ELEC-E8421 Tehoelektroniikan komponentit
Exam 13.1.2020 (translation for Finnish)

1. Explain shortly (2...4 sentences + possible drawing), what the following terms mean
- ion-injection
- reverse recovery charge
- SOA
- prospective short circuit current
- ESR.

2. Describe the construction, functioning principle and properties of IGBT.
3. Discuss filters used for the EMC, their operating principles and components used.

4. Cooling element of a switched mode power supply is as shown below and it works with natural
convection. Element will cover the backside of the supply, height is 60 mm. What is the allowed
power loss when the temperature of the backside cannot be higher than 80 °C when ambient
temperature is 50 °C. Use the equation Ry = 11,7 477 Pﬁo’ls where Ry is the thermal

resistance K/W, 4 is surface area in dm? and Py loss power. It is assumed that air is not circulating

inside the power supply.
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5. Calculate the needed thermal resistance of the cooling element for SCT2080KE SiC Mosfet, when

the current through it is as shown below. Ambient temperature is 45 °C and Vgs = 18 V. During
turn-on voltage over the device is 520 V and turn-off 700 V.
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e SCT2080KE

SEMICONDUCTOR

N-channel SiC power MOSFET

Datasheet

Vpss 1200V

Rbs(on) (TYP-) 80mQ
I 40A

Pp 262W

®Outline

TO-247

® Features

1) Low on-resistance

2) Fast switching speed

3) Fast reverse recovery

4) Easy to parallel

5) Simple to drive

6) Pb-free lead plating ; RoHS compliant

®Inner circuit

(3) Source

1 (1) Gate
ﬂ}t\ (2) Drain

T *1 Body Diode
@

®Packaging specifications

Packing Tube
® Application Reel size (mm) -
»Solar inverters Type Tape width (mm) -
.DC/DC converters Basic ordering unit (pcs) 30
*Induction heating Packing code C
Motor drives Marking SCT2080KE
® Absolute maximum ratings (T, = 25°C)

Parameter Symbol Value Unit
Drain - Source voltage Vpss 1200 \Y
T.=25°C Iy 40 A
Continuous drain current
T.=100°C Iy 28 A
Pulsed drain current Ip puise - 80 A
Gate - Source voltage (DC) Vass -6 to 22 V
Gate - Source surge voltage (Tqyge < 300nsec) Vgss-surge - —10 to 26 v
Power dissipation (T, =25°C) Po 262 w
Junction temperature T; 175 °C
Range of storage temperature Tsig -55to +175 °C
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SCT2080KE

Datasheet

®Thermal resistance

Values
Parameter Symbol Unit
Min. Typ. Max.
Thermal resistance, junction - case Rinic - 0.44 0.57 °C/W
Thermal resistance, junction - ambient Rinia - - 50 °C/IW
Soldering temperature, wavesoldering for 10s Tsoud - - 265 °C
®Electrical characteristics (T, = 25°C)
Values
Parameter Symbol Conditions Unit
Min. Typ. Max.
Drain - Source breakdown
Voltage V(BR)DSS VGS = OV, ID = 1mA 1200 - - V
VDS = 1200V, VGS =0V
Zero gate voltage _ oo
drain current loss  |Tj =25°C ) 1 10 MA
T;=150°C - 2 -
Gate - Source leakage current lgss: [Vas=+22V, Vps=0V - - 100 nA
Gate - Source leakage current lgss- |Vaes= -6V, Vps=0V - - -100 nA
Gate threshold voltage Vesay |Vos= Vas: Ip=4.4mA 1.6 2.8 4.0 Vv

*1 Limited only by maximum temperature allowed.
*2 PW < 10us, Duty cycle < 1%

*3 Example of acceptable Vgs waveform

*4 Pulsed
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SCT2080KE

Datasheet

®Electrical characteristics (T, = 25°C)

Values
Parameter Symbol Conditions Unit
Min. Typ. Max.
VGS= 18V, ID= 10A
Static drain - source *4
T.=25° -
on - state resistance Ros(on) j=25°C 80 17 ma
T,=125°C - 125 -
Gate input resistance Rg f = 1MHz, open drain - 6.3 - Q
Transconductance g+ |Vos=10V, Ip=10A - 3.7 - S
Input capacitance Ciss Vgs =0V - 2080 -
Output capacitance Coss Vpg = 800V - 77 - pF
Reverse transfer capacitance rss f=1MHz - 16 -
Effective output capacitance, C Ves =0V i 116 i .
energy related °C) Vs = OV to 500V P
Turn - on delay time tyon) — |Vopo =400V, Vgs=18V| - 35 i
Rise time t lp= 10A - 36 -
ns
Turn - off delay time taom | |RL=40Q - 76 -
Fall time t*  |Rg=0Q - 22 -
. Vpp = 600V, Ip=10A
. . 4 DD » ID
Turn - on switching loss Eon Vgs = 18V/0V - 174 -
Rg = 00, L=500uH w
Turn - off switching loss Eot Eon includes diode - 51 -
reverse recovery
®Gate Charge characteristics (T, = 25°C)
Values
Parameter Symbol Conditions Unit
Min. Typ. Max.
Total gate charge Q,* |Vop=400V - 106 -
Gate - Source charge Qg * | lo=10A - 27 - nC
Gate - Drain charge Qg * [Ves=18V - 31 -
Gate plateau voltage Viplateany |Vop =400V, Ip=10A - 97 - Vv

www.rohm.com

© 2012 ROHM Co., Ltd. All rights reserved.

312

2017.07 - Rev.G



SCT2080KE Datasheet

®Body diode electrical characteristics (Source-Drain) (T, = 25°C)

Values
Parameter Symbol Conditions Unit
Min. Typ. Max.
Inverse diode continuous, Is *1 i ) 40 A
forward current
T.=25°C
Inverse diode direct current, I %o i ) 30 A
pulsed
Forward voltage Voo ¥ [Vas=0V, Ig= 10A - 4.6 - Vv
Reverse recovery time t, * - 31 - ns
N I = 10A, Vg = 400V
Reverse recovery charge +F ' R - 44 - C
v overy charg Q" lgiidt = 150A/s n

Peak reverse recovery current lrem *4 - 2.3 - A

®Typical Transient Thermal Characteristics

Symbol Value Unit Symbol Value Unit

Rin1 0.078 Cin1 0.005
Rino 0.197 K/wW Cinz 0.018 Ws/K
Rins 0.162 Cins 0.249

i Tj  Rthl Rth,n % T case

| 1 - - 1T ——"5

i PD i

i T@ —_cam —__ Cth2 ___ Cthn %

; S U S

| | Tamb
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SCT2080KE

Datasheet

®Electrical characteristic curves

Fig.1 Power Dissipation Derating Curve

Fig.2 Maximum Safe Operating Area
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SCT2080KE

Datasheet

®Electrical characteristic curves

Fig.4 Typical Output Characteristics(l)
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Fig.5 Typical Output Characteristics(ll)
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SCT2080KE Datasheet

®Electrical characteristic curves

Fig.8 Typical Transfer Characteristics Fig.9 Typical Transfer Characteristics (lI)
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SCT2080KE

Datasheet

®Electrical characteristic curves

Fig.12 Static Drain - Source On - State
Resistance vs. Gate - Source Voltage
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SCT2080KE Datasheet

®Electrical characteristic curves

Fig.15 Typical Capacitance Fig.16 Coss Stored Energy
vs. Drain - Source Voltage
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SCT2080KE

Datasheet

®Electrical characteristic curves

Fig.19 Typical Switching Loss
vs. Drain - Source Voltage
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Fig.21 Typical Switching Loss
vs. External Gate Resistance

500
450
400
350
300
250
200
150
100

Switching Energy : E [uJ]

50
0

1 1
- T, =25°C
V=600V
1 1p=10A /
| | Vs = 18V/0V P
L=500pH -
// EOn
- -~
/ //
/ L~
/ Eoff
>
0 5 10 15 20 25 30

External Gate Resistance : Rg [Q]

1200
1100
1000
900
800
700
600
500
400
300
200
100

Switching Energy : E [uJ]

1000

Fig.20 Typical Switching Loss

vs. Drain Current

| /
T, = 25°C /
Vpp=600V /
Vgs = 18VI0V
Re00 /
L=500uH / E.
//
/
4
/,/ -
-
7 // Eoff
T ‘
5 10 15 20 25 30 35

Drain - Current : Ip [A]

www.rohm.com

© 2012 ROHM Co., Ltd. All rights reserved.

10/12

2017.07 - Rev.G



SCT2080KE

Datasheet

®Electrical characteristic curves

Fig.22 Inverse Diode Forward Current
vs. Source - Drain Voltage

Fig.23 Reverse Recovery Time

vs.Inverse Diode Forward Current
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SCT2080KE

Datasheet

®Measurement circuits

Fig.1-1 Switching Time Measurement Circuit
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Fig.4-1 Reverse Recovery Time Measurement Circuit

Fig.1-2 Switching Waveforms
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Notice

Notes

1) The information contained herein is subject to change without notice.

2) Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

3) Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.
Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

4) Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

5) The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

6) The Products specified in this document are not designed to be radiation tolerant.

7) For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, and power transmission systems.

8) Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

9) ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

10) ROHM has used reasonable care to ensur the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

11) Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

12) When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

13) This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.

ROHM ROHM Customer Support System

SEMICONDUCTOR

http://www.rohm.com/contact/
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Datasheet

General Precaution
1. Before you use our Products, you are requested to care fully read this document and fully understand its contents.
ROHM shall not be in an y way responsible or liable for failure, malfunction or accident arising from the use of a ny
ROHM'’s Products against warning, caution or note contained in this document.

2. All information contained in this docume nt is current as of the issuing date and subj ect to change without any prior
notice. Before purchasing or using ROHM’s Products, please confirm the la test information with a ROHM sale s
representative.

3. The information contained in this doc ument is provided on an “as is” basis and ROHM does not warrant that all
information contained in this document is accurate an d/or error-free. ROHM shall not be in an y way responsible or
liable for any damages, expenses or losses incurred by you or third parties resulting from inaccuracy or errors of or
concerning such information.

Notice — WE Rev.001
© 2015 ROHM Co., Ltd. All rights reserved.



Tentti 14.12.2017 RATKAISUT

Tehtavat 1-2: Katso Kirja,, tehtédva 3 katso lisdmateriaali

Tehtava 4
To—T
-0.7p-0,15
Ryea =11L7A PO =5 A
H
josta saadaan
P0,85 — TS _TA
e 11, 7A7
ja edelleen
1
TS _TA 0,85

P —| S A
Amac 111 7A7%7

Kotelon sisélla oletettiin ilman kierron olevan mitattéméan. Siten jadhdytyselementin voi
olettaa jaahtyvan vain ulkopinnaltaan.

Ulkopinnan pinta-alaksi saadaan

A= (40 mm+6-15mm)- 60 mm = 7800 mm? = 0.78 dm’

jos elementin ala ja ylapintoja ei huomioida (niiden pinta-ala on
6-15mm-5mm=450mm* = 0.045dm”eli aika pieni. Lisdksi ilma ei niissa
valttamatta liiku).

Sijoittamalla arvot kaavaan saadaan komponentin maksimihavioksi

1
o _ o) W
Hmax — S0C 50—0(3 5 =241W
117-0,78°

Tehtava 5
Kun Ves =18 V, T; = 150 °C ja Ip = 25 A saadaan kuvasta 13 arvioiden 25 A virralla
Rps = 0,15 Q
Siten johtohdvitenergia per pulssi on
Eron = Rps Ip? ton= 0,15 Q (25 A)2 20us=1,9mJ
Vaihtoehtoisesti voi kuvasta 6 lukea jannitehdvioksi 25 A virralla kun Vgs = 18 V ja T = 150 °C noin
3.9V, josta laskemalla paityy suunnilleen samaan tulokseen.

Kytkentdhévidistd valmistaja antaa tietoja eri tavoin. Kuvassa 16 on annettu fetin kapasitansseihin
varautuva energia, joka kuvaa transistorin sisdisid hdviditd hyvin pienelld kuormavirralla. Nyt
kuitenkin virtaa on 25 A.



Arvioidaan kytkentahaviot ylakanttiin olettamalla virran muuttuvan nousu- ja laskuaikoina
lineaarisesti ja jannitteen olevan tané aikana vakio. Kuvasta 17 saadaan extrapoloimalla 25 A virralla
nousuajaksi tr noin 60 ns ja laskuajaksi tf noin 11 ns.
Siten kytkentahdvidenergiat ovat

tUgpronlp  60NS-520V-25A

Epron < > = > ~ 0,39 mJ
Eyprope < thSDEOFFID _u ns-70(2)V- 25A _ 010 mg

Toinen vaihtoehto on kéyttad kuvaa 19, jossa vastaavat haviot on annettu 10 A virralla. Kuvan tuloksia
on skaalattava 25/10, jotta ne vastaavat tehtdvan lukuarvoja.  Siten kuvan perusteella
Enton = 2,5*130 wJ =325 pJ ja Entorr = 2,5 70 wJ = 175 pJ eli kohtuu lahelld edelld laskettuja arvoja.

Myos kuvassa 20 annettuja arvoja voi kdyttad, mutta nyt jannite on skaalattava kohdalleen

EnTon = 520/600*660 w =572 wd ja Entorr = 700/600° 200 pJ = 233 wJ. Nama lukuarvot ovat
huomattavasti aiempia korkeampia. Yksi syy on se, ettd varsinkin syttymishavié kasvaa kuvassa
virran kasvaessa enemman kuin lineaarisesti

Koska taajuus on huomattavasti yli 1 kHz, voidaan mitoitus tehdd keskimaaraisen haviétehon ja
pysyvan tilan lampovastuksen perusteella.
Keskiméaaraiseksi havidtehoksi saadaan ensimmaiseksi laskettujen hévidtehojen perusteella

P Evon T Enton T Enrore - 19MI+0,39mJ +0,1mJ
Have T 40},18

Siten jadhdytyselementin lampoévastukseksi fetin ja elementin vélinen l&mpdvastus mukaanlukien
saadaan

~60W

°C

150°C-0,44 — -60W —-45°C o
R <TJ —RinscPiae =Ta _ w ~131_C
thCA = = ~4
Py ave 60 W W

Edelld on kéytetty varovaisuuden vuoksi 150 °C liitosldmpétilaa, mutta datalehden mukaan nykyinen

komponentin versio kestdd myos 175 °C.



