S-81.3120 Tehoelektroniikan komponentit J. Niiranen 1(11)
Tentti 9.1.2012, kello 9 ... 12, sali S1

Papereihin Tentissé sallitut apuvilineet
- sukunimi ja etunimet - kynit, kumit jne.
- opiskelijanumero - taskulaskin
- koulutusohjelma. - lukion kaavakokoelma tms. + Laplace taulut

1. Selvitd lyhyesti (max. 2...4 lausetta + mahdollinen kuva), miti seuraavilla termeilli tarkoitetaan
- ioni-istutus
- tyristorin toipumisaika
- SOA
- varistori
- ESR.

2. Esittele IGBT:n rakenne, toimintaperiaate ja ominaisuudet.

3. Esittele kiihdytetty superpositiomenetelmé. Mitd muita menetelmid on komponentin 1&mpene-
mién laskuun yleisessi tapauksessa? Mitk# ovat niiden edut ja haitat?

4. Madrdd IPP60R199CP -fetin vaatiman jadhdytyselementin ldmpovastus, kun fetin virta on
oheisen kuvan mukainen. Jadhdytysilman ldmpétila on 45 °C ja Vgg = 10 V. Fetin yli oleva
jénnite on pédllekytkennén aikana 360 V ja katkaisun aikana 500 V.
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5. Erédn jannitettd laskevan tasasiihkokatkojan ldhtovirtapulssit on tarkoitus muodostaa ferriitti-
renkaasta TN26/15/10-3C90 tehdyn kuristimen avulla. Kuristimen yli on 19 V jénnite 10 ps
ajan, jona aikana kuristimen virran halutaan kasvavan nollasta noin 0,5 A maksimiarvoon.

a) Kuinka monta johdinkierrosta piti# olla tarvittavan induktanssin aikaansaamiseksi?
b) Miki on renkaan vuontiheys B maksimivirralla kyseiselld kierrosmaaralla?
¢) Onko kyseinen ferriittirengas sopiva tdhin sovellukseen? Perustele padtelmasi.

Kaavoja seuraavalla sivulla, datalehti viimeisell4 sivulla. Huom! ferriittirenkaassa ei ole ilma-
valia!



Hakkuriteholédhteissi tavallisille kanttimuotoisille jannitteille patee, kuva 11.4:
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Kuva 11.4. Jinnite ja vuontiheys erdissd tyypillisissi hakkuriteholdhdemuuntajissa /8/;
(a) balansoitu vuorovaihe; (b) forward-hakkuri, vertaa kuva 11.6.
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jossa Iy ja Ag ovat ilmavilin pituus ja pinta-ala seki le ja A ovat efektiivinen magneettipiirin pituus
ja pinta-ala. yo on tyhjon (= 4m 107 H/m) ja U ilmavilin sisdltdvdn syddmen efektiivinen
permeabiliteetti ja C on sydinvakio. Ar, on induktanssikerroin sydamelle talld ilmavalilla.



IPP60R199CP
CoolMOS® Power Transistor
Product Summary
Features
Vs @ Tjmax 650
+ Lowest figure-of-merit RoyxQ,
’ o RDS(on)_max 0.199 | O

» Ultra low gate charge Quup 32 |nC
» Extreme dv/dt rated
« High peak current capability
« Qualified according to JEDEC" for target applications
« Pb-free lead plating; RoHS compliant PG-TO220
CoolMOS CP is specially designed for:
« Hard switching topologies, for Server and Telecom

drain

pin 2
Type Package Ordering Code Marking gfﬁ
IPPBOR199CP PG-TO220 SP000084278 6R199P source

pin3
Maximum ratings, at 7;=25 °C, unless otherwise specified
Parameter Symbol |Conditions Value Unit
Continuous drain current Ip Tc=25°C 16 A

Tc=100°C 10
Pulsed drain current? lopuse |Tc=25°C 51
Avalanche energy, single pulse Exs 15=6.6 A, Vpp=50V 436 md
Avalanche energy, repetitive £ x>  [E ar 1,5=6.6 A, Vpp=50 V 0.66
Avalanche current, repetitive tx?”  |/ar 6.6 A
MOSFET dv/dt ruggedness dv/dt |Vps=0..480V 50 Vins
Gate source voltage Vas static +20 Vv
AC (f>1 Hz) 130
Power dissipation Pt Tc=25°C 139 w
Operating and storage temperature [T}, Ty -565 ... 160 °C
Mounting torque M3 and M3.5 screws 60 Ncm
Rev. 2.3 page 1 2011-12-20
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IPP60R199CP
Maximum ratings, at 7;=25 °C, unless otherwise specified
Parameter Symbol |Conditions Value Unit
Continuous diode forward current Ig 9.9 A
Tc=25 °C
Diode pulse current? I's puise 51
Reverse diode dv/dt* dv/dt 15 Vins
Parameter Symbol {Conditions Values Unit
min. typ. max.
Thermal characteristics
Thermal resistance, junction - case |Runyc - - 09 |KW
Thermal resistance, junction -
ambient Ry |leaded - - 62
Soldering temperature, T 1.6 mm (0.063 in.) A A 260 |°c
wavesoldering only allowed at feads | ** from case for 10 s
Electrical characteristics, at 7;=25 °C, unless otherwise specified
Static characteristics
Drain-source breakdown voltage Verpss |Ves=0V, 1p=250 pA 600 - - v
Gate threshold voitage Vesey |Vos=Ves, /0=0.66 mA 25 3 35
Vps=B00 V, V=0V,
Zero gate voltage drain current loss T?-sz 5 Gs - - 1 {pA
=
VDS=600 V, VGS=0 V, 10
T=150 °C )
Gate-source leakage current Iass Vgs=20V, Vpg=0V - - 100 |[nA
V=10V, [1p=9.9 A,
Drain-source on-state resistance Rosion Tcis o o - 0.18 0.198 |Q
=25°C
VGS=10 V, ID=9-9 A,
T=150 °C N B
Gate resistance Rg f=1 MHz, open drain - 2 - Q
Rev. 2.3 page 2 2011-12-20



IPP60R199CP
Parameter Symbol |Conditions Values Unit
min. typ. max.
Dynamic characteristics
Input capacitance Ciss Ves=0 V, Vps=100 V, - 1520 - pF
Output capacitance Coss f=1 MHz - 72 -
Effective output capacitance, energy
related® Coten Vas=0V, Vps=0 V ) 69 )
Effecti\ge output capacitance, time | to 480 V ) 180 )
related® o)
Turn-on delay time taony - 10 - ns
Rise time t Vpp=400V, - 5 -
Ves=10V, Ip=8.9 A,
Tumn-off delay time taom  |Re=3.30Q - 50 -
Fall time t; - 5 -
Gate Charge Characteristics
Gate to source charge Qs - 8 - nC
Gate to drain charge Qg Vpp=400 V, 1,=9.9 A, - 1" -
Gate charge total Qg Ves=0t0 10V - 32 43
Gate plateau voltage V plateau - 5.0 - \Y
Reverse Diode
Diode forward voltage Vso ¥ji32-';50°\é, [=9.9 A, ) 0.9 12 v
Reverse recovery time tr - 340 - ns
Reverse recovery charge Qn ;z;:g; (\)/0 Il'\:/zul: ' - 55 - |uC
Peak reverse recovery current | = - 33 - A

Y J-STD20 and JESD22

? Pulse width ¢ limited by T;may

3 Repetitive avalanche causes additional power losses that can be calculated asP j=E ar*f.

M lgp<=Ip, difdt<=200A/YS, Vocim=400V, Vieak<Vieripss, Tj<Tjmax, identical low side and high side switch.

9 Cen is a fixed capacitance that gives the same stored energy as C 4 While Vg is rising from 0 to 80% Vpgs,

o C o is a fixed capacitance that gives the same charging time as C .. while Vg is rising from 0 to 80% Vpgs.
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( Inﬂnean ‘ IPP60R199CP

1 Power dissipation 2 Safe operating area
Ptot=f(TC) /D=f(VDS); TC=25 °C; D=0

parameter: t,
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3 Max. transient thermal impedance 4 Typ. output characteristics
Zinyc =f(tp) 1o=f(Vps), T25 °C
parameter. D=t /T parameter: Vgg
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IPP60R199CP

§ Typ. output characteristics
lo=f(Vpg); T=150 °C

parameter: Vgg

6 Typ. drain-source on-state resistance
RDS(On)=f(I D)- T‘=150 °C

parameter: Vg
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7 Drain-source on-state resistance 8 Typ. transfer characteristics
Rosen=(T)), 10=9.9 A; V=10V 15=f(V s}, 1V psl>2|/ ol R bsonmax
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IPP6OR199CP

(infineon

9 Typ. gate charge
Vas=(Q gate); 15=9.9 A pulsed

parameter: Vpp

10

10 Forward characteristics of reverse diode

1e=f(V gp)
parameter. T;
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12 Drain-source breakdown voltage

Viarpss=H(Tj); 15=0.256 mA
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11 Avalanche energy
Eas={(T}); 15=6.6 A; Vpp=50 V
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mﬂ neon IPPGOR199CP

13 Typ. capacitances 14 Typ. Coss stored energy

C=f(Vps); Vas=0 V; f=1 MHz E oos=f(Vpg)
10° 12
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Definition of diode switching characteristics

LY

di /ot i =t +t
F re S F
/ er =QS +QF
{rr
IF et fs O

Q0% | !
o/ |v
0%, ®

Rev. 2.3 page 8 2011-12-20



Ferroxcube

Ferrite toroids

TN26/15/10

RING CORES (TOROIDS)

Effective core parameters
SYMBOL PARAMETER VALUE | UNIT
Z(I/A) core factor (C1) 1.08 mm-?
Ve effective volume 3360 mm3
le effective length 60.1 mm
A, effective area 55.9 mm?
m mass of core =17 g

Coating

The cores are coated with polyamide 11 (PA11), flame
retardant in accordance with “UL 94V-2” UL file number
E 45228 (M).

The colour is white.

Maximum operating temperature is 160 °C.

Isolation voltage

DC isolation voltage: 2000 V.
Contacts are applied on the edge of the ring core, which is
also the critical point for the winding operation.

Ring core data

26.8 10.7

13.540.6

(203) coating PA11

‘'HME
' cswaosj

Dimensions in mm.

Fig.1 TN26/15/10 ring core.

A
GRADE (nH) i TYPE NUMBER
4A11 817 +25% = 700" TN26/15/10-4A11
3C90 2645 1 25% = 2300 TN26/15/10-3C90
3C11 5000 + 25% = 4300 TN26/15/10-3C11
3E25 6420 + 25% = 5500 TN26/15/10-3E25
1. Old permeability specification maintained.
Properties of cores under power conditions
B (mT) at CORE LOSS (W) at
GRADE H =250 A/m; f = 25 kHz; f = 100 kHz;
f = 25 kHz; B =200 mT; B =100 mT;
T=100°C T=100°C T=100°C
3C90 2320 <0.38 <0.38
2008 Sep 01 1689
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