.3814.39-13.15-13.151.431.40-1.66-1.660.9000.84923.0223.77-22.61-22.40

4510/23/200815:56:32341.8-338.6-0.0410.027-5.00-5.06-5.37-4.872544.42677.2-99.55-98.1314.3914.39-13.16-13.161.381.39-1.68-1.670.8900.90423.0623.82-22.58-22.39

4610/23/200816:28:07338.8-335.5-0.0260.036-4.36-4.30-4.74-4.231882.61719.5-99.55-97.9414.3914.39-13.16-13.161.441.42-1.70-1.670.8720.84722.8623.61-22.66-22.45

4710/23/200816:59:40339.4-339.9-0.0410.029-5.12-5.12-5.43-4.872273.61779.1-99.34-98.1514.3914.40-13.16-13.161.391.44-1.69-1.650.8810.84523.1623.89-22.55-22.35

4810/23/200817:30:17338.3-337.4-0.0350.026-4.17-4.23-4.55-4.102270.22048.0-99.48-97.9014.3914.40-13.15-13.161.381.36-1.68-1.670.8590.86122.8023.54-22.67-22.47

4910/23/200818:02:44340.2-338.1-0.0410.025-4.93-4.93-5.24-4.803201.02332.2-99.39-98.0014.3914.39-13.16-13.161.391.41-1.67-1.660.8870.85523.0523.81-22.58-22.37



Appendix C -  AD648 Unit E2 Test Results

[image: image11.emf]AD648A Unit E2 DDD Test

=Outside Min/Max

=Outside 2.50sigma from average

TestDateTime+Is, uA-Is, uAVos 1, mVVos 2, mV+Ib 1, pA+Ib 2, pA-Ib 1, pA-Ib 2, pA

Aol 1, 

V/mV

Aol 2, 

V/mV

CMRR 1, 

dB

CMRR 2, 

dB

+Vout 1 

RL=10k, V

+Vout 2 

RL=10k, V

-Vout 1, 

RL=10k, V

-Vout 2, 

RL=10k, V

+Slew 1, 

V/us

+Slew 2, 

V/us

-Slew 1, 

V/us

-Slew 2, 

V/us

GBWP 1, 

MHz

GBWP 2, 

MHz

+ISC 1, 

mA

+ISC 2, 

mA

-ISC 1, 

mA

-ISC 2, 

mAVoltsPinPulsesNotes

Min

-400.0-3.000-3.000-20.00-20.00-20.00-20.00300.0300.0 12.0012.00 1.001.00 0.8000.800

Max

400.03.0003.00020.0020.0020.0020.00 -76.00-76.00 -12.00-12.00 -1.00-1.00

AVG

336.3-325.80.154-0.031-4.24-4.07-4.80-4.242505.21959.2-93.63-94.9014.3414.35-13.16-13.161.401.40-1.67-1.680.8790.88622.8423.49-22.58-22.35

STDDEV

18.835.10.0190.0100.860.420.830.37468.4357.71.490.090.090.090.010.010.030.020.010.010.0180.0200.240.240.080.08

19/25/200817:51:16342.7-340.90.20.0-5.0-4.4-5.1-4.62799.02127.3-96.5-94.814.214.2-13.2-13.21.41.4-1.7-1.70.90.922.923.5-22.6-22.3

29/25/200817:54:07342.0-342.70.20.0-5.1-4.5-5.1-4.62148.11828.8-96.6-94.914.214.2-13.2-13.21.41.4-1.7-1.70.90.923.023.6-22.5-22.3

39/25/200817:54:24342.5-344.30.2-0.1-4.9-4.7-5.1-4.62305.92050.7-96.6-94.914.214.2-13.2-13.21.41.4-1.7-1.70.90.923.023.7-22.5-22.3

410/7/200813:37:06340.7-339.40.20.0-4.0-3.7-4.4-3.92527.61744.8-96.6-94.914.414.4-13.2-13.21.41.4-1.7-1.70.90.922.723.3-22.7-22.4

510/7/200813:40:59342.9-340.80.20.0-4.4-4.0-4.6-4.22519.32114.2-96.4-94.914.414.4-13.2-13.21.41.4-1.7-1.70.90.922.823.5-22.6-22.4

610/7/200814:12:45338.8-340.50.10.0-3.5-3.2-4.3-3.52667.92177.0-92.8-95.114.414.4-13.2-13.21.41.4-1.7-1.70.90.922.523.1-22.7-22.5150021000Unbiased

710/7/200814:19:30339.1-240.70.10.0-4.6-4.4-5.3-4.62410.81836.5-92.8-94.914.414.4-13.2-13.21.41.4-1.7-1.70.90.923.123.7-22.5-22.3

810/7/200814:50:00339.6-337.60.10.0-4.6-3.4-1.1-3.92184.71929.8-92.4-95.014.414.4-13.2-13.21.41.4-1.7-1.70.90.922.723.3-22.6-22.4-150021000Unbiased

910/7/200814:50:40344.4-341.20.10.0-4.7-4.1-3.9-4.42478.71614.8-92.6-94.914.414.4-13.2-13.21.41.4-1.7-1.70.90.923.023.7-22.5-22.3

1010/7/200815:20:46339.4-338.80.20.0-3.9-3.5-4.5-3.92819.51932.2-94.1-94.814.414.4-13.2-13.21.41.4-1.7-1.70.90.922.723.4-22.6-22.4150031000Unbiased

1110/7/200815:23:12342.4-342.70.20.0-4.8-4.4-5.3-4.62260.21717.5-94.1-94.714.414.4-13.2-13.21.41.4-1.7-1.70.90.923.123.7-22.5-22.3

1210/7/200815:54:06338.6-333.80.20.0-0.3-3.7-5.1-3.92983.63614.7-94.6-94.914.414.4-13.2-13.21.41.4-1.7-1.70.90.922.723.3-22.6-22.4-150031000Unbiased

1310/7/200815:56:46342.9-343.50.20.0-4.4-4.4-5.3-4.62011.91935.9-94.3-95.014.414.4-13.2-13.21.41.4-1.7-1.70.90.923.123.8-22.5-22.3

1410/7/200816:27:19338.2-234.00.20.0-3.9-3.9-4.6-4.02208.31690.2-94.1-94.914.414.4-13.2-13.21.41.4-1.7-1.70.90.922.723.4-22.6-22.4150011000Unbiased

1510/7/200816:28:58343.2-341.20.20.0-4.7-4.3-5.3-4.72531.81966.8-94.1-94.914.414.4-13.2-13.21.41.4-1.7-1.70.90.923.123.7-22.5-22.3

1610/7/200816:59:22271.1-242.00.20.0-4.0-4.0-4.8-4.03964.12086.9-94.0-94.914.414.4-13.2-13.21.41.4-1.7-1.70.80.922.823.4-22.6-22.4-150011000Unbiased

1710/7/200817:00:30342.0-343.50.20.0-4.7-4.4-5.3-4.62631.42002.7-94.2-94.914.414.4-13.2-13.21.41.4-1.7-1.70.90.923.123.7-22.5-22.3

1810/7/200817:31:57338.8-338.30.10.0-4.0-3.7-4.1-3.93572.71853.1-92.2-94.814.414.4-13.2-13.21.51.4-1.7-1.70.90.922.723.3-22.6-22.4150021000Biased, +/-10V

1910/7/200817:33:32343.0-339.40.10.0-4.7-4.4-5.3-4.62010.52260.2-92.1-94.914.414.4-13.2-13.21.41.4-1.7-1.70.90.923.123.7-22.5-22.3

2010/7/200818:04:10338.5-249.90.10.0-4.0-4.0-4.4-4.02149.61715.6-92.1-95.014.414.4-13.2-13.21.41.4-1.7-1.70.90.922.723.4-22.6-22.4-150021001Biased, +/-10V

2110/7/200818:05:22343.3-342.70.10.0-4.7-4.4-5.3-4.62658.72169.3-92.2-94.914.414.4-13.2-13.21.41.4-1.7-1.70.90.923.023.7-22.5-22.3

2210/8/200810:21:14338.0-339.50.10.0-3.7-3.5-4.3-3.63042.71850.9-92.3-94.714.214.2-13.1-13.11.41.4-1.7-1.70.90.922.322.9-22.8-22.5

2310/8/200810:21:54338.9-337.90.10.0-3.6-3.4-4.1-3.52224.21732.1-92.1-94.814.214.2-13.1-13.11.41.4-1.7-1.70.90.922.222.9-22.8-22.6

2410/8/200810:52:23339.6-340.70.20.0-3.6-4.0-5.2-4.02022.41538.8-92.9-94.914.214.2-13.2-13.21.41.4-1.7-1.70.90.922.623.2-22.7-22.4150031000Biased, +/-10V

2510/8/200810:53:11341.0-340.30.20.0-4.4-4.1-5.1-4.21741.91625.9-92.9-94.914.214.2-13.2-13.21.41.4-1.7-1.70.90.922.723.4-22.6-22.4

2610/8/200811:26:59341.5-340.00.20.0-4.6-4.6-5.6-4.62124.42056.2-92.8-95.014.414.4-13.2-13.21.41.4-1.7-1.70.90.923.023.7-22.5-22.3-150031005Biased, +/-10V

2710/8/200811:29:10343.5-341.60.10.0-4.7-4.3-5.4-4.62248.62098.3-92.9-94.914.414.4-13.2-13.21.41.4-1.7-1.70.90.923.023.7-22.5-22.3

2810/8/200812:03:54342.9-339.90.20.0-4.3-4.1-4.9-4.12386.41857.6-92.8-94.914.414.4-13.2-13.21.41.4-1.7-1.70.90.922.723.4-22.6-22.4150011000Biased, +/-10V

2910/8/200812:06:35342.4-342.80.10.0-4.7-4.5-5.4-4.62598.11866.6-92.8-94.814.414.4-13.2-13.21.41.4-1.7-1.70.90.923.023.7-22.5-22.3

3010/8/200815:42:37261.5-274.00.20.0-4.1-3.9-5.0-4.23091.61971.9-93.0-95.014.414.4-13.2-13.21.41.4-1.7-1.70.90.922.823.5-22.6-22.4-150011000Biased, +/-10V

3110/8/200815:44:46340.4-344.60.10.0-5.0-4.6-5.7-4.72337.51766.9-92.8-95.014.414.4-13.2-13.21.41.4-1.7-1.70.90.923.123.8-22.5-22.3

DDD


Appendix D -  AD648 Unit F1 Test Results

[image: image12.emf]AD648A Unit F1 DDD Test

=Outside Min/Max

LASP Flight lot, AD648SQ/883, LDC:0125 =Outside 2.50sigma from average

TestDateTime+Is, uA-Is, uAVos 1, mVVos 2, mV+Ib 1, pA+Ib 2, pA-Ib 1, pA-Ib 2, pA

Aol 1, 

V/mV

Aol 2, 

V/mV

CMRR 1, 

dB

CMRR 2, 

dB

+Vout 1 

RL=10k, V

+Vout 2 

RL=10k, V

-Vout 1, 

RL=10k, V

-Vout 2, 

RL=10k, V

+Slew 1, 

V/us

+Slew 2, 

V/us

-Slew 1, 

V/us

-Slew 2, 

V/us

GBWP 1, 

MHz

GBWP 2, 

MHz

+ISC 1, 

mA

+ISC 2, 

mA

-ISC 1, 

mA

-ISC 2, 

mAVoltsPinPulsesNotes

Min

-400.0-3.000-3.000-20.00-20.00-20.00-20.00300.0300.0 12.0012.00 1.001.00 0.8000.800

Max

400.03.0003.00020.0020.0020.0020.00 -76.00-76.00 -12.00-12.00 -1.00-1.00

AVG

320.0-319.1-0.0060.387-8.97-5.59-6.07-4.202051.91779.1-94.94-97.6514.3814.39-13.15-13.151.351.34-1.54-1.570.8730.87122.8123.38-21.70-21.82

STDDEV

1.82.10.0130.0451.951.281.270.70266.4217.31.582.150.050.050.010.010.030.020.030.040.0240.0240.270.280.080.09

110/21/200816:24:52317.3-316.60.0070.351-13.85-5.31-3.16-3.792209.91610.5-99.17-94.9814.3914.40-13.13-13.141.351.31-1.50-1.550.8970.90022.2722.80-21.87-22.04

210/21/200816:38:34321.5-319.1-0.0160.361-14.48-6.00-3.54-4.232658.71719.5-99.46-95.1614.4014.40-13.15-13.151.371.33-1.56-1.600.8740.87622.8223.37-21.69-21.86

310/21/200816:46:18321.5-318.9-0.0160.364-14.48-6.20-3.60-4.361884.91865.4-99.08-95.3714.4014.40-13.15-13.151.381.35-1.56-1.560.9000.86222.9223.48-21.65-21.82

410/21/200817:23:46319.1-318.1-0.0270.357-11.64-6.51-4.43-4.232072.92121.5-91.47-95.5314.4014.40-13.15-13.151.351.39-1.51-1.630.9030.84422.7323.28-21.72-21.88150021000Unbiased

510/21/200817:24:34321.6-317.7-0.0330.356-11.51-6.32-4.17-4.302041.22082.7-91.53-95.3814.4014.40-13.15-13.161.401.33-1.49-1.540.8400.86422.9323.46-21.66-21.82

610/21/200817:54:52318.4-314.5-0.0150.350-8.16-6.64-0.69-4.432221.01922.6-91.53-95.4014.3914.40-13.15-13.151.361.31-1.53-1.610.8800.86722.5723.10-21.78-21.92-150021000Unbiased

710/21/200818:17:51322.2-321.3-0.0500.357-8.41-7.39-5.37-4.991693.01541.1-91.69-95.2914.4014.41-13.16-13.161.321.32-1.51-1.550.8520.83523.1923.75-21.57-21.72

810/22/200810:27:29318.3-317.7-0.0140.359-7.33-5.81-5.49-3.412117.11668.2-91.79-94.9614.4014.40-13.14-13.141.351.33-1.55-1.550.8630.87522.3822.93-21.82-21.97

910/22/200810:34:04316.7-317.2-0.0190.355-7.33-5.94-5.62-3.721890.71836.5-91.73-94.9014.4014.40-13.14-13.151.351.32-1.51-1.550.8880.86822.5423.07-21.76-21.93

1010/22/200811:04:26318.5-318.70.0000.353-7.71-4.93-6.07-3.981846.41959.3-95.61-95.3314.3914.40-13.14-13.151.331.31-1.56-1.530.8690.86622.6023.15-21.73-21.89150031000Unbiased

1110/22/200811:05:35321.6-319.8-0.0110.355-7.90-5.31-6.20-3.852850.91711.8-95.51-95.3314.3914.40-13.15-13.151.351.37-1.51-1.550.8530.87122.8423.39-21.68-21.82

1210/22/200811:48:22317.7-315.90.0080.344-1.83-5.56-4.43-3.602108.41768.9-95.43-95.5314.3914.40-13.15-13.151.371.34-1.56-1.550.9090.85822.5523.08-21.78-21.92-150031112Unbiased

1310/22/200811:56:34323.6-321.5-0.0240.364-7.52-5.69-6.64-4.552388.31848.6-95.60-95.4014.4014.40-13.16-13.161.441.36-1.54-1.520.8510.88323.1523.71-21.58-21.71

1410/22/200816:05:08318.9-319.80.0100.349-7.77-5.24-5.62-3.662034.51593.8-95.46-95.3714.3914.40-13.14-13.151.311.34-1.56-1.630.8960.87322.4222.96-21.81-21.96150011212Unbiased

1510/22/200816:06:07318.2-322.4-0.0070.355-8.22-5.68-6.00-3.792081.31961.8-95.56-95.3814.4014.41-13.16-13.161.411.31-1.53-1.610.8630.87922.8623.40-21.67-21.81

1610/22/200816:38:20319.7-318.00.0030.355-7.77-4.74-5.62-3.661775.01788.4-95.56-95.2614.3914.40-13.14-13.151.341.32-1.49-1.540.8800.88522.5323.07-21.78-21.91-150011041Unbiased

1710/22/200816:39:42320.5-318.4-0.0090.366-8.22-5.62-6.13-3.982104.11478.9-95.56-95.5314.4014.41-13.16-13.161.371.29-1.55-1.540.8760.87222.9823.52-21.64-21.77

1810/22/200817:10:37317.0-318.10.0050.282-7.58-4.87-5.75-4.231746.81526.6-95.47-99.6414.3914.39-13.14-13.141.381.35-1.52-1.560.8820.87722.4923.03-21.80-21.94150061000Unbiased

1910/22/200817:11:25319.6-320.3-0.0040.288-7.97-5.12-6.00-4.302276.91780.2-95.51-99.8514.3914.40-13.15-13.151.341.36-1.52-1.600.8850.87222.8523.38-21.70-21.82

2010/22/200817:41:56321.3-318.00.0000.299-8.85-4.74-5.81-0.181737.91476.8-95.54-99.7814.3914.39-13.14-13.151.331.33-1.50-1.580.9330.94022.6023.17-21.77-21.89-150061000Unbiased

2110/22/200817:43:04322.0-315.8-0.0120.277-8.60-5.12-6.39-3.602074.31606.3-95.66-100.1914.4014.40-13.15-13.161.351.33-1.50-1.630.8270.88423.0123.55-21.64-21.77

2210/22/200818:13:46318.9-318.80.0140.408-7.52-5.18-5.75-4.101998.81757.8-95.40-97.6014.3914.39-13.14-13.151.331.38-1.54-1.560.8720.83422.4122.96-21.83-21.96150051000Unbiased

2310/22/200818:19:21323.3-321.6-0.0190.416-8.28-6.32-6.64-4.621741.91588.1-95.57-97.9414.3914.40-13.15-13.161.331.34-1.58-1.600.8410.83723.1523.70-21.59-21.71

2410/22/200818:50:45317.6-316.30.0250.399-7.772.08-5.87-4.172253.61660.1-95.43-97.5714.3914.39-13.14-13.141.381.32-1.59-1.540.8730.86222.2922.82-21.87-21.99-150051000Unbiased

2510/22/200818:53:11321.0-318.6-0.0120.407-8.22-5.62-6.45-4.491964.31814.8-95.53-97.7514.3914.40-13.15-13.151.311.30-1.54-1.530.8700.88223.0423.58-21.62-21.75

2610/23/200810:28:42316.0-314.30.0220.395-7.08-4.99-5.37-3.791738.91471.8-95.34-97.0414.1914.19-13.14-13.141.351.33-1.55-1.580.8540.90522.0522.63-21.90-22.02

2710/23/200811:01:16316.6-317.00.0130.399-7.58-4.80-5.62-3.982386.41568.7-95.59-97.6214.1814.18-13.14-13.141.341.36-1.54-1.510.8980.89822.3722.94-21.79-21.91150071031Unbiased

2810/23/200811:03:14317.6-318.9-0.0060.407-8.28-5.81-6.20-4.172095.52293.9-95.79-97.6214.1814.19-13.14-13.151.331.31-1.59-1.530.8810.85322.7923.38-21.65-21.76

2910/23/200811:35:23318.7-317.40.0070.413-8.54-5.06-5.94-3.981974.41759.8-95.41-97.7114.4114.41-13.14-13.151.331.32-1.60-1.590.8530.85422.5123.09-21.81-21.93-150071009Unbiased

3010/23/200811:38:17318.1-320.3-0.0150.405-8.73-6.46-6.39-4.301748.81594.7-95.41-97.7114.4114.41-13.16-13.161.301.33-1.49-1.520.9310.90423.0223.60-21.65-21.76

3110/23/200812:10:33320.2-319.9-0.0100.401-8.29-4.81-6.27-4.231813.81580.7-93.96-97.6814.4114.42-13.15-13.161.371.32-1.54-1.510.8610.88822.8223.41-21.72-21.82150021000Biased +/-10V

3210/23/200812:10:57320.3-319.5-0.0120.395-8.10-5.31-6.00-3.922154.11897.7-94.00-97.7014.4114.41-13.15-13.161.341.36-1.51-1.540.8820.88522.9523.53-21.68-21.78

3310/23/200812:44:35320.0-316.3-0.0100.399-8.71-4.30-6.06-4.171905.91734.0-93.96-97.8514.4114.41-13.16-13.171.351.36-1.51-1.530.8370.85422.8823.47-21.68-21.79-150021050Biased +/-10V

3410/23/200812:45:40320.6-321.2-0.0190.402-8.52-6.13-6.50-4.232086.91753.8-93.96-97.7914.4114.41-13.16-13.171.321.36-1.54-1.600.8810.87923.0723.67-21.61-21.72

3510/23/200813:20:11320.8-319.40.0080.405-7.83-6.19-7.07-4.802037.21604.7-94.76-97.5314.4014.41-13.16-13.161.351.33-1.58-1.630.8870.86622.7023.30-21.73-21.84150031125Biased +/-10V

3610/23/200813:20:56321.3-317.10.0010.406-8.02-6.19-7.07-4.422046.71599.6-94.76-97.7914.4114.41-13.16-13.171.351.29-1.51-1.580.8370.84422.9523.55-21.65-21.76

3710/23/200813:51:29320.2-318.50.0060.399-7.97-5.94-7.02-4.622211.41994.9-94.89-97.6414.3814.39-13.14-13.141.311.35-1.58-1.640.9200.86822.7823.37-21.73-21.84-150031000Biased +/-10V

3810/23/200813:52:08319.7-318.4-0.0050.403-8.41-6.26-7.15-3.851834.31988.4-94.77-97.7714.3814.39-13.14-13.141.341.36-1.58-1.590.8610.86823.0223.61-21.66-21.76

3910/23/200814:22:26321.4-321.9-0.0050.408-9.42-6.45-7.21-4.812253.62005.3-95.00-97.6814.3814.38-13.14-13.141.371.33-1.56-1.540.8640.86322.9123.50-21.69-21.79150011000Biased +/-10V

4010/23/200814:23:12321.5-321.0-0.0060.402-9.61-6.45-7.15-4.622344.61839.8-94.92-97.8314.3814.39-13.14-13.151.361.34-1.58-1.630.8630.85823.1223.72-21.63-21.73

4110/23/200814:54:07320.0-319.40.0000.408-9.48-6.26-6.77-4.811767.92255.2-94.81-97.7714.3814.38-13.14-13.141.361.33-1.55-1.620.8850.84322.8323.42-21.70-21.81-150011000Biased +/-10V

4210/23/200814:54:53321.8-322.8-0.0130.401-9.68-6.32-6.95-4.551615.62167.8-94.72-97.8614.3814.38-13.14-13.151.361.31-1.52-1.610.9020.87923.0523.65-21.63-21.72

4310/23/200815:26:35318.9-322.00.0000.384-9.61-6.51-6.95-4.362390.21600.5-94.89-103.2014.3814.38-13.14-13.141.401.33-1.54-1.560.8350.86022.9123.51-21.67-21.77150061030Biased +/-10V

4410/23/200815:26:57320.1-323.8-0.0090.374-9.48-6.26-7.02-4.102618.01690.2-94.79-103.2314.3914.39-13.14-13.151.371.38-1.55-1.550.8660.88523.1023.68-21.62-21.71

4510/23/200815:57:26319.4-321.0-0.0090.388-10.38-5.31-7.02-3.921852.01703.3-94.72-103.0214.3914.39-13.15-13.161.331.33-1.54-1.560.8510.90322.9323.53-21.67-21.76-150061000Biased +/-10V

4610/23/200815:59:05320.7-319.1-0.0100.384-10.06-6.64-7.21-4.562071.52117.1-94.98-103.1614.3914.40-13.16-13.161.331.33-1.55-1.550.8490.94223.1523.76-21.60-21.68

4710/23/200816:29:31321.4-319.6-0.0060.465-10.38-3.54-7.34-5.061848.61848.6-94.73-98.5914.3914.40-13.15-13.161.361.34-1.54-1.540.8620.85922.9123.48-21.68-21.77150051000Biased +/-10V

4810/23/200816:30:10322.4-321.5-0.0100.459-10.12-5.88-7.21-4.681678.21737.9-94.70-98.8214.3914.40-13.15-13.161.321.36-1.49-1.540.8590.84723.0623.65-21.63-21.72

4910/23/200817:00:47321.3-317.8-0.0060.467-10.18-5.43-7.14-4.932102.61686.5-95.06-98.5914.4014.40-13.15-13.161.331.32-1.54-1.530.9040.90222.8823.45-21.68-21.77-150051000Biased +/-10V

5010/23/200817:01:11319.9-320.0-0.0090.455-10.18-5.62-7.27-4.552015.81450.3-94.97-98.7814.4014.40-13.15-13.161.311.33-1.58-1.600.8600.85023.0723.65-21.62-21.71

5110/23/200817:31:37319.5-319.90.0020.455-9.99-6.07-6.95-4.812145.12330.4-94.83-98.4314.3914.40-13.15-13.151.371.35-1.58-1.630.8660.88922.7923.38-21.70-21.79150071000Biased +/-10V

5210/23/200817:32:47322.6-319.8-0.0140.459-10.43-6.45-7.39-4.812559.21825.6-94.93-98.7814.4014.40-13.15-13.161.341.32-1.58-1.530.8680.81623.0923.68-21.61-21.70

5310/23/200818:03:55319.2-320.00.0120.455-9.74-5.94-6.83-4.621766.91729.1-94.92-98.5114.3914.39-13.14-13.151.331.36-1.54-1.650.8550.84222.6523.24-21.75-21.83-150071000Biased +/-10V

5410/23/200818:06:19321.5-321.4-0.0110.456-10.56-6.76-7.52-5.061965.61551.2-95.08-98.7214.3914.40-13.15-13.161.341.34-1.56-1.600.8820.89323.1423.74-21.59-21.68

DDD


Figure 7.  LTS2020  OPAMP  Tester
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