Radiation Report
LMP7704-SP Total lonizing Dose (TID)

i3 TEXAS INSTRUMENTS

ABSTRACT

This report covers the radiation characterization results of the LMP7704-SP, a quad-channel precision amplifier
with low input bias current and low offset voltage. Total lonizing Dose (TID) effects were evaluated under a high
dose rate (HDR) up to 100krad(Si). No functional failures were recorded, but some samples exhibited parametric
drift of the input bias current (Ig), common-mode rejection ratio (CMRR), or open-loop gain (Ag|) specifications
under HDR conditions; of these, CMRR and Ag_ recovered to levels within the data sheet limits after annealing,
and Ig remained within the specified overtemperature (Tp = —-55°C to +125°C) limits.

TID effects were evaluated under low dose rate (LDR) up to 100krad(Si) biased and 150krad(Si) unbiased for

a lookahead characterization. All of the samples passed within the specified data sheet limits for all measured
parameters. As the device did not experience notable parametric shifts under LDR conditions, the LMP7704-SP
is considered non-ELDRS to 100krad(Si).
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1 Device Information

1.1 Product Description

The LMP7704-SP is a precision amplifier with low input bias, low offset voltage, 2.5MHz gain bandwidth, and a
wide supply voltage. The device is radiation-hardened and operates in the military temperature range of -55°C
to +125°C. The high dc precision of this amplifier, specifically the low offset voltage of +60uV and ultra-low
input bias of £500fA, make this device an excellent choice for interfacing with precision sensors with high-
output impedances. This amplifier can be configured for transducer, bridge, strain gauge, and transimpedance
amplification.

Radiation lot acceptance testing (RLAT) for the LMP7704-SP is performed with high dose rate condition A

as specified in MIL-STD-883, method 1019. The radiation end point limits for the specified parameters are
guaranteed only for the conditions as specified in MIL-STD-883, method 1019, condition A, to a maximum total
dose of 100krad (Si).

1.2 Device Details

Table 1-1 lists the device information used in the initial TID characterization and qualification of HDR tests.
Devices used for one-time LDR characterization were built with a preliminary 14-pin D package, but used the
same die as the final 14-pin HBH devices, as listed in Table 1-2.

Table 1-1. HDR Device and Exposure Details
TID HDR Details: 100krad(Si)

TI Device Number LMP7704-SP
Package 14-pin, HBH
Technology VIP050
Die Lot Number 9010552
A/T Lot Number | Date Code 0009073 | 2047A
Quantity Tested 25 biased units (5 control units)
Lot Accept | Reject Devices passed 100krad(Si)

HDR Radiation Facility Texas Instruments SVA Group, Santa Clara, CA
HDR Dose Level 20krad(Si), 30krad(Si), 50krad(Si), 100krad(Si)
HDR Dose Rate 294.890121rad(Si)/s

HDR Radiation Source Gamma cell 220 Excel (GC-220E) Co-60

Irradiation Temperature Ambient, room temperature

Table 1-2. LDR Device and Exposure Details
TID LDR Details: 100krad (Si)

TI Device Number LMP7704-SP
Package 14-pin, D (preliminary package, built with final die)
Technology VIP050
Die Lot Number 6238021
A/T Lot Number | Date Code AF55U | 67

15 biased units (3 control units), 15 unbiased units (3

Quantity Tested control units)
Lot Accept | Reject Devices passed 100krad(Si)
LDR Radiation Facility VPT Rad, Chelmsford, Massachusetts
Biased and unbiased devices: 50krad(Si), 75krad(Si),
LDR Dose Level 100krad(Si)
Unbiased devices only: 150krad(Si)

LDR Dose Rate 10mrad(Si)/s
LDR Radiation Source JLSA 81-22 Low Dose Rate Cobalt 60 Irradiator
Irradiation Temperature Ambient, room temperature
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2 Total Dose Test Setup
2.1 Test Overview

The LMP7704-SP is irradiated up to the target radiation level, and then put through full electrical parametric
testing on the production Automated Test Equipment (ATE). Since the LMP7704-SP VIP050 process
technology contains both bipolar and CMOS components, HDR is performed, up to 100krad(Si). For lookahead
characterization, biased LDR is performed up to 100krad(Si), and unbiased LDR is performed up to 150krad(Si).
Analysis of available parametric data from HDR and LDR results is used to determine that the LMP7704-SP is
not considered Enhanced Low Dose Rate Sensitive (ELDRS).

2.2 Test Description and Facilities

The LMP7704-SP HDR exposure was performed on biased devices in a Cobalt-60 gamma cell at Tl SVA facility
in Santa Clara, California. The unattenuated dose rate of this cell is 294.890121rad(Si)/s. After exposure, the
devices were packed in dry ice (per MIL-STD-883, Method 1019.9, Section 3.10) and returned to Tl Dallas

for a full post-radiation electrical evaluation using Texas Instruments ATE. ATE guard-band test limits are set
within SMD electrical limits to provide a minimum C and test error margin based on initial qualification and
characterization data. Post-radiation measurements were taken within 30 minutes of removal of the devices
from the dry ice container. The devices were allowed to reach room temperature prior to electrical post-radiation
measurements.

The LMP7704-SP LDR exposure was performed on biased and unbiased devices in a Co-60 gamma cell under
a 10mrad(Si)/s exposure rate. The dose rate of the irradiator used in the exposure ranges from < 10mrad(Si)/s to
a maximum of approximately 84rad(Si)/s, determined by the distance from the source.

For the LDR (10mrad(Si)/s) exposure, the test box was positioned approximately 2m from the source. The
exposure boards are housed in a lead-aluminum box (as specified in MIL-STD-883, Method 1019.9) to harden
the gamma spectrum and minimize dose enhancement effects. The irradiator calibration is maintained by
Logmire Laboratories using Thermoluminescence Dosimeters (TLDs) traceable to the National Institute of
Standards and Technology (NIST) and the dosimetry was verified using TLDs prior to the radiation exposures.
ATE guard-band test limits are set within SMD electrical limits to provide a minimum Cp, and test error margin
based on initial qualification and characterization data.

2.3 Test Setup Details

Biased HDR up to 100krad(Si) exposure was tested. The test devices were shown to be functional and passed
electrical testing within the data sheet limits in advance of the exposure. The devices for LDR exposure

were tested up to 150krad(Si) in unbiased conditions and up to 100krad(Si) in biased conditions. Again, the
devices were shown to be functional and passed electrical testing within the data sheet limits for all parameters
measured prior to the exposure.

2.4 Test Configuration and Condition

HDR devices were stressed at 20krad(Si), 30krad(Si), 50krad(Si), and 100krad(Si) for biased conditions. LDR
devices were stressed at 50krad(Si), 75krad(Si), and 100krad(Si) for biased and unbiased conditions, with an
additional 150krad(Si) read point for unbiased conditions.

For biased exposure, socketed boards were used. Each amplifier channel was placed in a buffer configuration,
with the amplifier noninverting input connected to mid-supply (GND). Split supplies of £6V (V+ = 6V, V- = —6V)
were used for a 12V effective supply voltage, in accordance with the specified maximum recommended supply
voltage of the device. For unbiased exposure, the device sockets are placed in conductive foam to short all pins
and prevent uneven charging.
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Figure 2-1. Bias Diagram Used in TID Exposure
Table 2-1. HDR = 50-300rad(Si)/s Biased Device Information (HDR)
Exposure Okrad(Si) . . . .
Level (Control) 20krad(Si) 30krad(Si) 50krad(Si) 100krad(Si)
Unit IDs 802, 803, 804, | 782,783,784, | 787,788,789, | 792,793,794, | 797,798, 799,
805, 806 785, 786 790, 791 795, 796 800, 801

Table 2-2. LDR = 10mrad(Si)/s Biased Exposure Information (LDR)

Exposure Level

50krad(Si)

75krad(Si)

100krad(Si)

Unit IDs 21

-30, 40-44 21-24, 26-30, 40-44

21-23, 27-30, 4044

Table 2-3. LDR = 10mrad(Si)/s Unbiased Exposure Information (LDR)

Exposure Level

50krad(Si)

75krad(Si) 100krad(Si)

150krad(Si)

Unit IDs 1-15

1-4, 6-8, 11-15 1-4, 6-8, 11-15

14, 6-8, 11-15

3 Tested Parameters

Due to the different packages used for LDR and HDR device characterization, the respective ATE programs and
testers used for the devices differed, leading to differences in the test conditions and coverage for input bias
current and gain bandwidth. Table 3-1 lists the specified limits at Tp = 25°C.

Table 3-1. LMP7704-SP Specification Compliance Matrix

LMP7704-SP Data Sheet
Parameter Test Condition (SNOSDB6) Test #, HDR Test #, LDR
MIN TYP MAX | Unit
Input offset voltage +60 +260 | pVv 104.4-104.11 37.x-38.x
Power-supply rejection |27V < Vs <12V | 10 dB | 104.16-104.19 41x
ratio 2.7V < Vg < 12V, Flight model post-HDR exposure 82
Vg =5V 0.5 +10
pA 120.0-120.3 50.x-51.xM
Vg = 5V, Flight model post-TID exposure +400
Input bias current
Vs =10V +1 +10
pA | 120.12-120.15 50.x-51.x(")
Vs = 10V, Flight model post-TID exposure +400
Input offset current +40 fA 11228 50__1 12 ;)01213

4 LMP7704-SP Total lonizing Dose (TID)

Copyright © 2024 Texas Instruments Incorporated

SNOAA52 — OCTOBER 2024
Submit Document Feedback


https://www.ti.com/lit/pdf/SNOSDB6
https://www.ti.com
https://www.ti.com/lit/pdf/SNOAA52
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNOAA52&partnum=LMP7704-SP

13 TEXAS

INSTRUMENTS
www.ti.com Tested Parameters
Table 3-1. LMP7704-SP Specification Compliance Matrix (continued)
LMP7704-SP Data Sheet
Parameter Test Condition (SNOSDB6) Test #, HDR Test #, LDR
MIN TYP MAX | Unit
Vs =5V, (V=) < Vg < (V+) 85 130
Vg =5V, (V=) < Vem < (V+), Flight model post-HDR 76 B 105.0-105.3 76.x
Common-mode rejection | exposure
ratio Vg = 10V, (V=) < VCM < (V+) 9 | 130
Vg = 10V, (V=) < VCM < (V+), Flight model post-HDR 83 dB 105.4-105.7 86.x
exposure
Vs =5V, (V=) + 0.3V < Vour < (V+) = 0.3V, R, = 2kQ 100 119
Vg = 5V, (V-) + 0.3V < Vour < (V+) - 0.3V, R_ = 2kQ, 84 dB | 106.0-106.3 92.x
Flight model post-HDR exposure
Open-loop voltage gain [y, "5y "v 1)+ 0.2V < Vour < (V+) - 0.2V, R, = 10kQ 100 | 130 dB | 106.4-106.7 93.x
Vg = 10V, (V=) + 0.3V < Vout < (V+) - 0.3V, R = 2kQ 100 121 dB | 106.8-106.11 94.x
Vg =10V, (V=) + 0.2V < Vour < (V+) = 0.2V, R_ = 10kQ | 100 134 dB | 106.12-106.15 95.x
Gain bandwidth 25 MHz 116.x @
Slew rate Vg =10V, G = 1, 9V step, 10% to 90% rising 0.8 Vius 109.x 204.x-205.x
o 110.0-110.3,
Positive rail, R = 2kQ to Vg /2 60 120 | mV 102.x, 104.x
110.16-110.19
P, p - 110.8-110.11,
Voltage output swing Positive rail, R = 10kQ to Vg /2 40 60 110 24-110.27 103.x, 105.x
from rail 110.4-110.7
Negative rail, R, = 2kQ to Vg /2 50 120 | mV 11020_110"2‘3 112.x, 114.x
. . _ 110.12-110.15,
Negative rail, R, = 10kQ to Vg /2 30 50 110.28-110 31 113.x, 115.x
Short-circuit current Vs = 5V, Vour = Vs / 2, Vi = £100mV +66, —76 mA 111.x 154""116717"‘); 170.x-
- — 101.2, 101.3,
Vs =5V, lp=0A 29 3.7 mA 122, 112.3 21.x
Total quiescent current 1014 1015
Vs =10V, Ip = 0A 3.2 4.2 mA 124, 112.5 22.x

M

Test hardware for D package is not optimized to measure values in the 10s of pA, so any shifts measured for this specification are

considered to be within experimental error because the shifts fall below the practical measurement floor of the test system (400

pA). For LDR devices, measurements performed at maximum recommended supply voltage are provided for reference only, for the
purposes of gross outlier screening. The test hardware for CFP package does not have this restriction, so HDR devices are measured
with full resolution.

@)

Test hardware for D package is not optimized to measure over-frequency values, and thus this parameter is not measured for LDR

devices. Even for CFP package devices, this test serves as a functional screen for gross outliers rather than a precise parametric

measurement.
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4 Total lonizing Dose Characterization Test Results
4.1 HDR Characterization Results

The parametric data for the LMP7704-SP show the device passes up to 100krad(Si) under HDR. No functional
failures were observed on any samples. Parametric shifts of Iz, CMRR, and A, values were observed, mostly
at 100rad(Si). Of the five devices dosed to 100krad(Si), four were allowed to anneal under biased conditions for
a total of 66 days, after which the devices were retested on the ATE. After annealing, all parameters were found
to recover to levels within the data sheet specifications for all four devices. The fifth device that was dosed to
100krad(Si) required no annealing, as all of the measured device parameters remained within the data sheet
specifications for normal, room-temperature operating conditions (T = 25°C).

4.1.1 Input Bias Current

Input bias current (Ig) for the LMP7704-SP is specified as £10pA maximum at Ta = 25°C, with £0.5pA typical for
Vs =5V and £1.0pA typical for Vg = 10V. The input bias current was measured at Vg = 5V and Vg = 10V, with
test limits of £10pA.

The noninverting input of channel B for one sample (unit 787) was found to measure —21.83pA, outside of
the data sheet specification, after exposure to 30krad(Si) (Vs = 10V). Because of the parametric drift of the
noninverting input bias current, the channel input offset current differed significantly from the specified typical
value of +40fA, instead measuring —20.93pA. When the same input pin was measured at Vg = 5V, a value of
—9.50pA was recorded, within the data sheet specification but noticeably shifted from the pre-exposure value.
No other devices experienced any significant parametric shifts for input bias current on any input pin, on any
channel, including after exposure to 100krad(Si).

While the value of Ig is specified as £10pA maximum at Ta = 25°C, the value is specified as +400pA across

the device operating temperature range (Tp = —55°C to +125°C) and for post-TID exposure. The aforementioned
outlier recorded at 30krad(Si) remained well within this limit. Any possible effects of annealing on the unit were
not explored.

4.1.2 Common-Mode Rejection Ratio

Common-mode rejection ratio (CMRR) for the LMP7704-SP is specified as 130dB typical at Tp = 25°C, with
85dB (£158puV/V) minimum when Vg = 5V and 90dB (+70.8uV/V) minimum when Vg = 10V. Across the device
operating temperature range (Tp = -55°C to +125°C), a minimum value of 81dB (£89.1uV/V) applies when Vg
= 5V and a minimum value of 86dB (+50.1uV/V) applies when Vg = 10V. The device data sheet also specifies
a post-HDR exposure value of 76dB (£158uV/V) for Ty = -55°C to +125°C when Vg = 5V, and a post-HDR
exposure value of 83dB (x70.8uV/V) for Tp = -55°C to +125°C when Vg = 10V.

The parametric graphs plotted in Appendix A reflect the CMRR test limits associated with a guardbanded
measurement under normal room-temperature operating conditions, with Ty = 25°C (x45.1uV/V when Vg = 5V,
and +31.6uV/V when Vg = 10V). The plots of interest (105.0-105.7) are reproduced with the actual post-HDR
data sheet limits (£158pV/V when Vg = 5V, and £70.8uV/V when Vg = 10V) in Appendix C.

When the post-HDR exposure data sheet limits are considered, only a single device is found to have a
parametric shift in excess of the data sheet limit. Channel D for one sample (unit 797) was found to measure
—75.64uV/V, outside of the data sheet specification, after exposure to 100krad(Si) (Vs = 10V). After annealing
under biased conditions (t = 66 days), this value recovered to —-54.75uV/V, within the data sheet specification.
The CMRR value for the same channel when measured at Vg = 5V was found to be within the data sheet
specifications without need for annealing.

4.1.3 Open-Loop Gain

Open-loop gain (AgL) for the LMP7704-SP is specified as 100dB (x10pV/V) minimum at Ta = 25°C, both for R,
= 2kQ (output swings within 300mV of the output rails) and for R = 10kQ (output swings within 200mV of the
output rails). Ag is measured at both Vg = 5V and Vg = 10V.

» For Vg =5V, typical values of 130dB (x0.32uV/V) apply for R_ = 10kQ and values of 119dB (+1.12uV/V) apply
for R = 2kQ. Across the device operating temperature range (Tp = -55°C to +125°C), a minimum value of
96dB (+15.85uV/V) applies when R, = 10kQ and a minimum value of 94dB (£19.95uV/V) applies when R =
2kQ. The device data sheet also specifies a post-HDR exposure value of 84dB (+63.1uV/V) for Tp = -55°C to
+125°C when R = 2kQ.
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* For Vg =10V, typical values of 134dB (£0.2uV/V) apply for R_ = 10kQ and values of 121dB (£0.89uV/V) apply
for R = 2kQ. Across the device operating temperature range (Tp = —-55°C to +125°C), a minimum value of
97dB (£14.1pV/V) applies when R = 10kQ and a minimum value of 94dB (£19.95pV/V) applies when R =
2kQ.

The parametric graphs plotted in Appendix A reflect the Ag,_ test limits associated with a guardbanded
measurement under normal room-temperature operating conditions, with Ty = 25°C (x9uV/V). The plots of
interest (106.0-106.3) are reproduced with the actual post-HDR data sheet limits (+63.1uV/V) in Appendix C.

When the post-HDR exposure data sheet limits are considered, only a single device is found to have parametric
shifts in excess of the data sheet limits. For one sample (unit 801) the Ag, of Channel B was found to measure
—88.12uV/V and the Ag, of Channel C was found to measure —63.30uV/V after exposure to 100krad(Si) (Vg =
5V, R| = 2kQ). After annealing under biased conditions (t = 66 days), these value recovered to —51.73V/V and
—56.17uV/V respectively, within the data sheet specification. The CMRR values for the same channels when
measured with R = 2kQ and Vg = 5V, or with either load resistance and Vg = 10V, were found to be within the
data sheet specifications without need for annealing.

4.2 LDR Characterization Results

No parametric failures were observed. The parametric data for the LMP7704-SP in preliminary D package show
the device passes up to 150krad(Si) under LDR when unbiased, and up to 100krad (Si) under LDR when biased.
Gain bandwidth is not explicitly included in this assessment due to incomplete test coverage. Plots showing the
parametric shifts for each device are provided in Appendix B.

4.3 ELDRS Characterization Results

When the available post-irradiation HDR and LDR parametric data for the LMP7704-SP are compared at
100krad(Si), no parametric failures are found under either biased or unbiased conditions for LDR exposure. All
tested parameters are found to be within the data sheet specifications. For HDR exposure, degradation of Ig,
CMRR, and Ap, were observed on various devices. Therefore, HDR conditions are found to lead to greater
parametric shifts than LDR conditions, and the device is thus classified as non-ELDRS to 100krad(Si) under
MIL-STD-883, Method 1019.

Because the LMP7704-SP is non-ELDRS, production RLAT for the device is performed with high dose rate
Condition A to a maximum total dose of 100krad(Si), as specified in MIL-STD-883, Method 1019. The radiation
end point limits for the specified parameters are guaranteed only for the conditions specified in MIL-STD-883,
Method 1019, Condition A.

4.4 Summary of Results

The parametric data for the LMP7704-SP show the device passes up to 100krad(Si) under HDR conditions,

up to 150krad(Si) under LDR conditions when unbiased, and up to 100krad(Si) under LDR conditions when
biased. No functional failures were observed on any samples. The device exhibited parametric drift of the Ig,
CMRR, and Ag, specifications under HDR conditions; of these, CMRR and Ag, recovered to levels within the
data sheet limits after annealing, and Ig remained within the specified post-TID exposure limits. As the device did
not experience notable parametric shifts under LDR conditions, the LMP7704-SP is considered non-ELDRS to
100krad(Si).

The data suggest that circuit designers seeking to use the LMP7704-SP must consider the possible effects of
parametric drift of the Iz, CMRR, and Ag, specifications when assessing circuits for fault-planning purposes.

5 References

1. Texas Instruments, LMP7704-SP Radiation Hardness Assured (RHA), Precision, Low Input Bias, RRIO,
Wide Supply Range Amplifier Data Sheet
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HDR Report
LMP7704-SP

1.2_InitContiVee OUTA

Test Site TI Dallas TI Dallas
Tester ETS364 ETS364
Test Number EB4632 EB4632
Unit \' \'
Max Limit -0.9 -0.9
Min Limit -1 -1
krad(Si) Serial # PRE HDR POST HDR Delta Delta % % of Limit Range
0 802 -0.937 -0.941 -0.005 0.49% 4.62%
0 803 -0.937 -0.942 -0.005 0.56% 5.21%
0 804 -0.937 -0.942 -0.005 0.55% 5.13%
0 805 -0.936 -0.943 -0.006 0.65% 6.06%
0 806 -0.936 -0.942 -0.006 0.63% 5.85%
20 782 -0.936 -0.974 -0.038 4.02% 37.64%
20 783 -0.935 -0.982 -0.047 5.00% 46.75%
20 784 -0.937 -0.976 -0.040 4.24% 39.70%
20 785 -0.937 -0.977 -0.040 4.27% 40.03%
20 786 -0.935 -0.972 -0.037 3.97% 37.12%
30 787 -0.936 -0.935 0.000 -0.03% 0.32%
30 788 -0.936 -0.937 -0.001 0.11% 1.00%
30 789 -0.936 -0.938 -0.001 0.13% 1.23%
30 790 -0.937 -0.937 -0.001 0.08% 0.75%
30 791 -0.937 -0.938 -0.001 0.09% 0.83%
50 792 -0.936 -0.936 0.000 0.04% 0.33%
50 793 -0.937 -0.936 0.000 -0.02% 0.21%
50 794 -0.936 -0.937 -0.001 0.09% 0.83%
50 795 -0.936 -0.937 -0.001 0.06% 0.54%
50 796 -0.936 -0.941 -0.004 0.45% 4.24%
100 797 -0.936 -0.936 0.000 0.03% 0.25%
100 798 -0.936 -0.936 0.000 0.02% 0.19%
100 799 -0.936 -0.936 0.000 -0.03% 0.31%
100 800 -0.937 -0.937 0.000 0.04% 0.37%
100 801 -0.936 -0.936 -0.001 0.09% 0.81%
101 797A -0.936 -0.936 0.000 -0.02% 0.17%
101 798A -0.936 -0.937 -0.001 0.07% 0.67%
101 799A -0.936 -0.937 0.000 0.01% 0.06%
101 801A -0.936 -0.935 0.000 -0.01% 0.14%
Max -0.935 -0.935 0.000 5.00% 46.75%
Average -0.936 -0.944 -0.008 0.88% 8.32%
Min -0.937 -0.982 -0.047 -0.03% 0.06%
Std Dev 0.000 0.015 0.015 1.61% 15.02%

TID Report
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Average -0.942 -0.976 -0.937 -0.937 -0.936 -0.936
Max -0.941 -0.972 -0.935 -0.936 -0.936 -0.935
uL -0.900 -0.900 -0.900 -0.900 -0.900 -0.900
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TID Report

HDR Report
LMP7704-SP
1.3_InitContiVee OUTB . - R?=0.1825
Test Site TI Dallas TI Dallas 1.3_InitContiVee_OUTB
Tester ETS364 ETS364 0.010
Test Number EB4632 EB4632
Unit v v 0.000 $ ¢ —————®
Max Limit 0.9 0.9 L
Min Limit -1 =il = -0.010 P
krad(Si) Serial # PRE HDR POST HDR Delta Delta % % of Limit Range T 0020 [
0 802 -0.937 -0.942 -0.005 0.49% 4.57% s
0 803 -0.937 -0.942 -0.005 0.55% 5.14% 2 oo
0 804 -0.937 -0.942 -0.005 0.54% 5.10%
0 805 -0.937 -0.943 -0.006 0.64% 6.03% -0.040 3
0 806 -0.936 -0.942 -0.006 0.62% 5.83% PS
20 782 -0.936 -0.974 -0.038 4.02% 37.63% -0.050
20 783 -0.936 -0.982 -0.047 5.00% 46.82% 0 20 40 60 80 100 120
20 784 -0.937 -0.977 -0.040 4.24% 39.74% krad(Si)
20 785 -0.937 -0.977 -0.040 4.28% 40.08%
20 786 -0.935 -0.973 -0.037 3.97% 37.15%
30 787 -0.936 -0.936 0.000 -0.04% 0.35% 1.3_InitContiVee OUTB
30 788 -0.936 -0.937 -0.001 0.11% 1.01% Test Site TI Dallas
30 789 -0.937 -0.938 -0.001 0.13% 1.22% Tester ETS364
30 790 -0.937 -0.938 -0.001 0.08% 0.77% Test Number EB4632
30 791 -0.937 -0.938 -0.001 0.09% 0.83% Max Limit -0.9 V
50 792 -0.936 -0.936 0.000 0.03% 0.26% Min Limit -1 i
50 793 -0.937 -0.937 0.000 -0.02% 0.22% 0 20 30 50 100 101
50 794 -0.936 -0.937 -0.001 0.08% 0.75% -1.000 -1.000 -1.000 -1.000 -1.000 -1.000
50 795 -0.937 -0.937 -0.001 0.05% 0.51% -0.943 -0.982 -0.938 -0.941 -0.937 -0.937
50 796 -0.937 -0.941 -0.004 0.45% 4.24% Average -0.942 -0.977 -0.937 -0.938 -0.937 -0.936
100 797 -0.936 -0.936 0.000 0.03% 0.24% Max -0.942 -0.973 -0.936 -0.936 -0.936 -0.936
100 798 -0.936 -0.936 0.000 0.02% 0.21% uL -0.900 -0.900 -0.900 -0.900 -0.900 -0.900
100 799 -0.937 -0.936 0.000 -0.03% 0.28%
100 800 -0.937 -0.937 0.000 0.04% 0.34%
100 801 -0.936 -0.937 -0.001 0.09% 0.80%
101 797A -0.936 -0.936 0.000 -0.02% 0.19% ’ .
101 798A -0.936 -0.937 -0.001 0.08% 0.73% 1.3_InitContiVee_OUTB
101 799A -0.937 -0.937 0.000 0.01% 0.08% -0.840
101 801A -0.936 -0.936 0.000 -0.01% 0.12% -0.860 20 30 50 100 101
Max -0.935 -0.936 0.000 5.00% 46.82% ’
Average -0.936 -0.945 -0.008 0.88% 8.32% -0.880 -
Min -0.937 -0.982 -0.047 -0.04% 0.08% ~0.900 - pass Range
Std Dev 0.000 0.015 0.015 1.61% 15.04%
-0.920 - Fail Range
-0.940 4 Min
-0.960 \/- —a—Average
'0980 d g M AX
-1.000 -
-1.020 -

krad(Si)
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HDR Report
LMP7704-SP

1.4_InitContiVee_OUTC

TID Report

Test Site TI Dallas TI Dallas
Tester ETS364 ETS364
Test Number EB4632 EB4632
Unit \' \'
Max Limit -0.9 -0.9
Min Limit -1 -1
krad(Si) Serial # PRE HDR POST HDR Delta Delta % % of Limit Range
0 802 -0.937 -0.942 -0.005 0.48% 4.54%
0 803 -0.937 -0.942 -0.005 0.55% 5.14%
0 804 -0.937 -0.942 -0.005 0.54% 5.04%
0 805 -0.937 -0.943 -0.006 0.64% 6.00%
0 806 -0.936 -0.942 -0.006 0.62% 5.76%
20 782 -0.937 -0.974 -0.038 4.01% 37.53%
20 783 -0.936 -0.982 -0.047 4.99% 46.71%
20 784 -0.937 -0.977 -0.040 4.23% 39.64%
20 785 -0.937 -0.977 -0.040 4.27% 40.01%
20 786 -0.936 -0.973 -0.037 3.96% 37.05%
30 787 -0.936 -0.936 0.000 -0.04% 0.33%
30 788 -0.937 -0.938 -0.001 0.10% 0.96%
30 789 -0.937 -0.938 -0.001 0.13% 1.23%
30 790 -0.937 -0.938 -0.001 0.08% 0.72%
30 791 -0.937 -0.938 -0.001 0.09% 0.84%
50 792 -0.936 -0.936 0.000 0.03% 0.32%
50 793 -0.937 -0.937 0.000 -0.03% 0.27%
50 794 -0.936 -0.937 -0.001 0.08% 0.77%
50 795 -0.937 -0.937 0.000 0.05% 0.47%
50 796 -0.937 -0.941 -0.004 0.45% 4.21%
100 797 -0.936 -0.936 0.000 0.02% 0.21%
100 798 -0.937 -0.937 0.000 0.02% 0.16%
100 799 -0.937 -0.936 0.000 -0.03% 0.32%
100 800 -0.937 -0.937 0.000 0.04% 0.34%
100 801 -0.936 -0.937 -0.001 0.08% 0.77%
101 797A -0.936 -0.936 0.000 -0.02% 0.19%
101 798A -0.937 -0.937 -0.001 0.07% 0.66%
101 799A -0.937 -0.937 0.000 0.00% 0.04%
101 801A -0.936 -0.936 0.000 -0.02% 0.20%,
Max -0.936 -0.936 0.000 4.99% 46.71%
Average -0.937 -0.945 -0.008 0.88% 8.29%
Min -0.937 -0.982 -0.047 -0.04% 0.04%
Std Dev 0.000 0.015 0.015 1.61% 15.01%

1.4_InitContiVee_OUTC R?=0.1829
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-0.943 -0.982 -0.938 -0.941 -0.937 -0.937
Average -0.942 -0.977 -0.937 -0.938 -0.937 -0.937
Max -0.942 -0.973 -0.936 -0.936 -0.936 -0.936
uL -0.900 -0.900 -0.900 -0.900 -0.900 -0.900
1.4_InitContiVee_OUTC
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HDR Report
LMP7704-SP

1.5_InitContiVee_OUTD

Test Site TI Dallas TI Dallas
Tester ETS364 ETS364
Test Number EB4632 EB4632
Unit \' \'
Max Limit -0.9 -0.9
Min Limit -1 -1
krad(Si) Serial # PRE HDR POST HDR Delta Delta % % of Limit Range
0 802 -0.937 -0.942 -0.005 0.49% 4.59%
0 803 -0.937 -0.942 -0.005 0.55% 5.14%
0 804 -0.937 -0.942 -0.005 0.55% 5.11%
0 805 -0.937 -0.943 -0.006 0.64% 6.02%
0 806 -0.936 -0.942 -0.006 0.62% 5.84%
20 782 -0.936 -0.974 -0.038 4.02% 37.60%
20 783 -0.936 -0.982 -0.047 5.00% 46.81%
20 784 -0.937 -0.977 -0.040 4.24% 39.72%
20 785 -0.937 -0.977 -0.040 4.28% 40.06%
20 786 -0.936 -0.973 -0.037 3.97% 37.15%
30 787 -0.936 -0.936 0.000 -0.04% 0.36%
30 788 -0.936 -0.937 -0.001 0.11% 1.00%
30 789 -0.937 -0.938 -0.001 0.13% 1.24%
30 790 -0.937 -0.938 -0.001 0.08% 0.78%
30 791 -0.937 -0.938 -0.001 0.09% 0.84%
50 792 -0.936 -0.936 0.000 0.03% 0.30%
50 793 -0.937 -0.937 0.000 -0.02% 0.20%
50 794 -0.936 -0.937 -0.001 0.09% 0.80%
50 795 -0.937 -0.937 0.000 0.05% 0.49%
50 796 -0.937 -0.941 -0.004 0.45% 4.25%
100 797 -0.936 -0.936 0.000 0.03% 0.25%
100 798 -0.936 -0.936 0.000 0.02% 0.21%
100 799 -0.937 -0.936 0.000 -0.03% 0.27%
100 800 -0.937 -0.937 0.000 0.04% 0.36%
100 801 -0.936 -0.937 -0.001 0.09% 0.82%
101 797A -0.936 -0.936 0.000 -0.02% 0.17%
101 798A -0.936 -0.937 -0.001 0.08% 0.75%
101 799A -0.937 -0.937 0.000 0.01% 0.10%
101 801A -0.936 -0.936 0.000 -0.01% 0.11%
Max -0.936 -0.936 0.000 5.00% 46.81%
Average -0.936 -0.945 -0.008 0.88% 8.32%
Min -0.937 -0.982 -0.047 -0.04% 0.10%
Std Dev 0.000 0.015 0.015 1.61% 15.03%

TID Report
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-0.943 -0.982 -0.938 -0.941 -0.937 -0.937
Average -0.942 -0.977 -0.937 -0.938 -0.937 -0.936
Max -0.942 -0.973 -0.936 -0.936 -0.936 -0.936
uL -0.900 -0.900 -0.900 -0.900 -0.900 -0.900
1.5_InitContiVee_OUTD
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HDR Report
LMP7704-SP

1.6_InitContiVee INNA

Test Site TI Dallas TI Dallas
Tester ETS364 ETS364
Test Number EB4632 EB4632
Unit \' \'
Max Limit -0.95 -0.95
Min Limit =1.1 -1.1
krad(Si) Serial # PRE HDR POST HDR Delta Delta % % of Limit Range
0 802 -1.024 -1.028 -0.004 0.38% 2.59%
0 803 -1.024 -1.029 -0.004 0.44% 2.98%
0 804 -1.024 -1.029 -0.004 0.44% 2.99%
0 805 -1.024 -1.030 -0.005 0.52% 3.57%
0 806 -1.024 -1.029 -0.005 0.51% 3.51%
20 782 -1.023 -1.060 -0.036 3.54% 24.13%
20 783 -1.023 -1.068 -0.045 4.39% 29.97%
20 784 -1.024 -1.062 -0.038 3.73% 25.45%
20 785 -1.024 -1.063 -0.038 3.76% 25.67%
20 786 -1.023 -1.058 -0.036 3.50% 23.84%
30 787 -1.023 -1.023 0.000 0.00% 0.01%
30 788 -1.024 -1.025 -0.001 0.11% 0.77%
30 789 -1.024 -1.025 -0.001 0.13% 0.92%
30 790 -1.024 -1.025 -0.001 0.09% 0.61%
30 791 -1.024 -1.025 -0.001 0.10% 0.69%
50 792 -1.023 -1.023 0.000 0.05% 0.33%
50 793 -1.024 -1.024 0.000 0.00% 0.01%
50 794 -1.024 -1.025 -0.001 0.09% 0.64%
50 795 -1.024 -1.025 -0.001 0.07% 0.45%
50 796 -1.024 -1.028 -0.004 0.41% 2.79%
100 797 -1.023 -1.024 0.000 0.04% 0.27%
100 798 -1.023 -1.023 0.000 0.03% 0.21%
100 799 -1.024 -1.024 0.000 -0.02% 0.12%
100 800 -1.024 -1.025 0.000 0.04% 0.31%
100 801 -1.023 -1.024 -0.001 0.09% 0.63%
101 797A -1.023 -1.023 0.000 -0.03% 0.18%
101 798A -1.023 -1.024 -0.001 0.05% 0.34%
101 799A -1.024 -1.024 0.000 -0.01% 0.04%
101 801A -1.023 -1.023 0.000 -0.02% 0.12%
Max -1.023 -1.023 0.000 4.39% 29.97%
Average -1.024 -1.032 -0.008 0.77% 5.31%
Min -1.024 -1.068 -0.045 -0.03% 0.01%
Std Dev 0.001 0.014 0.014 1.41% 9.63%,

TID Report

2 _
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-1.030 -1.068 -1.025 -1.028 -1.025 -1.024
Average -1.029 -1.062 -1.025 -1.025 -1.024 -1.024
Max -1.028 -1.058 -1.023 -1.023 -1.024 -1.023
UL -0.950 -0.950 -0.950 -0.950 -0.950 -0.950
1.6_InitContiVee_INNA
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-0.900 |
-0.950 - Pass Range
Fail Range
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HDR Report
LMP7704-SP

1.7_InitContiVee INNB

Test Site TI Dallas TI Dallas
Tester ETS364 ETS364
Test Number EB4632 EB4632
Unit \' \'
Max Limit -0.95 -0.95
Min Limit =1.1 -1.1
krad(Si) Serial # PRE HDR POST HDR Delta Delta % % of Limit Range
0 802 -1.003 -1.007 -0.004 0.42% 2.78%
0 803 -1.003 -1.008 -0.005 0.47% 3.16%
0 804 -1.003 -1.008 -0.005 0.48% 3.20%
0 805 -1.003 -1.009 -0.006 0.57% 3.82%
0 806 -1.002 -1.008 -0.006 0.56% 3.75%
20 782 -1.002 -1.041 -0.039 3.89% 25.96%
20 783 -1.001 -1.050 -0.049 4.84% 32.34%
20 784 -1.003 -1.044 -0.041 4.10% 27.41%
20 785 -1.003 -1.045 -0.042 4.14% 27.67%
20 786 -1.002 -1.040 -0.038 3.84% 25.67%
30 787 -1.002 -1.002 0.000 -0.01% 0.07%
30 788 -1.003 -1.004 -0.001 0.11% 0.77%
30 789 -1.003 -1.004 -0.001 0.14% 0.95%
30 790 -1.003 -1.004 -0.001 0.09% 0.63%
30 791 -1.003 -1.004 -0.001 0.10% 0.69%
50 792 -1.002 -1.003 0.000 0.05% 0.32%
50 793 -1.003 -1.003 0.000 -0.01% 0.05%
50 794 -1.002 -1.003 -0.001 0.10% 0.65%
50 795 -1.003 -1.004 -0.001 0.07% 0.45%
50 796 -1.003 -1.007 -0.004 0.44% 2.97%
100 797 -1.002 -1.002 0.000 0.03% 0.21%
100 798 -1.002 -1.002 0.000 0.03% 0.23%
100 799 -1.003 -1.003 0.000 -0.02% 0.11%
100 800 -1.003 -1.003 0.000 0.05% 0.32%
100 801 -1.002 -1.003 -0.001 0.10% 0.68%
101 797A -1.002 -1.001 0.000 -0.04% 0.25%
101 798A -1.002 -1.003 -0.001 0.06% 0.41%
101 799A -1.003 -1.003 0.000 0.00% 0.01%
101 801A -1.002 -1.002 0.000 -0.01% 0.10%,
Max -1.001 -1.001 0.000 4.84% 32.34%
Average -1.002 -1.011 -0.009 0.85% 5.71%
Min -1.003 -1.050 -0.049 -0.04% 0.01%
Std Dev 0.001 0.016 0.016 1.56% 10.38%

TID Report

2 _
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-1.009 -1.050 -1.004 -1.007 -1.003 -1.003
Average -1.008 -1.044 -1.003 -1.004 -1.003 -1.002
Max -1.007 -1.040 -1.002 -1.003 -1.002 -1.001
UL -0.950 -0.950 -0.950 -0.950 -0.950 -0.950
1.7_InitContiVee_INNB
-0.850 T T T T ]
20 30 50 100 101
-0.900 -
-0.950 - Pass Range
Fail Range
> -1.000 '
v— Min
-1.050 - e Average
e Max
-1.100
-1.150 -

krad(Si)
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TID Report

HDR Report
LMP7704-SP
1.8 InitContiVee INNC . . R?=0.1754
Test Site TI Dallas TI Dallas 1.8_InitContiVee_INNC
Tester ETS364 ETS364 0.005
Test Number EB4632 EB4632 0.000 ¢ ¢ —————&
Unit v v -0.005 e
Max Limit -0.95 -~0.95 -0.010 =
Min Limit -1.1 -1.1 < 0015
krad(Si) Serial # PRE HDR POST HDR Delta Delta % % of Limit Range = 0020
0 802 -1.025 -1.028 -0.004 0.36% 2.46% g 00
0 803 -1.024 -1.029 -0.004 0.42% 2.85% -0.030
0 804 -1.025 -1.029 -0.004 0.42% 2.85% -0.035 3
0 805 -1.024 -1.030 -0.005 0.51% 3.46% -0.040
0 806 -1.024 -1.029 -0.005 0.49% 3.35% -0.045 *
20 782 -1.024 -1.060 -0.036 3.53% 24.11% -0.050
20 783 -1.023 -1.068 -0.045 4.39% 29.97% 0 20 a 60 8 100 120
20 784 -1.024 -1.062 -0.038 3.73% 25.44% krad(si)
20 785 -1.024 -1.063 -0.039 3.76% 25.67%
20 786 -1.023 -1.059 -0.036 3.50% 23.83%
30 787 -1.023 -1.023 0.000 0.00% 0.02% 1.8_InitContiVee INNC
30 788 -1.024 -1.025 -0.001 0.12% 0.82% Test Site TI Dallas
30 789 -1.024 -1.026 -0.001 0.14% 0.96% Tester ETS364
30 790 -1.024 -1.025 -0.001 0.09% 0.61% Test Number EB4632
30 791 -1.024 -1.026 -0.001 0.11% 0.72% Max Limit -0.95 v
50 792 -1.023 -1.023 -0.001 0.05% 0.33% Min Limit -1.1 v
50 793 -1.024 -1.024 0.000 0.00% 0.02% 0 20 30 50 100 101
50 794 -1.024 -1.025 -0.001 0.10% 0.67% -1.100 -1.100 -1.10