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IS-1825xSRH, IS-1825BSEH, ISL71823xRH
Neutron Testing of the IS-1825ASRH High-Speed Dual Output PWM

Introduction

This report summarizes results of 1MeV equivalent neutron testing of the IS-1825ASRH, the high-speed dual
output PWM. The test was conducted to determine the sensitivity of the part to displacement damage (DD)

caused by neutron or proton environments. Neutron fluences ranged from 5x10'"n/cm? to 1x1013n/cm2.

Product Description

The radiation hardened 1S-1825ASRH pulse width modulator is used in high frequency switched-mode power
supplies and can be used in either current-mode or voltage-mode. It is well suited for single-ended boost
converter applications.

Device features include a precision voltage reference, low power start-up circuit, high frequency oscillator, wide-
band error amplifier, and fast current-limit comparator. The use of proprietary process capabilities and unique
design techniques results in fast propagation delay times and high output current over a wide range of output
voltages. Constructed using the Renesas Rad Hard Silicon Gate (RSG) Dielectric Isolation BiICMOS process, the
IS-1825ASRH has been specifically designed to provide highly reliable performance when exposed to hard
radiation environments.

The IS-1825ASRH is available in five versions that differ in their electrical testing, total dose lot acceptance
testing, and output operation (1825 is dual alternating and 1823 is in-phase). The 1S-1825BSEH is acceptance
tested on a wafer-by-wafer basis to 300krad(Si) at high dose rate (50-300rad(Si)/s) and to 50krad(Si) at low dose
rate (0.01rad(Si)/s). The IS-1825ASRH and I1S-1825BSRH are acceptance tested on a wafer-by-wafer basis to
300krad(Si) at high dose rate (50-300rad(Si)/s) only. The ISL71823ASRH and ISL71823BSRH are acceptance
tested on a wafer-by-wafer basis to 300krad(Si) at high dose rate(50-300rad(Si)/s) only.

The devices are offered in a 16 Ld CDIP or a 20 Ld CDFP and are fully specified to across the temperature range
of -50°C to +125°C.

A functional block diagram for the IS-1825ASRH is shown in Figure 1.
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Figure 1. 1S-1825ASRH Functional Block Diagram
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1. Test Description

1.1 Irradiation Facility

Neutron fluence irradiations were performed on the test samples on March 29, 2023, at the University of
Massachusetts, Lowell (UMASS Lowell) fast neutron irradiator per Mil-STD-883G, Method 1017.2, with each part
unpowered during irradiation. The target irradiation levels were 5x1011n/cm2, 2x1012n/cm?2, and 1%1013n/cmZ2. As
neutron irradiation activates many of the heavier elements found in a packaged integrated circuit, the parts
exposed at the higher neutron levels required (as expected) some cooldown time before being shipped back to
Renesas (Palm Bay, FL) for electrical testing.

1.2 Test Fixturing

No formal irradiation test fixturing is involved, as these DD tests are bag tests in the sense that the parts are
irradiated with all leads unbiased.

1.3 Radiation Dosimetry

Table 1 shows dosimetry from UMASS Lowell, indicating the total accumulated gamma dose and actual neutron
fluence exposure levels for each set of samples.

Table 1. Neutron Fluence Dosimetry Data

. Requested Reactor Power . Fluence Rate Gamma Dose Measured
Irradiation Fluence (kW) Time (s) (nfcm2-s){11i2] (rad(Si))[3] Fluence
(n/cm?2) (n/cm?2)4]

CRF#77981-B 5.00E+11 50 131 3.83E+09 75 5.30E+11
CRF#77981-C 2.00E+12 80 327 6.12E+09 298 2.33E+12
CRF#77981-D 1.00E+13 1000 131 7.65E+10 1492 1.04E+13

1. Dosimetry method: ASTM E-265.

2. The neutron fluence rate is determined from Initial Testing of the New Ex-Core Fast Neutron Irradiator at UMass Lowell (6/18/02).
Validated on 6/07/2011 under the Trident Il DSLE neutron facility study by Navy Crane.

3. Based on reactor power at 1000kW, the gamma dose is 41krad(Si)/hr + 5.3% as mapped by TLD-based dosimetry.

4. Validated by S-32 flux monitors.

1.4 Characterization Equipment and Procedures

Electrical testing was performed before and after irradiation using the Renesas production automated test
equipment (ATE). All electrical testing was performed at room temperature.

1.5 Experimental Matrix

Testing proceeded in general accordance with the guidelines of MIL-STD-883 TM 1017. The experimental matrix
consisted of six samples irradiated at 5%101'n/cm?2, six irradiated at 2x1012n/cm2, and six irradiated at
1x1013n/cm?2. Table 2 shows the actual levels achieved, which were 5.30%x101n/cm2, 2.33x10'2n/cm2, and
1.04%1013n/cm2. Two control units were used.

The 20 1S-1825ASRH samples were drawn from Lot G5J3W. Samples were packaged in the 20-lead hermetically

sealed Ceramic Dual Flat-Pack (CDFP) production package. Samples were processed through burn-in before
irradiation and screened to the SMD limits at room, low, and high temperatures before the neutron testing.
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2. Results

Neutron testing of the IS-1825ASRH is complete, and the results are reported in the balance of this report. It
should be understood when interpreting the data that each neutron irradiation was performed on a different set of
samples; this is not total dose testing, where the damage is cumulative.

21 Attributes Data
Table 2. Attributes Data

1MeV Fluence, (n/cm?)
Sample Size Passl] Fail Notes
Planned Actual
5x1011 5.30x1011 6 6 0 All passed
2x1012 2.33x1012 6 6 0 All passed
1x1013 1.04x1013 6 6 0 All passed

1. A pass indicates a sample that passes all SMD limits.

2.2 Variables Data

The plots in Figure 2 through Figure 50 show data plots for key parameters before and after irradiation to each
level. The plots show the mean of each parameter as a function of neutron irradiation. The plots also include error
bars at each down-point, representing the minimum and maximum measured values of the samples. However, in
some plots, the error bars might not be visible because of their values compared to the scale of the graph. The
applicable electrical limits taken from the SMD are also shown.

All samples passed the post-TID irradiation SMD limits after all three exposures up to and including
1.04x1013n/cm2,
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Figure 2. 1S-1825ASRH reference output voltage (Vgrgg) following irradiation to each level. The error bars (if visible)
represent the minimum and maximum measured values. The post-TID irradiation SMD limits are a minimum of 4.29V
and a maximum of 5.28V.
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Figure 3. 1IS-1825ASRH line regulation (V| ;yg) following irradiation to each level. The error bars (if visible) represent
the minimum and maximum measured values. The post-TID irradiation SMD limits are a minimum of -20mV and a

maximum of 20mV.
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Figure 4. 1S-1825ASRH load regulation (V_gap), TmA to 10mA load step, following irradiation to each level. The error
bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limits are a

minimum of -50mV and a maximum of 50mV.
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Figure 5. 1S-1825ASRH total reference voltage output variation (Vgp), 12V supply, 1mA output current, following
irradiation to each level. The error bars (if visible) represent the minimum and maximum measured values. The
post-TID irradiation SMD limits are a minimum of 4.92V and a maximum of 5.28V.
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Figure 6. IS-1825ASRH total reference voltage output variation (Vgy), 20V supply, 1mA output current, following
irradiation to each level. The error bars (if visible) represent the minimum and maximum measured values. The
post-TID irradiation SMD limits are a minimum of 4.92V and a maximum of 5.28V.
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Figure 7. 1S-1825ASRH total reference voltage output variation (Vgp), 12V supply, 10mA output current, following
irradiation to each level. The error bars (if visible) represent the minimum and maximum measured values. The
post-TID irradiation SMD limits are a minimum of 4.92V and a maximum of 5.28V.
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Figure 8. 1S-1825ASRH total reference voltage output variation (Vgy), 20V supply, 10mA output current, following
irradiation to each level. The error bars (if visible) represent the minimum and maximum measured values. The
post-TID irradiation SMD limits are a minimum of 4.92V and a maximum of 5.28V.
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Figure 9. IS-1825ASRH reference short-circuit current (Igc) following irradiation to each level. The error bars (if
visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit is a minimum of

20mA.

Figure 10. IS-1825ASRH oscillator frequency (Fg) following irradiation to each level. The error bars (if visible)
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represent the minimum and maximum measured values. The post-TID irradiation SMD limits are a minimum of
300kHz and a maximum of 425kHz.
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Figure 11. 1S-1825ASRH oscillator frequency power supply rejection ratio (Fpgrg), 12V to 20V supply, following
irradiation to each level. The error bars (if visible) represent the minimum and maximum measured values. The
post-TID irradiation SMD limits are a minimum of -3% and a maximum of 3%.
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Figure 12. IS-1825ASRH oscillator total frequency variation (Fgy), 12V supply, following irradiation to each level. The
error bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limits are
a minimum of 300kHz and a maximum of 425kHz.
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Figure 13. IS-1825ASRH oscillator total frequency variation (Fgy), 20V supply, following irradiation to each level. The
error bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limits are
a minimum of 300kHz and a maximum of 425kHz.
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Figure 14. IS-1825ASRH clock output high voltage (V¢ _kn) following irradiation to each level. The error bars (if
visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit is a minimum of

3.75V.
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Figure 15. IS-1825ASRH clock output low voltage (V¢ kL) following irradiation to each level. The error bars (if visible)
represent the minimum and maximum measured values. The post-TID irradiation SMD limit is a maximum of 200mV.
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Figure 16. IS-1825ASRH error amplifier input offset voltage (Vgog) following irradiation to each level. The error bars (if
visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limits are a minimum
of -10mV and a maximum of 10mV.
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Figure 17. IS-1825ASRH error amplifier input bias current (Ig|as) following irradiation to each level. The error bars (if
visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limits are a minimum
of -2puA and a maximum of 2uA.
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Figure 18. IS-1825ASRH error amplifier input offset current (lgg) following irradiation to each level. The error bars (if
visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limits are a minimum
of -2puA and a maximum of 2uA.
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Figure 19. IS-1825ASRH error amplifier open-loop voltage gain (Ayg.) following irradiation to each level. The error
bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit is a

minimum of 60dB.
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Figure 20. IS-1825ASRH error amplifier common-mode rejection ratio (CMRR) following irradiation to each level. The
error bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit is a

minimum of 65dB.
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Figure 21. 1IS-1825ASRH error amplifier power supply rejection ratio (PSRR) following irradiation to each level. The
error bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit is a

minimum of 70dB.
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Figure 22. IS-1825ASRH error amplifier output sink current (I, ) following irradiation to each level. The error bars (if
visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit is a minimum of

1mA.
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Figure 23. IS-1825ASRH error amplifier output source current (Igy) following irradiation to each level. The error bars
(if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit is a minimum
of -0.5mA.
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Figure 24. 1S-1825ASRH error amplifier output high voltage (Vg a on) following irradiation to each level. The error
bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit is a
minimum of 4V.
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Figure 25. IS-1825ASRH error amplifier output low voltage (Vg/a o) following irradiation to each level. The error bars
(if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit is a maximum
of 1V.
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Figure 26. IS-1825ASRH PWM comparator ramp bias current (Igayp) following irradiation to each level. The error bars
(if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit is a maximum
of -8pA.
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Figure 27. IS-1825ASRH maximum PWM duty cycle (DCyax), output A, following irradiation to each level. The error
bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit is a

minimum of 40%.
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Figure 28. IS-1825ASRH maximum PWM duty cycle (DCyax), output B, following irradiation to each level. The error
bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit is a

minimum of 40%.
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Figure 29. IS-1825ASRH PWM comparator ramp offset voltage (RAMPoggset) following irradiation to each level. The
error bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit is a

minimum of 0.81V.
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Figure 30. IS-1825ASRH soft-start charge current (Icyg) following irradiation to each level. The error bars (if visible)
represent the minimum and maximum measured values. The post-TID irradiation SMD limits are a minimum of 8uA
and a maximum of 25uA.
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Figure 31. IS-1825ASRH soft-start discharge current (IpcHg) following irradiation to each level. The error bars (if
visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limits are a minimum
of 0.1mA and a maximum of 0.5mA.
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Figure 32. IS-1825ASRH restart threshold (Vgg) following irradiation to each level. The error bars (if visible) represent

the minimum and maximum measured values. The post-TID irradiation SMD limit is a maximum of 0.5V.
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Figure 33. IS-1825ASRH current sense bias current (Ig ) following irradiation to each level. The error bars (if
visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit is a maximum of
15uA.
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Figure 34. IS-1825ASRH current limit threshold (V1) following irradiation to each level. The error bars (if visible)
represent the minimum and maximum measured values. The post-TID irradiation SMD limits are a minimum of 0.85V
and a maximum of 1.15V.
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Figure 35. IS-1825ASRH overcurrent threshold (Voyggr) following irradiation to each level. The error bars (if visible)
represent the minimum and maximum measured values. The post-TID irradiation SMD limits are a minimum of 1.05V
and a maximum of 1.26V.
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Figure 36. IS-1825ASRH output low saturation voltage (Vsar.), A output at 20mA, following irradiation to each level.
The error bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit

is a maximum of 0.8V.
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Figure 37. 1IS-1825ASRH output low saturation voltage (Vgar.), B output at 20mA, following irradiation to each level.
The error bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit
is a maximum of 0.8V.
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Figure 38. IS-1825ASRH output low saturation voltage (VgarL), A output at 200mA, following irradiation to each level.
The error bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit
is a maximum of 2.2V.
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Figure 39. IS-1825ASRH output low saturation voltage (Vgat.), B output at 200mA, following irradiation to each level.
The error bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit

is a maximum of 2.2V.
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Figure 40. IS-1825ASRH output high saturation voltage (VgaTH), A output at 20mA, following irradiation to each level.
The error bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit

is @a minimum of 10V.
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Figure 41. IS-1825ASRH output high saturation voltage (VgaTH), B output at 20mA, following irradiation to each level.
The error bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limit
is @ minimum of 10V.
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Figure 42. IS-1825ASRH output high saturation voltage (VgatH), A output at 200mA, following irradiation to each
level. The error bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD
limit is a minimum of 9V.
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Figure 43. IS-1825ASRH output high saturation voltage (VgaTH), B output at 200mA, following irradiation to each
level. The error bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD
limit is a minimum of 9V.
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Figure 44. 1IS-1825ASRH undervoltage lockout (UVLO) output low saturation voltage (UVLOg, s), A output, following
irradiation to each level. The error bars (if visible) represent the minimum and maximum measured values. The post-
TID irradiation SMD limit is a maximum of 1.2V.
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Figure 45. IS-1825ASRH undervoltage lockout (UVLO) output low saturation voltage (UVLOg, g), B output, following
irradiation to each level. The error bars (if visible) represent the minimum and maximum measured values. The post-
TID irradiation SMD limit is a maximum of 1.2V.

®
©

®
®

+

©
o

®
w»

o
»~

o
w

UVLO Start Threshold Voltage (V)

—&— VSTART |

= = =Spec Limits

o
[N}

8.1

0 5.00E+11 2.00E+12 1.00E+13
Neutron Fluence (n/cm?)

Figure 46. IS-1825ASRH undervoltage lockout (UVLO) start threshold voltage (Vgtart) following irradiation to each
level. The error bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD
limits are a minimum of 8.2V and a maximum of 8.8V.
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Figure 47. 1IS-1825ASRH undervoltage lockout (UVLO) stop threshold voltage (Vstop) following irradiation to each
level. The error bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD
limits are a minimum of 7.6V and a maximum of 8.4V.
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Figure 48. IS-1825ASRH undervoltage lockout (UVLO) hysteresis (Vyys) following irradiation to each level. The error
bars (if visible) represent the minimum and maximum measured values. The post-TID irradiation SMD limits are a
minimum of 0.3V and a maximum of 1.2V.
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Figure 49. IS-1825ASRH startup current (lgy) following irradiation to each level. The error bars (if visible) represent

the minimum and maximum measured values. The post-TID irradiation SMD limit is a maximum of 300uA.
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Figure 50. IS-1825ASRH startup current (Ic¢) following irradiation to each level. The error bars (if visible) represent

the minimum and maximum measured values. The post-TID irradiation SMD limit is a maximum of 36mA.
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3. Discussion and Conclusion

This document reports the 1MeV equivalent neutron testing results of the 1S-1825ASRH, the high-speed dual
output PWM. Parts were tested at actual fluences of 5.30%x101'n/cm2, 2.33%x1012n/cm2, and 1.04%1013n/cm2. The
results of key parameters before and after irradiation to each level are plotted in Figure 2 through Figure 50. The
plots show the mean of each parameter as a function of neutron irradiation, with error bars representing the
minimum and maximum measured values. The figures also show the applicable electrical limits taken from the

SMD.

All samples passed the post-TID irradiation SMD limits after all three exposures up to and including
1.04%1013n/cm2,

4. Revision History

Revision Date Description
1.01 May 15, 2025 | Updated Variables Data and Discussion and Conclusion sections.
1.00 Jul 3, 2023 Initial release.
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A. Appendix

Table 3. Reported Parameters

Figure Parameter Symbol Conditions Low Limit | High Limit | Unit
2 Reference Output Voltage VREr 4.92 5.28 \Y
3 Line Regulation VLINE 12.0V < Vg < 20V -20 20 mV
4 Load Regulation Vi 0AD TmMA < lgyt < 10mA -50 50 mV
5 Vg =12V, lgyt = 1mA 4.92 5.28 \
6 Total Output Variation Voum Vs =20V, loyr = TmA 4.92 528
7 Vg =12V, lgoyt = 10mA 4.92 5.28
8 Vg =20V, lgyt = 10mA 4.92 5.28
9 Reference Short Circuit Current Isc VRer = 0V 20 - mA
10 Oscillator Frequency Fo 300 425 kHz
1 Oscillator Frequency PSRR Fpsrr 12.0V < Vg <20V -3 3 %
12 Oscillator Total Frequency F Vg =12V 300 425 kHz

ot oM

13 Variation Vg =20V 300 425 kHz

14 Clock Output High Voltage VeLKH 3.75 - \Y

15 Clock Output Low Voltage Verk - 0.2 \Y
Error Amplifier Input Offset _ _

16 Voltage Vos Vem =3V, Vg =3V -10 10 mV
Error Amplifier Input Bias _ _

17 Current IgiAs Vem =3V, Vg =3V -2 2 pA
Error Amplifier Input Offset _ _

18 Current IOS VCM =3V, VO =3V -2 2 [JA

19 Error Amplifier Open Loop Gain AyoL 1V <Vg <4V 60 - dB

20 Err.or Ampllfler Common Mode CMRR 15V < Vgy < 4V 65 ) dB
Rejection Ratio

o1 | Error Amplifier Power Supply PSRR 12V < Vg < 20V 70 - dB
Rejection Ratio
Error Amplifier Output Sink _

22 Current IOL VE/A ouT = 1V 1 - mA
Error Amplifier Output Source

23 Current IOH VE/A ouT = 4V -0.5 - mA
Error Amplifier Output High _

24 Voltage VE/A OH lE/A ouT = -0.5mA 4 - \
Error Amplifier Output Low

25 Voltage VemoL le/aout = 1TMA - 1 v

26 Comparator Ramp Bias Current IRAMP Vrawvp = 0V -8 - MA

27 Output A 40 - %
Duty Cycle Range DCpax

28 Output B 40 - %
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Table 3. Reported Parameters (Cont.)

Figure Parameter Symbol Conditions Low Limit | High Limit | Unit
29 Ramp Offset RAMPorEseT | VRampe = 0V 0.81 - \
30 Soft-Start Charge Current IcHe Vgg = 2.5V 8 25 HA
31 Soft-Start Discharge Current IpcHG Vgg = 2.5V 0.1 0.5 mA
32 Restart Threshold VRs - - 0.5 \
33 Current-Sense Bias Current IsLIM oV <Vim<2v - 15 MA
34 Current Limit Threshold VimiT - 0.85 1.15 \Y
35 Overcurrent Threshold Vover - 1.05 1.26 \%
36 Output A, loyt = 20mA - 0.8 Vv
37 Output B, Iyt = 20mA - 0.8 \
Output Low Saturation Voltage VsatL
38 Output A, Iyt = 200mA - 2.2 %
39 Output B, lgyT = 200mA - 2.2 %
40 Output A, Iyt = 20mA 10 - %
41 Output B, Igyt = 20mA 10 - \Y
Output High Saturation Voltage VsaTH
42 Output A, loyT = 200mA 9 - \Y
43 Output B, Igyt = 200mA 9 - \Y
44 UVLO Output Low Saturation UVLOoLs Output A - 1.2 v
45 | Voltage Output B - 1.2 v
46 Start Threshold Voltage VSTART - 8.2 8.8 \%
47 Stop Threshold Voltage Vstop - 7.6 8.4 Y
48 UVLO Hysteresis Vhys - 0.3 1.2 \%
49 Startup Current Isu Vg =8V - 300 MA
50 Supply Current lcc Vinv = Vrawe = Viuwso = 0V - 36 mA
VNoN-Iny = 1V

A.1 Related Information

For a full list of related documents, visit our website:

= 1S-1825ASRH device page

= MIL-STD-883 test method 1017
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