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TOTAL DOSE RADIATION TEST REPORT
on
SGS-Thomson SP100V 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
SGS-Thomson BUZ100S ESA_QCA990906T_C ESA_QCA990906S_C
SGS-Thomson BUZ100SL ESA_QCA990907T_C ESA_QCA990907S_C
SGS-Thomson 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
SGS-Thomson 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/99.4569 Issue 01
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2 Introduction

A total dose radiation evaluation test of the SGS-THOMSON SP100V 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
provided by ESTEC.

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_QCA9909010S _C

3 Applicable and Reference Documents

3.1

3.2

Applicable Documents

- ESA/SCC Basic specification N° 22900 issue 4
- SGS-Thomson datasheet (See Annex)
- Hirex Engineering proposal: HRX/98.3475 issue 01.

Reference Documents

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

4 Test Samples

11 samples of the SP100V device, provided in TO-3 package , were tested (2 groups of 5 + 1 control
sample). Samples were already serialized when received at Hirex. For the purpose of this evaluation,
sample identification was reallocated in order to be consistent with the other types under evaluation,
and considering parts used for heavy ions test. The correspondence is provided in the following table.

Old identification New identification Allocation
Control
Bias 2
Bias 2
Bias 2
Bias 2
Bias 2
Bias 1
Bias 1
Bias 1
Bias 1
Bias 1

e
RIB|lo|o|~|o| s wn|-

e
Rlelo|o|~N|jo|ua|sjw|N (e

12

Identification of the SP100V is given below:

Part Number: SP100V Mask Set: NA
Top Marking: SP100V 9820 Chip Marking: NA
Diffusion Lot:  NA Wafer #: NA
Date Code: 9820 Project: Not defined

HRX/99.4569 Issue 01 Page 4
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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

5.2.1 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 25 and 100°C temperatures

respectively.
BIAS 1 BIAS 2
(I) D A
D
A | A VDS = 80% BVDSS
(80V)

G
T G

Vg = 12V ;E S ;E IS

Figure 1 : Bias Conditions during Irradiation Exposures and Annealing

HRX/99.4569 Issue 01 Page 5
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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, 100 \%
breakdown voltage ID=0.25mA
VGSTH Gate to Source VDS>=VGS, 2 4 Vv
threshold voltage ID=0.25mA
+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=100V
RDSON Static drain to source VGS=10V, 0.1 Ohm
on-state resistance ID=8A

HRX/99.4569 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
SGS-Thomson SP100V 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 BVYDSS (80 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: 7.35

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 24.65 Krad(Si) under Bias 2 conditions, and
recovers for subsequent steps.

Breakdown voltage is out of specification limit at 36.85 Krad(Si) under Bias 1 conditions, and does
not recover.

IDSS, under Bias 2 conditions, increases dramatically up to the compliance value of 50mA at a dose
level of 24.65 Krad(Si), but recovers at last exposure and after annealing steps, except for one
sample that remains out of specification.

HRX/99.4569 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-Bias2

Unit=V

Spec limit min: 100
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. 1,214E +02 1,215E +02 1,212E +02 1,218E +02 1,215E +02 1,216E +02 1,214E +02
2 1,186E +02 1,188E +02 1,188E +02 1,072E +02 1,007E +02 9,584E +01 9,190E +01
3 1,212E +02 1,215E +02 1,198E +02 1,078E +02 1,012E +02 9,623E +01 9,224E +01
4 1,203E +02 1,206E +02 1,201E +02 1,085E +02 1,018E +02 9,674E +01 9,283E +01
5 1,193E +02 1,196E +02 1,192E +02 1,078E +02 1,011E +02 9,618E +01 9,240E +01
6 1,198E +02 1,199E +02 1,197E +02 1,081E +02 1,014E +02 9,643E +01 9,259E +01
Statistics
Min 1,186E +02 1,188E +02 1,188E +02 1,072E +02 1,007E +02 9,584E +01 9,190E +01
Max 1,212E +02 1,215E +02 1,201E +02 1,085E +02 1,018E +02 9,674E +01 9,283E +01
Mean 1,199E +02 1,201E +02 1,195E +02 1,079E +02 1,013E +02 9,628E +01 9,239E +01
Sigma 9,837E -01 1,018E +00 5,239E -01 4,879E -01 4,084E -01 3,314E -01 3,519E -01
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,215E +02 1,215E +02 1,216E +02
2 9,954E +01 9,966E +01 9,985E +01
3 1,011E +02 1,013E +02 1,014E +02
4 1,008E +02 1,009E +02 1,011E +02
5 1,013E +02 1,016E +02 1,016E +02
6 1,016E +02 1,018E +02 1,020E +02
Statistics
Min 9,954E +01 9,966E +01 9,985E +01
Max 1,016E +02 1,018E +02 1,020E +02
Mean 1,009E +02 1,010E +02 1,012E +02
Sigma 8,058E -01 8,349E -01 8,224E -01
BVDSS- Bi as2 % 1 Ref
02
150100 7 15 22 29 37 v 3 0 192
A 4
VvV 5
135,0 o6
> 120,0
5 1050 =
90,0 \5\/
75,0
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Parameter: Drain to source breakdown voltage: BVDSS-Bias1

Unit=V

Spec limit min: 100
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. 1,214E +02 1,215E +02 1,212E +02 1,218E +02 1,215E +02 1,216E +02 1,214E +02
7 1,196E +02 1,198E +02 1,196E +02 1,197E +02 1,200E +02 1,198E +02 1,199E +02
8 1,204E +02 1,205E +02 1,204E +02 1,204E +02 1,207E +02 1,205E +02 1,205E +02
9 1,208E +02 1,211E +02 1,210E +02 1,210E +02 1,213E +02 1,210E +02 1,210E +02
10 1,212E +02 1,215E +02 1,212E +02 1,212E +02 1,216E +02 1,213E +02 1,212E +02
11 1,199E +02 1,202E +02 1,200E +02 1,199E +02 1,203E +02 1,200E +02 1,198E +02
Statistics
Min 1,196E +02 1,198E +02 1,196E +02 1,197E +02 1,200E +02 1,198E +02 1,198E +02
Max 1,212E +02 1,215E +02 1,212E +02 1,212E +02 1,216E +02 1,213E +02 1,212E +02
Mean 1,204E +02 1,206E +02 1,204E +02 1,204E +02 1,208E +02 1,205E +02 1,205E +02
Sigma 6,757E -01 6,877E -01 6,681E -01 6,711E -01 6,537E -01 6,555E -01 6,361E -01
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,215E +02 1,215E +02 1,216E +02
7 1,086E +02 1,089E +02 1,096E +02
8 1,082E +02 1,085E +02 1,093E +02
9 1,090E +02 1,093E +02 1,101E +02
10 1,084E +02 1,088E +02 1,097E +02
11 1,080E +02 1,083E +02 1,094E +02
Statistics
Min 1,080E +02 1,083E +02 1,093E +02
Max 1,090E +02 1,093E +02 1,101E +02
Mean 1,084E +02 1,088E +02 1,096E +02
Sigma 3,748E -01 3,792E -01 2,983E -01
BVDSS- Bi as1 % 1 Ref
o7
150100 7 15 22 29 37 T8 0 192
A9
Vv 10
O 11
137,5
>
o~ 125,0
5
112,5
—
100,0
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Parameter: Gate to source threshold voltage: VGSTH-Bias2

Unit=V
Spec limit max: 4
Spec limit min: 2

Spec limits are represented in bold lines on the graphic.

VDS>=VGS, 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. 3,658E +00 3,653E +00 3,692E +00 3,632E +00 3,673E +00 3,649E +00 3,679E +00
2 3,718E +00 3,588E +00 3,532E +00 3,410E +00 3,291E +00 3,234E +00 3,139E +00
3 3,615E +00 3,489E +00 3,421E +00 3,281E +00 3,160E +00 3,104E +00 3,003E +00
4 3,703E +00 3,569E +00 3,497E +00 3,377E +00 3,269E +00 3,194E +00 3,119E +00
5 3,716E +00 3,582E +00 3,515E +00 3,390E +00 3,270E +00 3,195E +00 3,115E +00
6 3,718E +00 3,586E +00 3,525E +00 3,401E +00 3,271E +00 3,193E +00 3,108E +00
Statistics
Min 3,615E +00 3,489E +00 3,421E +00 3,281E +00 3,160E +00 3,104E +00 3,003E +00
Max 3,718E +00 3,588E +00 3,532E +00 3,410E +00 3,291E +00 3,234E +00 3,139E +00
Mean 3,694E +00 3,563E +00 3,498E +00 3,372E +00 3,252E +00 3,184E +00 3,097E +00
Sigma 4,456E -02 4,163E -02 4,516E -02 5,231E -02 5,234E -02 4,794E -02 5,366E -02
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 3,672E +00 3,654E +00 3,652E +00
2 2,884E +00 3,003E +00 3,842E +00
3 2,790E +00 2,880E +00 3,710E +00
4 2,863E +00 2,983E +00 3,834E +00
5 2,859E +00 2,980E +00 3,857E +00
6 2,862E +00 2,974E +00 3,754E +00
Statistics
Min 2,790E +00 2,880E +00 3,710E +00
Max 2,884E +00 3,003E +00 3,857E +00
Mean 2,851E +00 2,964E +00 3,799E +00
Sigma 3,5672E -02 4,835E -02 6,399E -02
VGSTH- Bi as2 % 1 Ref
02
4,00 7 15 22 29 37 v 3 0 192
A 4
v 5
O 6 K » )
3,5 //
> E‘&N\ /
- 3,0
-]
2,5
2,0
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Parameter: Gate to source threshold voltage: VGSTH-Bias1

Unit=V
Spec limit max: 4
Spec limit min: 2

VDS>=VGS,ID=0.25mA

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. 3,658E +00 3,653E +00 3,692E +00 3,632E +00 3,673E +00 3,649E +00 3,679E +00
7 3,716E +00 3,621E +00 3,570E +00 3,447E +00 3,332E +00 3,268E +00 3,162E +00
8 3,706E +00 3,603E +00 3,556E +00 3,426E +00 3,291E +00 3,219E +00 3,119E +00
9 3,681E +00 3,586E +00 3,541E +00 3,407E +00 3,268E +00 3,183E +00 3,108E +00
10 3,622E +00 3,555E +00 3,471E +00 3,346E +00 3,222E +00 3,126E +00 3,030E +00
11 3,715E +00 3,610E +00 3,563E +00 3,429E +00 3,297E +00 3,228E +00 3,127E +00
Statistics
Min 3,622E +00 3,5655E +00 3,471E +00 3,346E +00 3,222E +00 3,126E +00 3,030E +00
Max 3,716E +00 3,621E +00 3,570E +00 3,447E +00 3,332E +00 3,268E +00 3,162E +00
Mean 3,688E +00 3,595E +00 3,540E +00 3,411E +00 3,282E +00 3,205E +00 3,109E +00
Sigma 3,947E -02 2,574E -02 4,002E -02 3,929E -02 4,058E -02 5,333E -02 4,870E -02
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 3,672E +00 3,654E +00 3,652E +00
7 3,212E +00 3,106E +00 3,162E +00
8 3,151E +00 3,043E +00 3,122E +00
9 3,162E +00 3,045E +00 3,127E +00
10 3,114E +00 2,983E +00 3,081E +00
11 3,164E +00 3,076E +00 3,142E +00
Statistics
Min 3,114E +00 2,983E +00 3,081E +00
Max 3,212E +00 3,106E +00 3,162E +00
Mean 3,161E +00 3,051E +00 3,127E +00
Sigma 3,523E -02 4,581E -02 2,982E -02
VGSTH- Bi as1 % 1 Ref
[
4’00 7 15 22 29 37 v 8 0 192
A9
v 10
<11 K,
3,5
> % Eﬁ
- 3,0 %/
<
-]
2,5
2,0
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Parameter: Positive Gate source leakage current: +IGSS-Bias2

Unit= A

Spec limit max: 100E-9
Spec limits are represented in bold lines on the graphic.

VGS=+20V, VDS=0V

Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 1,453E -10 1,349E -10 1,354E -10 1,088E -10 1,370E -10 1,209E -10 1,128E -10
2 5,915E -10 1,014E -10 9,248E -11 1,320E -10 9,824E -11 1,075E -10 8,706E -11
3 5,782E -10 7,018E -11 9,346E -11 1,487E -10 4,874E -11 1,119E -10 1,068E -10
4 5,699E -10 1,042E -10 6,936E -11 1,357E -10 8,014E -11 6,326E -11 1,018E -10
5 5,617E -10 1,038E -10 8,306E -11 1,391E -10 7,190E -11 1,075E -10 1,235E -10
6 5,668E -10 8,446E -11 8,790E -11 1,376E -10 9,734E -11 1,212E -10 9,508E -11
Statistics
Min 5,617E -10 7,018E -11 6,936E -11 1,320E -10 4,874E -11 6,326E -11 8,706E -11
Max 5,915E -10 1,042E -10 9,346E -11 1,487E -10 9,824E -11 1,212E -10 1,235E -10
Mean 5,736E -10 9,280E -11 8,525E -11 1,386E -10 7,927E -11 1,023E -10 1,029E -10
Sigma 1,166E -11 1,504E -11 9,798E -12 6,233E -12 2,045E -11 2,252E -11 1,372E -11
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,314E -10 1,294E -10 1,286E -10
2 9,370E -11 8,106E -11 8,106E -11
3 9,102E -11 7,524E -11 8,228E -11
4 9,104E -11 7,098E -11 9,996E -11
5 7,226E -11 7,960E -11 8,964E -11
6 9,630E -11 7,182E -11 8,904E -11
Statistics
Min 7,226E -11 7,098E -11 8,106E -11
Max 9,630E -11 8,106E -11 9,996E -11
Mean 8,886E -11 7,574E -11 8,840E -11
Sigma 9,536E -12 4,513E -12 7,532E -12
+| GSS- Bi as2 % 1 Ref
02
1,0E-07 v 3
A 4 tr—t—+t—
VvV 5
O 6
1,0E-08
<
i
1,0E-11
0 7 15 22 29 37 0 192
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Réf. : HRX/99.4569

HIREX Engineering lssue - Ol

Total Dose Test Report

SP100V Manufacturer : SGS-THOMSON

Part Type :

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. 1,453E -10 1,349E -10 1,354E -10 1,088E -10 1,370E -10 1,209E -10 1,128E -10
7 5,660E -10 1,030E -10 2,359E -10 1,387E -10 1,060E -10 1,171E -10 1,057E -10
8 5,611E -10 1,214E -10 8,442E -11 1,327E -10 9,890E -11 1,199E -10 1,184E -10
9 5,506E -10 1,076E -10 7,168E -11 1,515E -10 1,079E -10 1,322E -10 1,198E -10
10 5,397E -10 1,049E -10 5,968E -11 1,151E -10 9,782E -11 1,157E -10 1,102E -10
11 8,315E -09 8,731E -09 9,247E -09 1,208E -08 7,836E -09 6,926E -09 6,552E -09
Statistics
Min 5,397E -10 1,030E -10 5,968E -11 1,151E -10 9,782E -11 1,157E -10 1,057E -10
Max 8,315E -09 8,731E -09 9,247E -09 1,208E -08 7,836E -09 6,926E -09 6,552E -09
Mean 2,107E -09 1,834E -09 1,940E -09 2,523E -09 1,649E -09 1,482E -09 1,401E -09
Sigma 3,471E -09 3,856E -09 4,085E -09 5,340E -09 3,458E -09 3,043E -09 2,880E -09
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,314E -10 1,294E -10 1,286E -10
7 8,672E -11 7,730E -11 7,414E -11
8 8,120E -11 7,612E -11 1,071E -10
9 9,522E -11 6,944E -11 9,642E -11
10 8,826E -11 8,024E -11 8,194E -11
11 1,613E -08 1,391E -08 1,306E -08
Statistics
Min 8,120E -11 6,944E -11 7,414E -11
Max 1,613E -08 1,391E -08 1,306E -08
Mean 3,296E -09 2,843E -09 2,684E -09
Sigma 7,173E -09 6,187E -09 5,801E -09
+|1 GSS-Bi asl % 1 Ref
o7
1,0E-07 v 8
A9 1
Vv 10
O 11
1,0E-08 B A i e
<
= 1,0E-09
5 LS
T
1,0E-10 —_—% o=
1,0E-11
0 7 15 22 29 37 0 192

Irradiation steps (krads) Annealing (hours)
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HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4569
Issue : 01

Part Type :

SP100V

Manufacturer :

SGS-THOMSON

Parameter: Negative Gate source leakage current: -IGSS-Bias2

Unit= A

Spec limit max: 100E-9
Spec limits are represented in bold lines on the graphic.

VGS=-20V, VDS=0V

Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 3,408E -08 3,350E -08 3,191E -08 3,543E -08 3,592E -08 3,292E -08 3,305E -08
2 1,374E -07 1,473E -07 1,547E -07 1,687E -07 1,673E -07 1,540E -07 1,438E -07
3 2,468E -07 1,694E -07 1,491E -07 1,513E -07 1,407E -07 1,296E -07 1,208E -07
4 3,020E -07 2,020E -07 1,731E -07 1,724E -07 1,602E -07 1,460E -07 1,343E -07
5 3,169E -07 2,129E -07 1,854E -07 1,837E -07 1,710E -07 1,531E -07 1,437E -07
6 3,246E -07 2,171E -07 1,868E -07 1,847E -07 1,715E -07 1,544E -07 1,461E -07
Statistics
Min 1,374E -07 1,473E -07 1,491E -07 1,513E -07 1,407E -07 1,296E -07 1,208E -07
Max 3,246E -07 2,171E -07 1,868E -07 1,847E -07 1,715E -07 1,544E -07 1,461E -07
Mean 2,655E -07 1,897E -07 1,698E -07 1,722E -07 1,621E -07 1,474E -07 1,377E -07
Sigma 7,782E -08 3,020E -08 1,732E -08 1,358E -08 1,280E -08 1,055E -08 1,047E -08
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 3,125E -08 3,211E -08 3,198E -08
2 1,078E -07 7,537E -08 1,082E -07
3 7,572E -08 5,646E -08 7,449E -08
4 8,592E -08 6,354E -08 8,120E -08
5 1,019E -07 7,226E -08 1,031E -07
6 1,032E -07 7,308E -08 1,065E -07
Statistics
Min 7,572E -08 5,646E -08 7,449E -08
Max 1,078E -07 7,537E -08 1,082E -07
Mean 9,490E -08 6,814E -08 9,470E -08
Sigma 1,353E -08 7,927E -09 1,568E -08
-1 GSS-Bi as2 % 1 Ref
02
1,0E-06 v 3
A 4
VvV 5
O 6
e /1‘@

1,0E-08
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HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4569
Issue : 01

Part Type :

SP100V

Manufacturer :

SGS-THOMSON

Parameter: Negative Gate source leakage current: -IGSS-Bias1

Unit= A

Spec limit max: 100E-9
Spec limits are represented in bold lines on the graphic.

VGS=-20V, VDS=0V

Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 3,408E -08 3,350E -08 3,191E -08 3,543E -08 3,592E -08 3,292E -08 3,305E -08
7 3,240E -07 1,939E -07 1,386E -07 1,151E -07 1,000E -07 7,679E -08 6,602E -08
8 3,034E -07 1,826E -07 1,326E -07 1,079E -07 8,331E -08 6,887E -08 6,098E -08
9 2,700E -07 1,645E -07 1,201E -07 8,603E -08 7,036E -08 5,859E -08 5,243E -08
10 2,434E -07 1,499E -07 1,079E -07 7,792E -08 6,380E -08 5,430E -08 4,842E -08
11 3,147E -07 1,593E -07 1,280E -07 1,105E -07 8,853E -08 7,412E -08 6,529E -08
Statistics
Min 2,434E -07 1,499E -07 1,079E -07 7,792E -08 6,380E -08 5,430E -08 4,842E -08
Max 3,240E -07 1,939E -07 1,386E -07 1,151E -07 1,000E -07 7,679E -08 6,602E -08
Mean 2,911E -07 1,700E -07 1,255E -07 9,949E -08 8,120E -08 6,654E -08 5,863E -08
Sigma 3,358E -08 1,791E -08 1,192E -08 1,645E -08 1,442E -08 9,760E -09 7,864E -09
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 3,125E -08 3,211E -08 3,198E -08
7 1,012E -07 7,753E -08 7,887E -08
8 8,182E -08 6,710E -08 7,138E -08
9 7,144E -08 5,932E -08 6,274E -08
10 6,641E -08 5,495E -08 5,749E -08
11 1,075E -07 8,250E -08 8,399E -08
Statistics
Min 6,641E -08 5,495E -08 5,749E -08
Max 1,075E -07 8,250E -08 8,399E -08
Mean 8,566E -08 6,828E -08 7,089E -08
Sigma 1,805E -08 1,170E -08 1,097E -08
-1 GSS-Bi asl % 1 Ref
o7
1,0E-06 v 8
A9
Vv 10
O 11
)
<
~ 1,0E-07 — —£)
— i = && o)
5 —v— —
;/96’—%&%
1,0E-08
0 7 15 22 29 37 0 192
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HIREX Engineering

Total Dose Test Report

Réf. :
Issue : 01

HRX/99.4569

Part Type :

SP100V

Manufacturer :

SGS-THOMSON

Parameter: Drain current: IDSS-Bias2 VGS=0V, VDS=100V

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. 1,592E -09 1,096E -09 1,061E -09 5,386E -10 5,058E -10 6,192E -10 6,559E -10
2 1,581E -09 2,257E -09 3,796E -09 7,305E -09 1,283E -08 4,967E -02 5,000E -02
3 1,555E -09 2,181E -09 3,494E -09 7,015E -09 1,231E -08 4,997E -02 4,996E -02
4 1,528E -09 2,217E -09 3,623E -09 7,499E -09 1,257E -08 4,997E -02 4,997E -02
5 1,522E -09 2,214E -09 3,651E -09 7,485E -09 1,238E -08 4,997E -02 4,996E -02
6 1,539E -09 2,180E -09 3,474E -09 7,045E -09 1,222E -08 4,997E -02 4,997E -02
Statistics
Min 1,522E -09 2,180E -09 3,474E -09 7,015E -09 1,222E -08 4,967E -02 4,996E -02
Max 1,581E -09 2,257E -09 3,796E -09 7,499E -09 1,283E -08 4,997E -02 5,000E -02
Mean 1,545E -09 2,210E -09 3,608E -09 7,270E -09 1,246E -08 4,991E -02 4,997E -02
Sigma 2,379E -11 3,147E -11 1,308E -10 2,321E -10 2,408E -10 1,340E -04 1,627E -05

Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 5,744E -10 3,919E -10 4,096E -10
2 1,510E -02 1,278E -02 2,161E -03
3 1,044E -08 1,178E -08 2,091E -08
4 1,067E -08 1,223E -08 2,097E -08
5 1,049E -08 1,205E -08 2,102E -08
6 1,042E -08 1,240E -08 2,206E -08
Statistics
Min 1,042E -08 1,178E -08 2,091E -08
Max 1,510E -02 1,278E -02 2,161E -03
Mean 3,021E -03 2,555E -03 4,322E -04
Sigma 6,755E -03 5,714E -03 9,663E -04

| DSS- Bi as2 Ref.
1,0E- 01

10E02%@%‘]

1'0E'04 %
< ‘ : : : : ‘

HRX/99.4569 Issue 01

Irradiation steps (krads)

Page 17

O4><IOX
cuswWNE

192

Annealing (hours)




HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4569
Issue : 01

Part Type :

SP100V

Manufacturer :

SGS-THOMSON

Parameter: Drain current: IDSS-Biasl VGS=0V, VDS=100V

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. 1,592E -09 1,096E -09 1,061E -09 5,386E -10 5,058E -10 6,192E -10 6,559E -10
7 1,517E -09 1,055E -09 1,178E -09 1,965E -09 2,634E -09 2,655E -09 3,274E -09
8 1,500E -09 1,062E -09 1,166E -09 1,963E -09 2,614E -09 2,760E -09 3,313E -09
9 1,499E -09 1,070E -09 1,195E -09 2,175E -09 2,874E -09 2,944E -09 3,392E -09
10 1,490E -09 1,005E -09 1,183E -09 2,029E -09 2,844E -09 3,000E -09 3,312E -09
11 1,474E -09 1,072E -09 1,170E -09 2,022E -09 2,806E -09 2,936E -09 3,121E -09
Statistics
Min 1,474E -09 1,005E -09 1,166E -09 1,963E -09 2,614E -09 2,655E -09 3,121E -09
Max 1,517E -09 1,072E -09 1,195E -09 2,175E -09 2,874E -09 3,000E -09 3,392E -09
Mean 1,496E -09 1,053E -09 1,179E -09 2,031E -09 2,755E -09 2,859E -09 3,282E -09
Sigma 1,567E -11 2,763E -11 1,136E -11 8,611E -11 1,216E -10 1,450E -10 9,989E -11
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 5,744E -10 3,919E -10 4,096E -10
7 6,660E -09 6,060E -09 3,008E -09
8 6,724E -09 5,847E -09 3,253E -09
9 7,097E -09 6,145E -09 3,012E -09
10 7,388E -09 6,085E -09 3,064E -09
11 7,207E -09 5,961E -09 3,054E -09
Statistics
Min 6,660E -09 5,847E -09 3,008E -09
Max 7,388E -09 6,145E -09 3,253E -09
Mean 7,015E -09 6,019E -09 3,078E -09
Sigma 3,134E -10 1,171E -10 1,005E -10
| DSS- Bi asl % 1 Ref
o7
1,0E-06 v 8
A9 1
Vv 10
O 11
1,0E-07
<
. 1,0E-08
1,0E-09
1,0E-10
0 7 15 22 29 37 0 192
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HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4569
Issue : 01

Part Type :

SP100V

Manufacturer :

SGS-THOMSON

Parameter: Static drain to source on-state resistance: RDSON-Bias2

Unit= Ohm
Spec limit max: 0.1

Spec limits are represented in bold lines on the graphic.

VGS=10V, ID=8A

Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 1,239E -01 1,240E -01 1,223E -01 1,266E -01 1,243E -01 1,248E -01 1,238E -01
2 1,203E -01 1,213E -01 1,213E -01 1,213E -01 1,245E -01 1,236E -01 1,246E -01
3 1,230E -01 1,248E -01 1,245E -01 1,245E -01 1,285E -01 1,268E -01 1,268E -01
4 1,217E -01 1,233E -01 1,230E -01 1,243E -01 1,270E -01 1,256E -01 1,262E -01
5 1,210E -01 1,222E -01 1,223E -01 1,233E -01 1,258E -01 1,240E -01 1,252E -01
6 1,215E -01 1,228E -01 1,225E -01 1,231E -01 1,264E -01 1,243E -01 1,261E -01
Statistics
Min 1,203E -01 1,213E -01 1,213E -01 1,213E -01 1,245E -01 1,236E -01 1,246E -01
Max 1,230E -01 1,248E -01 1,245E -01 1,245E -01 1,285E -01 1,268E -01 1,268E -01
Mean 1,215E -01 1,229E -01 1,227E -01 1,233E -01 1,264E -01 1,248E -01 1,258E -01
Sigma 1,000E -03 1,277E -03 1,186E -03 1,284E -03 1,483E -03 1,296E -03 8,673E -04
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,243E -01 1,240E -01 1,250E -01
2 1,220E -01 1,220E -01 1,283E -01
3 1,255E -01 1,262E -01 1,318E -01
4 1,245E -01 1,243E -01 1,303E -01
5 1,227E -01 1,233E -01 1,297E -01
6 1,233E -01 1,250E -01 1,303E -01
Statistics
Min 1,220E -01 1,220E -01 1,283E -01
Max 1,255E -01 1,262E -01 1,318E -01
Mean 1,236E -01 1,242E -01 1,301E -01
Sigma 1,399E -03 1,626E -03 1,230E -03
RDSON- Bi as?2 LRt
02
0,150 7 15 22 29 37 v 3 0 192
A 4
v 5
0,14 o6
=
6 0,13
| — ==
y %gz_e
= 012%
5
0,11
0,1
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) ) Réf. : HRX/99.4569
HIREX Engineering Total Dose Test Report lssue - 01
Part Type : SP100V Manufacturer : SGS-THOMSON
Parameter: Static drain to source on-state resistance: RDSON-Bias1 VGS=10V, ID=8A
Unit= Ohm
Spec limit max: 0.1
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. 1,239E -01 1,240E -01 1,223E -01 1,266E -01 1,243E -01 1,248E -01 1,238E -01
7 1,215E -01 1,225E -01 1,222E -01 1,217E -01 1,245E -01 1,261E -01 1,235E -01
8 1,226E -01 1,235E -01 1,236E -01 1,227E -01 1,252E -01 1,238E -01 1,238E -01
9 1,225E -01 1,238E -01 1,235E -01 1,240E -01 1,268E -01 1,243E -01 1,248E -01
10 1,235E -01 1,255E -01 1,243E -01 1,238E -01 1,277E -01 1,248E -01 1,243E -01
11 1,213E -01 1,235E -01 1,215E -01 1,213E -01 1,245E -01 1,407E -01 1,245E -01
Statistics
Min 1,213E -01 1,225E -01 1,215E -01 1,213E -01 1,245E -01 1,238E -01 1,235E -01
Max 1,235E -01 1,255E -01 1,243E -01 1,240E -01 1,277E -01 1,407E -01 1,248E -01
Mean 1,223E -01 1,237E -01 1,230E -01 1,227E -01 1,257E -01 1,279E -01 1,242E -01
Sigma 8,910E -04 1,090E -03 1,116E -03 1,204E -03 1,447E -03 7,199E -03 5,109E -04
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,243E -01 1,240E -01 1,250E -01
7 1,258E -01 1,238E -01 1,225E -01
8 1,238E -01 1,235E -01 1,235E -01
9 1,241E -01 1,240E -01 1,246E -01
10 1,250E -01 1,248E -01 1,244E -01
11 1,245E -01 1,220E -01 1,248E -01
Statistics
Min 1,238E -01 1,220E -01 1,225E -01
Max 1,258E -01 1,248E -01 1,248E -01
Mean 1,246E -01 1,236E -01 1,239E -01
Sigma 7,915E -04 1,012E -03 9,487E -04
RDSON- Bi as1 LRt
o7
2,0E—010 7 15 22 29 37 T8 0 192
A9
v 10
1,6E-01 ou
Z 8,0E-02
5
4,0E-02
0
Irradiation steps (krads) Annealing (hours)
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. . Réf. : HRX/99.4569
HIREX Engineering Total Dose Test Report _
Issue: 01
Part Type : SP100V Manufacturer : SGS-THOMSON

8 Conclusion

A total dose radiation verification test has been performed on SP100V N-Channel Power Mosfet from
SGS-Thomson up to 36.85 Krad(Si) accumulated dose.

Breakdown voltage is out of specification limit at 24.65 Krad(Si) under Bias 2 conditions, and
recovers for subsequent steps.

Breakdown voltage is out of specification limit at 36.85 Krad(Si) under Bias 1 conditions, and does
not recover.

IDSS, under Bias 2 conditions, increases dramatically up to the compliance value of 50mA at a dose
level of 24.65 Krad(Si), but recovers at last exposure and after annealing steps, except for one
sample that remains out of specification.

Positive gate leakage current remains within specification without significant drift all along the test.
Negative gate leakage current does not show significant drift but is out of limits at initial readings.

RDS,, (both Bias conditions) does not drift but remains outside specification from initial
measurements.

HRX/99.4569 Issue 01 Page 21




HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4569
Issue : 01

Part Type :

SP100V

Manufacturer :

SGS-THOMSON

HRX/99.4569 Issue 01
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574

0

STD16NE10

N - CHANNEL 100V - 0.07Q - 16A - IPAK/DPAK

STripFETO MOSFET

TYPE Vpss
STD16NE10 100 Vv

. TYPICAL Rps(on) =0.07 Q

. EXCEPTIONAL dv/dt CAPABILITY

. AVALANCHE RUGGED TECHNOLOGY

. 100% AVALANCHE TESTED

. APPLICATION ORIENTED
CHARACTERIZATION

. THROUG-HOLE IPAK (TO-251) POWER
PACKAGE IN TUBE (SUFFIX "-17)

. SURFACE-MOUNTING DPAK (TO-252)
POWER PACKAGE IN TAPE & REEL
(SUFFIX "T4")

Rps(on) Ip
<0.1Q 16 A

DESCRIPTION

This Power MOSFET is the latest development of
SGS-THOMSON unique "Single Feature Sizeld ”
strip-based process.The resulting transistor
shows extremely high packing density for low on-
resistance, rugged avalanche characteristics and
less critical alignment steps therefore a remark-
able manufacturing reproducibility.

APPLICATIONS

= DC MOTOR CONTROL (DISK DRIVERS,etc.)
=« DC-DC & DC-ACCONVERTERS

= SYNCHRONOUS RECTIFICATION

ABSOLUTE MAXIMUM RATINGS

IPAK DPAK
TO-251 TO-252
(Suffix "-17) (Suffix "T4”)

INTERNAL SCHEMATIC DIAGRAM

D(TAB or 2)

G{1)

S5
SCO7580

Symbol Parameter Value Unit
Vps Drain-source Voltage (Vgs = 0) 100 \%
Vber |Drain- gate Voltage (Res = 20 kQ) 100 \%
Ves Gate-source Voltage + 20 \%

Ip Drain Current (continuous) at T¢ = 25 °C 16 A
Ip Drain Current (continuous) at T, = 100 °C 11 A
Ipm(¢) |Drain Current (pulsed) 64 A
Piot  |Total Dissipation at Tc = 25 °C 50 w
Derating Factor 0.33 w/°C
dv/dt(1) [Peak Diode Recovery voltage slope 7 V/ns
Tstg Storage Temperature -65 to 175 °c
T Max. Operating Junction Temperature 175 °c

(*) Pulse width limited by safe operating area
July 1998

(1) Isp < 16 A, di/dt < 200 A/us, Vop < V@rpss, Tj< Tavax
1/9




STD16NE10

THERMAL DATA

Rthj-case |Thermal Resistance Junction-case Max 3.0 °c/w
Rthji-amb |Thermal Resistance Junction-ambient Max 100 oC/W
Rthc-sink | Thermal Resistance Case-sink Typ 1.5 °c/w
Ti Maximum Lead Temperature For Soldering Purpose 275 °C
AVALANCHE CHARACTERISTICS
Symbol Parameter Max Value Unit
IAR Avalanche Current, Repetitive or Not-Repetitive 16 A
(pulse width limited by T; max, & < 1%)
Eas Single Pulse Avalanche Energy 75 mJ
(starting T; = 25 °C, Ip = Iar, Vop = 30 V)
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
OFF
Symbol Parameter Test Conditions Min. Typ. Max. nit
V(eRr)Dss |Drain-source Ip=250 A Ves=0 100 \%
Breakdown Voltage
Ipss Zero Gate Voltage Vps = Max Rating 1 HA
Drain Current (Vgs = 0) |Vps = Max Rating Te=125 10 HA
°C
less Gate-body Leakage Ves =+20V + 100 nA
Current (Vps = 0)
ON (D
Symbol Parameter Test Conditions Min. Typ. Max. nit
Vesithy |Gate Threshold Vps = Vgs Ip =250 pA 2 3 4 \
Voltage
Rps(on) |Static Drain-source On |Ves =10V Ip=8 A 0.07 0.1 Q
Resistance
Ip(on) On State Drain Current |Vps > Ip(on) X Rps(on)max 16 A
Ves =10V
DYNAMIC
Symbol Parameter Test Conditions Min. Typ. Max. nit
Jfs ([:D Forward VDS > ID(on) X RDS(on)max ID =8 A 5 S
Transconductance
Ciss Input Capacitance Vps=25V f=1MHz Ves=0 1600 | 2100 pF
Coss Output Capacitance 180 250 pF
Crss Reverse Transfer 50 70 pF
Capacitance
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ELECTRICAL CHARACTERISTICS (continued)
SWITCHING ON

Symbol Parameter Test Conditions Min. Typ. Max. Unit
td(on) Turn-on Time Vpp =50V Ib=10 A 17 23 ns
tr Rise Time Rc=4.7 Q Ves =10V 37 50 ns
(see test circuit, figure 3)
Qg Total Gate Charge Vbp =80V Ip=20A Vgs=10V 38 50 nC
Qgs Gate-Source Charge 10 nC
Qgd Gate-Drain Charge 12 nC

SWITCHING OFF

Symbol Parameter Test Conditions Min. Typ. Max. Unit
trvotry |Off-voltage Rise Time |Vpp=80V Ip=20A 11 15 ns
tf Fall Time Rc=4.7Q Vgs =10V 18 25 ns
tc Cross-over Time (see test circuit, figure 5) 32 44 ns

SOURCE DRAIN DIODE

Symbol Parameter Test Conditions Min. Typ. Max. Unit
Isb Source-drain Current 16 A
Isom(*) |Source-drain Current 64 A
(pulsed)
Vsp (D |Forward On Voltage Isp =16 A Ves =0 1.5 Y,
trr Reverse Recovery Isp =20 A di/dt = 100 A/us 110 ns
Time Vop =50V  T;=150°C
Qrr Reverse Recovery (see test circuit, figure 5) 440 pc
Charge
IRRM Reverse Recovery 8 A
Current

(0 Pulsed: Pulse duration =300 ps, duty cycle 1.5 %
() Pulse width limited by safe operating area

Safe Operating Area Thermal Impedance
GG78280 K 20469
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D( )G i <\(,J
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Output Characteristics

GC78300
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Transfer Characteristics

GC7B310
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Normalized Gate Threshold Voltage vs Normalized On Resistance vs Temperature
Temperature
GC78360 GC7B370
Vaes(th) Ros(on)
{norm) ‘ (narm) | | Ves=10V
~N lo=8A
11 ™ Vos=VYes 20 /
' N [b=250A . //
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N\ 1
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Source-drain Diode Forward Characteristics
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Fig. 1: Unclamped Inductive Load Test Circuit

Fig. 2: Unclamped Inductive Waveform
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TO-251 (IPAK) MECHANICAL DATA

DIM. mm inch

MIN. TYP. MAX. MIN. TYP. MAX.
A 2.2 2.4 0.086 0.094
Al 0.9 1.1 0.035 0.043
A3 0.7 1.3 0.027 0.051
B 0.64 0.9 0.025 0.031
B2 5.2 5.4 0.204 0.212
B3 0.85 0.033

B5 0.3 0.012
B6 0.95 0.037
C 0.45 0.6 0.017 0.023
c2 0.48 0.6 0.019 0.023
D 6 6.2 0.236 0.244
E 6.4 6.6 0.252 0.260
G 4.4 4.6 0.173 0.181
H 15.9 16.3 0.626 0.641
L 9 9.4 0.354 0.370
L1 0.8 1.2 0.031 0.047
L2 0.8 1 0.031 0.039

H
O
< | Ml ) ]
O 2
L2
g 2 o
[a]
o 1
Ll ) [ !
et (O = °1
i
L1

0068771-E

q

7/9




STD16NE10

TO-252 (DPAK) MECHANICAL DATA
mm inch
DIM.
MIN. TYP. MAX. MIN. TYP. MAX.
A 2.2 2.4 0.086 0.094
Al 0.9 1.1 0.035 0.043
A2 0.03 0.23 0.001 0.009
B 0.64 0.9 0.025 0.035
B2 5.2 5.4 0.204 0.212
C 0.45 0.6 0.017 0.023
Cc2 0.48 0.6 0.019 0.023
D 6 6.2 0.236 0.244
E 6.4 6.6 0.252 0.260
G 4.4 4.6 0.173 0.181
H 9.35 10.1 0.368 0.397
L2 0.8 0.031
L4 0.6 1 0.023 0.039
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences
of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this publication are
subject to change without notice. This publication supersedes and replaces all information previously supplied. STMicroelectronics products
are not authorized for use as critical componentsin life support devices or systems without express written approval of STMicroelectronics.
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