S-81.3120 Tehoelektroniikan komponentit J. Niiranen 1(8)
Tentti 11.3.2011, kello 9 ... 12, sali S3

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

1. Selvitd lyhyesti (max. 2...4 lausetta + mahdollinen kuva), mité seuraavilla termeilld tarkoitetaan
- ioni-istutus
- takavirta
-IGCT
-ESR
- lahivaikutus.

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

3. Esittele syyt puolijohdetehokomponenttien suojaukseen. Esittele myds lyhyesti kdytettyjd suo-
jausmenetelmii.

4. Midrdia CMF20120D SiC-MOSFET:in vaatiman jidghdytyselementin ldmpdovastus, kun fetin
virta on oheisen kuvan mukainen. Hilan jdnnite on johtotilassa + 22 V ja johtamattomassa
tilassa — 2 V. Hilaohjaimen sisdinen resistanssi on 6,8 €. Fetin yli oleva jdnnite on
padllekytkenniin aikana 600 V ja katkaisun aikana 800 V. Jaghdytysilman l&mpétila on 45 °C.
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5. Er#in hakkuriteholdhteen pienjénniteldhdon tasavirran suodatukseen kéytetddn ferriittisydamistd
kuristinta, joka on kdimitty kiertimilld 8 kierrosta 35 mm levyisti ja 0,5 mm paksuista
kuparifoliota kiamirungon ympéri. Kuparifolioon on teipattu toiselle puolelle eristeeksi 0,2 mm
paksu muovikalvo. Kdamirungon halkaisija on 40 mm ja leveys 38 mm. Kuristimen virta on
oheisen kuvan mukainen. Laske kdamin hiviéteho. Huom! Mitoituksessa tarvittavia kiyrid ym.
on tehtdvipaperin sivulla 2.
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MF20120D-silicon Carbide Power MOSFET
Z-FET™ MOSFET -y

= m
N-Channel Enhancement Mode Rostom 80 mQ
In(mx)@Tc=25°c =33A
Features Package
® Industry Leading Rps(on) D
® High Speed Switching
® | ow Capacitances
® FEasy to Parallel
® Simple to Drive
® Pb-Free Plating, RoHS Compliant, Halogen Free G
Benefits IS8 S
® Higher System Efficiency
® Reduced Cooling Requirements
® Avalanche Ruggedness
® Increased System Switching Frequency Part Number Package
. = CMF20120D TO-247-3
Applications
® Solar Inverters
® High Voltage DC/DC Converters
® Motor Drives
Maximum Ratings
Symbol Parameter Value | Unit Test Conditions Note
33 Vgs@20V, Te=25°C
I Continuous Drain Current A
17 Vgs@20V, Tc= 100°C
Iopuse | Pulsed Drain Current 78 a | Pulse width & limited by Tjmax
Tc=25"C
= ID=20A,VDD=50V,
Ens Single Pulse Avalanche Energy 2.2 1} L= 9.5 mH
E.r Repetitive Avalanche Energy 1.5 J tar limited by Timax
I,. | Repetitive Avalanche Current 20 A |%o= 20A Vop =50V, L =3 mH
tar limited by Tjmax
Vs Gate Source Voltage -5/+25 V'
P, Power Dissipation 150 W |T.=25°C
T, T Operating Junction and Storage Temperature =3 fo °c
37 ‘sig +125
T, Solder Temperature 260 °C | 1.6mm (0.063") from case for 10s
" 1 Nm
Mq Mounting Torque 8.8 Ibf-in M3 or 6-32 screw

CMF20120D Rev, A
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Electrical Characteristics

Symbol Parameter Min. Typ- Max. | Unit Test Conditions Note
Visrioss | Drain-Source Breakdown Voltage 1200 V' Ves = QV, Ip = 100pA
, B - 25 4 | Vos =Ves, In =1mA, T, = 25°C
Vasgn) Gaté Threshold Voltage v 1
1.8 Vs = Vs, In = 1mA, T; = 125°C
] — 1 100 Vps = 1200V, Ves = OV, T; = 25°C
Inss Zero Gate Voitage Drain Current HA
10 250 Vs = 1200V, Ves = OV, Ty = 1250C
Igss Gate-Source Leakage Current 256 NnA | Ves = 20V, Vps = OV
. 80 110 Ves = 20V, Ip = 20A, T; = 25°C
Ros(on) Drain-Source On-State Resistance mQ
95 130 Ves = 20V, Ip = 20A, T, = 125°C
7.3 Vps= 20V, Ips= 20A, T; = 250C
G Transconductance S fig. 3
6.8 Vps= 20V, Ios= 20A, T; = 1250C
Cess Input Capacitance 1915 Ves = OV
) t i 2 2= :
Coss Qutput Capacitance 120 pF Vos = 800V fig. 5
Cese Reverse Transfer Capacitance 13 = S
Vac = 25mV
tacony Turn-On Delay Time 17.2
& Rise Time 13.6 Voo = 800V
ns —
tuory | Turn-Off Delay Time 62 Ves = -2/20V
In = 20A
t= | Fall Time 35.6 i fig. 12
o Rg = 6.8Q
E - itchi (25°C) : -
on Turn-On Switching Loss (1250C) 222 ul | L= 856uH
Per JEDEC24 Page 27
E Turn-Off Switching Loss (259C) 320
o g (125°C) 329 =
Rs Internal Gate Resistance 5 Q | Ves = 0OV, f = IMHz, Vac = 25mV

NOTES: 1. The recommended on-state Vgs is +20V and the recommended off-state Ves is between -2V and -5V
Reverse Diode Characteristics

Symbol | Parameter Typ. Max. | Unit Test Conditions Note
Vi Diode Forward Voitage o v Pe= SV 1108, o 25
3.1 Ves = -2V, Ir=10A, T; = 250C
tr Reverse Recovery Time 220 NS | Ves = -5V, [;=20A, T) = 250C
Qnr Reverse Recovery Charge 142 nC Vr = 800V, fig. 13,14
Iim Peak Reverse Recovery Current 2.3 A di/dt= 100A/us

Thermal Characteristics

Symbol | Parameter Typ- Max. | Unit Test Conditions Note
Raic Thermal Resistance from Junction to Case 0.58 0.7
Rocs Case to Sink, w/ Thermal Compound 0.25 oC/W fig. 6
Rem Thermal Resistance From Junction to Ambient 40

Gate Charge Characteristics

Symbeot | Parameter Typ- Max. Unit Test Conditions Note
Qas Gate to Source Charge 23.8 Voo = 800V fig.9
Qqa Gate to Drain Charge 43.1 nC In =20A
Q, | Gate Charge Total 90.8 Ves = -2/20V Per JEDEC24-2

CMF20120D Rev. A



Typical Performance
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Fig 1. Typical Output Characteristics T; = 25°C Fig 2. Typical Output Characteristics T, = 125°C
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Figure 3. Typical Transfer Characteristics 3 . .
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Typical Performance
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Fig 6. Transient Thermal Impedence, Junction - Case
600 600
500 S~ 500
.\\-
3 — el
= a0 =
§ Ves= -2/20V 3“,
@ 300 Re= 11.8Q Total @ 300
E Vop= 800V £
g Io= 20A S Vas= -2/20V
3200 5 w0 Re= 11.8Q Totat |
@ @ Voo= 80OV
Io= 20A
100 100
0 0
0 25 75 125 150 0 2 % 100 125 150
Temp { C) Temp ( C}
Fig 7. Inductive Switching Energy(Turn-on) vs. T Fig 8. Inductive Switching Energy(Turn-off) vs. T
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Fig 9. Typical Gate Charge Characteristics @ 25°C Fig 10. Typical Avalanche Waveform
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Clamped Inductive Switch Testing Fixture

1 b i
e pulse duration i
Ves(on) 3 4
80% 50% N\ |
Input (V;)  50% ;
10/
p €2D10120D Vasorn)
856uH 3 Z8 104, 1200V Input Pulse Input Pulse
2 SiC Schottky Rise Time Fall Time
+
= 800V
= 42, 3uf ==
Ctaemi | B Ctgorni |t
CMF20120D D¢on) i3
D.UT 10%
Output (ip) \
b 90%: 90%
iD{off) -
ton) Loff(i)

Fig 11. Switching Waveform Test Circuit Fig 12. Switching Test Waveform Times
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Fig 14. Body Diode Recovery Test

Fig 13. Body Diode Recovery Waveform




I

ll\;
II!IIIHIl[I

IIIIIHI
m

1]

[ [l
gl

VDS .j i .L 4 ¥z
3 — | —

£ '
- PPN
7 Ves ; / '\
6 - DUT | e |
Gate |~ H § f e
Drive L) _i____ E Ve
Control Current : | fnierval | !mznml:i
Sense
= E,=1/2L x I ?
Fig 15. Avalanche Test Circuit Fig 16. Theoretical Avalanche Waveform
Package Dimensions
Package TO-247-3 Inches Millimeters
*L‘_ _ ] eos Min Max | Min Max
. . 5 = i A .190 .205 4,83 5.21
S ) = ' Al 090 .100 2.29 2.54
] | b § L e % A2 075 085 1.91 2.16
ﬂ @__%L-i f _T—\\ b 042 052 1.07 1.33
= & ‘| b _;\._,/ 2 b1 .075 .095 1.91 2.41
| _ 7 b2 .075 .085 1.91 2.16
c o5 5 LI b3 113 133 2.87 3.38
L T"J | : b4 113 .123 2.87 3.13
t ! T c 022 .027 0.55 0.68
e |l ! D 819 831 20.80 21.10
[ D1 640 695 16.25 17.65
i i D2 .037 .049 0.95 1.25
i E 620 635 15.75 16.13
i E1 516 557 13.10 14.15
g 41"0] 1| b ¥ SO, E2 145 201 3.68 5.10
—Ha—c . Ko /64 - E3 -039 075 1.00 190
Mﬁ]ﬁ@—l E4 487 529 12.38 13.43
e e 214 BSC 5.44 BSC
D N 3 3
780 800 19.81 20.32
L1 .161 173 4.10 4.40
oP 138 .144 3.51 3.65
Q@ | .26 236 5.49 6.00
G s 238 .248 6.04 6.30




5‘ 8 /' 3}‘7?0 7—8 hoe/ek-/rﬂ nf”(_an éom/ponen¥;7l ! (Lf )
Tentti 3. 2011  RATKAISUT

Teht, |- 3: Katro kirja
Teht. 4.

 Johtvhaviet

L

Kuvarta & saadaan T, = /R5%C g’éimﬁpz;%‘fmm
Vos = 2,7V B 2 €><7L’”0t/90 /‘“d(aa“ Vs = 22V
_ arvoon. (f/\/umetoquisféx , Rp:m) z 95,11 4yy,a,//uw = ,,2321/)

Siten  E g = VDS , Zp fo = 24V 25A - A

Falle kythbenta hdvidt  saadean  buvasta 7 fun Ti:)25%

 Ewrew ® 920 u3  hun Voo = 800V o Ip-z04A
' R = )8 nto de. | ) e \f’lé:" —Z/ZUA

Te h?d vé a %&r/auéfe-ffa'« Vpo = 600V e Lp= 254

R. = &R todal (6,341 + 1) Ves = -2/22V

 Oledetan , ettd  hilajinnittecn  poidboara 20V 217
el veibeds  paljon. Siten  spunlaws  loaitieca

Ja_ Viran skhTCen | rlitfi

Loion |= | Y0050 ¢ S5 | 250 | o] 380 ]
it L0V 20A o

Va Fa avipy /Ml}é;,;'_m het vid? seadaan bovarda & Lin 72/
Lty rorr B35 30/",,‘,-}

Ja‘*\f,,ni/e 7 an b 7’124/“1];4(![& 8001// /a/g,? Virea Vo s daalaws
rii‘//&i'di A 5V e
Edvoer F 33 9/4.) y

-_._.--"'.'—.-—_

= 0




5 g/ 3/20 7‘3%)&/ ét}/wfﬂﬂmﬁf{;w; ' Q,('/)
764'7"7{.‘ /. 3. 20” &}éﬂ;;m?"’ | ’ . _ -

e ¥ jatbva | |
Oletetoan  etta hilan lataws - ja furéamum?/- Si1af ekt

IEH TN . jo EHTar.'ﬁ-_ arveibhs. Sitea Leesl m b rdiset Ag’,‘viufav&?’;_

Pﬁﬁve : Ti(Eb‘oA/ It /:'1' Tors I ‘Ef"??’@f‘;f} |

(1209 ;J - 350 IR )
» ‘ | ?f‘-) S ‘ i i i I i
P , (Erhﬁ ‘m;' vam‘vwrft' on
j—@ W L U mitihsa P esfodlea st
' : vor mr\0m+t~c~) L

SR e RS T S RS L= /

;Tom./mmx‘j on ]
70/: T

ﬁ ‘Cf?/(?/} » Va)' jfafarg [ /ﬁiM/Q;f f’jéu é;ﬁ{/l!&z Aajy#zfﬁ‘ ~é&ﬁfmé£r2'/)"7}z;'

25 / /—f’ BTN

/ éi/v‘!/? b v fm?g”é

L i‘hqufi)‘!ie!?Oét /é«\ /?/J/vf’&' -ﬁi/ﬁﬂ

j T:}mavx e '*Wf //'r‘)@x; t ’{?ecs 7" /Qe,cA f "A 4

f’?‘MJF¢1VMJw? on  oltaus

=) _Jaa 10@4;@ e/emen '} Lv

TJma\x — f/-lave (IQQ_J(, “L Fe@g:)

QQSA < |
: ; Fhave

125°C — 50w (0.58°%, + 0,25%%) = 15¢

50 W



S$-8/.3120 Tehoel- komponeati? 3(7)
Tendts M. 3. 20U RatbaitnT

L2 e A e o T
z B a REA S T T e

o
2.

L B e e e i e L S e S e e = .
‘ aom mimetiomn i e

et o .---Io s J0A « ISASNAT g S AT T T

T z —
.' s cxnlios. rae - ____"_ B r:-_-"'—"-‘"-" BT TR S ) we W (e R SRS M S ST e _-_—{._
F.._.__._.______ T _..__ e et e i i e ,

B r &ff“ NS WF Y1 TN T

— e m Lf,r'z(#?"'_____ T e

R A PN e I L I ' :
T s »”Y’/a/ua_F______._._ ra 5’7(/0‘*'4* L Buke _ —'—

e e e e _‘_j_:__ ______‘_*:_+
..E..‘.___i____"__“""‘"_ /D{E '1 fﬁwcr?ﬁ‘)"‘*'——-———-—-w- e e e e RS e S ee B s -
B e TR e v
Y A2 Y, AL f: =% / e “.'L i
%~%~~jiftme*‘“ffiﬁjjff SR e
4_4.__ =g th OS5 mm 0,36 R e
' -A LY o L ) (I LY

—__*_ K:S)'.f.‘é:!fﬁ:‘f"ﬁ .qbsk..",&.l'.ff..f'_?féi.mé'-//é'.: .f/f’-?..N-_=3.fﬂ/.f°..”4~)- e

—!-——:" J._—;—-— . FR _,\ S i e PR—

! et sl e s S o o R RS R S A R el

O 7 A
o dohtimen .p_‘ﬁ?i'if_:_: o
e ey Kuk halkaisijo nin 40mm * € 0F5m +8 02 = P56mn
- TS 1= NAd, 3" 75,@ e ;E i, T
— _ &



| S-813)20 Tehoelltr bamporentit (1)
 Tenth 3,201 Rotkainat

i | Te“ 5' /"’z é“‘*’"

J‘o-h-k'men ‘po)kh/ain-/,a - o /d\; . A— 21 BB pdas 0'5 = /;’5—’. ;0"5”’3
Vastus  tasasbhbsli 100 limpstilassa

; ; — - A :: . _g 3
Ry csd a0 gm lSm o, pan

ys -}?;5;7,/‘,0,_4’?1“27

 Ebebtivinen  vastus: Res Fr- Ric =115 149mA = L7 mR
Eledtivvinen vicla  Jo = To s /25 A lotha te > Dbl

Havisdeho déiimirse  on  siten  [ilimain

B s R x i7mn(25A) = 270V

| == | —_—



