S-81.3120 Tehoelektroniikan komponentit J. Niiranen 1(10)
Tentti 12.12.2011, kello 13 ... 16, sali S3

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

Selvitid Iyhyesti (max. 2...4 lausetta + mahdollinen kuva), mitd seuraavilla termeillé tarkoitetaan
- SiC

- takavirran varaus

- triak

- varistori

- Hall-anturi.

. Esittele IGBT:n rakenne, toimintaperiaate ja ominaisuudet.

Esittele kirjassa esitetyt vastustyypit, niiden ominaisuudet ja kiytt6tarkoitukset. Kerro myos
mit4 asioita on otettava huomioon vastuksen valinnassa ja mitoituksessa.

. Kolmea tyristori/diodi -moduulia SKKH 57/16 E G6 (datalehti oheisena) kéytetidn allaolevassa
kolmivaiheisessa tasasuuntaajasillassa. Mikd on moduulien yhteisen jéddhdytyselementin
lampovastuksen Rus-a) 0ltava, jotta silta kykenisi sy6ttiméan 120 A tasavirran jddhdytysilman
lampétilan ollessa 65 “C?
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. IGBT moduuli SEMiX223GB12Vs (datalehti oheisena) siséltdd kaksi IGBT transistoria vasta-
diodeineen. Ylidpuolen diodi ja alapuolen IGBT johtavat alla olevan kuvan mukaisesti vuorotel-
len kuormaan menevid virtaa. Jadhdytyselementin limpévastus Ry sa on 0,08 °C/W ja
jadhdytysilman limpétila on 45 °C. Mitk4 ovat diodin ja IGB-transistorin liitoslampétilat, kun
IGB-transistorin hilasy6t6n resistanssi on 3.8 Q ja jinnite + 15 V? (Huom. datalehdessd s = sink
= jadhdytyselementti). Tasasihk8sy6ton jdnnite on 560 V.
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SEMIPACK®

Thyristor / Diode Modules

SKKH 67/16 E G6

Features

* Heat transfer through aluminium oxide
ceramic isolated metal baseplate
* UL recognized, file no. E63532

Typical Applications

* DC motor control (e. g. for machine
tools)

* AC motor soft starters

* Temperature control (e. g. for ovens,
chemical processes)

* Professional light dimming (studios,
theaters)

Absolute Maximum Ratings
Symbol |Conditions Values Unit
Chip
|T(AV) i . Tc=85°C 61 A
sinus 180 - 2100°C 45 A
lrsm Tj=25°C 1500 A
10ms T,= 130 °C 1200 A
it Tj=25°C 11250 Als
10ms
Tj=130°C 7200 As
Vasu 1700 Y
VRAm 1600 v
Voam 1600 v
(di/dt)c, T;=130°C 140 Alus
(dv/dt)er |Tj=130°C 1000 Vius
T -40 ... 130 °C
Module
Teig -40...125 °C
Visot 1 min 3000 v
a.c,; 50 Hz; r.m.s. 3600 v
Characteristics
Symbol |Conditions min. typ. max. | Unit
Chip
Vr Tj=25°C, k=180 A 1.5 1.75 \'
Vo) Tj=130°C 0.85 1 Vv
rr T;=130°C 4.00 4.50 mQ
lop;lro T;= 130 °C, Vpp = Voam; Vro = Vram 20 mA
tqa T=25°C,lg=1A, dig/dt =1 Alus 1 us
tor Vb =0.67 * Vpam 2 us
tq T;=130°C 170 us
I Tj=25°C 150 250 mA
I Tj=25°C,Rg=33Q 300 600 mA
Ver Tj=25°C, d.c. 25 \
leT Tj=25°C,dc. 100 mA
Vab T;=130°C, d.c. 0.25 \
lap T;=130°C,d.c. 4 mA
Ring<c) cont. per chip 0.420 KW
per module 0.210 KW
Ring<) sin. 180° per chip 0440 | KW
per module 0.220 Kw
Ringo) rec. 120° per chip 0.460 Kw
per module 0.230 K/w
Module
Rth(c-s) chip 0.22 Kw
module 0.1 Kw
M, to heatsink M5 4.25 5.75 Nm
M; to terminals M5 2.55 3.45 Nm
a 5*9,81 | m/s?
75 g
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Fig. 1L: Power dissipation per thyristor/diode vs.
on-state current

Fig. 1R: Max. power dissipation per chip vs. ambient
temperature
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Fig. 2L: Max. power dissipation of one module vs. rms
current
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Fig. 2R: Max. power dissipation of one module vs. case
temperature
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Fig. 3L: Max. power dissipation of two modules vs. direct
current
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Fig. 3R: Max. power dissipation of two modules vs. case
temperature
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Fig. 4L: Max. power dissipation of three modules vs.
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Fig. 4R: Max. power dissipation of three modules vs.

direct current case temperature
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Fig. 5: Recovered charge vs. current decrease

Fig. 6: Transient thermal impedance vs. time
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Fig. 7: On-state characteristics
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Fig. 8: Surge overload current vs. time
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This technical information specifies semiconductor devices but promises no characteristics. No warranty or guarantee expressed or implied
is made regarding delivery, performance or suitability.
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SEMiX223GB12Vs
Features

* Homogeneous Si

* Vegsan With positive temperature
coefficient

* High short circuit capability

* UL recognised file no. £63532

Typical Applications*

» ACinverter drives
* UPS
* Electronic Welding

Remarks

* Case temperature limited to Tc=125°C
max.

* Product reliability results are valid for
T=150°C

* Dynamic values apply to the
following combination of resistors:
RGon,maln =290
Raott,main = 2,9 O
Rex=220Q
Rex=0,5Q

Absolute Maximum Ratings

B | S

Symbol |Conditions Values Unit
IGBT
Vces 1200 v
Ic o Te=25°C 323 A
Ti=175°C T.=80°C 246 A
lcnom 225 A
lerm lcrm = 3Xlcnom 675 A
Vaes -20...20 v
Vec=600V
tosc Vae< 15V Tyj=125°C 10 Hs
Vees <1200V
T -40...175 °C
Inverse diode
I= N T.=25°C 263 A
Ti=175°C T.=80°C 197 A
tenom 225 A
lerm lram = 3XIFnom 675 A
Irsm t, =10 ms, sin 180°, Tj=25°C 1161 A
T -40...175 °C
Module
h(rms) Tierminal = 80 °C 600 A
Terg -40...125 °C
Visol AC sinus 50Hz, t = 1 min 4000 Vv
Characteristics
Symbol |Conditions min. typ. max. | Unit
IGBT
Veeeay |lc=225A Tj=25°C 1.85 23 v
X,‘,‘,;;J:,V Tj=150°C 23 255 | v
Vceo Tj=25°C 0.94 1.04 v
T;=150°C 0.88 0.98 v
rce Ty=25°C 4.0 56 mQ
Vae=15V T: =150°C 6.1 70 | mo
VGE(th) VGE=VCE1 lc=9mA 55 6 6.5 v
lces Vge=0V T] =25°C 0.1 0.3 mA
Vee= 1200V T,=150°C mA
Cies f=1MHz 135 nF
Coss  |VoE=25V f=1MHz 1.33 nF
Vge=0V
Cres f=1MHz 1.33 nF
Qe Vge=-8V..+15V 2460 nC
Raint Tj=25°C 3.33 Q
tagon) Vec =600V T,=150°C 470 ns
t {7 = 32:’12 v T)=150°C 72 ns
Eon Ras =380 Tj=150°C 19.9 mJ
h(m) Rgei=3.8Q T] =150°C 665 ns
t di/dton = 3200 A/us T;=150°C 109 ns
di/dto = 2000 A/us
Eos dufdtyn = 6600 V/ [T, =150 °C 27.2 mJ
us
th(j-c) per IGBT 0.14 KW
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Characteristics
‘~°, > Symbol | Conditions min. typ. max. | Unit
S, R
= inverse diode
. w o o . | |Ve=Vec |kF=225A Tj=25°C 22 2.49 v
= T ' Vage=0V o
o 5¢M”‘§ chip Tj=150°C 2.1 24 v
o Vro Tj=25°C 11 1.3 1.5 v
= T,=150°C 0.7 0.9 11 v
rF Tj=25°C 3.6 3.9 4.4 mQ
. Ti=150°C 47 54 5.9 mg
SEVEE ag : :
SENIXCISS - I =225 A Tj=150°C 210 A
Qr OVdlon = 3400 Alis | 7, 150 °C 39.4 uc
GE=-
Enr Voc = 600 V Tj=150°C 16.4 mJ
Rirgc) per diode 0.23 K/W
Module
SEMiX223GB12Vs Lee 20 nH
Recsee Te=25°C 07 mQ
CCYEE I res., terminal-chip Tc - 125 °C ) mo
Features °= 0.04 KW
+ Homogeneous Si Rinos) per module )
* Vcggsat) With positive temperature M, to heat sink (M5) 3 5 Nm
coefficient M to terminals (M6) 2.5 5 Nm
* High short circuit capability Nm
* UL recognised file no. E63532 W 300 g
Typical Applications* Temperatur Sensor
* AC inverter drives Rioo Te=100°C (Ros=5 kQ) 493 + 5%
* UPS _ . 3550
« Electronic Welding Bioonzs | Rm=R100exp[B1oor12s(1/T-1/T100)}; TIK]; +9% K
Remarks
+» Case temperature fimited to Te=125°C
max.
* Productreliability results are valid for
T=150°C
* Dynamic values apply to the
following combination of resistors:
RGon,main =29Q
RGulf,maln =29Q
Rax=220Q
Rex=0,5Q
GB)
2 (RIEY, 22 = 1 BP0 CbYISEMIKBON]




SENDR28EE12Vs
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Fig. 1: Typ. output characteristic, inclusive Rgg. ge
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Fig. 2: Rated current vs. temperature Ic = f (T¢)
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Fig. 3: Typ. turn-on /-off energy = (Ic)
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Fig. 4: Typ. turn-on /-off energy = f (Rg)
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Fig. 5: Typ. transfer characteristic
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Fig. 6: Typ. gate charge characteristic

*@rj@\f‘ MIKRON

(e, 2 = 18.0RA0T




SENDR23EBI2Vs

Fig. 9: Typ. transient thermat impedance
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Fig. 7: Typ. switching times vs. Ig Fig. 8: Typ. switching times vs. gate resistor Rg
1 T b 450 7
[K/W] Hsingle pulse [A] /
01 diode 4 /
WA IGBT 7] /
St
/f ,v‘,
0,01 St
,F;
; 150 //
0,001 |4 T,= 150 °C /
Z 7 i
i
(o) " / +Ti=25 °C
000 , ||
0,00001 0,0001 0,001 0,01 0,1 1
tp [s] 0 Ve 1 2 3 Wi 4

300

{

Al | Voo =600V

T, =150 °C Re (0] <

Vege=115V clal

lr =225A 48 38
200 W

6,8
1
15,2 3]
100
lnr
0
0 gisat 2000 [Alus] 4000

Fig. 11: Typ. CAL diode peak reverse recovery current
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Case: SEMiX 3s

general tolerance:

ISO 2768-mK

©6,2 max.

screw duct screw duct £710,3 | connector 1-2 / 3-4 |— ISO 8015 ~
(lefttop) : (x centre) : //10,2 | each connector | A [ kS
F-F ( 1: 1) HH (1:9 | I¢3.4 +0,10 (2X) e - Cg
measured at PCB level 0 .Q'S
g 3 9%
gl..8_ _288k% g ol 8l 8] €2
SlEEE R BE TTIRE o it = N5
H %§ E oo wl5s # QU oHOH cd
WIgES F T SIEE & ol =@ = E
5 L s T b s
1 e fﬁ 82
J, [
screw duct (6% [ T [ \ J 2 £
spring duct ( 16x) : \\ (P -
-G (1:1) (i
+0.20 5,
#2570 5 max. label A
+0,05 L4 @3,3 10,10 "g %
P210 R 3 Se
g_c % 3%
= — F " -; 3 2 m.a
E| w ; 2 E. .
- ‘ b marking of
s Ba e —Telo gl Talalalolelal s
Mdddﬁ F3|8|NIRIRIS|S
cts
marking of 0 |screw du
terminals 1_|screw duct
AN
8,1 |
\ o) :
5 & 8,55 |
[Te] ide pin
S [ - 5 Joude
5l g8 5 . 21,55 |
A | N [ screw duct
gl B 8 ) H \_iﬁ__l/guide pin
¥ s J ! \_ 26,05
& = (41,95 |
[c] 47,25 Bs.4 455 |
M6 -10 dee screw d““ﬂo £0.20 i 46,05
screw duct @ ' :]49 screw duct
top view (7% : 126 screw ducts
J (2:9) 13,5 1235
” 149,5 10,50

contact pad =

- holes for screws = @2,9+0,1 / position tolerance +0,1
©3,6+0,1 / position tolerance +0,1

N . ules for the contact PCB:
screw duct left / top with MB - holes guidepins = ¢4 +0,1 / position tolerance +0,1
**screw ducts / guide pins / spring ducts with[d}] @ o_2| A ] plc ] ~ sprin

18
8,12, 16
7,11, 15 base

~3,4 plate
6,10, 14 o—l
5.9 13
-1

This is an electrostatic discharge sensitive device (ESDS), international standard IEC 60747-1, Chapter IX

* The specifications of our components may not be considered as an assurance of component characteristics. Components have to be tested

for the respective application. Adjustments may be necessary. The use of SEMIKRON products in life support appliances and systems is
subject to prior specification and written approval by SEMIKRON. We therefore strongly recommend prior consultation of our staff.
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Tentt: 213 20/2 Rotbaisut
Teht. -3 : Katso kirja
Teht %

,Da?to\ /640164

hkuvat YL /'a 7R

Fé\“/eva‘;‘f ko Im e//i

modualille | Kuvan YL kiyrd B6 pitee
ndista *eh‘//)/n kuwsipalssisi itaan. Voo ko = astel bolla
on  velmd ksl Jp eli Fasaviria . A feq p;‘irﬁlmﬁllo({
pys tyjuora  viiva ko htaan 120 A jo k'olyr in Bé6
leikkaus p:s fees?d  vaonkasuore viiva  oikean puo leiseen
kb rdst63a  nhhdésa  ettd  sen  ja 65°C  ohtann
piiree fyn suoran leikkous pisteessa  ga
~ < K
th(c—a\) ~ 0,095 W
700 700 0,1‘Q580,06 0,04 Retos 7;
w / N ‘
600 600 10,137\ | 5
_ I AN
s NN
400 W3 N 400 n,gis \\ :\\Ez \\\ M
N
300 S 300 °’3=\E\\\:\\§\ \ L 106
04
! \\ ».4\\
200 // A 200 zz\: \\\\ \Qi\
g N
/ AN
100 74 100 | PRI C
Pyt Pt ' \\‘*\\‘§§§
0 a1 o LY T 130
0 o laws 50 100 § 150 A 200 0o Ta 50 65'c 100 C 150
Fig. 4L: Max. power dissipation of three modules vs. Fig. 4R: Max. power dissipation of three modules vs.
direct current case temperature
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Tead J1R.1R, 201  Rath. 2%)

Teht. 5
1687 :n Aé‘w’c')'energimf /M/ﬂia 40418/1

fewn V(,E=t}53/ /'0\ Re = 3,8 .62

Kuvoe 3 ,:o'h‘ea
/Ramv‘ie on 600V

kulkn fehtdvassa 0a; rmntia

$iten  Sandaan /150 A viecddle I 560V /‘zgnn;#ez/(e

. 60V
EH-,o,J ~ /11 md %537 = /3~
g - d P ;‘OV ~ i
I:H'OFF ~ al [ J 600\/ ~ 0 MJ

|

Johto hivie enevzia soadaan  laply 1tun  feuvan 1
)\&‘nm’}fee//é{ .

Vee ® 2.0V hun I = IS0A Y5V 0 T, - /50
Uee = Uceo + Teele = 0,98V + Fm /SOA
2.03V)
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< fen
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Teadt 12,12, 201 Raik
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C?‘a/ Jitten namero arvoirfen (MM) Ue® Uro t rFIF
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E#,cwo, p = L3V I50A . O pos = )Y m)
‘:_,___-”
Ja edp Heen o//‘da/fv: /{eié/'md’é’ré}f'nen Ao v e ho

PH,D = F [E#rr + lI,CvW:D) * /000-7, (/2”“) (./'“/"J)

s




$S-81,2120 Tohoelektr /aom/)onen#f //(7)
Teatti 12.12.201 Ratk.

Tenl, 5 /‘mLLoa\

Ma:/uu//n ferm/nen flyhiiéy?léln7£6:', /mn fa&/uus
F 2 ik (= pyiyed Hla)
Pu = l2gw Fu~203W

FPr-=0 Py =06 < diod> 2
- e; foimi
I:;&T( I?ﬂ‘,‘m R oy U’?u.uarz R, b2
toim |
[
Rines
T
T Rinsa = 0.08 %,
T | +
g Ta = 75°C
Da%a/elyc/en humeroarvo}f'/t\ /o"yrlyvc‘\'f Mab)miaruo/:
- K
Rtnase, uar = 0.7 —
Rin ac, P = 0,23 —E,
R.}-h C S = 0107 'i(“'/’
Sf}:/;
Te = (Pn,:c.ar + Py o,) (RM cs t R%SA) t 7a
= (213w + 126w) (007K + 0,08%) + 45
« 86 °c
Jotea

TJ,IGBT = TC + PH;MBT ‘ R‘H\JC,ILBT = 86 + 2]3W10‘)'7.w ‘,{,// "C
T

———— §
M —————

Do = Te* Puo- Ruyo = ST+ 12w 0BG w |15°C
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