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Revision R Page
Date Level Description Number(s)
7/28/2020 1 Initial release 118
Disclaimer:

The information in this document is given as an indication for the purpose of implementation only and shall not be
regarded as any description or warranty of a certain functionality, condition or quality. The statements contained
herein, including any recommendation, suggestion or methodology, are to be verified by the user before
implementation, as operating conditions and environmental factors may vary. It shall be the sole responsibility of the
recipient of this document to verify any function described herein in the given practical application. Vincotech GmbH
hereby disclaims any and all warranties and liabilities of any kind (including without limitation warranties of no
infringement of intellectual property rights of any third party) with respect to any and all information given in this

document.
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1 Abstract

Designers of power electronic applications such as frequency inverters are
guided by documents like datasheets or handling instructions that show the
electrical boundaries of the devices or give hints and recommendations for
mechanical and thermal dimensioning.

This document explains conditions and data sources used in Vincotech’s
datasheets, application sheets and handling instructions and gives also hints for
the design.

2 Introduction and general overview of the
datasheet

The content of the datasheet is in the following order:

e Main page (features, 3D picture, simple schematic, etc.)

e Max ratings

e Characteristic values

e Characteristics (graphs)

e Switching definitions

e Module section (ordering code, outline, detailed schematic, ID table,
packaging)

e Document section (handling, UL information, modifications, disclaimer)
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2.1 Header and Footer

v
10-0B066PA010SB-M993F09
datasheet

Vincotech

The header contains Vincotech’s logo. On the right, the module name is shown
above the text “datasheet”.

Copyright Vincotech 1 23 Jun. 2017 / Revision 3

In the footer, information on page number, revision and copyright holder can be
found. The revision is always an integer number. The date is written in the
following format: DD MM YYYY

2.2 Main page

The main page has a border with the product line and nominal values of the
module is defined by the main components or system voltage marked in the
header.

flowPACK 0O B 600V /10 A

« IGBT3 (600 V) technology H Hu '
e Open emitter topology | i r P II ! -~
e New ultra-compact housing ‘l i ‘ I'L .
* Single-screw heat sink mounting ! A‘l‘ {

- \ )

|
e Dedicated design for motor drive @ @ %
—=
» 10-0B066PA010SB-M993F09 -_Ik} -Jk} t}
rﬁﬂ—l
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2.2.1 Features and target applications

The “Features” text box shows the key features of the technology, topology and
the housing. The “Target applications” text lists target applications for which
dedicated products can be found.

2.2.2 Housing

The header contains the Vincotech’s housing construction with its heights. The
main page right upper corner section represents the 3D picture of a housing.

2.2.3 Schematic

It represents the topology of a module without functions.
2.2.4 Types

The name of the product(s).

2.3 Max. ratings
The maximum ratings have a common structure for each component, including
a common header.

Maximum Ratings

= 25 °C, unless otherwise specified

Parameter Symbol Condition Value Unit
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2.4 Module properties

Vincotech

Module properties are placed in the maximum ratings section which contains the
thermal properties and isolation properties.

Module Properties

Thermal Properties

Storage temperature Tax -40..+125 aC
Operation temperature under switching condition T -40. (Timaw - 25) °oC
Isolation Properties

DC Test Voltage* Lh=2s 6000 v
Isolation voltage Vst

AC Voltage t, = 1 min 2500 A"
Creepage distance min. 12,7 mm
Clearance 9,08 mm
Comparative Tracking Index CTI = 600

*100 % tested in production

2.5 Characteristic values

The characteristic values have a common structure for each component,
including a common header.

Characteristic Values

Parameter Symbol Conditions Value Unit
Ves [V] 5::: [V]| Kk [A] e )
s [V]| In [A] | T; [°C]1| Min Typ Max
Vs (V1| " tvi| 1 [A]
Each component can have static, dynamic and thermal values.
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2.6 Characteristics (Graphs)

The figures have sequential numbering in the header, restarting from 1 for each
components. Figures also have a short explanation and a function form of the

plotted characteristics.

figure 1. IGET
Typical output chamcteristics
Ic = (V)

S0

&0

30

[i] 1 2 3 5
Fer (V)
ty = 250 Hs 25 =2C O ——
¥ = 15 W T;: 125 °C —

150 °C o= o= o= ==

Figure 1: Typical output characteristics

Each figure has its own characteristics with given conditions. Conditions can be
found below the plot or as an additional information inside the plot area or on
the curve itself. All axis have labels describing the plotted attribute.
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2.7 Switching definitions

The “switching definitions” section describes the measurement evaluation
methods for the direct and derived parameters. All figures are generic figures
for each switch type (IGBT, MOSFET). They explain Vincotech s switching
evaluation method which is not in all cases aligned with IEC standard
recommendations.

2.8 Module section

The purpose of this section is to show the general properties of the module.
These parts provide an overview of the electrical and mechanical features of the
product.

2.8.1 Ordering code and marking

This section describes the variants of the power module (eg. TIM, Lids). Marking
of the power module is illustrated with an example picture of the module s side.

Version Ordering Code

without thermal paste 12 mm housing with Press-fit pins 10-E¥126PA050M7-L196F78T
with thermal paste 12 mm housing with Press-fit pins 10-EYL126PA050M7-L196F78T-/3/
without thermal paste 12 mm housing with solder pins 10-E2126PA050M7-L196F7 8L
wiith thermal paste 12 mm housing with solder pins 10-E2126PAD50M7-L196F7EE-/3/

Nama Date code UL & VIN Lot Serial
NN-NNNNNNSRMSNNNN-TTTTITTW WWYY UL VIN LLLLL 5555
Type&Ver | Lot number Serial Date code
TTTTTTTVV LLLLL 5555 WWYY

Text

Datamatiix

All available option codes, which belongs to the mechanical construction and the
Thermal Interface Material (TIM) are listed in this section.
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2.8.2 Outline

Vincotech

The mechanical drawing, the pin functions and its coordinates are described
within this section. More details on the housing dimension and a 3D model file
can be found on Vincotech "s webpage.

center of press-fit prend
for cosrechon porometer se2e e hardling mstruchon

AR TARAALAD

=

N

A, _Iiwl"'-'i‘. llid".'-l??-ﬂl,'-;d’hlr

Pin table

Fin X Y Function
1 32 3,2 G16
2 32 1] Ph3
3 28,8 8] Ph3
4 25,6 1] Ph3
5 19,2 1] Ph2
<] 16 1] Ph2
7 12,8 1] Ph2
8 | 12,8 | 3,2 Gl4
9 6,4 1] Phl
10 3,2 o0 Phl
11 ] 1] Phl
i2 1] 3,2 Gi2
13 [i] 19,2 Therml
14 1] 28,8 Therm2
15 1] 44.8 G111
16 1] 48 DC-1
17 3,2 48 DC-1
18 6,4 48 DC-1
19 9.6 48 DC-1
20 12,8 48 DC-2
21 12,8 44.8 G13
22 16 48 DC-2
23 [ 192 | a8 DC-2
24 22,4 48 DC-2
25 22,4 44,8 G15
26 25,6 48 DC-3
27 28,8 48 DC-3
28 32 48 DC-3
29 32 44,8 DC-3
30 12,8 25,6 DC+
31 12,8 22,4 DC+
32 12,8 19,2 DC+
33 12,8 16 DC+

i

ifolofol=1op”
=RIR=NIE=RIE=RIN=RIE=]
IE=NIN= =NIN=NI|
EDEDOD‘:D‘:‘
IR=HIE= ool
H‘UGDDIDDDGDD
008 D=0o]
DI‘D':'D“____ =o0=00
(R=NIR=N R=RIE=NIR=NI|
clojalojo)o
lelolelel=l
ocljolellelleo
DFDD':'UH':'DDDE'DI
= icli=sfcl=i

(o))

108 =01

i)

119

Telerance of pispesitions: #04mm ot the end of prm
Dimension of coordinote s = only olfset withaut tolerance
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2.8.3 Detailed schematic

Vincotech

The product-specific schematic includes the component designators, pin names

and numbers.

30,31,32,33
DC+123
T12 T14 T16
D11 D13 D15
G12 G14 G16
12 8 1
Ph1
& °.10,11
Ph2
& s’
Ph3
2,34
T11 T13 T15
D12 D14 D16
G11 G13 G15
15 21 25
Rt N
DC-1 DC-2 DC-3 Therm1 l Therm2 l
16,17,18,19 20,22,23,24 26,27,28,29 13 14
2.8.4 1ID table

To be able to link component functions with physical components, an explaining

table is required.

ID Component Voltage Current Function Comment
T11, T12, T13, T14,
T1i5, T16 IGET 1200 Vv 50 A Inverter Switch
D11, D12, D13, D14, .
D15, D16 FWD 1200 vV 50 A Inverter Diode
Rt NTC Thermistor

In this table the component "s nominal values which are stated in the supplier’s

datasheet can be found.

Power module datasheet explanation
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The product’s packaging is important from a logistic point of view. The
packaging quantity and sample or standard order definitions can be found in this
section.

Packaging instruction

Standard packaging guantity (SPQ) 100 =5PQ Standard =SPQ Sample

2.9 Document section

Additional document-related information is located at the last page of the
datasheet.

Handling instruction

Handling instructions for flow E2 packages see vincotech.com website.

Package data

Package data for flow E2 packages see vincotech.com website.

UL recognition and file number

This device is certified according to UL 1557 standard, UL file number E192116. For more information see vincotech.com website. m

This refers to links to supplementary documents like handling instructions,
housing dimensions and UL file. This section is always part of the datasheet.

For modification tracking a single row table is used.

Document No.: Date: Modification: Pages
Corrected Cr&Cl values 2z
10-Ex126PA0S0M7-L196F78x-D3-14 20 Dec. 2018 Short circuit ratings 16

The modification date is identical to the date found in the footer. Modification
and pages describe the changes made since the last full revision. The page which
contains changes are listed here.

Power module datasheet explanation Rev. 01 Ypage 12
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The disclaimer is located at the end of the document.

DISCLAIMER

The information, specifications, procedures, methods and recommendations herein (together “information™) are presented by Vincotech to
reader in good faith, are believed to be accurate and reliable, but may well be incomplete and/or not applicable to all conditions or situations
that may exist or occur. Vincotech reserves the right to make any changes without further notice to any products to improve reliability,
function or design. No representation, guarantee or warranty is made to reader as to the accuracy, reliability or completeness of said
information or that the application or use of any of the same will avoid hazards, accidents, losses, damages or injury of any kind to persons
or property or that the same will not infringe third parties rights or give desired results. It is reader’s sole responsibility to test and determine
the suitability of the information and the product for reader’s intended use.

LIFE SUPPORT POLICY

Vincotech products are not authorised for use as critical components in life support devices or systems without the express written approval

of Vincotech.

As used herein:

1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or (b) support or
sustain life, or (c) whose failure to perform when properly used in accordance with instructions for use provided in labelling can be
reasonably expected to result in significant injury to the user.

2. A critical component is any component of a life support device or system whose failure to perform can be reasonably expected to cause
the failure of the life support device or system, or to affect its safety or effectiveness.

V.

Power module datasheet explanation Rev. 01 Y page 13
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3 Datasheet parameters IGBT

3.1 Maximum values IGBT

The maximum values describe the electrical limits of the component which must
not be exceeded.

3.1.1 Collector-emitter voltage - Vces

The collector-emitter voltage is the maximum rated voltage between collector
and emitter terminals of an IGBT when the gate is shortened with the emitter.
Usually this value is measured at a junction temperature of 25 °C which is
specified in the supplier’s datasheet.

Datasheet example:

Collector-emitter voltage Vees 1200 \

Data source:
Supplier datasheet

Conditions:
o T3=25°C
e Vee = 0V short circuit

Power module datasheet explanation Rev. 01 Y page 14
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3.1.2 Collector current - I¢

The value of the forward current through an IGBT Ic is the maximum allowed DC
current through the main terminals in forward direction during continuous
operation. No additional losses are allowed in the chip or other thermally-coupled
devices.
The maximum achievable forward current of an IGBT is limited by the gate
voltage.

figure 1. IGBT
Typical output characteristics
lc = f(Vc)
18 "

—_ .‘

s 2

3 <

s

15 :'. 4

12 /
6
/

3 /
0 1 2 3 4 5
Veg (V)
tp = 250 Hs - 25 ©OC  sessssssscss
Vee = 15 v " 125 °C m—

Figure 2: Collector current as a function of collector-emitter voltage

The current stated in the datasheet is calculated using the equation shown
below. Ic is referred to the heatsink temperature. The heatsink temperature Ts
is given to 80 °C.

ijax - Ts

IC =
VcEsat * Ring—s)

The values to determine the collector current are usually given at the maximum
allowed junction temperature and a fixed case or heatsink temperature.

Very often the DC collector current is also known as the nominal chip current
rating. Ic calculation is made on typical Vge voltage.

Power module datasheet explanation Rev. 01 Ypage 15
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Datasheet example:

Collector current Ic T) = Timax Ts = 80 °C 8 A

The condition is given with a heatsink temperature of 80 °C; and maximum
junction temperature.

Data source:
Calculated value based on the static measurement, the chip maximum junction
temperature and measured Ring-s) value.

Conditions:
b TJ = ijax
e Ts=80°C

e Ve = apply the recommended operating gate emitter voltage based on
supplier datasheet, typically 15 V

3.1.3 Repetitive peak collector current - Icrm

The nominal current rating can be exceeded for a short time. This current is
defined as repetitive peak collector current. These ratings indicate how much
pulsed current the device can handle which is significantly higher than the rated
continuous current. This current rating is defined by the chip supplier. It doesn't
take into consideration the bond wire and thermal limitation of the module
construction.

Datasheet example:

Repetitive peak collector current Term tp limited by Tjmax 18 A

Data source:
Supplier datasheet

Conditions:
. Repetition rate and duty cycle must be set to the range where T; is less
or equal to Tjmax.

Power module datasheet explanation Rev. 01 Y page 16
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3.1.4 Total power dissipation - Piot

The total power dissipation is the power that a device can dissipate without
exceeding the maximum allowed junction temperature. The case temperature
or the heatsink temperature is also given for this condition.

The total power dissipation is always a calculated value. The total power
dissipation is calculated at maximum AT, where AT = Tjmax - Ts. This is reached
at maximum junction temperature.

The power dissipation capability of one device is a function of thermal
construction and thermal gradient AT.

Datasheet example:

Total power dissipation | Puoc |TA = Tjmax T: = 80 °C 96 w

Data source:
Vincotech gives the total power dissipation capability as a calculated value based
on the following formula:

AT

Pt = ———
Ot RinG — 5)

Within the formula above the following variables are used:
AT —difference between the maximum junction temperature of semiconductor
according to supplier datasheet and the heatsink temperature [K];

Rin(-s) — thermal resistance, junction to heatsink [%], according to Vincotech
thermal measurement.

Conditions:
1 d TJ = ijax
e Ts=80°C

Power module datasheet explanation Rev. 01 Ypage 17
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3.1.5 Gate-emitter voltage - Vges

The Vees gives the maximum G-E voltage which must not be exceeded under
any condition. Exceeding this limit may cause life time degradation or oxide
breakdown and dielectric rupture. This range with reasonable guard band is
100 % tested by the supplier. The leakage current corresponding to Vges is
specified within the characteristics values.

Datasheet example:

Gate-emitter voltage Vies +20 A

Data source:
Supplier datasheet

Conditions:
e Tj= 25°C
e Vce = 0V short circuit

3.1.6 Short circuit ratings - tpsc

If a short circuit event occurs, the collector current rapidly rises so that the IGBT
limits the current amplitude to a safe level for a period of time. This period of
time allows the user (control circuitry) to turn off the device without damage.
The number of short circuit events may be limited to a maximum number for
the whole lifetime of the device, and the minimum time between two short circuit
events as well. The short circuit withstand capability depends on chip
technology. Not all the chip technologies used by Vincotech are short circuit
rated.

Datasheet example:

Short circuit ratings tsc Vee =15 V V=800V T;=150°C 10 Hs

Data source:
Supplier datasheet

Conditions:
e Gate-Emitter voltage during short circuit: Vce
e DC link voltage: Vcc
e Junction temperature at the beginning of short circuit: T;

Power module datasheet explanation Rev. 01 Y page 18
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3.1.6.1 Short circuit duration as a function of Vge

Short circuit withstand time given within the max section is specified for a certain
Vee voltage. The typical value for IGBT is +15 V. If a short circuit occurs, the
IGBT desaturates and limits the current to the short circuit current level. The
IGBT transfer characteristic imposes the short circuit current level. Higher Vg,
leads to higher short circuit current. The energy during a short circuit event
needs to be dissipated by the IGBT chip. This is because the time is so short that
no thermal spreading nor thermal conduction to the DCB and heatsink takes
place. So it is obvious that if the short circuit current level increases, the short
circuit withstand time must be decreased accordingly. There will be a linear
dependency of the short circuit withstand time by Vge.

Datasheet example:

figure 7. IGBT

Short circuit duration as a function of Vg
tose = f(Vee)
16

0
10 11 12 13 14 15

Vg (V)

Vee = 400 v

T, < 150 oC

Figure 3: Short circuit duration as a function of Vge

Data source:
Supplier datasheet

Conditions:
e DC link voltage: Vcc
e Junction temperature at the beginning of short circuit: T;
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3.1.6.2 Short circuit collector current as a function of Vge

Due to the high-gain characteristic of IGBTs, the collector current will rise to an
undetermined value limited by its transconductance, higher Vge will lead to
higher short circuit currents. When a short circuit is detected, the IGBT must be
switched off within the short circuit withstand time. The dependency of short
circuit current as a function of Ve is shown in the graph below.

Datasheet example:

Figure 28 Inverter IGBT
Typical short circuit collector current as a function of
gate-emitter voltage
I = (V)

150

- I (sc)

25 -

/

100 -~

/

50

25

12 14 16 18 20
Ve (V)

At
Vee< 1200  V
T, = 175 oC

Figure 4: Short circuit current as a function of Vge

Data source:
Supplier datasheet

Conditions:
e DC link voltage: Vce
e Junction temperature at the beginning of short circuit: T;
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3.1.7 Maximum junction temperature - Tjmax

The maximum junction temperature Tijmax is the temperature of the junction of
a device that can be tolerated without damage in non-switching condition. The
maximum operation temperature Tjop is usually 25 K lower than the maximum
junction temperature.

Datasheet example:

Maximum junction temperature Timax 175 eC

Data source:
Supplier datasheet

Conditions:
No condition
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3.2 Characteristic values IGBT

This chapter describes the characteristic values, which are the main
representative parameters, of the component.

3.2.1 Gate-Emitter threshold voltage - Vgg(th)

The gate-emitter threshold voltage is the voltage at which the collector current
begins to flow. All IGBTs show variations in Vggth) between devices which is
normal. Therefore, a range of Vgewn) is specified, with the minimum and
maximum representing the edges of the Vggwh) distribution. Those are usually
given at a junction temperature of 25 °C. The threshold voltage has a negative
temperature coefficient, meaning that when the device heats up, the IGBT will
turn on at a lower gate-emitter voltage. This temperature coefficient is typically
around —8 mV/K, the same as for a power MOSFET.

110
% | T
T 100
T~
Veeany 90
80 \
70
-50 -25 0 25 50 75 100 125 150 175
7} —
Figure 5: Threshold voltage as a function of junction temperature

Test conditions are the collector current, gate-emitter voltage which equals the
collector-emitter voltage and junction temperature. These are also given in the
datasheet.

Datasheet example:

Gate-emitter threshold voltage Veerny  |Vee = Ve 0,00018 |25 5 5,8 6,5 v

Data source:
Supplier datasheet

Conditions:
e Specified value in the supplier datasheet or: Vce = VGe
e Specified value in the supplier datasheet: Ic

Power module datasheet explanation Rev. 01 Y page 22



3.2.2 Typical transfer characteristics

Vincotech

The typical transfer characteristics show the collector current as a function of
gate-emitter voltage at two or three different temperatures. One value is
typically given at a low temperature (25 °C) and another at high temperature
(125 °C or 150 °C or both). This depends on the chip’s maximum junction
temperature. In case of IGBTs the typical transfer characteristic is always given
on nominal collector current. During the measurement the Collector-Emitter

voltage Vce kept on 10 V.

Datasheet example:

Typical transfer characteristics

1c = f(vee)

figure 3. IGBT

15

Ie (A)

/

12

tp = 250 us

V{;E = 10 \

150 °C — = =

Figure 6: Typical transfer characteristics
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Data source:
The typical transfer characteristics are measured by curve tracer equipment by
Vincotech.

®)

LA
Y

Figure 7: The arrangement of the measurement

Conditions:
o Vce=10V
e tp, = 250 us (pulse width of collector-emitter voltage)
e T3=25°C, 125 °C or/and 150 °C

3.2.3 Collector-Emitter saturation voltage - VcEsat

The collector-emitter saturation voltage is the voltage drop through the IGBT
when a current flows in forward direction with specified conditions. The voltage
drop is a function of current. A higher current will lead to a higher forward
voltage.

The forward voltage is also a function of temperature. Most devices show positive
temperature coefficients above a certain current level that make it easy to
parallel semiconductors. Older technologies have negative temperature
coefficients that make paralleling more complex.

The forward voltage of an IGBT is also a function of the gate-emitter voltage. A
gate-emitter voltage higher than the recommended value will result in a lower
voltage drop.

Power module datasheet explanation Rev. 01 Y page 24



Datasheet example:
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Parameter Symbol Conditions Value Unit
Vee [V] ] Ic [A]
KGE E\\:::Il Vos [V]| In [A] | T;[°C]| Min Typ Max
o ve [V1]| I [A]

Collector-emitter saturation voltage

15

25

25
125
150

1,58

1,82
2,11
2,18

2,07

Data source:

In case of maximum and minimum collector-emitter saturation voltage the data

source is the supplier datasheet.

The typical collector-emitter saturation voltage is determined by the output
characteristic measurement on the IGBT nominal current and 15 V gate-emitter

voltage.

The collector-emitter saturation voltage is given at low temperature (25 °C) and at
high temperature (125 °C or 150 °C or both). It depends on the chip’s maximum

junction temperature.

Conditions:

e Jc = IGBT nominal collector current

e Vee=15V

e Tj=25°C, 125 °C or/and 150 °C

Power module datasheet explanation
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3.2.4 Typical output characteristics

Every final datasheet contains two graphs to represent the output
characteristics. On Figure 8 the left side figure shows the collector-emitter
saturation voltage as a function of collector current on two or three different
temperatures. One value is typically given at a low temperature (25 °C) and
another at high temperature (125 °C or 150 °C or both). The output
characteristic measured until 3 times of nominal current.

On Figure 8 the right side figure shows the collector-emitter saturation voltage
as a function of collector current and different gate-emitter voltages at Tjmax —
25 K. In case of IGBTs the gate-emitter voltage is always given from 7 Vto 17 V
with 1 V steps.

Datasheet example:

figure 1. IGBT figure 2. IGBT

Typical output characteristics Typical output characteristics
Ic =f(Vee) Ic = f(Ve)
80 = 80

.'.- /
. -
60 = - 60 -

<

GE-

Ie (&)

I (m)

A Y
|
N

40 A 40

i’ // ~
.‘l‘ // / i -
50 LA 20 A
o ] 0
0 1 5 3 4 5 0 1 2 3 4 5
Vee (V) Vee (V)
ty = 250 us 25 °C  sessssvsrassss ty = 250 Hs
Ve = 15 \ T 125 °C — T, = 150 °C
150 °C - = = Ve from 7 Vto 17 Vin steps of 1V

Figure 8: Datasheet example for typical output characteristics

Data source:

The typical output characteristics are measured by curve tracer equipment by
Vincotech characterization lab.

The given forward voltage in the module datasheet is always measured on
module pins. If a sense pin is available, then this pin is used for sensing.
Alternatively a separate pin with the same potential, which is not loaded by
current, is used for sensing.
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The arrangement of the measurement:

®

Figure 9: The arrangement of the measurement

Conditions of Figure 8 left side:
e Vege=15V
e T3=25°C, 125 °C or/and 150 °C
e tp, = 250 us (pulse width of collector-emitter voltage)

Conditions of Figure 8 right side:
e Vee=7V-17VinstepoflV
e T3=125°Cor 150 °C
e tp = 250 us (pulse width of collector-emitter voltage)

3.2.5 Collector cut-off current — Ices

The collector (-emitter) cut-off current Ices is the current that flows through the
device when the gate emitter terminals are shorted and a voltage equal to the
rated blocking voltage is applied across the collector and emitter terminals. It is
also called leakage current. The cut-off current increases with increasing junction
temperature.

Datasheet example:

Collector-emitter cut-off current Ices 0 600 25 0,04 HA

Data source:
Supplier datasheet

Conditions:
o T3=25°C
e Vee = 0V short circuit
o Vce = Vices
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3.2.6 Gate-emitter leakage current - Iges

The leakage current Iges is the current that flows into the device’s gate when
collector and emitter terminals are shorted and a voltage equal to the maximum
rated gate-emitter voltage is applied across these terminals. The leakage current
increases with increasing junction temperature.

Datasheet example:

Gate-emitter leakage current Iges 20 0 25 300 nA

The condition is given with a junction temperature of 25 °C; sometimes also with
higher-temperatures.

Data source:
Supplier datasheet

Conditions:
e Specified at the recommended gate-emitter voltage (Vee) with collector-
emitter shorted (Vce = 0) and T3 = 25 °C.

3.2.7 Internal gate resistance - rq

Depending on the chip technology, the switch (IGBT or MOSFET) may have an
internal gate resistance.

The value of the internal gate resistor is an important parameter for gate current
peak value scaling at the gate driver design.

Datasheet example:

Internal gate resistance rg 2 Q

Data source:
Supplier datasheet

Conditions:
No condition
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3.2.8 Parasitic capacitances

Vincotech

IGBTs have a parasitic capacitance between each of its three terminals. Figure:
11 shows input capacitance Cies, output capacitance Coss and the reverse transfer

capacitance Cres.

Cgc=
Cres

Gate

Collector

IGRT

——Cce=

Cge=
Cies-Cres

Emitter

Coss-Cres

Figure 10: IGBT parasitic capacitance

The parasitic capacitances decrease over a range of increasing collector-to-
emitter voltage, especially the output and reverse transfer capacitances. This
variation is linked to the gate charge data.

C(pF)
0000

Cies

1000

100

//
//
IO

10

01

1 10

Vee(V)

Figure 11: IGBT parasitic capacitances as a function of Vce

Power module datasheet explanation

Rev. 01 page 29



Vincotech
3.2.8.1 Input capacitance - Cies

Cies = Cee + Cac

The input capacitances Cies is the parasitic capacitance of the IGBT which will
determine the gate drive requirements under switching condition. As the
parasitic capacitances’ values strongly depend on the operation point of the
IGBT these values should not be used to simulate oscillation or EMI behavior.

Datasheet example:

Parameter Symbol | Conditions Value Unit
i | |t [ |Min | Ty | Max

Input capacitance Cies 4810

Output capacitance Coes [f=1Mhz |0 25 25 184 pF

Reverse transfer capacitance | Cres 79

Data source:
Supplier datasheet

Conditions:
Typical values:
e Vce=25V
e f=1MHz
e Vee=0V
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3.2.8.2

Output capacitance - Coes

Vincotech

The output capacitance Coes is located between the collector and emitter with the
gate shorted to the emitter for AC currents. Hence, Coes is the sum of the
paralleled capacitances Cce and Coc. It is one of three key parameters of the
dynamic behavior of an IGBT.

Coes = Cce + Cac

Datasheet example:

Parameter

Symbol

Conditions

Value

Unit

Vee
[vl

Vce
[v]

Ic
[A]

T
[°C]

Min

Typ

Max

Input capacitance

Cies

Output capacitance

COES

Reverse transfer capacitance

CFES

f=1Mhz

25

25

4810

184

79

pF

Data source:
Supplier datasheet

Conditions:
Typical values:
o Vcg=25V
e f=1MHz
e Vee=0V
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3.2.8.3 Reverse transfer capacitance - Cres

The reverse transfer capacitance, often referred to as the Miller capacitance, is
one of the major parameters affecting voltage rise and fall times during
switching. The reverse transfer capacitance is equal to the gate-to-collector
capacitance.

Cres = Cac

Datasheet example:

Parameter Symbol | Conditions Value Unit
i o[ |t | pa | Me | Tve | Max

Input capacitance Cies 4810

Output capacitance Coes [f=1Mhz| O 25 25 184 pF

Reverse transfer capacitance | Cres 79

Data source:
Supplier datasheet

Conditions:
Typical values:
e V=25V
e f=1MHz
e Vee=0V
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3.2.9 Gate charge - Qg

Vincotech

The gate charge is the required charge to raise the gate-emitter voltage from a
specified low level to a specified higher level. This is often given within the

condition of gate-emitter voltage of =15V to +15V or from O V to +15 V.

Gate voltage vs Gate charge
Vee=1{Qc)

IGBT

&5
-
()

w
o
15

v/

12,5

i

10

7,5 "

5

2,5 /

0

1] 50

100

150

200

Qc (nC)

At
Ic= 30 A

Figure 12: Gate charge curve

The specified conditions are the junction temperature, the applied voltage to the
device and the collector current. The applied voltage is typically at 80 % and

20 % of device voltage rating.

Datasheet example:

Gate charge Qg

15

480

30

25

167

nC

Data source:
Supplier datasheet

Conditions:
Typical values:
o Vee=15V
e Vce = 20 and 80 % of the Vces
o Ic= Icnom
e T3=25°C
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3.2.10 Thermal resistance - R

Thermal resistance is the resistance between two different parts. Usually, the
first part is the junction of a semiconductor. The second part can be the heatsink,
the case or the ambient. It is measured in K/W. To calculate the thermal
resistance, losses are applied to the device and the difference between the
temperatures of the two parts is monitored.

The thermal resistance characterizes the thermal behavior of power
semiconductors at steady state. Rt describes the ability of a given material to
resist a heat flow. If more components are paralleled, then these are considered
as one single component and the Rt is measured accordingly.

By definition the R is:

Ry :? = P =

AT Tj_TS |:K:|

Principle measurement setup

Junction temperature

solder layer °‘/
DCB lis.-ﬁ-l__,c“

: ~  ADO3 | solder layer
u =

baseplate —_

Thermal grease

Fluid medium

ARARRARUARRRRAAA
Heat sink temperature
Thermocouple

Figure 13: Measurement setup

The most challenging in Rtn measurement is the chip temperature measurement.
There are different ways to measure the temperature of IGBT using infrared
cameras or thermocouples at chip surfaces or using temperature dependence of
semiconductor properties like the forward voltage drop.

This forward voltage drop dependency by junction temperature is called T-V
curve or Vr = f(T5).
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Rw» measurement steps using the T-V dependency
e The first step is to heat the module passively while forcing a constant low

current (approx. 10mA/cm?) through the semiconductor for temperature
dependency measurement of Vce. On this current level the self-heating of
the chip can be neglected. The measured module is heated up and then
cooled down with constant temperature change rate (max 1 °C/min) in a
specified temperature range (usually 30 °C to 50 °C).
e Applying current to heat the module actively
e Determine the actual junction temperature by measuring the voltage drop
with a current
e Calculate Rt
AT T —Ts
Ring-s) = 5= = Vep - I
Ts, Vcg, Ic-direct measured with 4 wire measurement method

T; determined in the first three steps
Detailed information will follow in this chapter.

Factors that can influence the Rw value

Type of the cooling concept:

The thermal construction will determine the lateral spreading of the heat.
Thermal resistance is a function of the thermal conductivity of the heatsink. Each
layer in the direction of temperature drop influences the thermal spreading of
the next layer. When a highly conductive material such as copper is used for the
heatsink base, the thermal spreading inside the module will be less compared to
the use of the same heatsink made of aluminum.

Thermal conductivity of the heatsink:

The Rwn value strongly depends by the thermal conductivity of the heatsink used
in measurement setup. A measurement made with a good thermal conductivity
heatsink will result a worse Rt than a measurement made with a worse thermal
conductivity heatsink.

Rtn(j-s) natural < Rtn(j-s) forced < Ring-s) water
Rin(j-s) Al < Rin-s) Cu
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Ring.sy Natural < Ry s forced = Ry, .5, water

= Datasheet states worst case Ry, _Junction

Low absorbing heat sink

| High absorbing
heat sink

_Case
Thermal grease '

Fluid medium \‘

Al

.
rrrrrrrrrevererey

Heat sink

Figure 14: Thermal spreading as a function of cooling concept

Type and thickness of the thermal grease:

The type and thickness of the applied thermal internface material (TIM)
influences the Rin. TIM must be specified in the datasheet as measurement
condition, TIM thickness must be specified within the handling instructions.

Thermal couple position-sensing point of the reference temperature:

Heatsink temperature sensing: under the chip (POS) near the module (VIN)

Figure 15: Heatsink temperature measurement

The temperature sensing point can be near the module or below the chip.
Tspos) > Tsvin) =2 Rthpos) < Rth(vin)
Power-sense connection for dissipated power loss calculation:

By using the Kelvin sense connection the dissipated power on stray resistances
of the module will not be assigned to the device under test.

AT AT
= 2 e ——
Rth4WIRE I:)DUT RchWIRE I:)DUT + Pstray

If the 4-wire connection is not possible by module construction, for a precise
Rwn measurement special samples should be used with additional sense pins.
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Temperature dependency (TD)

The aim is to define the temperature dependency of the dies. The measured
module is mounted on a heatsink and is passively heated up and then cooled
down with a constant temperature change rate (max. 1 K/min) in a specified
temperature range (usually 30 °C to 50 °C). The Vce/Vbs voltage is measured
periodically during the heating and cooling phase. This Vce/Vbs voltage is
produced by a constant measurement current which “loads” the chip. The
measurement current has to be set according to the size of the chip
(approx. 10 mA/cm?2).

0.5 ,
>.0.4
o
©0.3
©
0.2
(]

S 0.1
>

0 P>
0 50 100 150 200
junction temperature [ °C]

Figure 16: Temperature dependency

Determine the cooling curve (CC)

The chip temperature is increased by applying a pre-defined load current which
raises the junction temperature significantly. The applied heating power is
registered for P calculation as: Vcg, Ic. The load current is switched off and after
the transient effect (some 100us) the measurement current is turned on. This
measurement current is the same as in the previous step. The Vce/Vbs voltage
is measured and recorded. The chip temperature can be calculated from the
measured voltage value.

Determine the actual junction temperature

The actual junction temperature can be easily determined by the registered T-V
(forward voltage dependency by temperature) curve and the measured Vce/Vbs
voltage.

Calculate R
Using the well-known formula

AT T —T,
Reng-s) = 5~ =y 1c
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3.2.10.1 Thermal resistance junction to sink - Rin(j-s)
Datasheet example:

Thermal

Apasee = 3,4 W/mK

Thermal resistance junction to sink Runis) (PSX)

141 KW

Data source:

The Rw value is a function of chip size, chip thickness and thermal construction.
If all these parameters are the same the same Rw value will be assigned and
measured for these components just once.

Conditions:
e Thermal conductivity of the thermal interface material, and its thickness
e Thermal cross coupling is not considered
e The resultis in K/W unit

3.2.10.2 Transient thermal impedance as a function of pulse width

The Foster thermal model is used for the transient thermal impedance
specification. The transient thermal impedance formulas don’t represent
physical layers, they are the result of curve fitting of the cooling curve.

_t
Zy= Z LR.@1-e ™)

7,=RC,
Iy M I3 My
| |
T; —— | I I L
T

| | | | | | [ | case

| | N N N

Cq C Cs Cq J_

case

T (r) - P(f) * Z""?.F'I-“ (r) + Tca.se = P(.T) 8 Z R;’ (l - e_f_,-) + T
i=1

Figure 17: Foster thermal model
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Datasheet example:

Transient thermal impedance as a function of pulse width
Zygis) = F(E,)
Lot '
H
g
)
oo
10t
0,5
0,2
10 o1
0,05 1
0,02 |
0,01
0,005 |||
10 ! .
105 104 103 102 101 10° 10t 102
&(s)
D= t,/ T
Rngos) = 2,19 K/w
FWD thermal model values
R (K/W) T (s)
6,49E-02 4,22E+00
1,67E-01 4,66E-01
9,76E-01 5,57E-02
5,62E-01 1,45E-02
3,00E-01 2,81E-03
1,17E-01 5,62E-04
Figure 18: Transient thermal impedance curves

Example how to use this characteristic to determine the Zin:

X-axis pulse width, assuming a value of: 3 ms

Parameter - duty cycle, assuming a value of: 0.2

From these parameters the pulse frequency is calculated.

For a pulse with frequency of 66.6 Hz and a duty cycle of 0.2 from transient
thermal impedance characteristics the Zw value turns out to be equal to 0.75
K/W (red arrow).

Data source:

Vincotech “s laboratory measurement. A detailed description of the test setup
can be found at the IGBT section. Diodes with the same mechanical properties
(chip size, material and thickness) will be assigned with the same R value.

Conditions:
e Thermal conductivity of the thermal interface material and its thickness
e Thermal cross coupling is not considered
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3.2.11 Safe operating area (SOA)

Two different kinds of safe operating areas can be defined:

e Forward bias SOA (FBSOA)
e Reverse bias SOA (RBSOA)

Vincotech

The forward bias safe operating area (FBSOA) defines the range of voltage,
current and power values where the IGBT operation is safe. The IGBT's SOA
must not be exceeded during turn-on and turn-off.

Datasheet example:

Figure 5.

Safe Operating Area
Ic =
f(VcE)

IGBT

100

L (A)

100
10 | DC_100ms|| 10m

=
3
=
=)
=
0

ous

/
/b

0.1
N
0.01
1 10 100 1000 10000
Ve (V)

D = single pulse
Ts = 80 °C
Vee = +15 V
Tj = ijax

Figure 19: Example for safe operating area

Power module datasheet explanation

Rev. 01 page 40



Vincotech

FBSOA limitations:

1. Area limited by the maximum rating pulse collector-current Icpeax) typical
Value: 3X ICnom
2. Area limited by maximum rating collector-emitter voltage Vces
3. Area limited by forward characteristic
4. Area limited by collector-dissipation region
The dissipation region limitation calculation:

P(t )= AT
Z(t,)
where:
Z(tp) is the thermal impedance valid for single pulse with duration ¢t
P(tp) is the maximum power dissipation for single pulse tp

Data source:
Supplier datasheet, Vincotech "s laboratory measurement of Zix

Conditions:
e Single pulse switching
e Heatsink temperature 80 °C
e Junction temperature less than Tjmax
e Gate voltage between VGe on and VGe off VOItage

The reverse bias safe operating area (RBSOA) is defined more detailed on page
51 in the 3.3.7 Reverse bias safe operating area (RBSOA) chapter.
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3.3 Switching characteristics

The switching characterization equipment is designed for switching
characterization of switches and diodes in three typical configurations: booster,
half bridge and three-level inverter.

Both switches, low side and high side switches, can be measured in HB
configuration. When an MNPC topology is measured, e.g., 1200 V switches and
600 V diodes are paired to be characterized and vice versa. The gate driver is
programmable through an isolated optical interface.

CURER. LIH. \L

: o

DC capacitor

,Rgon DUT1 y
K} EL DC VOLTAGE SOURCE
—3 HIGH DRIVE % .
RgoTt

‘, =| T &
:D > Vc:|c

QPTD ISOLATION

=

E  Rgen pyng

gﬁ*\ LOW DRIVE m L3 :DD_ |

@ Rgoff Veoe \L
o

=

[uT]

o

—]
il
p= 3
5

T Ic

Figure 20: Test circuit setup for a HB low side measurement

Conditions:
Conditions can be varying based on chip technology, module topology and

application.

Typical values:

T3 = 25 °C, 125 °C, 150 °C (usually highest temperature is 25 K below Timax)
Rgon, Rgoff range: 0.5 - 128 Q in power of two

Vgon = 15V

Vgorf = 0 V/-15 V based on module topology

Ic series: 20 % ICnom; 60 % ICnom; 100 % ICnom; 140 % ICnom; 180 % Icnom
Ve voltage: usually 50% of the breakdown voltage based on chip
technology and topology
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3.3.1 Turn-on delay time - t4on (IEC 60747-9)

The turn-on delay time is measured between the rising slope of the voltage at
the input terminals and the rising slope of the current through the device.

Each measuring point is at 10 % of the nominal value as can be seen in the next
figure.

figure 2. IGBT

Turn-on Switching Waveforms & definition of tie tean (tean = integrating time for E..)

Figure 21: Turn-on delay time definition

The value of the inductive load, the gate-emitter voltage as well as the resistance
in the gate-emitter circuit, the collector-emitter voltage after turn-on and the
collector current before turn-on are given as conditions.

Data source:

Dynamic measurement for the given transistor-diode commutation pair in the
same layout.

Conditions:
Defined as in the switching characteristic main chapter.
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3.3.2 Rise time - t. (IEC 60747-9)

Rise time is the time which the collector current takes to increase from 10 % to
90 % of its final steady state value. The current overshoot (diode recovery
effect) is not considered to be 100 % value.

figure 4. IGBT
Turn-on Switching Waveforms & definition of t,
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Figure 22: Rise time definition

The value of the inductive load, gate-emitter voltage as well as the resistance in
the gate-emitter circuit, the collector-emitter voltage after turn-on and the
collector current before turn-on are given as conditions.

Data source:
Dynamic measurement for the given transistor-diode commutation pair in the
same layout.

Conditions:
Defined as in the switching characteristic main chapter.
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3.3.3 Turn-off delay time - tqofr

Turn-off delay time is measured between the falling slope of the voltage at the
input terminals and the rising slope of the voltage being blocked by the device.
Each measuring point is at 90 % of the nominal value.

figure 1. IGBT

Turn-of f Switching Waveforms & definition of tauy, tear (tear = integrating time for Eay)

Figure 23: Turn-off delay time definition

The value of the inductive load, gate-emitter voltage as well as the resistance in
the gate-emitter circuit, the collector-emitter voltage after turn-off and the
collector current before turn-off are given as conditions.

This measurement method is not the same like in the IEC 60747-9 but gives a
very similar result.

Data source:

Dynamic measurement for the given transistor-diode commutation pair in the
same layout.

Conditions:
Defined as in the switching characteristic main chapter.

Power module datasheet explanation Rev. 01 Y page 45



Vincotech

3.3.4 Fall time - t¢

Fall time is the time which the collector current takes to decrease from 90 % to
10 % of its initial value. In order to neglect IGBT tail current the fall time is
measured on a fitted line to Ica0% and Iso%. The IEC 60747-9 standard does not
specify how to handle the tail current. Therefore this method and the values are
not compatible. The standard specifies t: between 90 % and 10 % of the nominal
value of the falling collector current.

figure 3. IGBT

Turn-off Switching Waveforms & definition of ty
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Figure 24: Fall time definition

The value of the inductive load, gate-emitter voltage as well as the resistance in
the gate-emitter circuit, the collector-emitter voltage after turn-off and the
collector current before turn-off are given as conditions.

Data source:
Dynamic measurement for the given transistor-diode commutation pair in the
same layout

Conditions:
Defined as in the switching characteristic main chapter.
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Datasheet example:

All four previously defined time-related values are provided in a table showing
also the values for selected Rq and Ic values for all measured temperatures. The
selected Rg and Ic are usually the middle values of the swept parameters. The

typical switching time graphs as a function of Rg and Ic are given at high junction
temperature typically at Tjmax — 25 K.

. 25 105
Turn-on delay time tagon) 150 102
25 22
Rise time tr
Reor = 64 Q 150 28 ns
Turn-off delay time t oo = 64 0 25 142
Y i) 150 164
Fall time t =18 00 25 103
! 150 132
Typical switching times as a function of collector current Typical switching times as a function of gate resistor
t=f{lc) t = f(Ry)
1 1
2 2 fd[nn)f
S 5 —
- =1 taorm |
diof) Tl . d(off)
bt f— — ——
——l = !
01 E=ty(on) 0.1 —— —
Z. t..
y P et -
e ——— y4
—_ “/—
0,01 0,01 —
0.001 0,001
o 2 4 6 8 10 12 0 32 64 a6 128 160 192 224 256 288
Ie (A r(Q)
With an inductive load at With an inductive load at
i 150 °C T 150 °C
Ve 300 v Vee 300 v
Ve +15 v Vee +15 v
R gon 64 Q Ic 6 A
R goft 64 Q
Figure 25: Datasheet example of switching times
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3.3.5 Turn-on energy - Eon (per pulse)

The turn-on energy is the dissipated energy of the IGBT during the off-on
transition. By definition, this energy is the integral of the power loss over the

switching period.
[

Eyy = [ Ve * 1
t2

Data source:

Double pulse test. The turn-on energy is measured at the second IGBT turn-on.
First the IGBT is turned on as long as the linearly increasing current trough
inductive load reaches the desired Ic value. When the desired Ic is reached, the
IGBT is turned off, and the inductive current commutates to the freewheeling
diode. The current during the freewheeling time is considered as constant. At
the second turn-on of the IGBT the current is commutated from FWD to IGBT.
During OFF-ON transition of the IGBT the Vg, Vce and Ic are recorded and the
integral is calculated with teon.

Integration limits definition: teon
e Integration start time at: 10 % Ve
e Integration stop time at: 3 % Vce

Vincotech s limits slightly differ from IEC 60747-9 integration limits.
e IEC 60747-9 integration limits: Integration start time at: 10 % VGce
e Integration stop time at: 2 % Vce

figure 2. IGBT

Turn-on Switching Waveforms & definition of ty,,, tgon (teon = integrating time for E,,))

%

GE 109 - \VCE 3%
0

tEon

t(ps)

Figure 26: Integration time definition for Eon

Conditions:
Defined as in the switching characteristic main chapter.
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3.3.6 Turn-off energy - Eoff (per pulse)

The turn-off energy is the dissipated energy of the IGBT during the on-off
transition. By definition this energy is the integral of the power loss over the

switching period.
4

E.i :'[VCE *Ic*dt
t2
Data source:
Double pulse test. The IGBT is turned on as long as the linearly increasing
current trough inductive load reaches the desired Ic level. When the desired Icis
reached the IGBT is turned off. During ON-OFF transition of the IGBT the Vg,
Vce, Ic is recorded and the integral is calculated with teofr.

Integration limits definition: teosr
e Integration start time at: 90 % Ve
e Integration stop time at: 1 % Ic

Vincotech “s limits slightly differ from IEC 60747-9 integration limits.
e IEC 60747-9 integration limits: Integration start time at: 90 % VGe
e Integration stop time at: 2 % Ic

figure 1. IGBT

Turn-off Switching Waveforms & definition of tdofr, teorr (teorr = integrating time for Eofr)

% tdoff

N L/ V(

~_  VGe 90%

LE 90%

Ve {c

/L ;(

tEoff

I01%

t(ps)

Figure 27: Integration time definition for Eof
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Datasheet example:

The switching energies are typically given at nominal IGBT current or the middle

value of the Ic measurement current series and the middle value of

the

measurement Rg series, at room temperature 25 °C and high temperature

125 °C and/or 150 °C (usually highest temperature is 25 K below Tjmax).

Parameter Symbol Conditions Value Unit

Vee [V] | Ic [A]

Ve [V] Vos [V1| b [A] | T;[°€C]1| Min Typ Max

Ve V11y, (V1| I [A]
Qepwp = 11,6 pC 25 3,26
Turn-on energy (per pulse) Eon Qiewn = 17,3 pC 125 4,87
Qewp = 19,2 yC  [435 600 100 150 5,37
25 6,61
Turn-off energy (per pulse) Eorr 125 8,77
150 9,49

mWs

Vincotech measures the switching parameters at five different current levels and
five different Rgon/Rgofr. In order to provide a complete overview of the parts’
switching behavior, several charts are plotted in the switching characteristics

section of the datasheet.

e Typical switching energy losses as a function of collector current
e Typical switching energy losses as a function of gate resistor

. . . .
Inverter Switching Characteristics
gure 1 187
Typical switching energy losses as a function of collector current Typical switching energy losses as a function of gate resistor
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Figure 28: Energies as a function of Ic and Rq

Conditions:
Defined as in the switching characteristic main chapter.
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3.3.7 Reverse bias safe operating area (RBSOA)

The RBSOA is important during the turn-off transient. The reverse biased safe
operating area curve gives the maximum current and voltage which the device

can handle simultaneously during turn-off. Usually, the current that can be
turned off is limited to twice the nominal current of the IGBT.

The device will not breakdown if operated within the limits of this curve. The

maximum current is a function of the peak voltage appearing between the
collector and emitter during turn-off. The peak value of Vce is the sum of the DC

link voltage and the product of LP% where Lp is the stray inductance of the power

module. The conditions of this diagram are the junction temperature, the stray
inductance, the gate resistor and the gate voltage.

%

200 B W v
Overvoltage shoot during turn-off on //:ST
module|terminals ) -

1 150 DC Linkvoltage ——;—‘?
k P
100 ;' ‘-.
Voltage on chip level ' +
50 i :

0 :

0 20 40 60 80 100 120 %
Vg —
Figure 29: RBSOA diagram of an IGBT

Usually, two lines are provided in the RBSOA diagram. The continuous line gives
the values of the current and voltage that the chip itself can handle. Due to the
fact that these values cannot be measured, the dashed line illustrates the
voltage at the terminals of the module. These are always lower values than at
the chip level because of the voltage drop through the bond wires and the
internal stray inductance of the module. Normally, the allowed voltage overshoot

on the module terminals during turn-off is not shown in the RBSOA diagram but
it is used here for a better illustration.
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The conditions are the stray inductance, junction temperature, a single pulse or

testing frequency, the gate-emitter voltage and the gate resistor as well as the
value of the resistor between gate and emitter if any resistor is used.
Data source:

Module stray inductance determined during turn-off switching measurement.
Maximum operation voltage derated with the voltage overshoot generated by
the internal stray inductance.

Icmax = 2 Icnom

In case of paralleled chips Icnom is multiplied by the paralleled chip number.
Datasheet example:

figure 31. IGBT
Reverse bias safe operating area
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Figure 30: RBSOA diagram of an IGBT
Conditions:

The highest temperature measurement is used at the selected Rq and Ic values.
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4 Datasheet parameters diode

4.1 Maximum values
4.1.1 Peak repetitive reverse voltage - Vrrm

The repetitive peak reverse voltage is the voltage that a diode can withstand
repetitively during blocking without damage. Usually, this value is measured at
a junction temperature of 25 °C.

Datasheet example:

Peak repetitive reverse voltage Verm 1200 \

Data source:
Supplier datasheet. In parallel devices the value is the same. In series devices
the values can be added.

Conditions:
e T3=25°C

4.1.2 Continuous (direct) forward current - Ir

The value of the forward current through a diode Ir is the maximum allowed DC
current through the main terminals in forward direction in continuous operation.
No additional losses are allowed in the chip or other thermally coupled devices.

The current given in the datasheet is calculated using the following equation. Ir
can be referred to the case temperature or to the heatsink temperature (only
heatsink reference is used).
IF _ T] max Ts

Ve * Rin(j-s)
The values to determine the continuous forward current are usually given at the
maximum allowed junction temperature and a fixed case or heatsink
temperature.

Datasheet example:

Continuous (direct) forward current Is T = Timax T, = 80 °C 40 A

Data source:
For the calculation static measurement, chip maximum junction temperature,
and the measured R value is used.

Conditions:
L4 TJ = ijax
e Ts=80°C
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4.1.3 Repetitive peak forward current - Irrm

The diode forward nominal current can be exceeded for a short time. This
forward current is defined as repetitive peak collector current Irrm for a specified
repetitive pulse duration. This repetitive pulse duration is not specified in
Vincotech s datasheets. It depends on the thermal impedance Zw and the
maximum junction temperature T;. The pulse duration and its repetition rate
must be set in order not to exceed the maximum junction temperature T; of the
chip at a given thermal construction.

Datasheet example:

Repetitive peak forward current Term 12 A

Data source:
Supplier datasheet

Conditions:
e Junction temperature < Tjmax

4.1.4 Surge (non-repetitive) forward current - Irsm

Irsm is the peak value of the forward current through a diode including all non-
repetitive transient currents. The nominal current rating of a diode can be
exceeded in an application under some conditions. In case of pre-charging the
capacitors of a frequency inverter especially a high current can flow through the
diode. This capability is defined as the surge peak forward current. Usually this
is given in the datasheet for a half sine wave of 10 ms.

Datasheet example:

Surge (non-repetitive) forward current Tgsy 50 Hz Single Half Sine Wave 270 A

surge current capability 1% t,= 10 ms 50 Hz sine Tj=150°C 370 AZs

Data source:
Supplier datasheet

Conditions:
e Junction temperature T;j
e tp duration - specified as 10 ms for 50 Hz or 8.3 ms for 60 Hz half sine
wave
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4.1.5 Surge current capability - It

The I?t value specifies the surge current capability of the diode for non-switching
applications. Characterizes the device power dissipation capability within half-
sine wave. The surge forward current and surge current capability are in strong
relation, the formula between these two values for a 50 Hz sine wave current is:

10msS 1
I’t= 1) *t*dt :E*IZFSM *10mS

0
2% 12
esm =1 Toms

Datasheet example:

surge (non-repetitive) forward current Tesm 50 Hz Single Half Sine Wave 270 A

Surge current capability I t,= 10 ms 50 Hz sine Tj=150°C 370 A%s

Data source:
Supplier datasheet

Conditions:
e Junction temperature T;j
e tp duration - specified as 10 ms for 50 Hz or 8.3 ms for 60 Hz half sine
wave

4.1.6 Total power dissipation - Piot

The total power dissipation is the power that a device can dissipate without
exceeding the maximum allowed junction temperature. The case temperature
or the heatsink temperature is also given for this condition.

The total power dissipation is a calculated value in every case. The total power
dissipation is calculated at maximum AT which is reached at maximum junction
temperature. Please note that this maximum power dissipation is a theoretical
value which can be dissipated by the diode without exceeding the maximum
junction temperature in this given thermal construction. The power dissipation
capability of one device is a function of thermal construction and thermal
gradient AT.
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Datasheet example:

Total power dissipation Pt T = Tjmax T, = 80 °C 52 W

Data source:
Vincotech gives the total power dissipation capability as a calculated value based
on the following formula:
AT

Ring-s)
where:
AT - temperature difference between the junction of semiconductor and the
heatsink [K]; according to supplier datasheet

Ring-s) — thermal resistance, junction to heatsink [%], according to Vincotech
thermal measurement

Conditions:
L4 TJ = ijax
e Ts=80°C

4.1.7 Maximum junction temperature - Timax

The maximum junction temperature Timax iS the temperature of the junction of
a device that can be tolerated without damage. The maximum operation
temperature Tjop is usually 25 K lower than the maximum junction temperature.

Datasheet example:

Maximum junction temperature Timax 175 °C

Data source:
Supplier datasheet

Conditions:
No condition
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4.2 Characteristic values
4.2.1 Forward voltage - V¢

The forward voltage VF is the voltage drop through a diode when a current flows
in the forward direction. The voltage drop is a function of current. A higher
current will lead to a higher forward voltage.

/
7= 25////
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I // 7; = 7;1113_\( -25K
100 //
50
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[/i:—>

Figure 31: Forward voltage as a function of forward current

As it can be seen in the diagram, the forward voltage is also a function of
temperature. Most devices show positive temperature coefficients above a
certain current which make it easy to parallel the semiconductors.

Usually Vk is given with the conditions of the nominal chip current at two or three
different junction temperatures. If the Tijmax is 150 °C two values are given if
175 °C three values.

Datasheet example:

Parameter Symbol Conditions Value Unit
Ve [V] ] Ic [A]
KGE R,’% Vos [V]| In [A] |T;[°C]| Min Typ Max
o ve [V1] Ik [A]

25 1,90 2,05
Forward voltage Ve 25 125 1,90 \%
150 1,88

Data source:

The max. and min. values come from the supplier datasheet.

The typical forward voltage is determined by the typical forward characteristic
measurement on the nominal forward current.
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The forward voltage is given at a lower temperature (25 °C) and a higher
temperature (125 °C or 150 °C or both). It depends on the chip’s maximum
junction temperature.

Conditions:
e Jr = diode nominal forward current
e T3=25°C, 125 °C or/and 150 °C

4.2.2 Typical forward characteristics

The typical forward characteristic shows the forward current as a function of the
forward voltage at two or three different temperatures. Typically, the forward
characteristic is given at a low temperature (25 °C) and a high temperature
(125 °C or 150 °C or both). It depends on the chip’s maximum junction
temperature. In case of diodes, the typical forward characteristic is always given
up to three times of the nominal forward current.

Datasheet example:

figure 1. FWD

Typical forward characteristics

1¢ = f(V§)
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Figure 32: Typical forward characteristic

Data source:

The typical forward characteristics are measured by curve tracer equipment. The
bond wire effect, i.e. the voltage drop on bond wires, is minimized by four wire
measurement. The forward voltage is always measured on module pins. If a
Kelvin sense pin is available then this pin is used for sensing.
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" D1

Figure 33: The arrangement of the measurement

Conditions:
e tp, = 250 us (pulse width of forward current)
e T3=25°C, 125 °C or/and 150 °C

4.2.3 Reverse leakage current - Ir

Reverse leakage current Ir is the current flowing when Vrrwm is applied in reverse
direction to the diode.

Datasheet example:

Parameter Symbol Conditions Value Unit

V. [V] I [A] Ti [Oc] Min T\Fp Max

Static

25 240
I
Reverse |eakage current it 1200 150 28000 HA

Data source:

Supplier datasheet.

In parallel connection of IGBT with FWD, values are specified for each
component, although this value cannot be verified by production test.

Conditions:
e T3=25°C, 125 °C or/and 150 °C
e Repetitive peak reverse voltage: Vrrm

4.2.4 Thermal resistance - R

A detailed general description of the Rxn measurement can be found at the IGBT
section. In case of diode the laboratory measurement of Rt is the same.
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Figure 34: HB switching measurement setup

A detailed description of the dynamic measurement setup can be found at the

IGBT section.
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4.3.1 Peak recovery current - Irrm

The peak of the recovery current Irrm is the maximum of the diode recovery
current which is derived from the IGBT turn-on current waveform.

figura 5. FWD
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