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TOTAL DOSE RADIATION TEST REPORT
on
Siemens BUZ100SL N-Channel Power Mosfet.
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1 Abstract

Under ESA/ESTEC contract n° 13413/98/NL/MV covering "Radiation Evaluation of Power MOSFET
Devices from Different European Manufacturers”, a large number of commercial Power MOSFET
device types were radiation assessed. Results from these assessments, primarily focused on the
radiation sensitivity of the MOSFETSs to Total lonizing Dose (TID) and Single Event Effects (SEE), are
reported in individual TID and SEE reports. Below summary table list manufacturer and evaluated
types, and give references to the various reports issued.

Manufacturer Type TID Report SEE Report
Philips PHP50NO6T ESA_QCA990901T_C ESA_QCA990901S_C
Philips BUK456-200A ESA_QCA990902T_C ESA_QCA990902S_C
Motorola MTP50N06VL ESA_QCA990903T_C
Motorola MTW32N20E ESA _QCA990904T_C
Motorola MTP50N06V ESA_QCA990905T_C
Siemens BUZ100S ESA_QCA990906T_C ESA_QCA990906S_C
Siemens BUZ100SL ESA_QCA990907T_C ESA_QCA990907S_C
Siemens BUZ341 ESA_QCA990908T_C ESA_QCA990908S_C
SGS-Thomson SP60 ESA_QCA990909T_C ESA_QCA990909S_C
SGS-Thomson SP100V ESA_QCA9909010T_C | ESA_QCA9909010S C
SGS-Thomson SP200V ESA_QCA9909011T_C | ESA_QCA9909011S C
Siemens SPP1N60S5 ESA_QCA9909012T_C | ESA_QCA9909012S C
Philips BUK7508-55 ESA_QCA9909013T_C | ESA_QCA9909013S _C
Harris HUF75639P3 ESA_QCA9909014T_C | ESA_QCA9909014S C

HRX/99.4566 Issue 01
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Part Type : BUZ100SL Manufacturer : Siemens

A total dose radiation evaluation test of the SIEMENS BUZ100SL N-Channel Power Mosfet has been
performed with an accumulated dose of about 37 Krad(Si) at a dose rate of 75 rad(Si)/hour, in
response to European Space Agency contract reference : 13413/98/NL/MV.

The purpose of this test was to evaluate total dose withstanding of this component, to investigate its
suitability for being used in space applications. This test was conducted on commercial samples

Test has been performed in accordance with Hirex proposal HRX/98.3475 issue 01.

A complete set of electrical measurements together with graphical representation of measured
parameters with respect to total dose received, are provided for all samples.

SEE results for this device type can be found in SEE radiation test report: ESA_QCA990907S_C

Applicable and Reference Documents

- ESA/SCC Basic specification N° 22900 issue 4

- Hirex Engineering proposal: HRX/98.3475 issue 01.

- MIL-STD-883: test methods and procedures for microcircuits

2 Introduction
provided by ESTEC.
3
3.1 Applicable Documents
- Siemens datasheet (see Annex)
3.2 Reference Documents
4 Test Samples

11 samples of the BUZ100SL device were tested (2 groups of 5 + 1 control sample). The samples
were serialized before the radiation test as indicated in the following table.

Allocation
Control
Bias 1
Bias 1
Bias 1
Bias 1
Bias 1
Bias 2
Bias 2
Bias 2
Bias 2
Bias 2

Serial Number

e
RB|o|o|~N|o|a|sw|n-

Identification of the BUZ100SL is given below:

Part Number:
Top Marking:
Diffusion Lot:

Date Code:

HRX/99.4566 Issue 01

SPP70NO5L

BUZ100SL B737

NA

B737

Page 4
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Chip Marking:
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5 Experimental Conditions

5.1 Radiation Source Dose Rate and Annealing

The dose exposures were performed at CERT-ONERA. In this irradiation facility, a Cobalt 60 source
is used with the possibility to vary the dose rate by simply adjusting the distance to the source.
The irradiation conditions used for this test are provided in the following table:

Irradiation Steps Dose rate Annealing steps Temperature
krads krads/h hours °C
0
3.85 0,075 25
7.35 0,075 25
13.95 0,075 25
19.65 0,075 25
24.65 0,075 25
29.85 0,075 25
36.85 0,075 0 25
24 25
192 100

5.2 Bias during Dose Exposures and Measurements conditions

521

Bias conditions

During exposures dedicated test boards were used mounted on a special board-holder made for
irradiation. The test board allowed to bias the devices in accordance with the electrical circuit
provided in Figure 1. Two bias conditions were used so called Bias 1 and Bias 2.

Bias 1 corresponds to a gate stress of VGSS equals 12 Volts. Bias 2 corresponds to drain to source
stress equals 80% of BVDSS.
During annealing steps the same stress conditions were applied at room and 100°C temperatures

respectively.

®

Vg = 12V

—

BIAS 1

b

o

BIAS 2

D

VDS = 80% BVDSS
(44V)

HA

Figure 1 : Bias Conditions during Irradiation Exposures and Annealing

HRX/99.4566 Issue 01
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5.2.2 Electrical Measurements

Mosfet transistor test program principle is provided in Figure 2. Due to the great number of samples
to be measured ( test campaign was conducted on 14 part types at the same time) and the time
interval constraints required for performing measurements after each exposure and annealing step, It
was decided to automate low power and high power measurements.

Two instruments were used to cover low power and high power measurements respectively.
HP4142B was used for breakdown voltage, gate and drain leakage currents, and threshold voltage
measurements.

Tektronix TEK371 high power curve tracer was used for Rpsony measurements.

A dedicated test fixture was designed to ensure proper switching of instruments. In addition a faraday
cup was used to ensure optimum conditions for low level measurements.

Test program has been written in Visual Basic on a PC computer. HPIB commands were sent to
each instrument via IEEE bus, in order to measure a given parameter with specified conditions.

Results were automatically loaded in an Excel worksheet and compared in real time to specification
limits. This allowed for real time data analysis in particular when failures were recorded.

Figure 2 : Mosfet transistor test program principle

HIREX

IEEE BUS
IEEE BUS

P
HP4142B Tester o Y |
I —( —
I —( —
ool||loo
ool||loo
oof|lo
) d L | TEK371 Curve tracer | O
—eore o—
oo e—
|
Mosfet Test
Fixture Board
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Electrical parameters test conditions and limits used for performing this test are given in the following table.

Symbol Test Parameter Test Min limit Max limit Unit
Conditions
BVDSS Drain to Source VGS=0V, 55 \%
breakdown voltage ID=0.25mA
VGSTH Gate to Source VDS>=VGS, 1.2 2 Vv
threshold voltage ID=0.13mA
+IGSS Positive Gate Source VGS=+20V, 100 nA
leakage current VDS=0V
-IGSS Negative Gate Source | VGS=-20V, 100 nA
leakage current VDS=0V
IDSS Drain current VGS=0V, 1 HA
VDS=50V
RDSON Static drain to source VGS=4.5V, 0.018 Ohm
on-state resistance ID=50A

HRX/99.4566 Issue 01

Table 1 : Measured electrical parameters
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6 Test Summary

A Total lonizing Dose assessment was carried out by Hirex Engineering under ESA contract on the
SIEMENS BUZ100SL N-Channel Power Mosfet.

2 groups of 5 samples each plus one control sample were used during testing. The first group was
exposed to radiation using Bias 1 conditions corresponding to a gate stress of the devices. The
second group of 5 samples was exposed to radiation using Bias 2 conditions corresponding to drain
to source stress of the devices, equals 80% of BVDSS (44 Volts).

Based on the analysis of the results, the tolerances of this component and main conclusion are
provided below.

Parametric Tolerance Level (>=Krad) - Bias 1: 24.65

Parametric Tolerance Level (>=Krad) - Bias 2: 13.95

| Parametric tolerance level represents the last cumulative exposure at which no samples failed any test

Main conclusion:

Breakdown voltage is out of specification limit at 19.65 Krad(Si) under Bias 2 conditions, and a
recovery is observed after 168 hours annealing step. Threshold voltage is marginally out of
specification at 29.85 Krad(Si) under Bias 1 conditions, and a recovery is observed after 168 hours
annealing step.

Threshold voltage is out of specification at 19.65 Krad(Si) under Bias 2 conditions, and a recovery is
also observed after 168 hours annealing step.

HRX/99.4566 Issue 01 Page 8
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7 Test Results

Test results including tables and graphics are provided in this section for each measured parameter.
To allow easy reading of data, each parameter is plotted twice, one for the first bias condition: Bias 1

and one for the second condition: Bias 2.

Parameter: Drain to source breakdown voltage: BVDSS-Bias1

Unit=V

Spec limit min: 55

Spec limits are represented in bold lines on the graphic.

VGS=0V, ID=0.25mA

Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 6,579E +01 6,569E +01 6,559E +01 6,588E +01 6,570E +01 6,573E +01 6,567E +01
2 6,547E +01 6,552E +01 6,507E +01 6,340E +01 6,242E +01 6,160E +01 6,090E +01
3 6,563E +01 6,564E +01 6,519E +01 6,315E +01 6,210E +01 6,120E +01 6,041E +01
4 6,566E +01 6,570E +01 6,506E +01 6,312E +01 6,202E +01 6,111E +01 6,030E +01
5 6,550E +01 6,549E +01 6,487E +01 6,294E +01 6,187E +01 6,100E +01 6,019E +01
6 6,555E +01 6,556E +01 6,534E +01 6,337E +01 6,227E +01 6,134E +01 6,055E +01
Statistics
Min 6,547E +01 6,549E +01 6,487E +01 6,294E +01 6,187E +01 6,100E +01 6,019E +01
Max 6,566E +01 6,570E +01 6,534E +01 6,340E +01 6,242E +01 6,160E +01 6,090E +01
Mean 6,556E +01 6,558E +01 6,511E +01 6,319E +01 6,214E +01 6,125E +01 6,047E +01
Sigma 8,202E -02 8,279E -02 1,752E -01 1,909E -01 2,116E -01 2,304E -01 2,753E -01
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 6,579E +01 6,584E +01 6,565E +01
2 6,009E +01 6,039E +01 6,357E +01
3 5,964E +01 5,995E +01 6,333E +01
4 5,950E +01 5,981E +01 6,328E +01
5 5,940E +01 5,969E +01 6,334E +01
6 5,970E +01 6,005E +01 6,364E +01
Statistics
Min 5,940E +01 5,969E +01 6,328E +01
Max 6,009E +01 6,039E +01 6,364E +01
Mean 5,967E +01 5,998E +01 6,343E +01
Sigma 2,645E -01 2,652E -01 1,607E -01
BVDSS- Bi as1 % 1 Ref
02
70,00 7 15 22 29 37 v 3 0 192
A 4
v 5
<6
65,0
> /4
= 60,0 %
5
55,0
50,0

HRX/99.4566 Issue 01
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Parameter: Drain to source breakdown voltage: BVDSS-Bias2 VGS=0V, ID=0.25mA
Unit=V
Spec limit min: 55
Spec limits are represented in bold lines on the graphic.
Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 6,579E +01 6,569E +01 6,559E +01 6,588E +01 6,570E +01 6,573E +01 6,567E +01
7 6,615E +01 6,499E +01 6,163E +01 5,645E +01 5,364E +01 5,352E +01 5,203E +01
8 6,600E +01 6,476E +01 6,140E +01 5,612E +01 5,315E +01 5,321E +01 5,168E +01
9 6,602E +01 6,430E +01 6,087E +01 5,651E +01 5,249E +01 5,285E +01 5,144E +01
10 6,612E +01 6,443E +01 6,098E +01 5,548E +01 5,244E +01 5,287E +01 5,148E +01
11 6,587E +01 6,412E +01 6,073E +01 5,530E +01 5,234E +01 5,273E +01 5,136E +01
Statistics
Min 6,587E +01 6,412E +01 6,073E +01 5,530E +01 5,234E +01 5,273E +01 5,136E +01
Max 6,615E +01 6,499E +01 6,163E +01 5,645E +01 5,364E +01 5,352E +01 5,203E +01
Mean 6,603E +01 6,452E +01 6,112E +01 5,577E +01 5,281E +01 5,304E +01 5,160E +01
Sigma 1,114E -01 3,497E -01 3,773E -01 4,897E -01 5,627E -01 3,218E -01 2,693E -01
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 6,579E +01 6,584E +01 6,565E +01
7 5,124E +01 5,168E +01 5,773E +01
8 5,099E +01 5,147E +01 5,885E +01
9 5,084E +01 5,131E +01 5,815E +01
10 5,091E +01 5,138E +01 5,892E +01
11 5,076E +01 5,125E +01 5,769E +01
Statistics
Min 5,076E +01 5,125E +01 5,769E +01
Max 5,124E +01 5,168E +01 5,892E +01
Mean 5,095E +01 5,142E +01 5,827E +01
Sigma 1,818E -01 1,675E -01 5,917E -01
BVDSS- Bi as2 % 1 Ref
o7
70,00 7 15 22 29 37 T8 0 192
A9
v 10
x O 11
65,0 P4
>
- 60,0
5 %%
55,0 74
50,0 @ @

HRX/99.4566 Issue 01
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Parameter: Gate to source threshold voltage: VGSTH-Bias1 VDS>=VGS, ID=0.13mA
Unit=V
Spec limit max: 2
Spec limit min: 1.2
Spec limits are represented in bold lines on the graphic.
Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 1,932E +00 1,939E +00 1,944E +00 1,927E +00 1,937E +00 1,936E +00 1,923E +00
2 1,928E +00 1,835E +00 1,744E +00 1,591E +00 1,466E +00 1,375E +00 1,243E +00
3 1,938E +00 1,852E +00 1,752E +00 1,581E +00 1,431E +00 1,310E +00 1,215E +00
4 1,939E +00 1,844E +00 1,739E +00 1,570E +00 1,416E +00 1,283E +00 1,205E +00
5 1,930E +00 1,822E +00 1,724E +00 1,558E +00 1,405E +00 1,263E +00 1,201E +00
6 1,912E +00 1,806E +00 1,707E +00 1,542E +00 1,385E +00 1,247E +00 1,172E +00
Statistics
Min 1,912E +00 1,806E +00 1,707E +00 1,542E +00 1,385E +00 1,247E +00 1,172E +00
Max 1,939E +00 1,852E +00 1,752E +00 1,591E +00 1,466E +00 1,375E +00 1,243E +00
Mean 1,929E +00 1,832E +00 1,733E +00 1,568E +00 1,421E +00 1,296E +00 1,207E +00
Sigma 1,071E -02 1,829E -02 1,775E -02 1,924E -02 3,036E -02 5,020E -02 2,582E -02
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,918E +00 1,910E +00 1,915E +00
2 1,126E +00 1,105E +00 1,384E +00
3 1,072E +00 1,059E +00 1,376E +00
4 1,054E +00 1,045E +00 1,358E +00
5 1,045E +00 1,036E +00 1,335E +00
6 1,036E +00 1,030E +00 1,304E +00
Statistics
Min 1,036E +00 1,030E +00 1,304E +00
Max 1,126E +00 1,105E +00 1,384E +00
Mean 1,067E +00 1,055E +00 1,351E +00
Sigma 3,580E -02 2,999E -02 3,262E -02
VGSTH- Bi asl % 1 Ref
02
2,00 7 15 22 29 37 v 3 0 192
A 4
VvV 5
O 6
1,625
>
- 1,25 L
5 =
0,875
0,5

HRX/99.4566 Issue 01
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Parameter: Gate to source threshold voltage: VGSTH-Bias2 VDS>=VGS, ID=0.13mA
Unit=V
Spec limit max: 2
Spec limit min: 1.2
Spec limits are represented in bold lines on the graphic.
Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 1,932E +00 1,939E +00 1,944E +00 1,927E +00 1,937E +00 1,936E +00 1,923E +00
7 1,938E +00 1,775E +00 1,631E +00 1,381E +00 1,188E +00 1,034E +00 8,990E -01
8 1,941E +00 1,765E +00 1,628E +00 1,371E +00 1,168E +00 1,005E +00 8,652E -01
9 1,932E +00 1,738E +00 1,596E +00 1,336E +00 1,104E +00 9,205E -01 7,945E -01
10 1,941E +00 1,746E +00 1,590E +00 1,335E +00 1,106E +00 9,180E -01 7,878E -01
11 1,935E +00 1,731E +00 1,585E +00 1,332E +00 1,105E +00 9,238E -01 7,905E -01
Statistics
Min 1,932E +00 1,731E +00 1,585E +00 1,332E +00 1,104E +00 9,180E -01 7,878E -01
Max 1,941E +00 1,775E +00 1,631E +00 1,381E +00 1,188E +00 1,034E +00 8,990E -01
Mean 1,937E +00 1,751E +00 1,606E +00 1,351E +00 1,134E +00 9,602E -01 8,274E -01
Sigma 3,911E -03 1,867E -02 2,186E -02 2,307E -02 4,075E -02 5,494E -02 5,139E -02
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,918E +00 1,910E +00 1,915E +00
7 7,332E -01 7,427E -01 1,770E +00
8 6,954E -01 7,012E -01 1,393E +00
9 6,185E -01 6,329E -01 1,488E +00
10 6,097E -01 6,236E -01 1,262E +00
11 6,208E -01 6,315E -01 1,670E +00
Statistics
Min 6,097E -01 6,236E -01 1,262E +00
Max 7,332E -01 7,427E -01 1,770E +00
Mean 6,555E -01 6,664E -01 1,517E +00
Sigma 5,546E -02 5,294E -02 2,054E -01
VGSTH- Bi as2 % 1 Ref
07
2,00 7 15 22 29 37 v 8 0 192
A9
v 10
< 11 /]
1,625
A\
> 7
- 1,25 N 77 /
= \‘K
) \ /
0,875 SN
Y
% §
0,5
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Parameter: Positive Gate source leakage current: +IGSS-Bias1 VGS=+20V, VDS=0V
Unit= A
Spec limit max: 100E-9
Spec limits are represented in bold lines on the graphic.
Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 1,210E -10 1,310E -10 1,558E -10 1,653E -10 1,513E -10 1,545E -10 1,346E -10
2 1,059E -10 8,238E -11 5,662E -11 1,158E -10 6,070E -11 8,816E -11 9,768E -11
3 9,566E -11 8,742E -11 7,978E -11 1,203E -10 7,606E -11 9,902E -11 7,562E -11
4 1,169E -10 8,992E -11 6,102E -11 9,672E -11 7,638E -11 7,826E -11 1,002E -10
5 1,005E -10 9,046E -11 6,244E -11 9,332E -11 5,934E -11 7,436E -11 5,856E -11
6 1,339E -10 8,888E -11 5,280E -11 9,660E -11 8,792E -11 5,400E -11 5,632E -11
Statistics
Min 9,566E -11 8,238E -11 5,280E -11 9,332E -11 5,934E -11 5,400E -11 5,632E -11
Max 1,339E -10 9,046E -11 7,978E -11 1,203E -10 8,792E -11 9,902E -11 1,002E -10
Mean 1,105E -10 8,781E -11 6,253E -11 1,046E -10 7,208E -11 7,876E -11 7,768E -11
Sigma 1,524E -11 3,250E -12 1,036E -11 1,251E -11 1,201E -11 1,682E -11 2,083E -11
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,524E -10 1,639E -10 1,725E -10
2 8,870E -11 8,990E -11 1,083E -10
3 9,020E -11 1,002E -10 9,498E -11
4 7,742E -11 7,892E -11 1,161E -10
5 7,440E -11 8,338E -11 9,224E -11
6 6,938E -11 9,810E -11 8,902E -11
Statistics
Min 6,938E -11 7,892E -11 8,902E -11
Max 9,020E -11 1,002E -10 1,161E -10
Mean 8,002E -11 9,010E -11 1,001E -10
Sigma 9,090E -12 9,173E -12 1,155E -11
+|1 GSS-Bi asl % 1 Ref
02
1,0E-07 v 3
A 4 tr—t—+t—
VvV 5
O 6
1,0E-08
<
o —f—<— |
1,0E-11
0 7 15 22 29 37 0 192

HRX/99.4566 Issue 01
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HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4566

Issue: 01
Part Type : BUZ100SL Manufacturer : Siemens
Parameter: Positive Gate source leakage current: +IGSS-Bias2 VGS=+20V, VDS=0V
Unit= A
Spec limit max: 100E-9
Spec limits are represented in bold lines on the graphic.
Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 1,210E -10 1,310E -10 1,558E -10 1,653E -10 1,513E -10 1,545E -10 1,346E -10
7 1,158E -10 8,840E -11 4,284E -11 1,076E -10 7,632E -11 8,752E -11 8,704E -11
8 1,001E -10 8,428E -11 7,276E -11 1,051E -10 5,722E -11 8,980E -11 7,748E -11
9 1,052E -10 9,340E -11 7,396E -11 1,012E -10 8,290E -11 6,954E -11 5,830E -11
10 1,210E -10 7,688E -11 5,912E -11 8,540E -11 3,966E -11 7,586E -11 1,129E -10
11 1,005E -10 1,057E -10 5,920E -11 9,912E -11 7,598E -11 9,162E -11 7,700E -11
Statistics
Min 1,001E -10 7,688E -11 4,284E -11 8,540E -11 3,966E -11 6,954E -11 5,830E -11
Max 1,210E -10 1,057E -10 7,396E -11 1,076E -10 8,290E -11 9,162E -11 1,129E -10
Mean 1,085E -10 8,974E -11 6,158E -11 9,967E -11 6,642E -11 8,287E -11 8,254E -11
Sigma 9,426E -12 1,079E -11 1,266E -11 8,628E -12 1,776E -11 9,657E -12 1,990E -11
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,524E -10 1,639E -10 1,725E -10
7 1,187E -10 1,241E -10 8,920E -11
8 1,005E -10 7,372E -11 6,706E -11
9 9,510E -11 9,610E -11 6,532E -11
10 7,358E -11 7,232E -11 6,552E -11
11 9,854E -11 9,258E -11 7,204E -11
Statistics
Min 7,358E -11 7,232E -11 6,532E -11
Max 1,187E -10 1,241E -10 8,920E -11
Mean 9,728E -11 9,176E -11 7,183E -11
Sigma 1,610E -11 2,102E -11 1,008E -11
+| GSS- Bi as2 % 1 Ref
o7
1,0E-07 v 8
A9 1
Vv 10
O 11
1,0E-08
<
= 1,0E-09
5
1,0E-10 — ¥
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HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4566

Issue: 01
Part Type : BUZ100SL Manufacturer : Siemens
Parameter: Negative Gate source leakage current: -IGSS-Bias1 VGS=-20V, VDS=0V
Unit= A
Spec limit max: 100E-9
Spec limits are represented in bold lines on the graphic.
Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 2,177E -10 2,278E -10 2,455E -10 2,167E -10 2,221E -10 2,268E -10 2,485E -10
2 1,718E -10 1,604E -10 1,150E -10 1,498E -10 1,290E -10 1,056E -10 1,565E -10
3 2,200E -10 1,753E -10 1,454E -10 1,260E -10 1,536E -10 1,434E -10 1,297E -10
4 1,892E -10 1,718E -10 1,116E -10 1,505E -10 1,248E -10 1,192E -10 1,226E -10
5 1,887E -10 1,691E -10 1,291E -10 1,768E -10 1,274E -10 1,278E -10 1,529E -10
6 1,816E -10 9,878E -11 1,061E -10 1,370E -10 1,105E -10 1,160E -10 1,408E -10
Statistics
Min 1,718E -10 9,878E -11 1,061E -10 1,260E -10 1,105E -10 1,056E -10 1,226E -10
Max 2,200E -10 1,753E -10 1,454E -10 1,768E -10 1,536E -10 1,434E -10 1,565E -10
Mean 1,903E -10 1,551E -10 1,214E -10 1,480E -10 1,291E -10 1,224E -10 1,405E -10
Sigma 1,807E -11 3,195E -11 1,588E -11 1,900E -11 1,555E -11 1,420E -11 1,455E -11
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 2,219E -10 2,406E -10 2,377E -10
2 1,552E -10 1,343E -10 1,520E -10
3 1,453E -10 1,409E -10 1,932E -10
4 1,575E -10 1,456E -10 1,761E -10
5 1,102E -10 1,483E -10 1,294E -10
6 1,403E -10 1,166E -10 1,490E -10
Statistics
Min 1,102E -10 1,166E -10 1,294E -10
Max 1,575E -10 1,483E -10 1,932E -10
Mean 1,417E -10 1,371E -10 1,599E -10
Sigma 1,898E -11 1,267E -11 2,495E -11
-1 GSS-Bi asl % 1 Ref
02
1,0E-07 v 3
A 4 tr—t—+t—
VvV 5
O 6
1,0E-08
<
= 1,0E-09
5
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HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4566

Issue: 01
Part Type : BUZ100SL Manufacturer : Siemens
Parameter: Negative Gate source leakage current: -IGSS-Bias2 VGS=-20V, VDS=0V
Unit= A
Spec limit max: 100E-9
Spec limits are represented in bold lines on the graphic.
Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 2,177E -10 2,278E -10 2,455E -10 2,167E -10 2,221E -10 2,268E -10 2,485E -10
7 1,920E -10 1,841E -10 1,330E -10 2,250E -10 1,781E -10 1,331E -10 1,848E -10
8 1,832E -10 1,370E -10 1,270E -10 2,352E -10 1,963E -10 1,433E -10 2,116E -10
9 2,084E -10 1,895E -10 1,333E -10 2,241E -10 1,839E -10 1,768E -10 2,404E -10
10 2,085E -10 1,677E -10 1,684E -10 2,087E -10 1,696E -10 1,681E -10 1,868E -10
11 1,770E -10 1,911E -10 1,298E -10 2,147E -10 1,975E -10 1,553E -10 2,318E -10
Statistics
Min 1,770E -10 1,370E -10 1,270E -10 2,087E -10 1,696E -10 1,331E -10 1,848E -10
Max 2,085E -10 1,911E -10 1,684E -10 2,352E -10 1,975E -10 1,768E -10 2,404E -10
Mean 1,938E -10 1,739E -10 1,383E -10 2,215E -10 1,851E -10 1,553E -10 2,111E -10
Sigma 1,438E -11 2,262E -11 1,703E -11 1,019E -11 1,193E -11 1,775E -11 2,536E -11
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 2,219E -10 2,406E -10 2,377E -10
7 2,114E -10 1,663E -10 2,436E -10
8 2,398E -10 1,802E -10 3,918E -10
9 2,643E -10 1,913E -10 3,032E -10
10 2,727E -10 1,832E -10 5,043E -10
11 2,541E -10 1,836E -10 2,488E -10
Statistics
Min 2,114E -10 1,663E -10 2,436E -10
Max 2,727E -10 1,913E -10 5,043E -10
Mean 2,485E -10 1,809E -10 3,383E -10
Sigma 2,407E -11 9,149E -12 1,103E -10
-1 GSS-Bi as2 % 1 Ref
o7
1,0E-07 v 8
A9
Vv 10
O 11
1,0E-08
<
5 1,0E-09
0 192
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HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4566

Issue : 01
Part Type : BUZ100SL Manufacturer : Siemens
Parameter: Drain current: IDSS-Biasl VGS=0V, VDS=50V
Unit= A
Spec limit max: 1E-6
Spec limits are represented in bold lines on the graphic.
Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 2,914E -10 3,812E -10 3,470E -10 2,784E -10 2,817E -10 3,764E -10 3,294E -10
2 2,881E -10 1,556E -09 3,048E -09 6,516E -09 1,168E -08 1,246E -08 1,318E -08
3 2,907E -10 1,631E -09 3,315E -09 6,941E -09 1,221E -08 1,320E -08 1,430E -08
4 2,947E -10 1,678E -09 3,483E -09 7,057E -09 1,266E -08 1,330E -08 1,447E -08
5 2,926E -10 1,825E -09 3,550E -09 7,351E -09 1,334E -08 1,405E -08 1,520E -08
6 2,909E -10 1,791E -09 3,900E -09 7,571E -09 1,377E -08 1,398E -08 1,548E -08
Statistics
Min 2,881E -10 1,556E -09 3,048E -09 6,516E -09 1,168E -08 1,246E -08 1,318E -08
Max 2,947E -10 1,825E -09 3,900E -09 7,571E -09 1,377E -08 1,405E -08 1,548E -08
Mean 2,914E -10 1,696E -09 3,459E -09 7,087E -09 1,273E -08 1,340E -08 1,453E -08
Sigma 2,468E -12 1,118E -10 3,136E -10 4,041E -10 8,422E -10 6,508E -10 8,997E -10
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 3,348E -10 2,654E -10 2,598E -10
2 1,642E -08 1,923E -08 1,181E -08
3 1,856E -08 2,197E -08 1,214E -08
4 1,918E -08 2,245E -08 1,224E -08
5 1,976E -08 2,225E -08 1,296E -08
6 1,897E -08 2,283E -08 1,267E -08
Statistics
Min 1,642E -08 1,923E -08 1,181E -08
Max 1,976E -08 2,283E -08 1,296E -08
Mean 1,858E -08 2,175E -08 1,236E -08
Sigma 1,283E -09 1,440E -09 4,551E -10
| DSS- Bi asl % 1 Ref
iy
1,0E-06 v 3
A 4 tr—t—+t—
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) ) Réf. : HRX/99.4566
HIREX Engineering Total Dose Test Report lssue - 01
Part Type : BUZ100SL Manufacturer : Siemens
Parameter: Drain current: IDSS-Bias2 VGS=0V, VDS=50V
Unit= A
Spec limit max: 1E-6
Spec limits are represented in bold lines on the graphic.
Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 2,914E -10 3,812E -10 3,470E -10 2,784E -10 2,817E -10 3,764E -10 3,294E -10
7 2,891E -10 5,165E -09 1,248E -08 2,894E -08 5,515E -08 7,156E -08 1,399E -07
8 2,837E -10 5,580E -09 1,314E -08 2,963E -08 5,622E -08 8,260E -08 1,981E -07
9 2,901E -10 5,906E -09 1,379E -08 3,151E -08 6,887E -08 1,141E -07 3,427E -07
10 3,011E -10 6,060E -09 1,568E -08 3,230E -08 6,634E -08 1,140E -07 3,586E -07
11 2,899E -10 6,324E -09 1,503E -08 3,132E -08 6,607E -08 1,129E -07 3,604E -07
Statistics
Min 2,837E -10 5,165E -09 1,248E -08 2,894E -08 5,515E -08 7,156E -08 1,399E -07
Max 3,011E -10 6,324E -09 1,568E -08 3,230E -08 6,887E -08 1,141E -07 3,604E -07
Mean 2,908E -10 5,807E -09 1,402E -08 3,074E -08 6,253E -08 9,902E -08 2,799E -07
Sigma 6,357E -12 4,489E -10 1,319E -09 1,398E -09 6,355E -09 2,041E -08 1,035E -07
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 3,348E -10 2,654E -10 2,598E -10
7 6,172E -07 6,056E -07 5,234E -07
8 9,403E -07 9,396E -07 3,521E -06
9 1,843E -06 1,783E -06 2,144E -06
10 1,955E -06 1,894E -06 5,576E -06
11 1,836E -06 1,818E -06 9,834E -07
Statistics
Min 6,172E -07 6,056E -07 5,234E -07
Max 1,955E -06 1,894E -06 5,576E -06
Mean 1,438E -06 1,408E -06 2,550E -06
Sigma 6,146E -07 5,934E -07 2,051E -06
| DSS- Bi as2 % 1 Ref
07
1,0E-05 AVAK:]
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| v 10 w
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) ) Réf. : HRX/99.4566
HIREX Engineering Total Dose Test Report lssue - 01

Part Type : BUZ100SL Manufacturer : Siemens

Parameter: Static drain to source on-state resistance: RDSON-Bias1 VGS=4,5V, ID=50A

Unit= Ohm

Spec limit max: 0.018

Spec limits are represented in bold lines on the graphic.

Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads

Serial #
1 Ref. 1,780E -02 1,760E -02 1,763E -02 1,795E -02 1,764E -02 1,764E -02 1,764E -02
2 1,764E -02 1,711E -02 1,680E -02 1,632E -02 1,628E -02 1,586E -02 1,551E -02
3 1,776E -02 1,723E -02 1,704E -02 1,636E -02 1,615E -02 1,578E -02 1,548E -02
4 1,779E -02 1,732E -02 1,711E -02 1,643E -02 1,618E -02 1,580E -02 1,548E -02
5 1,764E -02 1,700E -02 1,680E -02 1,618E -02 1,603E -02 1,560E -02 1,530E -02
6 1,743E -02 1,699E -02 1,687E -02 1,615E -02 1,611E -02 1,559E -02 1,528E -02
Statistics
Min 1,743E -02 1,699E -02 1,680E -02 1,615E -02 1,603E -02 1,559E -02 1,528E -02
Max 1,779E -02 1,732E -02 1,711E -02 1,643E -02 1,628E -02 1,586E -02 1,551E -02
Mean 1,765E -02 1,713E -02 1,692E -02 1,629E -02 1,615E -02 1,573E -02 1,541E -02
Sigma 1,382E -04 1,444E -04 1,421E -04 1,203E -04 9,079E -05 1,219E -04 1,104E -04

Test Step | 36,85 krads 24 hours 192 hours

Serial #
1 Ref. 1,788E -02 1,791E -02 1,780E -02
2 1,532E -02 1,548E -02 1,627E -02
3 1,535E -02 1,555E -02 1,624E -02
4 1,529E -02 1,552E -02 1,628E -02
5 1,520E -02 1,536E -02 1,615E -02
6 1,507E -02 1,527E -02 1,606E -02
Statistics
Min 1,507E -02 1,527E -02 1,606E -02
Max 1,535E -02 1,555E -02 1,628E -02
Mean 1,525E -02 1,544E -02 1,620E -02
Sigma 1,135E-04 | 1,177E-04 | 9,510E -05
RDSON- Bi as1 -
O 2
0,020 7 15 22 29 37 3 0 192
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) ) Réf. : HRX/99.4566
HIREX Engineering Total Dose Test Report lssue - 01
Part Type : BUZ100SL Manufacturer : Siemens
Parameter: Static drain to source on-state resistance: RDSON-Bias2 VGS=4,5V, ID=50A
Unit= Ohm
Spec limit max: 0.018
Spec limits are represented in bold lines on the graphic.
Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 1,780E -02 1,760E -02 1,763E -02 1,795E -02 1,764E -02 1,764E -02 1,764E -02
7 1,820E -02 1,756E -02 1,748E -02 1,723E -02 1,748E -02 1,728E -02 1,748E -02
8 1,804E -02 1,751E -02 1,736E -02 1,720E -02 1,739E -02 1,720E -02 1,723E -02
9 1,792E -02 1,719E -02 1,723E -02 1,703E -02 1,730E -02 1,711E -02 1,723E -02
10 1,812E -02 1,748E -02 1,743E -02 1,708E -02 1,737E -02 1,715E -02 1,731E -02
11 1,792E -02 1,735E -02 1,732E -02 1,695E -02 1,727E -02 1,712E -02 1,723E -02
Statistics
Min 1,792E -02 1,719E -02 1,723E -02 1,695E -02 1,727E -02 1,711E -02 1,723E -02
Max 1,820E -02 1,756E -02 1,748E -02 1,723E -02 1,748E -02 1,728E -02 1,748E -02
Mean 1,804E -02 1,742E -02 1,736E -02 1,710E -02 1,736E -02 1,717E -02 1,730E -02
Sigma 1,225E -04 1,480E -04 9,553E -05 1,183E -04 8,035E -05 6,854E -05 1,073E -04
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,788E -02 1,791E -02 1,780E -02
7 1,772E -02 1,808E -02 1,290E +00
8 1,756E -02 1,808E -02 1,400E +00
9 1,764E -02 1,808E -02 1,578E +00
10 1,767E -02 1,824E -02 1,578E +00
11 1,764E -02 1,804E -02 1,550E +00
Statistics
Min 1,756E -02 1,804E -02 1,290E +00
Max 1,772E -02 1,824E -02 1,578E +00
Mean 1,765E -02 1,810E -02 1,479E +00
Sigma 5,837E -05 7,910E -05 1,290E -01
RDSON- Bi as2 % 1 Ref
07
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HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4566
Issue : 01

Part Type :

BUZ100SL

Manufacturer :

Siemens

8 Conclusion

A total dose radiation verification test has been performed on BUZ100SL N-Channel Power Mosfet
from Siemens up to 36.85 Krad(Si) accumulated dose.

This device has shown a significant susceptibility to radiation induced effects.

Breakdown voltage is out of specification limit at 19.65 Krad(Si) under Bias 2 conditions, and a
recovery is observed after 168 hours annealing step.

Threshold voltage is marginally out of specification at 29.85 Krad(Si) under Bias 1 conditions, and a
recovery is observed after 168 hours annealing step.
Threshold voltage is out of specification at 19.65 Krad(Si) under Bias 2 conditions, and a recovery is
also observed after 168 hours annealing step.

IDSS, under Bias 2 conditions, goes out of specification at a dose level of 36.85 Krad(Si) and
subsequent steps, and does not recover after annealing.
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SIEMENS

BUZ 100 SL
SPP70NO5L

SIPMOS ® Power Transistor

« N channel

« Enhancement mode

« Logic Level

- Avalanche-rated

- dv/dt rated

« 175°C operating temperature

« also in SMD available

Pin 1 Pin 2 Pin 3

G D S
Type Vbs b Rbs(on) Package Ordering Code
BUZ 100 SL 55V 70 A 0.018 Q TO-220 AB Q67040-S4000-A2
Maximum Ratings
Parameter Symbol Values Unit
Continuous drain current Ip A
Tc=25°C 70
Tc =100°C 50
Pulsed drain current Ipputs
Tc=25°C 280
Avalanche energy, single pulse Epg mJ
In=T0A, Vpp=25V, Rgg =250
L=155H, T;=25°C 380
Avalanche current,limited by Tjqay IaAR 70 A
Avalanche energy,periodic limited by 7jq,, EaR 17 mJ
Reverse diode dv/dt dv/dt kV/us
Is=70 A, Vpg =40V, dig/dt = 200 A/us
Timax =175 °C 6
Gate source voltage Vas t14 \Y
Power dissipation Piot w
Tc=25°C 170

Semiconductor Group

30/Jan/1998




SIEMENS

BUZ 100 SL
SPP70NO5L

Maximum Ratings

Parameter

Symbol

Values Unit

Operating temperature

-55 ... +175 °C

Storage temperature

stg

-55 ... +175

Thermal resistance, junction - case

Ringc

<0.88 K/W

Thermal resistance, junction - ambient

Binga

<62

IEC climatic category, DIN IEGC 68-1

55/175/56

Electrical Characteristics, at Ti= 25°C, unless otherwise specified

Parameter

Symbol

Values

Unit

min.

typ.

max.

Static Characteristics

Drain- source breakdown voltage
Vas=0V, Ip=025mA, T, = 25°C

ViBR)DSS

55

Gate threshold voltage

Vas(th)

1.2

1.6

Zero gate voltage drain current

Vps =50V, Vgg=0V, T;=-40°C
Vps =50V, Vgg=0V, T;=25°C
Vps =50V, Vgg=0V, T, =150 °C

Ipss

0.1

pA
0.1

100

Gate-source leakage current

lass

10

nA
100

Drain-Source on-resistance
VGS =45 V, ID = 50 A

RDS(on)

0.016
0.01

0.018
0.012

Semiconductor Group

30/Jan/1998



SlEMENS BUZ 100 SL

SPP70NO5L
Electrical Characteristics, at 7, = 25°C, unless otherwise specified
Parameter Symbol Values Unit
min. typ. max.
Dynamic Characteristics
Transconductance Gis S
Vps2 2+ Ip « Aps(onmax, /o =50 A 25 - -
Input capacitance Ciss pF
Vas =0V, Vpg=25V, f=1MHz - 2130 2660
Output capacitance Coss
Vas =0V, Vpg=25V, f=1MHz - 600 750
Reverse transfer capacitance Cres
Vas=0V, Vpg=25V, f=1MHz - 320 400
Turn-on delay time fd(on) ns
Vop=30V, Vgs=45V,Ip=70A
Rg=220Q - 15 25
Rise time ty
Vpp =30V, Vgg =45V, I =70 A
Rg=22%Q - 70 105
Turn-off delay time ta(oft)
Vop=30V, Vgg=45V, l[p=70A
Rg=22Q - 40 60
Fall time 7
Vop=30V, Vgg=45V, [p=70A
R=22Q - 25 40
Gate charge at threshold Qyth) nC
Vop=40V, p=0.1A, Vgg=0to 1V - 25 3.8
Gate charge at 5.0 V Qys)
Vpop =40V, Ip=70A, Vgg=0to5V - 50 75
Gate charge total Qy(total)
Vop=40V, Ip=70A, Vgg=0to 10V - 85 130
Gate plateau voltage Viplateau) \%
Vop =40V, Ip=70A - 4.1 -
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SlEMENS BUZ 100 SL
SPP70NO5L

Electrical Characteristics, at TJ = 25°C, unless otherwise specified

Parameter Symbol Values Unit
min. typ. max.

Reverse Diode

Inverse diode continuous forward current Is A

Tc=25°C - - 70

Inverse diode direct current,pulsed Ism

Tc=25°C - - 280

Inverse diode forward voltage Vsp \

Vgs=0V, =140A - 1.25 1.8

Reverse recovery time b ns

VR =30V, =g dig/dt= 100 A/ps - 110 165

Reverse recovery charge Q. HC

VR =80V, fe=ig dig/dt =100 A/ps - 0.23 0.35
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BUZ 100 SL
SPP70NO5L

Power dissipation
Pt = (Tc)
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100 A

80 N\
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\

0 20 40 60 80 100
—Tc

Safe operating area

’D = f(VDs)
parameter: D=0, Tp = 25°C

120 140 °C

180

103 .

/

D

4 y A\
* 102 Vi

|
| L A)

101

P
Z
.
P4 -';1‘—"“-"" (€ e e ']

O A
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100
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Semiconductor Group

Drain current
Ip = f(Tg)
parameter: Vgg24V

75 ‘
A ‘\\ T
65 ~
\\
! 60 N
D j
N,
55 N
50
45 ™
40 \‘\
35 \
30 i \
25 \
20 \
15
10
5 T
0 1 ‘
0 20 40 60 80 100 120 140 °C 180
» TC
Transient thermal impedance
Zip g = f(tp)
parameter: D = tp/ T
100 -
Hil T | .
KW I
101 h h o
Z, s
A Simmns
: .-
y q / N
10 2 = i u s \\ I
LY, i
d N 3
: = 0.50
Al NN N TR T
10-3 ML 0.20
7 s 0.10 1
™.
N > 0.05
/ n N |
1041/ 0.02 L]
i 001
7 1 il
105 M \
107 10°% 10% 10* 10° 102 107s 10°
— tp
30/Jan/1998



SIEMENS
SPP70NOS5L
Typ. output characteristics Typ. drain-source on-resistance
Ip = f(Vps) Rps (on) = fUp)
parameter: &, = 80 s parameter: t; = 80 ps, ;=25 °C
180T I 0.055
Pt =17QW | | a b ¢ d e
Vi B \ Q1
A 1 /
¥ //// Ves VI 0.045 /
, 1//h4 o |
© 120 / b 30 ps o)
i ///){ © T 0.040
@ A0y 0.035
100 /.\J O 45
\ f 50 | 0.030 /
80 N g 55 1 // /
\
- & h 6.0 0.025 // /
60 / N | 6.5 | P / o )/
\.\ j 7.0 0.020 // / //
* k 80 | -// “//'/ ! L ,/f
a0 £ =1 o) 00N T = ====0
/ 0010 | | i i k
20 b Ves V=
0005 a b ¢ d e f g h i j K
‘ 30 35 40 45 50 55 60 65 70 80 100
0 a 0‘000 1 | 1 1 Il 1L L 1 1 | 1
00 05 10 15 20 25 30 35 40 V 50 0 20 40 60 80 100 A 140
— Vg — Iy

Typ. transfer characteristics /p = f (V(g)
parameter: {, = 80 ps
VDSZZ X Ip X RDS(on)max

300 ‘ ‘

200 /
150 /

7
[V
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SIEMENS
SPP70NO5L
Drain-source on-resistance Gate threshold voltage
Rps (on) = f(T,) VGS(th)= f(Tj)
parameter: /| =50 A, Vgg =45V parameter: V5= Vs, Ip = 130pA
0.060 30
Q \Y
26
0.050
R ‘ v 24
DS (on ! GS(th) ey
Bo4s— Py airh
T 0.040 i T 20 aLT S8
0035 - 18— e |
e /// 1.6 \‘\ =
0.030 T ‘.
o | L7 14 o N
0.025 to -~ 7 12! .. \‘ .
,-'.‘;// i ) ‘e ) .
0.020 5o il 1.0 ;
e o8 N
0.015 == .. N
0.010 = 0.6 B S
' 0.4 ‘ e
0.005 02 ‘ _
0.000 0.0 | min
60  -20 20 60 100 °C 180 60 20 20 60 100 140 V 200
— T, — T
Typ. capacitances Forward characteristics of reverse diode
C=f(Vps) ’F=f(vs[))
parameter:Vgg = 0V, f= 1MHz parameter: TJ tp =80 us
104 102
A
- 1
pF IF // //;
\ c T 102 4 L~
158 y 4
]I /4
\\ 1
103 \ \ /
3 —~ [/
AN i Coss 107 !' L
1. T =25°C
~—— ' i typ
LT Cs 1 =T;=175°Ctyp
\ | S\Tj = 25 °C (98%)
ST, = 175 °C (98%)
102 100 ” N O N N

Semiconductor Group 7

00 04 08 12 16 20 24 V 30
~——>VSD
30/Jan/1998
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SPP70NO5L
Avalanche energy E,g = f(Tj) Typ. gate charge
parameter: I =70 A, Vpp =25V Vis = (Qaate)
Rgs =250, L=155pH parameter: I puls = 70 A
400 ‘ W 16
mJ v /, /,
a4
EAS 320 \ : | VGS
\ 12
* 280 \ T ////
0 \ 10 //
‘ /
200 : 8 ‘ / :
; N | 02lv.d 4 / 08V |
160 6 | /[//
\
120 \
4
80 i ‘
i N 2
40 . . 7
0 [ | oV !
20 40 60 80 100 120 140 °C 180 0 20 40 60 80 100 nC 130
— T — Qgae

Drain-source breakdown voltage
Vierypss = A(T)
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v(;R)DSS 61 I///
| L /
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63 4
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49| |

-60 -20 20 60 100 °C 180
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