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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;

Power module datasheet explanation Rev. 01 Y page 20



Vincotech

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:

Vincotech

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

Power module datasheet explanation Rev. 01 Y page 27



Vincotech

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
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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

Power module datasheet explanation Rev. 01 Y page 30



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

Power module datasheet explanation Rev. 01 Y page 38



Vincotech

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

LA

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
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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.
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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 ;(
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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
fc = f( V(:E)
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b
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1
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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////
Y 150 /
I // 7; = 7;1113_\( -25K
100 //
50
A/

0 1 2 3 \Y 4

[/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§)

75 /
60 /

3
45 ’

30 7

1/

0 1 2 3 4 5

Ie ()

~d

tp = 250 us . 25 OC  sessessessess

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

Tum-off Switching Wavefoms & definition of £
r - -

%
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Ipam 100%
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Ve[100%) = 350 v
I¢[100%) = 75 A
Trrm [ 100%) = 110 )
- a7 ns
Figure 35: Reverse recovery of the diode
Datasheet example:
Dynamic
25 191
Peak recovery current ITrrM 125 216 A
150 226
25 47
Reverse recovery time tir 125 128 ns
150 138
di/dt = 8514 A/ps 25 8,090
Recovered charge Q di/dt = 7480 A/ps |£15 350 150 125 13,155 uc
di/dt = 7164 A/us 150 12,787
25 2,837
Reverse recovered energy Erec 125 4,160 mWws
150 3,926
25 12381
Peak rate of fall of recovery current (dist/dt)max 125 9491 A/ps
150 8721

As the switching behavior of the diode strongly depends on IGBT turn-on speed,
all these parameters have only a meaning at a certain dir/dt, which is the typical
fall rate of forward current imposed by IGBT. The fall rate of forward current is
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measured between -5 % ... +5 % of reverse recovery current. That's why always
dir/dt must be specified as parameters.

In the switching section these values can be found in a graphical form,
represented as a function of collector current and as a function of IGBT turn-on
gate resistance.

figure 11. FWD figure 12. FWD
Typical peak reverse recovery current current as a function of collector current Typical peak reverse recovery current as a function of IGBT turn on gate resistor
T =1(1¢) T = (R yon)
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Figure 36: Peak recovery current as a function of collector current and IGBT turn-on gate resistance.

Data source:
Vincotech “s laboratory double pulse characterization measurement. A detailed
description of the test setup can be found at the IGBT section.

Conditions:
Conditions are the same as defined in the IGBT section.
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4.3.2 Reverse recovery time - ti+

The reverse recovery time is the interval between the first zero-crossing of the
decaying diode current and the second zero-crossing determined by the tangent
fitted on the diode current at 90 % and 10 % of the peak reverse recovery

current.
figure 5. FWD
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Figure 37: Definition of reverse recovery time

Data source:

Vincotech “s laboratory double pulse characterization measurement. A detailed

description of the test setup can be found at the IGBT section.

Conditions:
Conditions are the same as defined in the IGBT section.

Datasheet example:

figure 7. FWD figure 8. FWD
Typical reverse recovery time as a function of collector current Typical reverse recovery time as a function of IGBT turn on gate resistor
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Figure 38: Datasheet examples
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The recovered charge is the amount of charge which is recovered during the
turn-off event of the diode.

t1
Qr = f let
t

0

figure 6.

Tum-on Swit ching W aveforms & definition of tg, (to, = integrating time for Q,)
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Figure 39: Definition of recovered charge

Integration limits definition: tqr
Integration start time at: zero crossing of Ir
Integration stop time at: zero crossing time of Ir + 2%t

Conditions:

Defined above in the IGBT switching characteristic section

Datasheet example:

figure 9. FWD figure 10. FWD
Typical recovered charge as a function of collector current Typical recovered charge as a function of IGBT turn on gate resistor
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Figure 40: Datasheet examples

Power module datasheet explanation

Rev. 01

page 64



Vincotech

4.3.4 Reverse recovery energy - Erec

The reverse recovered energy is the power dissipation of the diode during its
turn-off event.

figure 5. FWD
Turn-off Switching Waveforms & definition of t,,
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Figure 41: Diode recovery waveform

Erec is calculated with the following formula:

t1
Erec:f iR'vR'dt
to

to = zero crossing time of Ir
t1= tO +2* trr

The specified conditions are the forward current, the rate of the falling current
decay (—dir/dt), the reverse voltage and the junction temperature.

Data source:

Double pulse test. The switch in the commutation loop is turned on taking over
the output current of the power module. Vr and Ir are monitored simultaneously.
In case of differential probe measurement the diode voltage is measured
directly. In case of single ended probe measurement the diode’s voltage is
calculated from the DC link voltage and the switched node’s potential difference.
The diode current is calculated from the measured switch current and calculated
output current. During the ON-OFF transition of the diode the product of
measured current and voltage is calculated.
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Integration limits definition: tgrec
e Integration start time at: zero crossing of Ir
e Integration stop time: zero crossing time + 2* ¢t

Conditions:
Defined above in the IGBT switching characteristic section

The switching energy is specified at diode’s nominal current or the middle value
of the measurement current series and the middle value of the measurement Rq
series, at room temperature 25 °C and high temperature 125 °C and/or 150 °C.If
the Tjmax is 150 °C two values are given if 175 °C three values.

Dynamic
25 77
Peak recovery current Trrm 125 76 A
150 77
25 157
Reverse recovery time trr 125 284 ns
150 311
dijdt = 2681 Afus 25 4,34
Recovered charge Qr dijdt = 2670 Afus |+15 600 35 125 6,18 uc
di/dt = 2690 Afus 150 6,90
25 1,96
Reverse recovered energy Eree 125 2,82 mWs
150 3,13
25 2734
Peak rate of fall of recovery current (iet/ At enae 125 2205 Afus
150 2101

Vincotech measures the switching parameters at five different current levels and
five different Rgon/Rgoff Values. In order to provide a complete overview of the
part’s switching behavior several charts are plotted in the switching
characteristics section of the datasheet.

figure 3. FWD figure 4. FWD
Typical reverse recovered energy loss as a function of collector current Typlcal reverse recoversd energy loss as a function of gate resistor
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Figure 42: Energies as a function of Ir and Rq
Typical switching energy losses as a function of forward current
Typical switching energy losses as a function of gate resistor
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4.3.5 Peak rate of fall of recovery current - dI;

The peak rate of fall of recovery current is considered to be between 75 % Irrm
and 50 % Irrm and is calculated with the following formula:

75% - IRRM - 50%- IRRM
t75% — ts0%

These limits may be changed during the evaluation if the max. value of the fall
of reverse recovery current is not within the 75 % to 50 % interval of Irrm.

Datasheet example:

dIR/dt =

Dynamic
25 191
Peak recovery current Term 125 216 A
150 226
25 47
Reverse recovery time [ 125 128 ns
150 138
difdt = 8514 Afps 25 8,090
Recovered charge Qr di/dt = 7480 Afps |£15 350 150 125 13,155 uc
difdt = 7164 Afps 150 12,787
25 2,837
Reverse recovered energy Erec 125 4,160 mWs
150 3,926
25 12381
Peak rate of fall of recovery current (divif dt)max 125 9491 A/us
150 8721

The rate of fall of forward current is imposed by the IGBT. Meanwhile the rate of
fall of recovery current is imposed by FWD. These values can be found in the
switching section in a graphical form, represented as a function of collector
current and as a function of IGBT turn on gate resistance.

figure 13. FWD figure 14. FWD
Typical rate of fall of forward and reverse recovery current as a function of collector currant Typical rate of fall of forward and reverse recovery currant as a function of IGBT turn on gate resistor
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Figure 43: Typical rate of fall of forward and reverse recovery current as a function of collector current
and as a function of IGBT turn-on gate resistor

Data source:

Vincotech “s laboratory double pulse measurement. A detailed description of the
test setup can be found in IGBT section.

Conditions:
Defined above in the IGBT switching characteristic section.
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5 Datasheet parameters MOSFET

5.1 Maximum values of MOSFET
5.1.1 Drain-source voltage - Vpss

The drain-source voltage is the maximum rated voltage between drain and
source terminals of a MOSFET when the gate is shorted with the source. Usually,
this value is measured at a junction temperature of 25 °C which is specified in
the supplier datasheet.

Datasheet example:

Drain-source voltage Voss 650 \

Data source:
Supplier datasheet

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

5.1.2 Drain current - Ip

The value of the forward current Ip through a MOSFET is the maximum allowed
DC current through the main terminals in forward direction in continuous
operation. No additional losses are allowed, otherwise the device may be
destroyed. The maximum achievable forward current of a MOSFET is limited by
the gate voltage and the maximum junction temperature. The current stated in
the datasheet is calculated using the following equation. Ip is referred to the
maximum allowed junction temperature and 80°C heatsink temperature.

[ = T] max ~ Ts
P Tpscon) * Ren(j-s)

Calculation method and datasheet representation is the same as IGBT. In case
of silicon MOSFET 10 V gate voltage is selected, in case of SiC MOSFET the
manufacturer’'s recommended voltage is being used.

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

Conditions:
L4 TJ = ijax
e Ts=80°C

e Vss = apply the recommended operating gate source voltage based on
supplier datasheet
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5.1.3 Peak drain current - Ipm

Ipm represents the maximum limit of current in MOSFET SOA (safe operating
area).

The maximum current values in the forward direction are limited by the power
loss caused by drain-source on-state resistance. Since current ratings are
affected by heat dissipation conditions, the maximum allowable current values
are specified so that the channel temperature will not exceed the Tjmax) value.
On the other hand, the drain current Ipm that a MOSFET can carry is restricted
not only by power loss but also by the current-carrying capability of a package,
the maximum channel temperature, the safe operating area and other factors.

Datasheet example:

Parameter Symbol Condition Value Unit

Peak drain current Tom tp limited by Tjma 510 A

Data source:
Supplier datasheet

Conditions:
o {p limited by ijax

5.1.4 Avalanche energy, single pulse - Eas

This is the maximum energy that can be dissipated by the device during a single
pulse avalanche operation. Typically, the avalanche rating on the data sheet is
the value of the energy that increases the junction temperature from 25 °C to
Timax, @assuming a constant case temperature of 25 °C and assuming a specified
value of In. From the repetitive avalanche current Iar and starting junction
temperature of 25 °C, the junction temperature is brought up to the maximum
that is stated in the absolute maximum ratings.

Datasheet example:

. Ih=13,4 A
Avalanche energy, single pulse Ens 1954 mJ
Vop = 50 V

Data source:
Supplier datasheet

Conditions:
e Ip-drain current
e Vpp - DC-link voltage
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5.1.5 Avalanche energy, repetitive - Ear

This value is defined as the energy at Iar during repetitive operation, and the
value is usually calculated with a 10 kHz power pulse train with a 50 % duty
cycle and the nominal power rating of the device.

Datasheet example:

. Ih = 13,4 A
Avalanche energy, repetitive Epr 2,96 mJ
Vpp = 50 V

Data source:
Supplier datasheet

Conditions:
e Ip-drain current
e Vpp - DC-link voltage

5.1.6 Avalanche current, repetitive - Iar

This is the maximum repetitive current that can be dissipated by the device
during avalanche operation at the same circuit conditions described in testing
avalanche ruggedness. From starting junction temperature of 25 °C, the junction
temperature is brought up to the maximum allowed junction temperature.

Datasheet example:

Avalanche current, repetitive In

tp limited by Tima
Paw = Ean™f

Data source:
Supplier datasheet

Conditions:
e Pav-Avalanche power
e Ear - Avalanche energy
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5.1.7 MOSFET dv/dt ruggedness

When the reverse current of the body diode of a power MOSFET is commutated,
it enters the reverse recovery state. After zero-crossing the reverse current of
the body diode the voltage is changing (dv/dt) and a displacement current,
I = C - (dv/dt) start to flow to the capacitance C of the PN junction between
drain and gate, thereby causing a voltage drop by the current and resistance.
This voltage drop, in turn, causes the parasitic NPN transistor to turn on. At this
time, if the drain-source voltage Vbs is high the parasitic NPN transistor might
enter secondary breakdown. As is the case the MOSFET dv/dt is very high, the
diode might suffer a catastrophic failure, although the failure modes are
different.

Datasheet example:

MOSFET dv/dt ruggedness dv/de Vos = 0..480V 50 v/ns

Data source:
Supplier datasheet

Conditions:
The switched voltage is specified.

5.1.8 Total power dissipation

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
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5.1.9 Gate-Source voltage - Vgss

Vess is the maximum allowable gate-to-source voltage with drain and source
shorted. This rating depends on the di-electric strength of the gate oxide. This
value could be specified differently for static and dynamic operation. For Si-
based devices static Vgss value is +/-20 V and dynamic value is +/-30 V. In case
of SiC devices different limitations may apply.

Datasheet example:

Parameter Symbol Condition Value Unit
Gate-source voltage Vss +20 v

Gate maximum operating boundaries
Vs = f(t)

At

Vesst = 25V
Vs (100%) = 20V
Vs (0%) = 5V
Viss = 10 v

Figure 44: Gate maximum operating boundaries

Data source:
Supplier datasheet

Conditions:
e Vps = 0V short circuit
e Dynamic - AC (f > 1 Hz)
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5.1.10 Reverse diode dv/dt

During commutation the reverse diode of the MOSFET shorts the voltage across
its terminals until the Irm is reached. From this point the diode will block the
voltage. The slope of the voltage rise is specified by this value.

Datasheet example:

Reverse dicde dv/dt dv/dt Vos = 0..400 WV 15 V/ins

Data source:
Supplier datasheet

Conditions:
The switched voltage is specified.

5.1.11 Maximum junction temperature - Tjmax

The maximum junction temperature Timax 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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5.2 Characteristic values MOSFET
5.2.1 Drain-source on-state resistance - rps(on)

This parameter states the resistance between drain and source during on-state
at a specified drain current. This value is temperature dependent.

The resistance increases with increasing temperature and decreases with rising
Ves. Therefore, the MOSFET should be driven with a gate voltage much higher

than Vags(th).

0,3
Q /
I 0,2 /
1Ds(on) //
0,1
-——‘—-—-—'-.._—-_——.—-
0
-40  -20 0 20 40 60 80 100 °C 140
5, —
Figure 45: Typical temperature dependency of rps(on)
Datasheet example:
Parameter Symbol Conditions Value Unit
Vee [V] | Ic [A]
Vee [V] Vos [V1| In [A] | T;[°C]| Min Typ | Max

Vos V1| " tv1 | ke [A]

Static

25 41 51,8

Drain-source on-state resistance I'pson) 10 44,4 125 a4 mQ

Data source:
In case of maximum and minimum drain-source on-state resistance the data

source is the supplier datasheet.

The typical drain-source on-state resistance is determined by the output
characteristic measurement at the same drain current at which the supplier
defines the typical or/and maximum value. During the output characteristics
measurement the voltage drop is measured. It is always measured on module

pins.
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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.

The drain-source on-state resistance is calculated from the voltage drop with the
following formula:

VDS(sat)
DS(on) = I

Vbs(sat) — drain-source saturation voltage
Ip - drain current

The drain-source on-state resistance is given at a lower temperature (25°C) and
at a higher temperature (125 °C or 150 °C or both). It depends on the chip’s
maximum junction temperature. If Timax is 150 °C two values are given if 175 °C
three values.

Conditions:
e Ip = drain current
e Ves= 15V or 18 V (most typically gate-source voltages)
e T3=25°C, 125 °C or/and 150 °C
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5.2.2 Typical output characteristics
In each case the final datasheet contains two types of output characteristics.

Figure 1 shows the drain-source saturation voltage as a function of drain current
at two or three different temperatures. Typically, it 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. In case of MOSFETs
figure 1 is always given on three times of nominal drain current and typically
15 V or 18 V gate-source voltage. It depends on the chip technology.

Figure 2 shows the drain-source saturation voltage as a function of drain current
and different gate-source voltages on high temperature. The temperature
condition is usually 125 °C or 150 °C. It depends on the chip’s maximum junction
temperature. In case if MOSFETs the gate-source voltage is always given from
0 V to 20 V with 2 V steps.

The current level of Figure 1 and Figure 2 is given on three times of nominal
drain current.

Datasheet Example:

figure 1. MOSFET figure 2. MOSFET
Typical output characteristics Typical output characteristics
Ip = f(Vps) o= f(Vis)

60 - / 60

L(a)
I (A)

v
2y
ov
. 2v
o av
K I
K 8V
. i
K / s v
30 " . 0 18y e —
- ’ ov
S ’
K s -15
. s
N ’
A 2b - 2a
15 -30

10

10 - R - - 8
Vos (V) Vos (V)
t, = 250 Hs
T, = 150 °C
Ve from  -20 V to 20 V in steps of 2 V

Figure 46: Datasheet example

1 - On-region characteristics

2a - third-quadrant operation, reverse current direction, positive gate-source voltage
(open channel)

2b - third quadrant operation, reverse current direction, negative gate-source voltage
(body diode)
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Data source:
The typical output characteristics are measured by curve tracer equipment.

®

1

N
-

<

[\ %]

V1

Figure 47: The arrangement of the measurement

Conditions of Figure 46 left side:
e Vs = 15V or 18 V (most typically gate-source voltages)
e T3=25°C, 125 °C or/and 150 °C
e tp, = 250 us (pulse width of drain-source voltage)

Conditions of Figure 46 right side:
e Ves=0V-20Vinstepof2V
e Tj=125°Cor 150 °C
e tp =250 ps (pulse width of drain-source voltage )
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5.2.3 Gate-source threshold voltage - Vgs(th)

The gate-source threshold voltage is the voltage at which the drain current
begins to flow. All MOSFETs show variations in Vgsth) between devices which is
normal. Therefore, a range of Vgsih) is specified, with the minimum and
maximum representing the edges of the Vgsn) 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 MOSFET
will turn on at a lower gate-source voltage. This temperature coefficient is
typically around —8 mV/K, the same as for an IGBT.

110
% | T~
T 100
T~
Vesany 90
80 \
70
-50 -25 0 25 50 75 100 125 150 175
7} D —
Figure 48: Threshold voltage as a function of junction temperature

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

Datasheet example:

Gate-source threshold voltage Vesany | Ves = Vos 0,00296 |25 2,4 3 3,6 \%

Data source:
Supplier datasheet

Conditions:
e Specified value in the supplier datasheet or: Vps = Vs
e Specified value in the supplier datasheet: Ip
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5.2.4 Typical transfer characteristics

The typical transfer characteristics show the collector current as a function of
gate-source 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 MOSFETs the typical transfer characteristic is always given on nominal
drain current. During the measurement the Drain-Source voltage Vps kept on
10 V.

Datasheet example:

figure 3. MOSFET

Typical transfer characteristics
Ip =f(Vgs)
35

30 /
N
25
:
:
.
20

In(4)
E—

tp, = 100 Hs _ 25 OC  eessesescees
Vps = 10 Y ' 125 °C

Figure 49: Typical transfer characteristics

Data source:
The typical transfer characteristics are measured by curve tracer equipment by
Vincotech.
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Figure 50: The arrangement of the measurement

Conditions:
e Vps=10V
e tp, = 250 ps (pulse width of drain-source voltage)
e T3=25°C, 125 °C or/and 150 °C

5.2.5 Drain current at zero gate voltage - Ipss

The drain leakage current Ipss flows through the device when the gate source
terminals are shorted and a voltage of the rated blocking voltage capability is
applied across the drain-source terminals. The leakage current increases with
increasing junction temperature.

The condition is given with a case temperature of 25 °C; sometimes also with a
second higher specified temperature.

Datasheet example:
Zero Gate Voltage Drain Current Ipss 0 600 25 5 HA

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-source voltage (Vss) with drain-source
shorted (Vpbs = 0) and T; = 25 °C.
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5.2.6 Drain current at zero gate voltage - Ipss

The drain leakage current Ipss flows through the device when the gate source
terminals are shorted and a voltage of the rated blocking voltage capability is
applied across the drain-source terminals. The leakage current increases with
increasing junction temperature.

Datasheet example:

Zero Gate Voltage Drain Current Inss 0 600 25 5 HA

Data source:
Supplier datasheet

Conditions:
e Tj=25°C
e Vigs = 0V short circuit
e Vbs = Vbss

5.2.7 Internal gate resistance - ryg

Depending on the chip technology, the MOSFET may have an internal gate
resistance. The equivalent gate resistance for paralleled chips is given as:

Tgs =

s
n
where:

rg is the internal gate resistance in one chip

n —number of paralleled chips.

The equivalent gate resistance in Vincotech’s datasheets is always given as the
resultant of the paralleled chips. Paralleled components with the same function
in a circuitry are considered to be one component, even if the paralleled chips
can be accessed with separate gate pins. In some cases, for a good dynamic
current sharing for each individual MOSFET additional gate or source resistor
may be assembled in the power module.
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These additional balancing resistors are included in the total gate resistor
calculation. The value of the internal gate resistor is an important parameter for
the gate current peak value scaling at gate driver design.

Datasheet example:

Internal gate resistance rg If= 1MHz 0 100 25 0,7 Q

Data source:
Supplier datasheet, plus calculation based on the humber of paralleled chips and
additional gate summarization resistance.

Conditions:
Supplier condition:
e Example 1: f = 1 MHz, open drain
e Example 2: Ves =0V, f=1 MHz, Vac = 25 mV
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5.2.8 Gate charge - Qg

The gate charge is the charge required to raise the gate-source voltage from a
specified low level to a specified higher level.

VA, Q -
D QGS(PI) B E— QGD _— E—
< Cas(tn) > Ves

0 1 >
0 t

Figure 51: Gate charge curve

The time it takes to charge the gate of a MOSFET can be divided into four
sections. In the first step, the charge Qssin) is heeded to load the gate until the
threshold level Vssihy is reached. This time interval is part of the plateau gate
charge Qssipy Which raises the level to the load of the Miller plateau. When this
level is reached, the gate voltage stays at this level for a certain time because
the current loads the Miller capacitance (Qsp). When the Miller capacitance is
fully loaded, the gate charge raises the gate potential to its final value.

The calculation method and the data source is the same as for IGBT. In case of
MOSFET, the value of gate-to-source and gate-to-drain charge is also given with
the same method.

Datasheet example:

Gate charge Qg 290

Gate to source charge Qas 0/10 480 44,4 25 36 nC

Gate to drain charge Qap 150

Data source:
Supplier datasheet

Conditions:
e In the characteristic values section, the gate charge is given with Vgs, Vop
and T; are specified. In case of unipolar control (0 V to 10 V) only the final
gate voltage is shown.
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Input capacitance - Ciss

Vincotech

In a power MOSFET, the gate is insulated by a thin silicon oxide. Therefore, a
power MOSFET has capacitances between the gate-drain, gate-source and drain-

source terminals.

The gate-drain capacitance Cgd

and the gate-source

capacitance Cgs are mainly determined by the structure of the gate electrode,
while the drain-source capacitance Cys is determined by the capacitance of the

vertical p-n junction.

Ciss = Cgs + Cgd

Drain (D)
T Qs ;
c 4 |
gd T — !

Gate (Gb_g_/",__. Lc,
c_4
os T |
e g M
O
Source (S)

Figure 52: Power MOSFET capacitances

Datasheet example:

MOSFET Characteristic Values

Parameter Symbol Conditions Value Unit
Ves [V1 | Vps [VI | Ip [A] | Ti[ °C] Min Typ Max
Short-circuit input capacitance Cus 850
Data source:
Supplier datasheet
Conditions:
e Drain-Source short
o Tj=25°C
e V/ps-specified
e f=1MHz
e Vs — measurement voltage specified
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5.2.10 Output capacitance - Coss

The output capacitance is the sum of the drain-source capacitance and the
gate-drain capacitance:

Coss = Cds + ng

Datasheet example:
MOSFET Characteristic Values

Parameter Symbol Conditions Value Unit

Ves [V1 | Vps [VI | Ip [A] | Ti[ °C] Min Typ Max

Static

Short-circuit input capaditance Cuu 2850

Short-circuit output capacitance Com If = 1MHz 0 1000 25 240 pF

Reverse transfer capacitance Cru 22,8

Data source:
Supplier datasheet

Conditions:
e Tj=25°C
e V/ps - specified
e Vis - specified
e f=1MHz
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5.2.11 Reverse transfer capacitance - Ciss
Reverse transfer capacitance:
Crss = ng

Datasheet example:
MOSFET Characteristic Values

Parameter Symbol Conditions Value Unit

Ves [VI | Vos [V1 | 1o [A] | Ti[ °C] Min Typ Max

Static

Short-circuit input capaditance Cia 2850

Short-circuit output capacitance Com IF = 1MHz 0 1000 25 240 pF

Reverse transfer capacitance Cru 28

Data source:
Supplier datasheet

Conditions:
o T3=25°C
e V/ps - specified
e VGs - specified
e f=1MHz

5.2.12 Reverse diode forward voltage - Vsp

The diode forward voltage, Vsp, is the specified maximum forward drop of the
body-drain diode at a specified value of source current.

Datasheet example:

Parameter ISymboI Conditions Value Unit

Vee [V]| Ic [A]
Vos [V1| In [A] [Ty [°C]| Min Typ Max
ve [V]] Ir [A]

Vee [V]
Ves [V]

Reverse Diode Static

Diode forward voltage Vs 0 44,4 25 0,9 \

Data source:
Supplier datasheet

Conditions:
e Vgs= 0V - gate-source voltage
e Ip - drain current, also given at same current that rps(on)
e T; - junction temperature, also given at 25 °C
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5.2.13 Thermal resistance junction to sink - Rin(j-s)
A detailed description of the Rin measurement can be found at the IGBT section.

The only difference between the IGBT Rt and MOSFET Rw measurement is the
temperature-forward voltage dependency curve measurement (V-T curve).

In case of IGBT, the low value measurement current is flowing through the IGBT
meanwhile its forward voltage is recorded. In case of MOSFET, its intrinsic body
diode forward voltage is recorded under the passive heating interval.

5.3 Switching characteristics

The IEC 60747 standard specifies a different measurements for MOSFETs with
resistive load to characterize its switching behavior. Vincotech measures all
parameters with inductive load. The switching measurement of MOSFET is done
in the same way as for the IGBT. The definition of the measured parameters and
the datasheet representation is also the same.
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6 Datasheet parameters thyristor

6.1 Maximum values thyristor

6.1.1 Repetitive peak reverse voltage - Vrrm

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

Datasheet example:

Repetitive peak reverse voltage Viru 1600 )

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

6.1.2 Mean on-state current - Itv)

The value of the mean on-state current through a thyristor Itav) 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. Itav) can be referred to the case temperature or to the heatsink

temperature (only heatsink reference is used).
_ T] max TS

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:

Mean on-state current Ingn Ty = T T.=80°C 151 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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6.1.3 Surge on-state current - Itsm

Itsmis the peak value of the forward current through a thyristor including all non-
repetitive transient currents. The nominal current rating of a thyristor 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
thyristor. 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 on-state current Iy 1250 A

p=10ms T, = 130 °C

I't value 't 7810 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

6.1.4 I3t value

The I°t value specifies the surge current capability of the thyristor 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:

10mS 1
1%t = Ilz(t)*t*dt:E*lszm *10mS

0

| _/2*I2t
M 10mS

Datasheet example:

Surge on-state current Irsw 1250 A

p=10ms T, =130 °C

Tt value 't 7810 A’s

Data source:
Supplier datasheet

Conditions:
e Junction temperature T;
e tp duration - specified as 10 ms for 50 Hz or 8.3 ms for 60 Hz half sine
wave
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6.1.5 Mean total power loss - Piot(av)

The mean total power losses are given during a full cycle. These are the usual
power losses generated by the on-state, gate and some additional losses.
Peotcavy = Prav + Peav + Paaacav)
The major losses are caused by the on-state and gate losses:
Pray — on-state losses caused by the on-state voltage and the current through
the device
Psav — gate losses caused by an applied voltage and the current flowing into
the gate
Additional losses Padd(av) are generated in off-state
Paaacavy = Prrcavy + Procavy + Ppavy + Preav)
Prravy — losses caused during turn-on switching
Prqav) — losses caused during turn-off switching due to reverse recovery
Povy — losses during turn-off state
Pravy — losses resulting from reverse power

Datasheet example:

Mean total power loss Progany Ti= Tox T:=80°C 168 W

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

AT
Rth( — s)

P tot(AV) =

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
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6.1.6 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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6.2 Characteristic values thyristor

6.2.1 On-state voltage - Vr

The on-state voltage V7 is the voltage drop through a thyristor 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.
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Figure 53: On-state voltage as a function of on-state current

As it can be seen in the diagram, the on-state 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 Vris given with the conditions of the nominal chip current at two or three
different junction temperatures. If the Tjmax is 150 °C two values are given if
175 °C three values.

Datasheet example:

25 1,11 1,2
On-state voltage Vi 125 A

125 1,06

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. 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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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 Irav) = thyristor nominal forward current
e T;=25°C, 125 °C or/and 150 °C

6.2.2 On-state threshold voltage - Vr(10)

The threshold voltage is determined by the intersection point of the straight line
and the voltage curve. It is used to calculate power losses in the forward
direction of diodes and thyristors.

A

0 =
0 Vr(roy |4

Figure 54: On-state threshold voltage

In datasheets, it is specified in relation to the junction temperature of the
semiconductor. Additionally, the on-state slope resistance rr is needed to
calculate the power losses.

Datasheet example:

On-state threshold voltage Vo 45 130 0,85 \

Data source:
Supplier datasheet

Conditions:
e Itav): Usually nominal value
e Tj: Usually operating temperature
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6.2.3 On-state slope resistance - rr

Resistance is represented by a straight line as an approximation to the forward
characteristics of a semiconductor. This is used to calculate power losses in the
conducting direction of diodes and thyristors.

7 A

0
0

Figure 55: Slope resistance

<V

The straight line of rr is the quotient of AIr and AV+. In datasheets, it is specified
in relation to the junction temperature of the semiconductor. To calculate power
losses additionally, the threshold voltage Vro) is required.

Datasheet example:

On-state slope resistance rr 45 130

7,9 mQ
Data source:
Supplier datasheet
Conditions:
e It(av): Usually nominal value
e Tj: Usually operating temperature
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6.2.4 Critical rate of rise of off-state voltage - (dvo/dt)cr

This is the maximum value for the rate of rise of a voltage applied to the thyristor
in forward direction at which it will not switch from the off-state to the on-state.
The thyristor can break through and self-trigger if this value is exceeded.

The conditions are given to be the maximum junction temperature, off-state
voltage which is preferably half or two thirds of the repetitive peak off-state
voltage Vorm, a linear or exponential rise of the off-state voltage and the
triggering condition.

Datasheet example:

Critical rate of rise of off-state voltage (dv /de). 130 50 V/us

Data source:
Supplier datasheet

Conditions:
e T; - Typical value is Tjmax

6.2.5 Critical rate of rise of on-state current - (dit/dt)cr

This value is the maximum allowed rate that the thyristor can withstand without
damage. Only a part of the thyristor conducts the main current right after
triggering. This is because the conduction begins in the die area right next to
the gate and then quickly spreads to cover the whole area. The current carrying
capability is therefore limited in the very beginning.

The conditions are given to be the maximum junction temperature, off-state
voltage which is preferably half or two thirds of the repetitive peak off-state
voltage Vorm, peak value of the on-state current pulse, repetition frequency,
pulse width, the triggering conditions and the snubber network, if present.

Datasheet example:

Critical rate of rise of on-state current (diq/dt) 130 1000 Afus

Data source:
Supplier datasheet

Conditions:
e T; - Typical value is Tjmax

Power module datasheet explanation Rev. 01 Y page 96



Vincotech

6.2.6 Circuit commutated turn-off time - tq

The thyristor needs some time after it is switched off by an external circuit before
a forward voltage can be applied again. This time is defined as the circuit
commutated turn-off time. It is the time interval between the decreasing current
and the rising voltage crosses zero. The thyristor will switch on again when the
time is below this value.
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Figure 56: Definition of the circuit commutated turn-off time

The maximum junction temperature, the off-state voltage which is preferably
two thirds of the repetitive peak off-state voltage Vorm, the rate of fall of on-state
current (—di/dt), the on-state current Ir, the continuous (direct) reverse voltage
Vr are given as conditions.

Datasheet example:

Circuit commutated turn-off time tq 130 150 us

Data source:
Supplier datasheet

Conditions:
o Tj - Typical value is Tjmax
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The holding current of a thyristor is the minimum current required through the
device to keep it in on-state. The thyristor will switch to off-state when this value

is below the holding current, e.g. close to zero crossing.
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Figure 57: Holding current of a thyristor

The holding current is always below the latching current. The holding current will
increase at lower temperatures, so the drive circuit must provide enough current

to ensure proper operation at the expected temperature.
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Figure 58: Holding current of a thyristor vs. temperature

A continuous off-state voltage Vo (usually 6 V or 12 V) is another condition in
addition to the junction temperature.

Datasheet example:

Holding current

Iy

25

165 mA

Data source:
Supplier datasheet

Conditions:

. T - Typical value is 25°C
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6.2.8 Latching current - I,

The latching current of a thyristor is the minimum current required through the
device to keep it in on-state after the trigger pulse has been removed and when
the thyristor was previously in off-state. The thyristor does not switch to on-state
if e.g. the trigger pulse is too short to reach the latching current.
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Figure 59: Latching current of a thyristor

The latching current will increase at lower temperatures, so the drive circuit must
provide enough current to ensure proper operation at the expected temperature.
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Figure 60: Latching current of a thyristor vs. temperature

The continuous off-state voltage and the values as well as the shape of the gate
trigger pulse are further conditions in addition to the junction temperature. To
make it simpler, the pulse length ¢, the applied gate current I and the di/dt of
the gate current are given instead of all parameters of the gate trigger pulse.
Often neither the gate current nor di/dt are given because today’s gate drive
circuits are fast enough so that a square gate pulse is assumed.

Datasheet example:

Latching current Ip 25 330 mA

Data source:
Supplier datasheet

Conditions:
e T - Typical value is 25°C
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6.2.9 Direct reverse current - Irp

The direct reverse current Irp is the current flowing when Vrrm is applied in
reverse direction to the thyristor.

Datasheet example:

Direct reverse current Tep 1600 25 0,2 mA

Data source:
Supplier datasheet

Conditions:
e Tj- Typical value is 25°C
e Repetitive peak reverse voltage: Vrrm

6.2.10 Gate trigger voltage - Ver

The gate trigger voltage is the voltage required to produce the gate trigger
current.
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Figure 61: Gate trigger voltage of a thyristor vs. temperature

The necessary gate trigger voltage will increase at lower temperatures. The
junction temperature is given as a condition in the datasheet.

A continuous off-state voltage Vo (usually 6 V or 12 V) is an additional condition
besides the junction temperature.

Datasheet example:

Gate trigger voltage Ver 25 1,98 \Y

Data source:
Supplier datasheet

Conditions:
e T; - Typical value is 25°C
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The gate trigger current of a thyristor is the minimum current applied to switch
the device from off-state to on-state. Usually, the gate trigger current should be
at least 50 % higher than the maximum rated gate trigger current. The thyristor
does not switch to on-state if the trigger pulse is too short to reach the latching

current, for example.
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Figure 62: Gate trigger current of a thyristor

The gate trigger current will increase at lower temperatures, so the drive circuit
must provide enough current to ensure proper operation at the expected

temperature.
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Figure 63: Gate trigger current of a thyristor vs. temperature

A continuous off-state voltage Vr (usually 6 V or 12 V) is another condition in

addition to the junction temperature.

Datasheet example:

Gate trigger current Ier

25

100 mA

Data source:
Supplier datasheet

Conditions:
e T - Typical value is 25°C
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6.2.12 Gate non-trigger voltage - Vep

At the maximum rated operation temperature, and at a specified main terminal
off—state voltage applied, this parameter specifies the maximum DC voltage that
can be applied to the gate and still not switch the device from off—state to
on—state. The rating is defined at quasi worst-case conditions. The non-trigger
voltage is of particular importance in a noisy environment where electromagnetic
interference can lead to spurious thyristor triggering. Inductive or capacitive
interference in the triggering circuits must be kept below this value. The junction
temperature, preferably two thirds of the repetitive peak off-state voltage Vorm
and the gate drive parameters are the specified conditions.

Datasheet example:

Latching current Iy 25 330 mA

Data source:
Supplier datasheet

Conditions:
e T - Typical value is 25°C

6.2.13 Gate non-trigger current - Icp

The maximum value of gate current required to switch the device from the
off—state to the on-—state under specified conditions. The designer should
consider the maximum gate trigger current as the minimum trigger current value
that must be applied to the device in order to assure its proper triggering. This
is @ maximum value and therefore defined at quasi worst-case condition. The
non-trigger current is of particular importance in a noisy environment where
electromagnetic interference can lead to spurious thyristor triggering. Inductive
or capacitive interference in the triggering circuits must be kept below this
value.The junction temperature, preferably two thirds of the repetitive peak off-
state voltage Vorm, and the gate drive parameters are the specified conditions.

Datasheet example:

Gate non-trigger current Ten 115 6 mA

Data source:
Supplier datasheet

Conditions:
e T - Typical value is 25°C
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6.2.14 Gate trigger characteristics

The above mentioned parameters shown in one single figure. Gate current and
gate voltage at which none of the thyristors of a specified type are triggered.

Datasheet example:

figure 3.

Gate trigger characteristics

Thyristor

Ve = f(lc)

Ve(v)

20V:200
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Figure 64: Datasheet example

Data Source:
Supplier datasheet
Power limitation curves imposed by Zi

Conditions:
e < 6V driving voltage in the main circuit
e Rectangular gate current pulse of at least 100 us

L Tj=ijax
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7 Datasheet parameters for passive components

7.1 Thermistor

Most power modules include temperature sensor in order to monitor the power
module temperature in application. Usually it is a Negative Temperature
Coefficient (NTC) thermistor with resistance that decreases while temperature
increases. Since the case to heatsink thermal resistance of a power module is in
general a very small the measured temperature is assume to be close to the
heatsink temperature.

Several parameters are needed to describe the electrical behavior of a
thermistor. The parameters commonly used in Vincotech datasheets are
explained here.

7.1.1 Rated resistance - R2s5, Rioo

The thermistor’s rated resistance R.s specifies the nominal resistance value at a
defined temperature of 25 °C under zero power conditions. Sometimes, a second
value measured at a higher temperature, e.g. 100 °C, is given. In this case, Rzs
specifies the nominal resistance while Rio0 represents the resistance value at the
nominal tolerance.

Datasheet example:

Rated resistance R 25 22 kO

Data source:
Supplier datasheet

Conditions:
e T; - Typical value is 25°C
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7.1.2 Deviation of Rio0o

The denoted tolerance of a thermistor is only valid at a defined temperature.
This tolerance will increase regardless of the direction of temperature change,
as the following table illustrates. Therefore, the tolerance at this special point
has to be stated separately.

T/OC Rnom/Q Rmin/Q Rmax/Q AR/R/:EO/O
=55 2089434.5 | 1506495.4 2672373.6 27.9
0 71804.2 59724.4 83884 16.8
10 43780.4 37094.4 50466.5 15.3
20 27484.6 23684.6 31284.7 13.8
25 22000 19109.3 24890.7 13.1
30 17723.3 15512.2 19934.4 12.5
60 5467.9 4980.6 5955.1 8.9
70 3848.6 3546 4151.1 7.9
80 2757.7 2568.2 2947.1 6.9
90 2008.9 1889.7 2128.2 5.9
100 1486.1 1411.8 1560.4 5
150 400.2 364.8 435.7 8.8

Table 3: Example of NTC resistance and tolerance values

Datasheet example:

Deviation of Riga

| Argr |J‘?:>'J = 1484 0 ‘ ‘ | ‘100 | -5 ‘

Data source:
Supplier datasheet

Conditions:

e T,=100°C
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7.1.3 Power dissipation - P

This value shows the maximum allowed power that can be dissipated by the
thermistor.

Datasheet Example:

Power dissipation P 25 5 mw

Data source:
Supplier datasheet

Conditions:
e T - Typical value is 25°C

7.1.4 Power dissipation constant

The power dissipation constant of a thermistor represents the power required to
raise a thermistor’s body temperature by 1 K. This constant will change for

different ambient temperatures.
AP W

TAT K

Datasheet example:

Power dissipation constant 25 1,5 mw/K

Data source:
Supplier datasheet

Conditions:
e T; - Typical value is 25°C
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7.1.5 A-value, B-value (PTC)

In case of PTC the resistance as a function of temperature can be calculated with
the following equation:

R(T) = 10002 = [1 + A (T —25°C) + B * (T — 25 ° C)?]
The thermistor’'s A- and B-value is provided in the datasheet to calculate the

resistance-temperature relationship.

Datasheet example:

A-value Apsisn 25 7.635%107 1/K

B-value Bpasron 25 1,731%10°%F 1/K=

Data source:
Supplier datasheet

Conditions:
e T - Typical value is 25°C

7.1.6 B-value (NTC)

The curve fit constant B is specified through resistance measurements at 25 °C
and 100 °C. The unit of B is Kelvin. The usual value is between 2000 K and
6000 K. Sometimes B is given with different temperature values such as B(2s/s0)
or B(25/50).

It is necessary to describe the R/T curve progression of the NTC thermistor with
the following equation:

1 1
R(T) = Rys - 6(325/100.(?_E)>

The B-value is determined by the ceramic material and can be calculated through
this expression:

_ In(R3s) — In(Ry00)
B = 1 1

Tzs  Tioo

R(T) - resistance at any temperature

R.s - rated resistance at 25 °C (datasheet value)

Rioo - resistance at 100 °C

Bss/100 — curve fit constant, also sensitivity index (datasheet value)
Ts —25°Cin Kelvin (298.15 K)

Tioo — 100 °C in Kelvin (373.15 K)

T - NTC temperature in Kelvin
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Datasheet example:
B-value Bizssa) |Tol, =1 % 25 3962 K

B-value Bizspiony |Tol, =1 9% 25 4000 K

Data source:
Supplier datasheet

Conditions:
e T - Typical value is 25°C

7.1.7 Vincotech thermistor reference

All thermistors have a unique identifier, for Vincotech internal identification
purposes.

Datasheet example:

Vincotech thermistor reference I

Data source:
Supplier datasheet

Conditions:
e No condition

7.2 Capacitor

The purpose of the integrated DC link capacitors in power modules is to
moderate the voltage overshoot caused by the internal module stray inductance.
The parameters for the integrated capacitors commonly used in Vincotech
datasheets are explained here.

7.2.1 Maximum DC voltage - Vyax

The maximum voltage that can be applied to the capacitor without damage to
its dielectric material.

Datasheet example:

Maximum DC voltage Vmax 500 \%

Data source:
Supplier datasheet

Conditions:
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e T;=25°C
7.2.2 Operation temperature - Ty

The operation temperature is a temperature range the capacitor can withstand
without damage.

Datasheet example:

Operation Temperature Top -55..+125 °C

Data source:
Supplier datasheet

Conditions:
No conditions

7.2.3 Capacitance -C
The nominal capacitance value of a device.

Datasheet example:

Capacitance c 270 nkF

Data source:
Supplier datasheet

Conditions:
e T3=25°C
e DC bias voltage =0V

7.2.4 Tolerance
The minimum and maximum capacitance tolerance in percent.

Datasheet example:

Tolerance -20 20 %

Data source:
Supplier datasheet

Conditions:
No conditions
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7.2.5 Dissipation factor

The dissipation factor is the ratio of the ESR (equivalent series resistance) and
the capacitive reactance Xc (series capacitance) or the active power and the
reactive power at a sinusoidal voltage at a given frequency.

Dissipation factor can be used to calculate the ESR value of the capacitor and
limit the allowed RMS current on the capacitor.

Datasheet example:

Dissipation factor f=1kHz 25 ‘ ‘ 2,5 %

Data source:
Supplier datasheet

Conditions:
e f=1kHz
o T3=25°C

7.2.6 Climatic category

The climatic category indicates the climatic conditions at which the capacitor
may be operated.

Datasheet example:

Climatic category | | ‘ ‘ ‘ ‘ | 55/125/56

Data source:
Supplier datasheet

Conditions:
No conditions

Power module datasheet explanation Rev. 01 \ége 110



Vincotech

7.3 Resistor / Shunt

The currently used shunt resistors are low resistive precision resistors. They can
be used to measure AC or DC currents by the voltage drop those currents create
across the resistor. The principal of measurement is the Ohm's law:

V=IxR
7.3.1 Max DC current - Imax
Maximum current rating or maximum DC current capability of the shunt is

defined by the formula:
P=1>xR

Datasheet example:

Parameter | Symbol | Conditions | Value Unit

Max DC current I aax T.=25°C 15 A

Power dissipation Pt T.=25°C 5 w

Data source:
Calculation from the power rating specified by supplier and nominal resistance
value.

Conditions:
o T.=25°C

7.3.2 Power dissipation - Pt

The resistor manufacturer has determined the maximum power in still air and/or
with a specified heatsink that will limit the resistor’s internal hot spot
temperature to a safe level. This is the rated power and must not be exceeded.
In power module applications, the maximum power capability is used as
reference, considering that the heat conduction performances of the power
module is much higher.

Datasheet example:

Parameter | Symbol | Conditions | Value Unit

Max DC current I max T.=25¢°C 15 A

Power dissipation Pt T.=25°C 5 w

Data source:
Supplier datasheet

Conditions:
o T.=25°C
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The most important parameter of the shunt resistor is its nominal resistance.
This allows to calculate the voltage drop across its terminals when a given
current passes over the shunt. A Kelvin connection to a four-terminal resistor is
essential for precise current sensing. This four-terminal measurement is used in
Vincotech s IPM modules, or the shunt is connected in a four-terminal mode to

additional module pins where the customer has direct access to the shunt.

Datasheet example:

Parameter Symbol

Conditions

Value

Unit

T;[°C]

Min

Typ

Max

Static

Resistance R

mQ

Tolerance

+1

%

Temperature coefficient te

20 - 60

30

ppm/K

Internal heat resistance Ry

10

K/W

Inductance L

nH

Data source:
Supplier datasheet

Conditions:
(] TC = 25 OC

Power module datasheet explanation

Rev. 01 \gage 112



Vincotech

7.3.4 Tolerance

The shunt resistor tolerance will determine the current measurement accuracy.
This tolerance doesn’t consider other factors like thermocouple effect,
temperature coefficient of resistance. This tolerance is just the manufacturing
tolerance of the device.

Datasheet example:

Parameter Symbol Conditions Value Unit

| | | |T]-["C] Min | Typ | Max

Static

Resistance R 22 me

Tolerance

Temperature coefficient te 20 - 60 30 ppm/K

Internal heat resistance R i 10 K/wW

Inductance L

Data source:
Supplier datasheet

Conditions:
o Tc.=25°C

7.3.5 Temperature coefficient - tc

The shunt’s temperature coefficient expresses its resistance drift over the
specified temperature range. The resistance change over the specified
temperature range is considered linear.

Datasheet example:

Parameter Symbol Conditions Value Unit

T;[°C]1] Min | Typ | Max

Static

Resistance R 22 mQ

Tolerance -1 +1 %

Temperature coefficient t. 20 - 60 30 ppm/K

Internal heat resistance R i 10 K/W

Inductance L 3 nH

Data source:
Supplier datasheet

Conditions:
e Temperature range specified by supplier, for example: 20 - 60 °C
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7.3.6 Internal heat resistance - Ry

Internal heat resistance is the thermal internal resistance of the component. This
is usually determined between the contact or soldering points and the hot spot
(center of the resistor material).

Datasheet example:

Parameter Symbol Conditions Value Unit

T;[°C] Min Typ Max

Static

Resistance R 22 mg
Tolerance -1 +1 %
Temperature coefficient t. 20 - 60 30 ppm/K
Internal heat resistance Ry 10 K/ W
Inductance L 3 nH

Data source:
Supplier datasheet

Conditions:
e Tc.=25°C

7.3.7 Inductance - L

This is the internal parasitic stray inductance of the resistor / shunt component.

Datasheet example:

Parameter Symbol Conditions Value Unit
T;[°C] Min Typ Max

Static

Resistance R 22 mQ
Tolerance -1 +1 %
Temperature coefficient te 20 - 60 30 ppm/K
Internal heat resistance Ry 10 K/W
Inductance L 3 nH

Data source:
Supplier datasheet

Conditions:
o TC = 25 OC
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8 General properties

This section covers general properties of the power module which are not related
to specific power module components.

8.1 Storage temperature - Ty

The storage temperature is the ambient temperature range within the module
can be stored without mechanical or electrical load so that permanent variations
in its metrological properties do not occur. The storage temperature is typically
between —40 °C and +125 °C. Limits are given through the module’s materials.
This is linked neither to the maximum junction temperature Tjmax nhor to the
operation junction temperature Tjop of the semiconductors used in the module.

Datasheet example:

Storage temperature Tstg -40..+125 °C

Data source:
This is a static value in the datasheet. This temperature range applies to all
products.

Conditions:
No conditions

8.2 Operation junction temperature under switching
condition - Tjop

The operation junction temperature Tjop is the temperature range of the junction

of a semiconductor that can be tolerate without damage. This condition is usually

given for operation with conduction losses and switching losses. The operation

junction temperature (under switching conditions) is 25 K lower as the maximum
junction temperature of the semiconductors.

Datasheet example:

Operation temperature under switching condition Tiep -40...( Tjmax - 25) °C

Data source:
This is a static value in the datasheet. This temperature range applies to all
products.

Conditions:
No condition
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8.3 Isolation voltage - Viso

The isolation voltage is the minimum voltage a device has to withstand between
the electrical connections and the base. This is also known as a high potential
test. All main pins or main terminals as well as the control pins or control
terminals are connected during this test. The applied impulse voltage is a
function of the working voltage and the overvoltage category.

Yk

&) AT TR
Voltage ‘
source |

Figure 74: Isolation test of a ceramic

The device passed the test if the leakage current measured with an ampere
meter or a current probe is below the specified value. An AC voltage or an
equivalent DC voltage can be used. The voltage source is applied for at least one
minute for a type test or 1.2 times the voltage for one second for a 100 %
production test. The conditions are given as the ambient or case temperature,
the isolation voltage, the limit of the isolation current specified in the test
specification and the test time if less than 60 seconds.

Datasheet example:

DC Test Voltage* =25 6000 Y

Isolation voltage Visol
AC Voltage tp = 1 min 2500 \

Data source:
The UL1557 standard requires the minimum test voltages, but Vincotech is
testing a higher voltage than the criterion. The test voltage depends on the
mechanical construction.
In general the test voltages are as following:
Modules without baseplate - 6000 V DC
Modules with baseplate - 4000 V DC
MiniSKiiP® modules - 5500 V DC
Conditions:
DC Voltage:
e t, =2 s (test voltage pulse width)

AC Voltage:
e tp =1 min (test voltage pulse width)
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8.4 Clearance and creepage distances

Clearance is the shortest distance between two conductive parts, or between a
conductive part and the surface of the equipment, measured through air.
Components that are mounted on the printed circuit board must also be
considered in the evaluation of clearance.

Electrical and environmental factors affect the minimum expected clearance
distance. Factors are the pollution degree in the environment that the equipment
will be installed in, the overvoltage category of the equipment, the working
voltage, the comparative tracking index of the housing material and the specified
maximum installation altitude. Creepage distance is the shortest path between
two conductive parts, or between a conductive part and the surface of the
equipment, measured along the surface of the insulation. All conductive parts
are considered when evaluating creepage distance, including the pads around
soldered connections.

Electrical and environmental factors affect the minimum expected creepage
distance. Factors are the pollution degree in the environment that the equipment
will be installed in, the overvoltage category of the equipment, the working
voltage, the comparative tracking index of the housing material and the specified
maximum installation altitude.

Datasheet example:

Creepage distance min. 12,7 mm

Clearance 11,17 mm

Data source:
The clearance and creepage distances are measured by mechanical CAD
software.

Cross section viewed from the side of the module Cross section viewed in the screwing area
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Clearance dist. [ ! Clearance dist.
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+

Figure 76: Clearance and creepage
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The products are designed according to UL840. This standard requires the
minimum clearance and creepage distances. If the value is larger than 12.7 mm
the exact value is not given, because in that case the deformation tests may be
omitted.

Conditions:
No conditions.

8.5 Comparative tracking index - CTI

Tracking is an electrical breakdown on the surface of an insulating material. A
large voltage difference gradually creates a conductive leakage path across the
surface of the material by forming a carbonized track.

For power modules, CTI values are categorized in different material groups.
Material group I II IlIa IIIb

CTI value 600 = CTI 400 = CTT < 600 | 175 = CTI < 400 | 100 = CTI < 175

Table 4: CTI values by categories

High-value materials are often used in applications where high voltage is applied
or where a high degree of pollution has to be considered.

Datasheet example:

Comparative Tracking Index CTI = 600

Data source:
Supplier datasheet

Conditions:
No conditions
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