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INTERNATIONAL ELECTROTECHNICAL COMMISSION

DISCRETE SEMICONDUCTOR DEVICES -

Part 8-4: Metal-oxide-semiconductor field-effect transistors (MOSFETSs)
for power switching applications

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and in
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any |IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any equipment
declared to be in conformity with an IEC Publication.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and expenses
arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard |EC 60747-8-4 has been prepared by subcommittee 47E: Discrete
semiconductor devices, of IEC technical committee 47: Semiconductor devices.

The text of this standard is based on the following documents:

FDIS Report on voting
47E/259/FDIS 47E/266/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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This standard is to be read in conjunction with where the user will find all basic
information on

— terminology (Chapter II);

— letter symbols (Chapter II);

— essential ratings and characteristics (Chapter lIll);

— measuring methods (including verification of ratings) (Chapter 1V);

— acceptance and reliability (Chapter V).

IEC 60747 consists of the following parts, under the general title Discrete semiconductor
devices:

Part 1: General

Part 2: Rectifier diodes

Part 3: Signal (including switching) and regulator diodes
Part 4: Microwave devices

Part 5: Optoelectronic devices

Part 6: Thyristors

Part 7: Bipolar transistors

Part 8: Field-effect transistors

Part 9: Insulated-gate bipolar transistors (IGBTs)

Part 10: Generic specification for discrete devices and integrated circuits
Part 11: Sectional specification for discrete devices

Part 12: Sectional specification for optoelectronic devices
Part 13: —

Part 14: Semiconductor sensors

Part 15: Isolated power semiconductor devices

Part 16: Microwave integrated devices.

The committee has decided that the contents of this publication will remain unchanged until the
maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

* replaced by a revised edition, or
* amended.
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DISCRETE SEMICONDUCTOR DEVICES -

Part 8-4: Metal-oxide-semiconductor field-effect transistors (MOSFETS)
for power switching applications

1 Scope

This part of IEC 60747 gives details for the following categories of metal-oxide semiconductor
field-effect transistors (MOSFETSs) with inverse diodes.

— Type B depletion (normally on) type.
— Type C enhancement (normally off) type.

NOTE 1 MOSFETs for some applications may not have inverse diode characteristics in the data sheet. Special
circuit element structures to eliminate body diode are under development for such applications. MOSFET applications
such as motor control equipment need to specify the inverse diode characteristics in the MOSFET to use the inverse
diode as a free wheeling diode.

NOTE 2 MOSFET is classified as a kind of insulated gate field-effect transistor (IGFET) in |[EC 60747-§.

NOTE 3 The graphical symbol only for type C is used in this standard. It equally applies for the measurement of type
B devices.

2 Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of the
referenced document (including any amendments) applies.

IEC 60747-1:1983, Semiconductor devices — Discrete devices and integrated circuits — Part 1:
General

IEC 60747-2:2000, Semiconductor devices — Discrete devices and integrated circuits — Part 2:
Rectifier diodes

|EC 60747-8:2000, Semiconductor devices — Part 8: Field-effect transistors.

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

3.1 General terms

General terms for MOSFETSs are defined in 4.2 of |[EC 60747-8§.

3.2 Equivalent circuit

MOSFETs generally (see NOTE 1 in Clause 1) contain an intrinsic inverse or body diode in
parallel with the MOSFET itself. Figure 1 shows the equivalent circuit of an N-channel device.

Polarities are reversed for P-channel devices. The diode is not shown in the normal graphical
symbol.
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IEC 1131/04

Figure 1 — Equivalent circuit of MOSFET with inverse diode

3.3 Terms related to ratings and characteristics

3.3.1

rate of rise of off-state voltage

dv/dt

rate of rise of drain-source off-state voltage induced during reverse recovery period of the
inverse diode

3.3.2

reverse-bias safe operating area

RBSOA

drain current versus drain-source voltage region in which the MOSFET is able to turned-off
repetitively with clamped inductive load without failure

3.3.3

short-circuit safe operating area

SCSOA

drain current versus drain voltage region in which the MOSFET is able to turn on and off non
repetitively without failure

3.34

avalanche energy (for avalanche devices)

Ep

avalanche energy capability during turn-off period

3.3.5

repetitive avalanche energy (for avalanche devices)
Epr

repetitive avalanche energy capability during turn-off period

3.3.6
non-repetitive avalanche energy (for avalanche devices)

Eps
non-repetitive avalanche capability during turn-off period (single pulse)

3.3.7
drain leakage current

Ips
drain current in the off-state
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3.3.8
breakdown voltage, drain to source

V(BR)DS
drain-source breakdown voltage in the off-state

3.3.9

(short-circuit) input capacitance
Ciss

see 4.3.6.1in |[EC 60747-8

3.3.10

(short-circuit) output capacitance
COSS

see 4.3.6.2 in |EC 60747-8

3.3.11

(short-circuit) reverse transfer capacitance
C

rss
see 4.3.6.3in |EC 60747-8

3.3.12
internal gate resistance

r
s?wort-circuit internal gate resistance (see Figure 37)

3.3.13
switching times

'td(on); t., td(off)y and tf | |
input waveform is the gate to source voltage, and output waveform is the drain current (see
EC 60747-1)

3.3.14

turn-on energy

Eon

value of the integral of the product of drain-source voltage Vpg and drain current I during

t
turn-on described as the equation of Eon=j01 ip xvpg xdt (see Figure 2)

3.3.15
turn-off energy
EOff . . . . . .
value of the integral of drain-source voltage Vpg multiplied by drain current Iy during turn-off

described as the equation of E 4= J‘:3,'D xvps xdt (see Figure 2)
2

Vbs

Vbs 10 %

\ 4

0(A), O(V)

IEC  1132/04

Figure 2 — Integral times for the turn-on energy E,,, and turn-off qmrgyBgcuments
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3.3.16
gate charges

3.3.16.1

total gate charge

Qg

charge that is required to raise the gate-source voltage from zero to a specified value and
calculated by the following equation (see Figure 3)

ta.
Qg = LO’GG(t)dt

3.3.16.2
threshold gate charge

Qgs(th
char(ge) required to raise gate-source from zero to Vg, and calculated by the following

equation (see Figure 3)
1
Qgs(th) = LO’GG(t)dt

3.3.16.3
plateau gate charge

Qgs (p1)
charge required to raise gate-source voltage from zero to plateau voltage VGS(pl) and calculated

by the following equation (see Figure 3)
Q = jtzi (t)dt
GS(p) = J,,'GG

3.3.16.4
gate drain charge

Qgp
charge difference between beginning and end of plateau region, required to charge up Cgp and

calculated by the following equation (see Figure 3)

t3.
Qcp = LZ’GG (t)dt
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lele)

lfele) Qg total gate charge
Q
QGS(pI) S QGS(th) threshold gate charge
o QGsith) Qs . Qgs(pl) Plateau gate charge
Time for Q - t Qgp 9gate-drain charge
Time for @gs(pl)  Time for Qgp
Time:for QGS th) TS o
VGs
VGs
Vasiih) “
0 P >
ip
Vbs
DS Ip
0 = >

to t tr t3 {y

IEC  1133/04

NOTE Time intervals indicated by arrow end lines are integral intervals to calculate the gate charges.

Figure 3 — Basic waveforms to specify the gate charges

3.3.17
output capacitance charge

Qoss
charge required to change the voltage at output capacitance Cqgg during turn-on and turn-off

3.3.18

gate-source plateau voltage

VGs(p))

voltage during turn-on, where Vg is relatively constant (Miller-Plateau) and during which Cgp is
charged

NOTE See Figure 3.

3.3.19
drain-source reverse voltage

Vbsr
voltage across the MOSFET which results from the flow of current in the reverse direction

3.3.20
MOSFET forward recovery current

Ier
recovery current of the MOSFET which results from the flow of current in the reverse direction
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3.3.21
MOSFET forward recovery time

tfr

recovery time of the MOSFET which results from the flow of current in the reverse direction

3.3.22
MOSFET forward recovery charge
Qs

recovery charge of the MOSFET which results from the flow of current in the reverse direction

3.4 Conventional used terms

Table 1 — Terms for MOSFET in this standard and the conventional used terms
for the inverse diode integrated in the MOSFET

Standard terms Letter Convention.ally used terms for inverse diode Letter
symbol with MOSFET in off-state symbol
Drain-source reverse voltage Vbsr Inverse diode forward voltage VE
MOSFET forward recovery current Ier Inverse diode reverse recovery current Irr
MOSFET peak forward recovery current IerM Inverse diode peak reverse recovery current Irm
MOSFET forward recovery time ter Inverse diode reverse recovery time tr
MOSFET forward recovered charge Qs Inverse diode reverse recovered charge Q
Reverse drain current Ipr Inverse diode forward current Ie
Peak reverse drain current IprM Inverse diode peak forward current Tem

4 Letter symbols

General letter symbols for MOSFETs are defined in Clauses 2, 3 and 4, Chapter V of
IEC 60747-1 and in 4.4.3 of [EC 60747-4. Special letter symbols related to inverse diodes are

given in 4.3 of |EC 60747-2.

4.1 Additional general subscripts

In_addition to the list of recommended general subscripts given in 2.2.1, Chapter V of
EC 60747-1, the following subscripts are newly introduced in this standard:

(6] termination with a open circuit

S termination with a short circuit

R termination with a resistor

X termination with specified gate source voltage

pl plateau
th  threshold.

NOTE Xis defined in 4.1.2 of |EC 60747-1.
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Name and designation

Letter symbol

Remarks

4.2.1 Voltages

Breakdown voltage, drain-source (for type B) V(BR)DSX
Breakdown voltage, drain-source (for type C) ViBRr)DSS
Gate-source on-state voltage (for type C) Vs (on)
Drain-source on-state voltage Vbs (on)
Drain-source reverse voltage Vbr
Gate-source plateau voltage Vas(pl
4.2.2 Currents

Peak drain current Iom
Reverse drain current Ipr
Peak reverse drain current IprRM
4.2.3 Switching energy

Turn-on energy Eon
Turn-off energy E o5
4.2.4 Avalanche energy (for avalanche types)

Repetitive avalanche energy Exr
Non-repetitive single pulse avalanche energy Exs
4.2.5 Resistance

Internal gate resistance ry
4.2.6 Gate charges (see Figure 3)

Total gate charge Qg
Plateau gate charge Qas(pi
Gate-drain charge Qgp
Threshold gate charge Qgs(th)
4.2.7 MOSFETSs recoveries (inverse diode recoveries)

Peak forward recovery current IerM
Forward recovery time ter
Forward recovered charge Qs

5 Essential ratings and characteristics

5.1 General

For multiple-gate devices, required gate ratings and characteristics shall be given for each gate

separately, except where otherwise stated.

5.2 Ratings (limiting values)

Ratings shall be valid for the whole range of operating conditions as stated for the particular
device, with reference to a curve where appropriate.
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5.2.1 Temperatures

5.2.1.1 Minimum and maximum ambient, case or virtual junction temperatures (T, or T¢
orT,)
j

5.2.1.2 Where appropriate, minimum and maximum storage temperature (Tstg)
5.2.2 Power dissipation (P,)

Maximum total power dissipation, any special requirements for ventilation and/or mounting shall
be stated, where appropriate, a de-rating curve versus temperature.

5.2.3 Voltages and currents

5.2.3.1 Maximum off-state drain current (/p,)

5.2.3.2 Maximum gate-source voltages (+ Vgg)

5.2.3.3 Maximum gate-gate voltage (for multiple-gate devices) (Vg1.g2)
5.2.3.4 Maximum rate of rise of off-state voltage (dv/dt)

5.2.3.5 Maximum on-state drain current (/p)

5.2.3.6 Maximum peak on-state drain current (Ipy)

Under specified pulse conditions.

5.2.3.7 Maximum reverse drain current (/pg)
5.2.3.8 Maximum peak reverse drain current (Ipgn)

Under specified pulse conditions.

5.2.4 Safe operating area (SOA), where appropriate
5.2.4.1 Maximum RBSOA

Under specified pulse conditions.

5.2.4.2 Maximum SCSOA (if applicable)
Under specified short-circuit conditions. Alternatively the time for which the device can be

turned-on non repetitively across a specified drain-source voltage and with specified gate
conditions may be specified.

5.2.5 Avalanche energy (for avalanche devices)
5.2.5.1 Maximum repetitive avalanche energy (EpR)

Under specified conditions in an unclamped inductive switching circuit.

5.2.5.2 Maximum non-repetitive avalanche energy (Epg)

Under specified conditions in an unclamped inductive switching circuit.

5.2.6 Mechanical data
See |[EC 60747-1.
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5.3 Characteristics

Characteristics shall be given at 25 °C and at one specified higher operating temperature taken
except where otherwise stated.

5.3.1 Gate leakage current (/ggg)

Maximum value at maximum gate-source voltage Vgg with drain shorted to source.

5.3.2 Drain leakage current (/pgy) (for type B)

Maximum value at specified high drain-source voltage and gate-source voltage.

5.3.3 Drain leakage current (/pgg) (for type C)

Maximum value at specified high drain-source voltage and gate-source shorted.

5.3.4 Breakdown voltage, drain to source (V(BR)DSX) (for type B)

Minimum value, at maximum off-state drain current /I, and specified gate-source voltage.

5.3.5 Breakdown voltage, drain to source (V(BR)DSS) (for type C)

Minimum value, at maximum off-state drain current /5, and gate-source shorted.

5.3.6 Gate-source cut-off voltage (Vgg(osf)) (for type B)

Minimum and maximum values at specified high value of drain-source voltage and low value of
drain current.

5.3.7 Gate-source threshold voltage (VGs(th)) (for type C)

Minimum and maximum values, at specified high value of drain-source voltage and at a low
value of drain current.

5.3.8 Gate-source on-state voltage (Vggp(on)) (for type C)

Maximum value in the on-state.

5.3.9 Drain-source on-state resistance (rps(on))

Maximum value at specified gate voltage, temperature and with negligible internal dissipation
(see Figure 28).

5.3.10 Drain-source reverse voltage (VpR)

Maximum value at specified high reverse current (/Ipgr) and at Vgg = 0.

5.3.11 Short-circuit input capacitance (C;q)

Maximum value, under specified drain-source voltage, at specified frequency and with the drain
source short-circuited to a.c.
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5.3.12 Short-circuit output capacitance (C,)

Maximum value, under specified drain-source voltage, at specified frequency and with gate
source short-circuited to a.c.

5.3.13 Short-circuit reverse transfer capacitance (C,)

Maximum value, under specified drain-source voltage, at specified frequency and with gate
source short-circuited to a.c.

5.3.14 Internal gate resistance (rg), where appropriate

Maximum and/or typical value, under the electrical conditions specified and at specified
frequency

5.3.15 SWItChlng times (td(on)’ tl” td(off)! and tf)
Typical values under specified conditions:

— drain current;

— gate-source voltage for turn-on and off;

— load resistance;

— resistance in the gate-source circuit;

— case or ambient temperature or virtual junction temperature.

NOTE Where tyof) is only a small fraction of the total turn-off time ({,), @ maximum value for ¢ alone is adequate.
The value of ty(on) is from 10 % of Vgg to 10 % of rising Ip. The value of ¢, is from 10 % to 90 % of the rising /p. The
value of t; is using the linear part of decline only to cover the (di/dt) of falling Ip (see |EC 60747-1).

5.3.16 Turn-on energy (per pulse) (E,,,), where appropriate
Maximum value under specified conditions:

— drain-source voltage before turn-on;

— drain peak current after turn-on;

— gate-source voltage;

— resistance in the gate-source circuit;

— case or ambient temperature or virtual junction temperature.

5.3.17 Turn-off energy (per pulse) (E,¢), where appropriate
Maximum value under specified conditions:

— drain peak current before turn-off;

— drain-source voltage after turn-off;

— gate-source voltage;

— resistance in the gate-source circuit;

— case or ambient temperature or virtual junction temperature.
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5.3.18 Gate charges (QG, QGD’ QGD(th)’ QGS(pI))

Typical values at specified drain current (/p), drain-source voltage (Vpg) and gate current (/5g)
(see Figure 3).

5.3.19 Forward recovery time ()

Maximum value under specified conditions.

5.3.20 Peak forward recovery current (Iggy)

Maximum value under specified conditions.

6 Measuring methods

6.1 General

The polarities of the power supplies, shown in the circuits in this standard, are applicable to
N-channel type devices. However, the circuits can be adapted for P-channel type devices by
changing the polarities of the meters and the power supplies.

The general precautions listed in Clause 2, Section One of Chapter VII of apply. In
addition, special care should be taken to use low-ripple d.c. supplies and to decouple
adequately all bias supply voltages at the frequency of measurement. For four-terminal devices,
the fourth terminal should be connected as specified.

When handling these devices, the handling precautions given in Clause 1, Chapter IX, of
EC 60747-1 shall be observed. The entire circuit in the following subclauses should be placed
inside an electrostatic screen.

6.2 Verification of ratings (limiting values)

Table 2 - Failure defining characteristics and failure criteria

Failure defining characteristics Failure criteria
lgss lgss > USL
Ips+ Ipg+ > USL
Vas(tny (OF Vas(orr) VGs(thy > USL or Vggny <LSL
ps(on) ps(on) > USL
USL: upper specified limit
LSL: lower specified limit
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6.2.1 Voltages and currents
6.2.1.1 Drain-source voltage (d.c.) (Vpg+)

NOTE *=0,R,SorX

6.2.1.1.1 Purpose

To verify the drain-source voltage (d.c.) Vpg+ under specified conditions.

6.2.1.1.2 Circuit diagram

Vbsx

()

+

o VD;S I I<—> VDS@) +/)'

Vbp

—
—
2
N
(9]
TN

IEC  1134/04

Figure 4 — Circuit diagram for testing of drain-source voltage

6.2.1.1.3 Circuit description and requirements

Vpp and Vg are the d.c. voltage supply. Ry is a circuit protection resistor.

6.2.1.1.4 Testing procedure

The gate-source is set to specified conditions. Vp is increased until the drain-source voltage
measured on voltmeter Vg reaches the specified drain-source voltage (d.c.) Vpg«. After the
above test, confirm the failure-defining characteristics of DUT being normal by the criteria of
Table 2.

6.2.1.1.5 Specified conditions

— Ambient or case or junction temperature (T, or T, or TVJ-)
— Gate-source bias conditions
— Drain-source voltage: rated drain-source voltage.

6.2.1.2 Gate-source (d.c.) voltage (Vgg+)
6.2.1.2.1 Purpose

To verify the gate-source (d.c.) voltage for both polarities, under specified conditions.

Documents

18 Document Sharing Hub

Full document details: BS IEC 60747-8-4:2004


http://dx.doi.org/10.3403/BSIEC60747
http://dx.doi.org/10.3403/BSIEC60747
http://www.avadocuments.com/doc/bs-iec-60747-8-4-2004
http://www.avadocuments.com/doc/bs-iec-60747-8-4-2004

