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TOTAL DOSE RADIATION TEST REPORT
on
Motorola Semiconductors MTP50NO6VL N-Channel Power Mosfet.

TABLE OF CONTENTS

I = S I X 3
A [N I 2O 516 L@ 1 [ ]\ TR 4
3 APPLICABLE AND REFERENCE DOCUMENTS ....oui ittt et e et e et e e s eaa s s s sab e s saaneaees 4
3.1 AP PLICABLE DOCUMENT S 1t ittt titttttttett s st eest e sat ettt e s st e s et esaa e saa s sbaee st e eaa st ba s st sssansstbesaasesbasastsesnesrnns 4
3.2 REFERENCE DOCUMENTS ..ittiiuiittittittetetteea et seaeeaseaseasseaeaseaseaseaeaaseaseaseneaseaseansessersenseanseneerasrnseens 4

I I SN ST N1V = I PP 4
5 EXPERIMENTAL CONDITIONS ..ottt e et e e et e e e et e e e s et e e s st e s e ebb e s ssba e s s saaa e sssbaeesnansaaees 5
51 RADIATION SOURCE DOSE RATE AND ANNEALING ...uuiitttiittiii et eete e st e et es st es st essaassaasssanssssnesstessnsssnns 5
5.2 BIAS DURING DOSE EXPOSURES AND MEASUREMENTS CONDITIONS . ...cuuuiituieitiietteeeieeiriseransesneesneesnessnns 5
521 ST =R o100 1110 ] o F- T 5
5.2.2 | [<To i {or= WY L= U= 0 AT LT 6

B TEST SUMM AR RY .ottt ettt ettt e ettt ettt e e et et ese e et s e e eaatee e et re e et e eeeaaasse s et s ese st s eesasaeesasnreserenses 8
A S I R4 S U I 1S T 9
S T O 1\ (O U 1S 1 ]\ T 21
ANNEX 1 : MTPSONOBVL DATA SHEET ... ittt ettt ettt e e et e e et e e ettt eeesaareessaeeeeestaeeesenaeeees 22

HRX/99.4562 Issue 01 Page 2



HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4562
Issue : 01

Part Type :

MTP50NO6VL

Manufacturer :

Motorola Semiconductors

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
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2 Introduction

A total dose radiation evaluation test of the Motorola Semiconductors MTP50NO6VL 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.

3 Applicable and Reference Documents

3.1 Applicable Documents

- ESA/SCC Basic specification N° 22900 issue 4
- Motorola Semiconductors datasheet (see Annex)
- Hirex Engineering proposal: HRX/98.3475 issue 01.

3.2 Reference Documents

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

4 Test Samples

11 samples of the MTP50NO6VL device were tested (2 groups of 5 + 1 control sample). The samples
were serialized before the radiation test as indicated in the following table.

Serial Number Allocation
Control
Bias 1
Bias 1
Bias 1
Bias 1
Bias 1
Bias 2
Bias 2
Bias 2
Bias 2
Bias 2

e
RB|o|o|~N|o|a|sfwn-

Identification of the MTP50NO6VL is given below:

Part Number: MTP50NO6VL Mask Set: NA
Top Marking: MTPS0NO6VL 829 Chip Marking: NA
Diffusion Lot:  NA Wafer #: NA
Date Code: 9829 Project: Not defined

HRX/99.4562 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 room and 100°C temperatures

respectively.

®

Vg = 12V

—

BIAS 1

!p

o

BIAS 2
D A

VDS = 80% BVDSS
(48V)

4

w

Figure 1 : Bias Conditions during Irradiation Exposures and Annealing
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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

-
HP4142B Tester I — -
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, 60 \%
breakdown voltage ID=0.25mA
VGSTH Gate to Source VDS>=VGS, 1 2 Vv
threshold voltage ID=0.25mA
+IGSS Positive Gate Source VGS=+15V, 100 nA
leakage current VDS=0V
-IGSS Negative Gate Source | VGS=-15V, 100 nA
leakage current VDS=0V
IDSS Drain current VGS=0V, 10 HA
VDS=60V
RDSON Static drain to source VGS=5V, 0.032 Ohm
on-state resistance ID=21A

HRX/99.4562 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
Motorola MTP50NO6VL 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 (48 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: 29.85

Parametric Tolerance Level (>=Krad) - Bias 2: 29.85

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

Main conclusion:

No failures were recorded up to the last exposure of 36.85 Krad(Si). At this dose level, only the
threshold voltage under Bias 1 and Bias 2 conditions failed marginally its specified limit and
recovered after 168 hours annealing step.

However a rebound effect has been observed on Rdson resistance under Bias 2 conditions, during
the last annealing step.

HRX/99.4562 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: 60

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. 7,165E +01 7,162E +01 7,154E +01 7,190E +01 7,165E +01 7,168E +01 7,160E +01
2 7,225E +01 7,147E +01 7,059E +01 6,983E +01 6,976E +01 6,946E +01 6,937E +01
3 7,211E +01 7,106E +01 7,030E +01 6,956E +01 6,951E +01 6,913E +01 6,900E +01
4 7,195E +01 7,137E +01 7,041E +01 6,963E +01 6,956E +01 6,924E +01 6,914E +01
5 7,163E +01 7,141E +01 7,066E +01 6,989E +01 6,996E +01 6,960E +01 6,945E +01
6 7,181E +01 7,084E +01 7,013E +01 6,940E +01 6,933E +01 6,906E +01 6,894E +01
Statistics
Min 7,163E +01 7,084E +01 7,013E +01 6,940E +01 6,933E +01 6,906E +01 6,894E +01
Max 7,225E +01 7,147E +01 7,066E +01 6,989E +01 6,996E +01 6,960E +01 6,945E +01
Mean 7,195E +01 7,123E +01 7,042E +01 6,966E +01 6,962E +01 6,930E +01 6,918E +01
Sigma 2,450E -01 2,694E -01 2,151E -01 1,996E -01 2,434E -01 2,245E -01 2,255E -01
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 7,167E +01 7,167E +01 7,163E +01
2 6,927E +01 6,952E +01 7,068E +01
3 6,895E +01 6,916E +01 7,034E +01
4 6,899E +01 6,924E +01 7,047E +01
5 6,939E +01 6,965E +01 7,077E +01
6 6,880E +01 6,910E +01 7,026E +01
Statistics
Min 6,880E +01 6,910E +01 7,026E +01
Max 6,939E +01 6,965E +01 7,077E +01
Mean 6,908E +01 6,933E +01 7,051E +01
Sigma 2,439E -01 2,420E -01 2,167E -01
BVDSS- Bi as1 % 1 Ref
02
80,00 7 15 22 29 37 v 3 0 192
A 4
v 5
75,0 &6
70,01 -—
>
- 65,0
.S
60,0
55,0
50,0
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Parameter: Drain to source breakdown voltage: BVDSS-Bias2

Unit=V

Spec limit min: 60

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. 7,165E +01 7,162E +01 7,154E +01 7,190E +01 7,165E +01 7,168E +01 7,160E +01
7 7,213E +01 7,223E +01 7,227E +01 7,225E +01 7,243E +01 7,221E +01 7,216E +01
8 7,118E +01 7,128E +01 7,129E +01 7,125E +01 7,148E +01 7,122E +01 7,119E +01
9 7,254E +01 7,266E +01 7,267E +01 7,262E +01 7,283E +01 7,254E +01 7,248E +01
10 7,226E +01 7,234E +01 7,238E +01 7,234E +01 7,255E +01 7,228E +01 7,224E +01
11 7,237E +01 7,246E +01 7,252E +01 7,241E +01 7,265E +01 7,239E +01 7,233E +01
Statistics
Min 7,118E +01 7,128E +01 7,129E +01 7,125E +01 7,148E +01 7,122E +01 7,119E +01
Max 7,254E +01 7,266E +01 7,267E +01 7,262E +01 7,283E +01 7,254E +01 7,248E +01
Mean 7,210E +01 7,219E +01 7,223E +01 7,217E +01 7,239E +01 7,213E +01 7,208E +01
Sigma 5,339E -01 5,380E -01 5,438E -01 5,337E -01 5,268E -01 5,207E -01 5,129E -01
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 7,167E +01 7,167E +01 7,163E +01
7 7,211E +01 7,221E +01 7,209E +01
8 7,112E +01 7,123E +01 7,112E +01
9 7,239E +01 7,250E +01 7,250E +01
10 7,218E +01 7,230E +01 7,219E +01
11 7,231E +01 7,245E +01 7,232E +01
Statistics
Min 7,112E +01 7,123E +01 7,112E +01
Max 7,239E +01 7,250E +01 7,250E +01
Mean 7,202E +01 7,214E +01 7,204E +01
Sigma 5,147E -01 5,223E -01 5,390E -01
BVDSS- Bi as2 % 1 Ref
o7
80,00 7 15 22 29 37 T8 0 192
A9
Vv 10
75,0 O 11
70,0 I
>
o~ 65,0
.S
60,0
55,0
50,0
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Parameter: Gate to source threshold voltage: VGSTH-Bias1

Unit=V
Spec limit max: 2
Spec limit min: 1

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. 1,504E +00 1,507E +00 1,512E +00 1,496E +00 1,506E +00 1,504E +00 1,509E +00
2 1,600E +00 1,552E +00 1,493E +00 1,397E +00 1,291E +00 1,237E +00 1,174E +00
3 1,558E +00 1,496E +00 1,449E +00 1,353E +00 1,264E +00 1,205E +00 1,141E +00
4 1,534E +00 1,476E +00 1,416E +00 1,325E +00 1,219E +00 1,165E +00 1,102E +00
5 1,566E +00 1,497E +00 1,435E +00 1,332E +00 1,222E +00 1,162E +00 1,092E +00
6 1,624E +00 1,555E +00 1,490E +00 1,385E +00 1,277E +00 1,212E +00 1,140E +00
Statistics
Min 1,534E +00 1,476E +00 1,416E +00 1,325E +00 1,219E +00 1,162E +00 1,092E +00
Max 1,624E +00 1,555E +00 1,493E +00 1,397E +00 1,291E +00 1,237E +00 1,174E +00
Mean 1,576E +00 1,515E +00 1,457E +00 1,358E +00 1,255E +00 1,196E +00 1,130E +00
Sigma 3,536E -02 3,593E -02 3,434E -02 3,185E -02 3,236E -02 3,216E -02 3,307E -02
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,505E +00 1,504E +00 1,506E +00
2 1,085E +00 1,072E +00 1,332E +00
3 1,058E +00 1,050E +00 1,294E +00
4 1,018E +00 1,004E +00 1,260E +00
5 9,957E -01 9,845E -01 1,272E +00
6 1,051E +00 1,041E +00 1,323E +00
Statistics
Min 9,957E -01 9,845E -01 1,260E +00
Max 1,085E +00 1,072E +00 1,332E +00
Mean 1,041E +00 1,030E +00 1,296E +00
Sigma 3,510E -02 3,543E -02 3,115E -02
VGSTH- Bi asl % 1 Ref
02
2,00 7 15 22 29 37 v 3 0 192
A 4
VvV 5
1,75 O 6
1,5%
£z ~s=
5 =
1,0 4 =2
0,75
0,5
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Parameter: Gate to source threshold voltage: VGSTH-Bias2
Unit=V

Spec limit max: 2

Spec limit min: 1

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. 1,504E +00 1,507E +00 1,512E +00 1,496E +00 1,506E +00 1,504E +00 1,509E +00
7 1,502E +00 1,436E +00 1,404E +00 1,314E +00 1,234E +00 1,196E +00 1,145E +00
8 1,529E +00 1,459E +00 1,412E +00 1,324E +00 1,228E +00 1,187E +00 1,122E +00
9 1,517E +00 1,435E +00 1,397E +00 1,289E +00 1,198E +00 1,148E +00 1,092E +00
10 1,565E +00 1,482E +00 1,423E +00 1,322E +00 1,219E +00 1,171E +00 1,108E +00
11 1,574E +00 1,491E +00 1,433E +00 1,332E +00 1,232E +00 1,182E +00 1,116E +00
Statistics
Min 1,502E +00 1,435E +00 1,397E +00 1,289E +00 1,198E +00 1,148E +00 1,092E +00
Max 1,574E +00 1,491E +00 1,433E +00 1,332E +00 1,234E +00 1,196E +00 1,145E +00
Mean 1,537E +00 1,461E +00 1,414E +00 1,316E +00 1,222E +00 1,177E +00 1,117E +00
Sigma 3,084E -02 2,536E -02 1,419E -02 1,663E -02 1,491E -02 1,833E -02 1,927E -02
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,505E +00 1,504E +00 1,506E +00
7 1,085E +00 1,079E +00 1,651E +00
8 1,044E +00 1,040E +00 1,654E +00
9 1,008E +00 1,005E +00 1,677E +00
10 1,025E +00 1,022E +00 1,757E +00
11 1,030E +00 1,027E +00 1,744E +00
Statistics
Min 1,008E +00 1,005E +00 1,651E +00
Max 1,085E +00 1,079E +00 1,757E +00
Mean 1,038E +00 1,035E +00 1,697E +00
Sigma 2,908E -02 2,804E -02 5,052E -02
VGSTH- Bi as2 % 1 Ref
o7
2,00 7 15 22 29 37 T8 0 192
A9
Vv 10
1,75 <11
J
:‘1:;, 4
> /
= 1,25 Y.
5 N %/
1,0
0,75
0,5
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Parameter: Positive Gate source leakage current: +IGSS-Bias1

Unit= A
Spec limit max: 100E-9

Spec limits are represented in bold lines on the graphic.

VGS=+15V, 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. 1,939E -10 1,092E -10 1,137E -10 1,154E -10 1,010E -10 1,938E -10 1,824E -10
2 1,833E -10 1,203E -10 1,286E -10 1,316E -10 9,734E -11 9,352E -11 8,190E -11
3 1,738E -10 1,323E -10 1,109E -10 1,066E -10 5,244E -11 9,114E -11 9,810E -11
4 1,752E -10 1,057E -10 9,660E -11 1,004E -10 8,080E -11 1,130E -10 9,702E -11
5 1,807E -10 1,367E -10 1,048E -10 1,294E -10 7,894E -11 1,065E -10 1,000E -10
6 1,863E -10 1,341E -10 8,426E -11 1,273E -10 7,478E -11 8,248E -11 1,045E -10
Statistics
Min 1,738E -10 1,057E -10 8,426E -11 1,004E -10 5,244E -11 8,248E -11 8,190E -11
Max 1,863E -10 1,367E -10 1,286E -10 1,316E -10 9,734E -11 1,130E -10 1,045E -10
Mean 1,799E -10 1,258E -10 1,050E -10 1,191E -10 7,686E -11 9,734E -11 9,632E -11
Sigma 5,304E -12 1,289E -11 1,653E -11 1,445E -11 1,612E -11 1,229E -11 8,559E -12
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,395E -10 1,658E -10 1,151E -10
2 7,364E -11 9,730E -11 8,960E -11
3 6,306E -11 9,946E -11 9,450E -11
4 7,768E -11 9,152E -11 1,075E -10
5 8,026E -11 8,554E -11 9,298E -11
6 1,112E -10 1,019E -10 9,962E -11
Statistics
Min 6,306E -11 8,554E -11 8,960E -11
Max 1,112E -10 1,019E -10 1,075E -10
Mean 8,117E -11 9,514E -11 9,684E -11
Sigma 1,802E -11 6,596E -12 6,967E -12
+|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
1,0E-10 e i
1,0E-11
0 7 15 22 29 37 0 192

Irradiation steps (krads)

HRX/99.4562 Issue 01

Page 13

Annealing (hours)




HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4562
Issue : 01

Part Type :

MTP50NO6VL

Manufacturer :

Motorola Semiconductors

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=+15V, 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. 1,939E -10 1,092E -10 1,137E -10 1,154E -10 1,010E -10 1,938E -10 1,824E -10
7 1,787E -10 1,048E -10 8,302E -11 1,207E -10 9,202E -11 9,600E -11 9,932E -11
8 1,631E -10 1,172E -10 7,536E -11 1,297E -10 7,110E -11 8,484E -11 1,228E -10
9 1,378E -10 1,031E -10 1,054E -10 1,205E -10 8,550E -11 1,056E -10 1,298E -10
10 1,675E -10 1,302E -10 1,015E -10 1,261E -10 8,342E -11 1,043E -10 9,210E -11
11 1,758E -10 1,067E -10 8,106E -11 1,234E -10 8,378E -11 1,212E -10 1,039E -10
Statistics
Min 1,378E -10 1,031E -10 7,536E -11 1,205E -10 7,110E -11 8,484E -11 9,210E -11
Max 1,787E -10 1,302E -10 1,054E -10 1,297E -10 9,202E -11 1,212E -10 1,298E -10
Mean 1,646E -10 1,124E -10 8,928E -11 1,241E -10 8,316E -11 1,024E -10 1,096E -10
Sigma 1,622E -11 1,134E -11 1,333E -11 3,897E -12 7,581E -12 1,339E -11 1,602E -11
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,395E -10 1,658E -10 1,151E -10
7 9,308E -11 1,054E -10 1,166E -10
8 8,162E -11 9,528E -11 1,312E -10
9 1,025E -10 9,446E -11 1,478E -10
10 8,916E -11 1,015E -10 1,081E -10
11 7,788E -11 9,622E -11 1,258E -10
Statistics
Min 7,788E -11 9,446E -11 1,081E -10
Max 1,025E -10 1,054E -10 1,478E -10
Mean 8,884E -11 9,857E -11 1,259E -10
Sigma 9,700E -12 4,696E -12 1,509E -11
+| GSS- Bi as2 % 1 Ref
o7
1,0E-07 v 8
A9 1
Vv 10
O 11
1,0E-08
<
P —
1,0E-11
0 7 15 22 29 37 0 192

HRX/99.4562 Issue 01
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HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4562
Issue : 01

Part Type :

MTP50NO6VL

Manufacturer :

Motorola Semiconductors

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=-15V, 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. 1,939E -10 1,092E -10 1,137E -10 1,154E -10 1,010E -10 1,938E -10 1,824E -10
2 1,546E -10 1,152E -10 1,370E -10 1,494E -10 1,279E -10 1,023E -10 1,301E -10
3 1,852E -10 1,206E -10 6,558E -11 1,420E -10 8,066E -11 9,874E -11 1,182E -10
4 1,796E -10 1,081E -10 9,446E -11 1,168E -10 9,008E -11 1,294E -10 1,221E -10
5 1,757E -10 1,219E -10 7,274E -11 1,629E -10 6,092E -11 1,028E -10 1,289E -10
6 1,657E -10 1,047E -10 7,954E -11 1,434E -10 9,218E -11 1,081E -10 1,493E -10
Statistics
Min 1,546E -10 1,047E -10 6,558E -11 1,168E -10 6,092E -11 9,874E -11 1,182E -10
Max 1,852E -10 1,219E -10 1,370E -10 1,629E -10 1,279E -10 1,294E -10 1,493E -10
Mean 1,722E -10 1,141E -10 8,987E -11 1,429E -10 9,034E -11 1,083E -10 1,297E -10
Sigma 1,212E -11 7,577E -12 2,844E -11 1,677E -11 2,434E -11 1,229E -11 1,199E -11
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,395E -10 1,658E -10 1,151E -10
2 8,646E -11 1,108E -10 1,295E -10
3 1,135E -10 9,660E -11 1,305E -10
4 1,225E -10 1,275E -10 1,355E -10
5 9,392E -11 1,121E -10 1,288E -10
6 8,084E -11 8,684E -11 9,088E -11
Statistics
Min 8,084E -11 8,684E -11 9,088E -11
Max 1,225E -10 1,275E -10 1,355E -10
Mean 9,945E -11 1,068E -10 1,230E -10
Sigma 1,786E -11 1,560E -11 1,817E -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
1,0E-10 —
1,0E-11
0 7 15 22 29 37 0 192

HRX/99.4562 Issue 01
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HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4562
Issue : 01

Part Type :

MTP50NO6VL

Manufacturer :

Motorola Semiconductors

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=-15V, 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. 1,939E -10 1,092E -10 1,137E -10 1,154E -10 1,010E -10 1,938E -10 1,824E -10
7 1,564E -10 1,214E -10 7,746E -11 1,633E -10 9,912E -11 1,138E -10 1,284E -10
8 1,770E -10 1,249E -10 9,092E -11 1,649E -10 1,227E -10 9,152E -11 1,206E -10
9 1,885E -10 1,149E -10 7,476E -11 1,553E -10 9,494E -11 1,262E -10 1,613E -10
10 1,522E -10 1,045E -10 8,760E -11 1,632E -10 9,326E -11 1,102E -10 1,413E -10
11 1,715E -10 1,104E -10 8,608E -11 1,403E -10 1,129E -10 1,042E -10 1,253E -10
Statistics
Min 1,522E -10 1,045E -10 7,476E -11 1,403E -10 9,326E -11 9,152E -11 1,206E -10
Max 1,885E -10 1,249E -10 9,092E -11 1,649E -10 1,227E -10 1,262E -10 1,613E -10
Mean 1,691E -10 1,152E -10 8,336E -11 1,574E -10 1,046E -10 1,092E -10 1,354E -10
Sigma 1,492E -11 8,236E -12 6,916E -12 1,028E -11 1,271E -11 1,273E -11 1,638E -11
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 1,395E -10 1,658E -10 1,151E -10
7 9,062E -11 1,035E -10 1,589E -10
8 7,964E -11 1,219E -10 1,584E -10
9 9,420E -11 1,346E -10 1,544E -10
10 4,236E -11 1,263E -10 1,702E -10
11 1,174E -10 8,582E -11 1,448E -10
Statistics
Min 4,236E -11 8,582E -11 1,448E -10
Max 1,174E -10 1,346E -10 1,702E -10
Mean 8,484E -11 1,144E -10 1,573E -10
Sigma 2,743E -11 1,965E -11 9,137E -12
-1 GSS-Bi as2 % 1 Ref
o7
1,0E-07 v 8
A9 1
Vv 10
O 11
1,0E-08
<
—— —
1,0E-11
0 7 15 22 29 37 0 192

HRX/99.4562 Issue 01
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HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4562
Issue : 01

Part Type :

MTP50NO6VL

Manufacturer :

Motorola Semiconductors

Parameter: Drain current: IDSS-Biasl VGS=0V, VDS=60V

Unit= A

Spec limit max: 10E-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. 3,593E -10 4,301E -10 4,016E -10 3,123E -10 3,134E -10 4,533E -10 3,730E -10
2 3,766E -10 1,182E -09 1,959E -09 4,156E -09 6,980E -09 7,103E -09 8,378E -09
3 3,636E -10 1,191E -09 2,059E -09 4,047E -09 6,994E -09 6,999E -09 8,201E -09
4 2,431E -09 3,042E -09 4,074E -09 6,327E -09 9,515E -09 9,334E -09 1,086E -08
5 3,674E -10 1,374E -09 2,385E -09 4,588E -09 8,030E -09 8,147E -09 9,455E -09
6 3,456E -10 1,308E -09 2,258E -09 4,510E -09 7,601E -09 7,725E -09 9,086E -09
Statistics
Min 3,456E -10 1,182E -09 1,959E -09 4,047E -09 6,980E -09 6,999E -09 8,201E -09
Max 2,431E -09 3,042E -09 4,074E -09 6,327E -09 9,515E -09 9,334E -09 1,086E -08
Mean 7,769E -10 1,619E -09 2,547E -09 4,726E -09 7,824E -09 7,862E -09 9,197E -09
Sigma 9,249E -10 7,992E -10 8,699E -10 9,238E -10 1,043E -09 9,472E -10 1,063E -09
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 3,868E -10 2,873E -10 2,908E -10
2 1,054E -08 1,134E -08 5,871E -09
3 1,053E -08 1,133E -08 6,058E -09
4 1,275E -08 1,416E -08 8,039E -09
5 1,209E -08 1,346E -08 6,231E -09
6 1,120E -08 1,274E -08 6,328E -09
Statistics
Min 1,053E -08 1,133E -08 5,871E -09
Max 1,275E -08 1,416E -08 8,039E -09
Mean 1,142E -08 1,260E -08 6,506E -09
Sigma 9,788E -10 1,266E -09 8,749E -10
| DSS- Bi asl % 1 Ref
iy
1,0E-05 v 3
A 4
v 5
1,0E-06 o6
< 1,0E-07
5 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/99.4562
Issue : 01

Part Type :

MTP50NO6VL

Manufacturer :

Motorola Semiconductors

Parameter: Drain current: IDSS-Bias2 VGS=0V, VDS=60V

Unit= A

Spec limit max: 10E-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. 3,593E -10 4,301E -10 4,016E -10 3,123E -10 3,134E -10 4,533E -10 3,730E -10
7 3,588E -10 4,170E -09 8,549E -09 1,908E -08 3,485E -08 3,550E -08 4,292E -08
8 3,618E -10 4,318E -09 8,976E -09 1,905E -08 3,652E -08 3,634E -08 4,445E -08
9 3,510E -10 4,953E -09 1,031E -08 2,131E -08 3,968E -08 4,127E -08 5,026E -08
10 3,595E -10 5,078E -09 1,084E -08 2,341E -08 4,206E -08 4,407E -08 5,389E -08
11 3,567E -10 4,815E -09 1,066E -08 2,137E -08 4,001E -08 4,155E -08 5,044E -08
Statistics
Min 3,510E -10 4,170E -09 8,549E -09 1,905E -08 3,485E -08 3,550E -08 4,292E -08
Max 3,618E -10 5,078E -09 1,084E -08 2,341E -08 4,206E -08 4,407E -08 5,389E -08
Mean 3,576E -10 4,667E -09 9,868E -09 2,084E -08 3,862E -08 3,975E -08 4,839E -08
Sigma 4,103E -12 4,002E -10 1,038E -09 1,831E -09 2,894E -09 3,669E -09 4,566E -09
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 3,868E -10 2,873E -10 2,908E -10
7 5,434E -08 6,073E -08 6,245E -08
8 5,776E -08 6,529E -08 6,627E -08
9 7,013E -08 7,714E -08 7,046E -08
10 8,222E -08 8,900E -08 7,461E -08
11 7,216E -08 8,144E -08 7,168E -08
Statistics
Min 5,434E -08 6,073E -08 6,245E -08
Max 8,222E -08 8,900E -08 7,461E -08
Mean 6,732E -08 7,472E -08 6,909E -08
Sigma 1,133E -08 1,161E -08 4,772E -09
| DSS- Bi as2 % 1 Ref
o7
1,0E-05 v 8
A9
Vv 10
1,0E-06 oun
< 1,0E-07
5 1,0E-08 ﬁ/ﬁ
1,0E-09
g’
1,0E-10 |
0 7 15 22 29 37 0 192
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HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4562
Issue : 01

Part Type :

MTP50NO6VL

Manufacturer :

Motorola Semiconductors

Parameter: Static drain to source on-state resistance: RDSON-Bias1

Unit= Ohm

Spec limit max: 0.032
Spec limits are represented in bold lines on the graphic.

VGS=5V, ID=21A

Test Step Initial 3,85 krads 7,35 krads 13,95 krads | 19,65 krads | 24,65 krads | 29,85 krads
Serial #
1 Ref. 2,433E -02 2,400E -02 2,406E -02 2,471E -02 2,433E -02 2,429E -02 2,410E -02
2 2,510E -02 2,533E -02 2,505E -02 2,495E -02 2,529E -02 2,490E -02 2,471E -02
3 2,467E -02 2,481E -02 2,495E -02 2,467E -02 2,533E -02 2,524E -02 2,510E -02
4 2,395E -02 2,438E -02 2,419E -02 2,414E -02 2,433E -02 2,390E -02 2,414E -02
5 2,549E -02 2,576E -02 2,567E -02 2,533E -02 2,581E -02 2,519E -02 2,519E -02
6 2,467E -02 2,467E -02 2,476E -02 2,462E -02 2,490E -02 2,443E -02 2,433E -02
Statistics
Min 2,395E -02 2,438E -02 2,419E -02 2,414E -02 2,433E -02 2,390E -02 2,414E -02
Max 2,549E -02 2,576E -02 2,567E -02 2,533E -02 2,581E -02 2,524E -02 2,519E -02
Mean 2,477E -02 2,499E -02 2,492E -02 2,474E -02 2,513E -02 2,473E -02 2,470E -02
Sigma 5,729E -04 5,527E -04 5,320E -04 4,398E -04 5,506E -04 5,640E -04 4,587E -04
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 2,424E -02 2,419E -02 2,419E -02
2 2,467E -02 2,486E -02 2,490E -02
3 2,467E -02 2,471E -02 2,476E -02
4 2,376E -02 2,396E -02 2,390E -02
5 2,500E -02 2,548E -02 2,552E -02
6 2,424E -02 2,457E -02 2,448E -02
Statistics
Min 2,376E -02 2,396E -02 2,390E -02
Max 2,500E -02 2,548E -02 2,552E -02
Mean 2,447E -02 2,472E -02 2,471E -02
Sigma 4,779E -04 5,449E -04 5,929E -04
RDSON- Bi as1 LRt
iy
0,040 7 15 22 29 37 v 3 0 192
A 4
v 5
0,036 o6
=
5 0,032
= 0,028
5
0,024% = =
0,02
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. . Réf. : HRX/99.4562
HIREX Engineering Total Dose Test Report lssue - 01
Part Type : MTP50N06VL Manufacturer : Motorola Semiconductors
Parameter: Static drain to source on-state resistance resistance: RDSON-Bias2 VGS=5V, ID=21A
Unit= Ohm
Spec limit max: 0.032
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. 2,433E -02 2,400E -02 2,406E -02 2,471E -02 2,433E -02 2,429E -02 2,410E -02
7 2,414E -02 2,457E -02 2,467E -02 2,481E -02 2,578E -02 2,563E -02 2,562E -02
8 2,433E -02 2,467E -02 2,500E -02 2,486E -02 2,562E -02 2,538E -02 2,548E -02
9 2,424E -02 2,457E -02 2,471E -02 2,495E -02 2,576E -02 2,538E -02 2,567E -02
10 2,549E -02 2,576E -02 2,590E -02 2,619E -02 2,690E -02 2,681E -02 2,705E -02
11 2,471E -02 2,514E -02 2,538E -02 2,548E -02 2,652E -02 2,624E -02 2,633E -02
Statistics
Min 2,414E -02 2,457E -02 2,467E -02 2,481E -02 2,562E -02 2,538E -02 2,548E -02
Max 2,549E -02 2,576E -02 2,590E -02 2,619E -02 2,690E -02 2,681E -02 2,705E -02
Mean 2,458E -02 2,494E -02 2,513E -02 2,526E -02 2,612E -02 2,589E -02 2,603E -02
Sigma 5,508E -04 5,155E -04 5,166E -04 5,857E -04 5,649E -04 6,227E -04 6,586E -04
Test Step | 36,85 krads 24 hours 192 hours
Serial #
1 Ref. 2,424E -02 2,419E -02 2,419E -02
7 2,595E -02 2,614E -02 3,071E -02
8 2,581E -02 2,629E -02 3,090E -02
9 2,600E -02 2,638E -02 3,214E -02
10 2,762E -02 2,786E -02 3,590E -02
11 2,662E -02 2,690E -02 3,386E -02
Statistics
Min 2,581E -02 2,614E -02 3,071E -02
Max 2,762E -02 2,786E -02 3,590E -02
Mean 2,640E -02 2,671E -02 3,270E -02
Sigma 7,488E -04 7,007E -04 2,184E -03
RDSON- Bi as?2 LRt
o7
0,040 7 15 22 29 37 T8 0 192
A9
Vv 10
0,036 oun
=
6 0,032 o
/@
Z 0,028 v
5 7
‘ —
0,024
0,02

Irradiation steps (krads) Annealing (hours)
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HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4562
Issue : 01

Part Type :

MTP50NO6VL

Manufacturer :

Motorola Semiconductors

8 Conclusion

A total dose radiation verification test has been performed on MTP50NO6VL N-Channel Power
Mosfet from Motorola Semiconductors up to 36.85 Krad(Si) accumulated dose.

No failures were recorded up to the last exposure of 36.85 Krad(Si). At this dose level, only the
threshold voltage under Bias 1 and Bias 2 conditions failed marginally its specified limit and
recovered after 168 hours annealing step.

However a rebound effect has been observed on Rdson resistance under Bias 2 conditions, during

the last annealing step.

This device has shown a fairly good resistance to radiation induced effects.

HRX/99.4562 Issue 01
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HIREX Engineering

Total Dose Test Report

Réf. : HRX/99.4562
Issue : 01

Part Type :

MTP50NO6VL

Manufacturer :

Motorola Semiconductors

HRX/99.4562 Issue 01
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MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MTP50N06VL/D

Designer’s] Data Sheet
TMOS V

Power Field Effect Transistor
N—Channel Enhancement—Mode Silicon Gate

TMOS V is a new technology designed to achieve an on-resis-
tance area product about one—half that of standard MOSFETs. This

MTP5SONO6VL

Motorola Preferred Device

new technology more than doubles the present cell density of our
50 and 60 volt TMOS devices. Just as with our TMOS E-FET

TMOSYV

TMOS POWER FET
42 AMPERES
60 VOLTS

designs, TMOS V is designed to withstand high energy in the
avalanche and commutation modes. Designed for low voltage, high
speed switching applications in power supplies, converters and
power motor controls, these devices are particularly well suited for

bridge circuits where diode speed and commutating safe operating
areas are critical and offer additional safety margin against
unexpected voltage transients.

New Features of TMOS V

* On-resistance Area Product about One-half that of Standard
MOSFETs with New Low Voltage, Low Rpg(on) Technology

» Faster Switching than E-FET Predecessors G

Features Common to TMOS V and TMOS E-FETS
» Avalanche Energy Specified
* Ipssand Vps(on) Specified at Elevated Temperature

i

CASE 221A-06, Style 5

» TO-220AB
» Static Parameters are the Same for both TMOS V and
TMOS E-FET
MAXIMUM RATINGS (T¢ = 25°C unless otherwise noted)

Rating Symbol Value Unit

Drain—to—Source Voltage Vpss 60 Vdc
Drain-to—Gate Voltage (Rgg = 1.0 MQ) VDGR 60 Vdc
Gate—to—Source Voltage — Continuous VGs +15 Vdc
— Non-repetitive (tp < 10 ms) Vesm +20 Vpk

Drain Current — Continuous @ 25°C ID 42 Adc

— Continuous @ 100°C ID 30
— Single Pulse (tp < 10 s) IDM 147 Apk
Total Power Dissipation @ 25°C Pb 125 Watts
Derate above 25°C 0.83 wi°C
Operating and Storage Temperature Range T3 Tstg -551t0 175 °C
Single Pulse Drain—to—Source Avalanche Energy — STARTING Tj = 25°C Eas 265 mJ
(Vpp = 25 Vdc, Vgg = 5 Vdc, PEAK I =42 Apk, L = 0.3 mH, Rg =25 Q)
Thermal Resistance — Junction to Case Reac 1.2 °C/w
— Junction to Ambient Reja 62.5
Maximum Lead Temperature for Soldering Purposes, 1/8" from Case for 10 seconds T 260 °C

Designer’s Data for “Worst Case” Conditions
curves — representing boundaries on device characteristics — are given to facilitate “worst case” design.

— The Designer's Data Sheet permits the design of most circuits entirely from the information presented. SOA Limit

E—-FET, Designer’s and TMOS V are trademarks of Motorola, Inc. TMOS is a registered trademark of Motorola, Inc.

Preferred devices are Motorola recommended choices for future use and best overall value.

REV 2

0 Motorola, Inc. 1996
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MTP50NOGVL
ELECTRICAL CHARACTERISTICS (Tj=25°C unless otherwise noted)

Characteristic Symbol Min | Typ | Max | Unit |
OFF CHARACTERISTICS
Drain-to—Source Breakdown Voltage V(BR)DSS
(Vgs =0 Vdc, Ip = .25 mAdc) 60 — — Vdc
Temperature Coefficient (Positive) — 64 — mV/°C
Zero Gate Voltage Drain Current IDss pAdc
(Vps =60 Vdc, Vgs = 0 Vdc) — — 10
(Vps =60 Vdc, Vgs = 0 Vdc, Ty = 150°C) — — 100
Gate—Body Leakage Current (Vgs = = 15 Vdc, Vpg = 0 Vdc) Igss — — 100 nAdc
ON CHARACTERISTICS (1)
Gate Threshold Voltage VGs(th)
(Vps = Vgs. Ip = 250 pAdc) 1.0 14 2.0 Vdc
Threshold Temperature Coefficient (Negative) — 4.3 — mV/°C
Static Drain—to—Source On—-Resistance (Vgs =5 Vdc, Ip = 21 Adc) RDS(on) — 0.025 0.032 Ohm
Drain—to—Source On-Voltage VDS(on) Vdc
(Vgs =5 Vdc, Ip = 42 Adc) — — 1.6
(Vgs =5 Vdc, Ip = 21 Adc, Tj = 150°C) — — 15
Forward Transconductance (Vpg = 6 Vdc, Ip = 20 Adc) gFS 17 28 — Mhos
DYNAMIC CHARACTERISTICS
Input Capacitance Ciss — 1570 2200 pF
" Vps =25 Vdc, Vgs =0 Vdc
Output Capacitance (Vbs ' VGS : —
P P f=1.0 MHz) Coss 508 710
Transfer Capacitance Crss — 135 270
SWITCHING CHARACTERISTICS (2)
Turn—-On Delay Time td(on) — 16 30 ns
Rise Time (Vpp =30 Vdc, Ip = 42 Adc, ty — 355 701
Vgs =5 Vdc,
Turn—Off Delay Time Rg=9.1Q) td(off) — 80 160
Fall Time t — 160 320
Gate Charge QT — 40 60 nC
(See Figure 8)
(Vps = 48 Vdc, Ip = 42 Adc, Q1 - 11 —
Vgs =5 Vdc) Q2 — 20 —
Q3 — 16 -
SOURCE-DRAIN DIODE CHARACTERISTICS
Forward On—Voltage (Is = 42 Adc, Vs = 0 Vdc) Vsp B Lo3 - vdc
(Is =42 Adc, Vgs =0 Vdc, Ty = 150 °C) o 0'94 -
Reverse Recovery Time trr — 91.1 — ns
(I = 42 Adc, Vgs = 0 Vdc, ta — 63.8 —
dig/dt = 100 Alus) th _ 273 —
Reverse Recovery Stored Charge QRR — 0.299 — uc
INTERNAL PACKAGE INDUCTANCE
Internal Drain Inductance Lp nH
(Measured from contact screw on tab to center of die) — 35 —
(Measured from the drain lead 0.25" from package to center of die) — 4.5 —
Internal Source Inductance Ls nH
(Measured from the source lead 0.25" from package to source bond pad) — 7.5 —

(1) Pulse Test: Pulse Width <300 ps, Duty Cycle < 2%.
(2) Switching characteristics are independent of operating junction temperature.
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TYPICAL ELECTRICAL CHARACTERISTICS
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POWER MOSFET SWITCHING

Switching behavior is most easily modeled and predicted
by recognizing that the power MOSFET is charge controlled.
The lengths of various switching intervals (At) are deter-
mined by how fast the FET input capacitance can be charged
by current from the generator.

The published capacitance data is difficult to use for calculat-
ing rise and fall because drain—gate capacitance varies
greatly with applied voltage. Accordingly, gate charge data is
used. In most cases, a satisfactory estimate of average input
current (IG(Av)) can be made from a rudimentary analysis of
the drive circuit so that

t=QllgAv)

During the rise and fall time interval when switching a resis-
tive load, Vgg remains virtually constant at a level known as
the plateau voltage, Vggp. Therefore, rise and fall times may
be approximated by the following:

tr = Q2 xRG/(VGG - VGSP)

tf=Q2 X RG/VGsp

where

VGG = the gate drive voltage, which varies from zero to VGG
RG = the gate drive resistance

and Q2 and Vgsp are read from the gate charge curve.

During the turn—on and turn—off delay times, gate current is
not constant. The simplest calculation uses appropriate val-
ues from the capacitance curves in a standard equation for
voltage change in an RC network. The equations are:

td(on) = RG Ciss In [VGG/(VGG — VGSP)]
td(off) = RG Ciss In (VGG/VGSP)

The capacitance (Cjgg) is read from the capacitance curve at
a voltage corresponding to the off-state condition when cal-
culating td(on) and is read at a voltage corresponding to the
on-state when calculating tq(off).

At high switching speeds, parasitic circuit elements com-
plicate the analysis. The inductance of the MOSFET source
lead, inside the package and in the circuit wiring which is
common to both the drain and gate current paths, produces a
voltage at the source which reduces the gate drive current.
The voltage is determined by Ldi/dt, but since di/dt is a func-
tion of drain current, the mathematical solution is complex.
The MOSFET output capacitance also complicates the
mathematics. And finally, MOSFETSs have finite internal gate
resistance which effectively adds to the resistance of the
driving source, but the internal resistance is difficult to mea-
sure and, consequently, is not specified.

The resistive switching time variation versus gate resis-
tance (Figure 9) shows how typical switching performance is
affected by the parasitic circuit elements. If the parasitics
were not present, the slope of the curves would maintain a
value of unity regardless of the switching speed. The circuit
used to obtain the data is constructed to minimize common
inductance in the drain and gate circuit loops and is believed
readily achievable with board mounted components. Most
power electronic loads are inductive; the data in the figure is
taken with a resistive load, which approximates an optimally
snubbed inductive load. Power MOSFETs may be safely op-
erated into an inductive load; however, snubbing reduces
switching losses.
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Figure 7. Capacitance Variation
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SAFE OPERATING AREA

The Forward Biased Safe Operating Area curves define
the maximum simultaneous drain—to—source voltage and
drain current that a transistor can handle safely when it is for-
ward biased. Curves are based upon maximum peak junc-
tion temperature and a case temperature (T¢) of 25°C. Peak
repetitive pulsed power limits are determined by using the
thermal response data in conjunction with the procedures
discussed in AN569, “Transient Thermal Resistance—General
Data and Its Use.”

Switching between the off-state and the on—state may tra-
verse any load line provided neither rated peak current (Ippm)
nor rated voltage (Vpss) is exceeded and the transition time
(tr,tf) do not exceed 10 ps. In addition the total power aver-
aged over a complete switching cycle must not exceed
(Ta(mAx) — Tc)/(Regc)-

A Power MOSFET designated E-FET can be safely used
in switching circuits with unclamped inductive loads. For reli-

able operation, the stored energy from circuit inductance dis-
sipated in the transistor while in avalanche must be less than
the rated limit and adjusted for operating conditions differing
from those specified. Although industry practice is to rate in
terms of energy, avalanche energy capability is not a con-
stant. The energy rating decreases non-linearly with an in-
crease of peak current in avalanche and peak junction
temperature.

Although many E-FETs can withstand the stress of drain—
to—source avalanche at currents up to rated pulsed current
(Ipm), the energy rating is specified at rated continuous cur-
rent (Ip), in accordance with industry custom. The energy rat-
ing must be derated for temperature as shown in the
accompanying graph (Figure 12). Maximum energy at cur-
rents below rated continuous Ip can safely be assumed to
equal the values indicated.
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PACKAGE DIMENSIONS
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SEATING
—!— | PLANE
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STYLE5:
u PINL.
2.
3.
4

CASE 221A-06
ISSUE Y

GATE
DRAIN
SOURCE
DRAIN

NOTES:

1

2.
3.

DIMENSIONING AND TOLERANCING PER ANSI

Y14.5M, 1982.

CONTROLLING DIMENSION: INCH.
DIMENSION Z DEFINES A ZONE WHERE ALL
BODY AND LEAD IRREGULARITIES ARE

ALLOWED.

INCHES MILLIMETERS

| DIM| MIN MAX MIN | MAX
A | 0570 | 0.620 | 14.48 | 15.75
B | 0.380 | 0.405 9.66 | 10.28
C | 0160 | 0.190 4.07 4.82
D | 0.025 | 0.035 0.64 0.88
F | 0142 | 0.147 3.61 3.73
G | 0.095 | 0.105 242 2.66
H | 0110 | 0.155 2.80 3.93
J 0.018 | 0.025 0.46 0.64
K | 0500 | 0562 | 12.70 | 14.27
L | 0.045 | 0.060 115 152
N | 0190 | 0.210 4.83 5.33
Q | 0100 | 0.120 2.54 3.04
R | 0.080 | 0.110 2.04 279
S | 0.045 | 0.055 115 1.39
T | 0235 | 0.255 5.97 6.47
U | 0.000 | 0.050 0.00 127
V_| 0.045 — 115 —
z — | 0.080 — 2.04
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