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Handling and Mounting Littelfuse miniBLOC - SOT227B

Objectives

This application note discusses mounting and handling for Littelfuse power semiconductors in SOT227B package, the miniBLOC, as
depicted in Figure 1. Information is provided focusing on special precautions to be considered during mounting.

Power
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Base plate

Module
Housing

Mounting hole

Figure 1: Littelfuse miniBLOC, in SOT227B

Applications
e Industrial motor drives
o PVinverters
e« UPS systems
« DC-DC converters

. Commercial vehicles

Target Audience

This document is intended for potential adopters of power semiconductors who want to determine the appropriate mounting and
cooling solution to ensure proper package mounting and thermal performance.

Contact Information

For more information on the topic of mounting this kind of device, contact the Littelfuse Power Semiconductor team of product and
applications experts:

o  PowerSemiSupport@Littelfuse.com
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1. Introduction

The miniBLOC is the intermediate link between discrete power devices like the TO-263 and power semiconductor modules like Littelfuse
Y-series. Though it features a DCB-substrate to carry the dies, the molded housing structure characterizes it to be a discrete component
rather than a power module. The internal DCB substrate inherently offers electrical insulation, allowing for mounting of several
miniBLOCs to the same heat sink without additional means of isolation. The base plate in turn acts as large-area interface between the
semiconductor and a heat sink.

The package provides features beneficial for power electronic applications. These include:

« High electric insulation strength
« High thermal performance
«  Current ratings to support applications up to hundreds of kilowatts

« Internal construction is designed to reduce stray inductance and parasitic capacitances, leading to improved EMI-performance

With the four terminals, the miniBLOC is available in a variety of technologies including IGBT, thyristor , Si- and SiC- diode and
MOSFET in voltage classes from 40 to 2500 V and current ratings up to 600A.

There are a few miniBLOCs, such as the DSEC 240-04A and the DSEC 240-06A, that feature a non-isolated construction and an
electrically active base plate. These are diode devices, designed for special purposes. Despite the slightly different internal
construction, the recommendations made in this application note are valid for these types as well.

2. Recommended Heat Sink Assembly

Semiconductor power devices are designed to be mounted onto a heat sink, most often using screws. A layer of Thermal Interface
Material (TIM) is needed to ensure a high thermal conductivity from the dice to the heatsink. After the application of thermal interface
material is completed, the component can be mounted to a heatsink by mounting screws. An example of a SOT227B assembly is
sketched in Figure 2.

Thermal Interface

Screw and
washer

Heatsink

| Mounting area
(a) Power device, top-view (b) Power device, bottom-view (c) Mounted to the Heat Sink
Figure 2. Mounting the miniBLOC to a Heat Sink
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2.1. Heat Sink Preparation

When the package is mounted, the base plate becomes the crucial surface for thermal management. A heatsink needs to be mounted
for heat dissipation, as depicted in Figure 2. There are dedicated mounting holes in the package; the proper set of dimensions for the
drill-hole-pattern is given in the correlating datasheet.

To ensure a low value of thermal resistance, the contact surface of the heat sink must be flat, even, and clean. For the mounting area,
the surface quality must achieve or exceed the values given in Figure 3.

o =

Heatsink

Module mounting area

Figure 3. Heat Sink’s Surface Requirements to Mount Power Modules

Prior to mounting, cleaning all surfaces with a suitable cleaning agent is advised.

2.2. Use of Thermal Interface Materials

The use of Thermal Interface Materials (TIM) is mandatory to achieve a suitable contact between the device’'s base and the heat sink
surface. It reduces the thermal resistance case-to-heatsink, Rich. Thermal interface materials are available as thermal pad and thermal
grease or compound. Unlike the discrete packages where the copper cooling pad is usually electrically active, packages with solid
metal base plates internally feature a DCB structure which uses a layer of ceramic as electrical isolation. With up to 4500 V isolation
voltage, the packages provide the option to use electrically non-isolated thermal interface materials. It is not recommended to use an
interface material with isolation such as silicone-pads sometimes used for discrete packaged devices. These materials inherently
exhibit a higher thermal resistance compared to thermal greases or conductive thermal pads.

The thermal interface materials should be applied evenly to the device base plate or the heat sink surface. Ideally, screen printing is
used to achieve accurate and reproduceable results. A screen thickness of 100pum with a fill-factor of 70-80% and a regular pattern of
honeycomb-shaped openings has proven to be a reasonable approach.

As no electrical isolation is required from the TIM layer, it is recommended to have a very thin layer of TIM so that the material just fills
the gaps and voids between the device's copper pad and the heatsink, as seen in Figure 4.

(b) With TIM, the gaps are filled, contact area

(a) Without TIM, air gaps remain increases, and thermal resistance is reduced

Figure 4. Improving Thermal Transfer by using Thermal Interface Material (TIM)

If a solid thermal pad is considered, softer materials with high thermal conductivity are preferred to better fill the gaps. The thermal pad
should be as thin as possible to provide the lowest thermal resistance. The mounting mechanism using screws provides proper
pressure on the thermal interface material to ensure a low value of thermal resistance. A procedure to create a proper stencil and set
up a basic stencil-printing equipment is described in detail in the application note Basics of Stencil Generation to Apply Thermal
Grease to Power Semiconductors, which can be downloaded from the Littelfuse website.
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2.3. Detailed Mounting Procedure

Mounting the module by screws inherently achieves mounting forces in a range of kilonewton. Though the base plate is highly
resistant to pressure, the internal DCB-structure is very sensitive towards bending. Therefore, careful handling and step-by-step
tightening of the screws is mandatory to achieve the desired pressure distribution and prevent bending the internal DCB.

Besides the mounting forces, an even distribution of thermal interface material is important. Uneven distribution, particularly with
higher amount of material in the center of the module, may also lead to high local forces that could damage the DCB inside the power
module.

Using solid sheets as thermal interface material is not a recommended solution as these typically remain too thick and limit the
module’s thermal performance. Additionally, they may lead to further issues during mounting.

Figure 5(a) illustrates that the module lifts on one side in case the first screw is bolted down too much and Figure 5(b) and
Figure 5(c) show a two-step sequence to prevent this from happening.

Thermal Interfacel

Screw Screw Screw //
Heatsink x Heatsink / Heatsink

Thermal Interface Thermal Interface

(@) To be prevented: Bolting down one side  (b) Recommended: Loosely bolt down all screws to the point | (c) In a further step, tighten the screws to their final
may tilt the module which leads to bending where the screw’s head touches the washer torque using a precise torque wrench

Figure 5: Bolting down the screw - Incorrect and Correct Method

The tightening procedure is summarized in Table 1.

Table 1: Mounting Sequence to mount SOT227B

Package Screw
Type Diameter Step 1 Step 2 Step 3 Step 4
sc?:\xsdosvt\)";hba?rhe Wait for the assembly to settle. Apply no more
SOT227B 4 mm screws’ heads get the aREAEL Set_thng time dep_ends G Ul than 1.5 Nm to
both screws in use and varies from 5-10
washers to contact minutes both screws

the base pate

In case imperial screws are preferred for mounting, a screw 8-36 is the closest replacement for M4. The mounting torque needs to be
limited to not exceed 11.5 Ib-in

6 Littelfuse.
% Littelfuse ©2023 L:tt:Ifﬂztee,cl(r)E

Expertise Applied | Answers Delivered Rev 22.08a



I XY s Application Note

A Littelfuse Technology

oL

3. Further Mechanical Aspects

Besides the data and procedures to mount power electronic components, influences that arise from mechanical parts and physics
need detailed attention. Some details that appear to be of minor impact can lead to unexpected effects with highly detrimental
consequences.

3.1. Metric Thread, Imperial Thread, Self-tapping Screws

The recommended material for mounting the module to the heat sink is a metric screw with spring-washer and captivated washer as
described by ISO 10644. Zinc- or nickel-plated steel screws with a property class 6.8 or higher, as depicted in Figure 6, are
recommended.

Figure 6: Phillips-style Screws and Captivated Washers acc. to ISO 10644

Using screws with imperial scale is an option too. However, due to the different diameters and thread’s pitch, the ratio between
turning angle, torque, and resulting mounting forces also changes. Purely translating newton meter (Nm) into pound inches (Ib-in)
might result in misleading values. Individual verification of the result is advised to verify proper pressure and pressure distribution is
achieved.

In case self-tapping screws like those described in DIN7504-K and 1SO15480 are preferred, dedicated tests are needed to correlate
torque, turning angle, and mounting force. As the torque mainly depends on the drill-hole’s diameter and the heat sink material, no
general recommendation can be made. Using washers and spring-washers in combination with self-tapping screws is advised.

3.2. Mounting the Electronics and DC-link Components

Power modules are robust regarding pressure applied, but highly sensitive towards pulling forces. Pulling forces can be a consequence
of dynamic influences like shock and vibration but as well result from the combination of materials used in the construction and their
tolerances.

A mechanical assembly must ensure that the resulting forces to the terminals remain directed as pictured in Figure 7.

PCB or laminated
DC-structure w W

Thermal Interface Thermal Interface
Screw Screw  Screw Screw

Heatsink

Figure 7: Module assembly with Power-Terminals attached
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A total force of up to 100N applying pressure to the module is tolerable while no pulling force may remain after mounting is complete.
To achieve this, properly dimensioned supports must be installed. These prevent static forces as well as dynamic events from reaching
the terminals. Including all tolerances, the supports’ length needs to remain below the height of the module in use.

Larger components like DC-link capacitors, output terminals, or heavy current sensors require additional support. In case of vibration,
undampened oscillating masses may inject destructive forces into the power component.

To mount the DC-link-structure to the modules, either as PCB or laminated copper plates, 4 suitable screws are delivered with each
miniBLOC, a tube with 10 devices contains 40 screws. In case a different type of screw is desired, the screws mandatorily need to
comply with the information given in the data sheet. The maximum length of the screws depends on the thickness of the structure
mounted on top of the modules. Caution is advised as too long screws can damage the housing, enter electrically sensitive areas, and
cause severe damage.

As the nuts embedded in the modules feature metric threads, the use of screws according to imperial scale is not an option for
mounting the power terminals. The nuts are held in place by the housing. Applying too high torque can lead to damage of the housing
and in turn to loss of function.

The terminal screws can support a maximum torque of 1.1 Nm or 9 Ib-in. Especially in combination with oils used to prevent corrosion,
the friction during mounting can change massively, leading to a distortion in the ratio of torque and turning angle. The same applies
when using adhesive-based thread lockers.

When handling sub-assemblies, supporting the whole setup to move it is recommended. Using the bus bar or the PCB as a handle
includes a high risk of applying pulling forces and therefore needs to be prevented.

If a module is being replaced, ensure there is no contamination in the threaded hole; for example, thermal paste that has been solvent
washed into the threads, as this may limit the screws’ engagement resulting in false fastener tension and module clamping force.

In situations where blind holes are not required for maintaining corrosion or pressure sealing performance, threaded through holes can
be used as these can be brushed, washed clean, and inspected easily.

3.3. Insulation Management

Two major parameters require to be considered when PCB-layouts and DC-link-components are designed:

« Clearance - the shortest possible distance between two points, and
« Creepage distance - the shortest path from one point to another point along an uninterrupted line on solid material

Particularly when using laminated bus bar structures, isolating the layers from each other remains an important task.

In high-voltage environments, arcing between different voltage levels must be prevented. Arcing takes place over air-gaps — clearance
distances — so the voltage level expected in the final system defines the distance between pads and traces as well as between active
areas and heat sinks or other grounded parts. Even if the clearance between two points is chosen to be high enough, the insulation
strength can be reduced by conductive particles over a longer period. This depends on the degree of pollution, which relates to the
ambient conditions the device is used in.

IEC60664-1 gives an insight about the relevant conditions that need to be considered to determine the creepage and clearance
distances in a targeted design.
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4. Conclusion

Littelfuse miniBLOC devices with their base plate and molded housing structure are mechanically robust components. Still, care needs
to be taken to not bend the module during the mounting process and a mechanical arrangement must be designed to prevent pulling
forces at the terminals. Applying thermal interface material by a well-controlled screen-printing process further helps to reduce
unwanted mechanical stress to the device.

If these aspects are considered, mounting the devices can successfully be done by implementing established procedures and
processes.

Revision History
Version Date Changes

22.08a August 2022 Initial version created for release

For additional information please visit www.Littelfuse.com/powersemi

Disclaimer Notice - This document is provided by Littelfuse, Inc. ("Littelfuse”) for informational and guideline purposes only. Littelfuse assumes no liability for errors or omissions in this document or
for any of the information contained herein. Information is provided on an “as is” and “with all faults” basis for evaluation purposes only. Applications described are for illustrative purposes only and
Littelfuse makes no representation that such applications will be suitable for the customer’s specific use without further testing or modification. Littelfuse expressly disclaims all warranties, whether
express, implied or statutory, including but not limited to the implied warranties of merchantability and fitness for a particular purpose, and non-infringement. It is the customer's sole responsibility to
determine suitability for a particular system or use based on their own performance criteria, conditions, specific application, compatibility with other components, and environmental conditions.
Customers must independently provide appropriate design and operating safeguards to minimize any risks associated with their applications and products.

Littelfuse products are not designed for, and shall not be used for, any purpose (including, without limitation, automotive, military, aerospace, medical, life-saving, life-sustaining or nuclear facility
applications, devices intended for surgical implant into the body, or any other application in which the failure or lack of desired operation of the product may result in personal injury, death, or property
damage) other than those expressly forth in applicable Littelfuse product documentation. Littelfuse shall not be liable for any claims or damages arising out of products used in applications not expressly
intended by Littelfuse as set forth in applicable Littelfuse documentation.

Read complete Disclaimer Notice at www.littelfuse.com/disclaimer-electronics
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LIIXYS

1200V XPT™IGBT
GenX4™

Ultra Low-Vsat IGBT for
up to 5kHz Switching

IXYN140N120A4

Symbol Test Conditions Maximum Ratings
Vies T, =25°Ct0 175°C 1200 \
Veen T, =25°Ct0 175°C, Ry, = 1IMQ 1200 v
Vies Continuous +20 \Y
Ve Transient +30 \
leys T.=25°C (Chip Capability) 380 A
L ams Terminal Current Limit 200 A
lerto T,=110°C 140 A
e T, =25°C, 1ms 1200 A
SSOA Vg =15V, T, =125°C, R, = 2Q Iy =280 A
(RBSOA)  Clamped Inductive Load 0.8V \Y
P, T, =25°C 1070 W
T, -55 ... +175 °C
T. 175 °C
T, -55 ... +175 °C
VoL 50/60Hz t=1min 2500 V~
lo, < TMA t=1s 3000 V~
M, Mounting Torque 1.5/13 Nm/lb.in
Terminal Connection Torque 1.3/11.5 Nm/lb.in
Weight 30 g

Symbol Test Conditions Characteristic Values

(T, = 25°C, Unless Otherwise Specified) Min. Typ. Max.
BV, lg  =250pA, V=0V 1200 Vv
Ve I, =4mA,V =V 45 65 V
lees Vee = Vees Voe = 0V 25 pA
T,=125°C 5 mA
loes Ve =0V, Vg =220V 200 nA
Veesan le =lge Voe = 15V, Note 1 134 | 170 V
T,=150°C 1.50 \'

Vs = 1200V
le.., = 140A
Ve < 1.70V
tiys = 320ns

SOT-227B, miniBLOC
m E153432

EO®

o q@’\
% E®
C

G = Gate, C = Collector, E = Emitter
® either emitter terminal can be used as
Main or Kelvin Emitter

@

Features

* miniBLOC, with Aluminium Nitride
Isolation

* International Standard Package

* Isolation Voltage 2500V~

* Optimized for Low Conduction Losses

* Positive Thermal Coefficient of
Vce(sat)

* High Current Handling Capability

Advantages

* High Power Density
* Low Gate Drive Requirement

Applications

* Power Inverters

* UPS

* Motor Drives

* SMPS

* PFC Circuits

* Battery Chargers

* Welding Machines

* Lamp Ballasts

* Inrush Current Protection Circuits

©2020 Littelfuse, Inc.
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Symbol Test Conditions

Characteristic Values

(T, =25°C Unless Otherwise Specified) Min. Typ. Max.
9. I =60A, V. =10V, Note 1 60 100 S
C.. 8300 pF
C.. V=25V, V =0V, f=1MHz 470 pF
C.. 300 pF
Qg(on) 420 nC
Qge lo=loy10r Vae = 15V, Ve = 0.5V 68 nC
Qgc 210 nC
td(on) 52 ns
t, Inductive load, T, = 25°C 47 ns
E,. lo=70A,V, =15V 4.9 mJ
d(off) V=05V, R;=1.5Q 590 ns
t; Note 2 320 ns
off 12.0 mJ
d(on) . 44 ns
g Inductive load, T, = 150°C 42 ns
on lo=70A, V, =15V 7.4 mJ
Yy Vee =052 Ve, Ry = 1.50 710 ns
t, Note 2 530 ns
off 20.0 mJ
Rinic 0.14 °C/W
R cs 0.05 °C/W
Notes:

1. Pulse test, t < 300ps, duty cycle, d < 2%.

2. Switching times & energy losses may increase for higher V__(clamp), T or R,.

Littelfuse reserves the right to change limits, test conditions and dimensions.

IXYS MOSFETs and IGBTs are covered 4,835,592 4,931,844 5,049,961
by one or more of the following U.S. patents: 4,860,072 5,017,508 5,063,307

4,881,106 5,034,796 5,187,117

5,237,481
5,381,025
5,486,715

6,162,665
6,259,123 B1
6,306,728 B1

6,404,065 B1
6,534,343
6,583,505

6,683,344

6,727,585 7,005,734 B2 7,157,338B2

6,710,405 B2 6,759,692 7,063,975 B2

6,710,463

6,771,478 B2 7,071,537
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Fig. 1. Output Characteristics @ T, = 25°C
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Fig. 5. Collector-to-Emitter Voltage vs.
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Fig. 2. Extended Output Characteristics @ T, = 25°C
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Fig. 7. Transconductance Fig. 8. Gate Charge
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Fig. 12. Inductive Switching Energy Loss vs.
Collector Current
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Fig. 14. Inductive Switching Energy Loss vs.
Gate Resistance
44 I I I I 32
Eoff Eon==-
40 1 Ty=150°C, Vee = 15V 28
Vce =600V
36 — | 24
8 R — o
3 1 - Ic=140A 20
=2 =
= 5
% 28 (]
wl &
24 12
Ic=70A
20 —— 8
16 4
1 2 3 4 5 6 7 8 9 10
Rg - Ohms
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Fig. 13. Inductive Switching Energy Loss vs.
Collector-Emitter Voltage

36 [ [ 16
32 Eoff = Eon= == - 14
Re=15Q, VeE =15V =+~
28 Ic=70A — ~ 12
P
@ - — m
3]
2% - [~ 103
S Ty=150°C / e =
g 20 ; = — 8 =
- /// _ - <]
S 16 = —— — 16 @
L~ "]
-~ — 4/‘
12 — 4
P - Ty=25°C
8 2
4 0
400 500 600 700 800 900 1000
Vg - Volts
Fig. 15. Inductive Switching Energy Loss vs.
Junction Temperature
40 ‘ ‘ 32
36 Eoff Eop= == 28
Rc =1.5Q, VGe =15V /
32 VcE =600V / 24
3 28— ‘ ,/ —— = =2 M
= Ic =140A — —r S
3 = - -
S 24 == 16 =
;
= c
© 20 12 =
16 _ — 8
Ic=70A L g g——
e [ — — T =
12 4
8 0
25 50 75 100 125 150
T, - Degrees Centigrade
Fig. 17. Inductive Turn-off Switching Times vs.
Collector Current
800 ‘ ‘ ‘ ‘ ‘ 1000
te tyiom= = =
700 fi d(off) 900
Re=1.5Q, Vee =15V
N Ve = 600V
600 +—N 800
£ ~ <
~
3 500 ~ R 700 3
2 ~| Ty=150°C ]
o ~ ~Q 4
S ~ I~ 8
2 400 =~ < - 600 3
- \ = = =~ -~ g
= B I~ o~ |~ S
300 == <1500 2
; _‘ﬁb »
Ty=25°C
200 400
100 300
50 60 70 80 90 100 110 120 130 140 150
Ic - Amperes

©2020 Littelfuse, Inc.



LIIXYS

IXYN140N120A4

Fig. 18. Inductive Turn-off Switching Times vs.

Junction Temperature
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SOT-227B miniBLOC (IXYN)
M4-7 NUT

J —] e
4 PLACES
= (4 roces) |

o B —=d

|||||
]

w

ol 4]

\I|II
1

SYM INCHES MILLIMETERS

MIN MAX MIN MAX
A | 1224 | 1260 | 3110 3200
B 303 327 7.70 8.30
C 161 73 4.10 4.40
D 161 173 4.10 4.40
E .161 b 4.10 4.40
E 587 598 1490 | 15.20
G 1.181 | 1.201 30.00 | 30.50
H | 1.488 | 1.508 | 37.80| 38.30
J 461 484 11.70 | 12.30
L .030 033 0.75 0.85
M 492 512 12.50 | 13.00
N 984 | 1.004 | 2500 | 25.50
@] 075 .087 1.90 2.20
5 .181 183 4.60 4,90
U .000 .005 0.00 0.13

1. NUT MATERIAL:
STANDARD — Low carbon steel with Ni plating.
OFTIONAL: — Bross Nut is ovailable.
PART NUMBER-BN

2. ALL METAL SURFACE ARE PRE NI PLATED EXCEPT TRIM AREA.
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Disclaimer Notice - Information furnished is believed to be accurate and reliable. However, users should independently
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Application Note

Forward-Biased, Revere-Biased,
and Short-Circuit Safe Operating

Area of MOSFETs and IGBTs
— e

Objectives

This document explains the operating conditions that a power semiconductor is supposed to work in without being damaged. Focus is
set on the Forward-Biased Safe Operating Area (FBSOA), the Reverse Biased, Safe Operating Area (RBSOA) and the Short-Circuit Safe
Operating Area (SCSOA).

-
&:‘\I:“‘\\‘

2l
=
3
S

Figure 1. To be prevented - an IGBT destroyed by RBSOA-exceedance

Applications

The information compiled in this document is relevant for the power semiconductor itself and thus for all its applications.

Target Audience

This document is intended for all developers, design- and test-engineers involved in building power semiconductor applications.

Contact Information

For more information on the topic of safely operating power devices, contact the Littelfuse Power Semiconductor team of product and
applications experts:

o  PowerSemiSupport@Littelfuse.com
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Introduction

Power semiconductors like IGBTs, GTOs, thyristors, diodes, or bipolar junction transistors (BJT) have been developed into robust and
reliable devices which can by now handle power levels into the MW-range and even beyond.

Despite these developments, they all have physical limitations which need to be known and respected to prevent damage to these
components and the system they are mounted in. Depending on the instantaneous mode of operation, different conditions are
described by a varying set of parameters, often referred to as operating area.

1. Safe Operating Area (SOA), also called Forward-Bias Safe Operating Area (FBSOA)

When a power semiconductor like an IGBT is used to conduct current in the predestined direction, the physical limits of the device to
be considered include:

- the maximum collector current Ic,

- the saturation voltage Vcesat across the device,

- the power generated by the product lc-Vcesa, and
- the maximum junction temperature Tv; allowed.

In cases where the power semiconductor is a MOSFET, dedicated to be operated in linear mode, the current can be influenced by
tuning the gate-source-voltage accordingly. As a consequence, the drain-source-voltage Vos of the devices changes which in turn
impacts the losses. The device must dissipate these losses and the thermal impedance of the device poses the limits here.

For these operating conditions, the FBSOA-diagram features the forward voltage, the current and limits imposed by thermal
development. Looking at Figure 2, it becomes obvious that growing losses can only be tolerated for shorter periods of time.

Forward-Bias Safe
Operating Area @ T¢ = 25°C

1000 T 1 + e

— [ T, =150
— o | 1]
Rps(ony Limit i 11
100 IE?,( ~_ ~ 25ps
8 e Nmmmtin ~ 100us

,g \\ ! [ \\\ [ i ;

™
£ 10! \\ . ms
_o 1 i \\\ HH
™~ 10ms
1 DC
0.1
10 100 1000
Vp ¢ - Volts

Figure 2. SOA Diagram for the IXTX46N50L

Any combination of forward voltage and current that is found below the correlating lines within the diagram is a legal point of operation
as long as the junction temperature remains below the maximum limit and the duration of the loading is properly chosen. De-rating
must be considered if the case temperature is different from the 25°C the diagram in Figure 2 refers to.
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2. Reverse Biased Safe Operating Area (RBSOA)

Power semiconductors like IGBTs or MOSFETSs can turn off a current rather quickly but not at infinite speed. As the switching
procedure does take some time, transient phenomena happen that need to be considered.

During this short period, when the device turns from conducting into blocking mode, the Reverse Biased Safe Operating Area needs to
be respected at any time.

The limits are given by the current which is turned off and the voltage that appears across the device. The plot in Figure 3
schematically displays a turn-off event in detail.

VCE“[V] AVCE — LO_ . % lc ‘FA]
Var

AVeg
VDC

Time

Figure 3. Voltage and current waveforms during a turn-off event
In the graph, it can clearly be seen that the voltage across the device first reaches the DC-link’s voltage level before the current starts
declining. Because of the current change rate di/dt and the inherently contained stray inductances Ls, the voltage spike AVce is added

on top of the DC-link voltage. If this spike exceeds the device's breakdown voltage Ver — even for a very short period of time — the
device will be destroyed.

The square-shaped Reverse Biased Safe Operating Area therefore is given by maximum current lc,max and the breakdown voltage Ver,
as depicted in Figure 4. Here too, the junction temperature poses a further limit.

7
> RO
lc [A] lc max

Figure 4. RBSOA-shape, limited by maximum current and breakdown voltage
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3. Short-Circuit Safe Operating Area (SCSOA)

Devices that feature desaturation, like most IGBTSs, can withstand short-circuit events for a distinct duration. Corresponding datasheets
highlight this information as Short Circuit Safe Operating Area or SCSOA. Such a datasheet’s excerpt is given in Figure 5.

SCSOA short circuit safe operating area Voge = 1200 V i
tsc short circuit duration Vee = 720V, Vge= £15 Ty, = 125°C 10 | Ls
lsc short circuit current Re = 6.8Q; non-repetitive 450 LA

Figure 5. SCSOA information taken from the MDMA280UB1600PTED datasheet

The short circuit condition demands that the IGBT goes into desaturation. In this mode, no further charge carriers remain available
which also limits the current. Typically, IGBTs limit the short-circuit current to about three to four times their rated current. In the
example in Figure 5, the 160 A-device is expected to limit the short circuit current to 450 A. This situation is tolerable for 10 pys only
and limited by thermal development.

4. Resulting challenges for the designer

Combining the two areas for Reverse Biased Safe Operation and Short Circuit Safe Operation into a single diagram reveals a gap
between them, as pictured in Figure 6.

Vee M

Rated Current

Vor 7722 //,7 / IGBT
'4 desaturated

< IGBT saturated
’// [ //'” ‘ e ared
j % .

1 I
1 2

Figure 6. RBSOA, SCSOA, and the undefined region in between

Within the gap marked as forbidden area, located between twice and three times rated current, turning off the device is not allowed as
it may lead to its destruction. The root cause of the destruction is found in very high local current densities, transiently forming during
switching. The thermal limits in that case are reached already and additional burden due to switching losses leads to exceeding the
limits. In turn, single cells on the chip fail and create a connection between collector and emitter. The current can no longer be turned
off and the damage grows.

To overcome this situation, techniques to ensure that the IGBT reaches desaturation mode and enters the SCSOA can be used. The
simplest way is to wait, instead of reacting on an overcurrent too quickly. Implementing a certain dead-time and fully exploit the
10 ps that the IGBT can withstand the conditions is a valid approach.
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Further methods include the so-called 2-Level turn-off. The device is not turned off by immediately cancelling or even reversing the
gate-emitter voltage. Instead, the gate-emitter voltage is first reduced to minimize the number of charge carriers available for current
transport. This speeds up reaching the desaturation stage. A few microseconds later, when desaturation is reached, the gate-emitter
voltage is set to zero or reversed. The device is then safely turned off within the SCSOA-specification.

This fact becomes particularly important when handling overcurrent situations.

From a given setup, measurements from a destructive turn-off event seen in Figure 7 were analyzed:

lc

200A/div B |cro <400A +
Vee v, ‘
5Vidiv ~ 5
v M‘W'Jﬁvﬁ\f\fww‘ ¥

= : VeEmax <1100V E

Vee . \ | Lt :
200V/div . \ | To— 4

Figure 7. Measurement results from a destructive turn-off event

As the measurement reveals, the current turned off was well below the 450 A short-circuit limit. The gate-emitter-voltage was well-
controlled, the time it took to turn off was below the 10 ps-limit and the overvoltage spike did not exceed the 1200 V the device is
rated for. Still, the IGBT was destroyed, and the question raised, why so?

Entering the point of the turn-off into the diagram in Figure 6, the violation that happens becomes obvious in Figure 8:

Vegma <1100V, I, <400A

Rated current
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150 300 350 400 450

Figure 8. Locating the point of turn-off

Clearly, the switching event was done within the no-go-area with the destructive effect previously predicted.

. 7 Littelfuse.
% Littelfuse © 2024 Ligznﬂiicﬁ?

Expertise Applied | Answers Delivered Rev 24.02a



Application Note

To clear the situation, the control strategy for short circuit was changed. Instead of reacting on the overcurrent signal instantly and turn
off after just 2.5 us, a blanking time of about 6 ps was added.

Figure 9 represents the measurement done in the same setup.

Desaturation

Limiting to 3..4 Iy

Here - no
switching !

vl LA Y B . 161

Xir BBl g

Figure 9. Properly turned off overcurrent or short-circuit event

While the red dot marks the former turn-off point, the current is now allowed to grow further. At first sight, this seems to worsen the
situation as the losses and, as such, the chip temperature grows. However, after about 6 ps the IGBT reaches desaturation, enters the
SCSOA and the turn-off after 8 ps is safely done without damaging the component.

MOSFETSs, other than IGBTs, don't feature a dedicated SCSOA. At high currents, the MOSFET goes into linear operation as depicted in
the FBSOA-diagram, so short-circuit and overcurrent events are covered by diagrams as given in Figure 2.

5. Conclusion

Handling overcurrent events, especially short circuit events, is challenging but manageable. Doing so while remaining within the given
specifications can successfully be achieved.

Simply turning off a detected overcurrent as fast as possible may not be the best strategy as it may lead to damage caused by so-
called RBSOA-exceedance. Ensuring that the IGBT reaches desaturation is a key factor in handling short circuit events with this
technology.

For additional information please visit www.Littelfuse.com/powersemi
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