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Voltage/current ratings
Switching frequency (speed)

Switching time

On-state resistance
(or on-state voltage/current)

¥4 g’_%;t:_‘.'g.-}g;ufi
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o
(A) W %48 (Thyristor) 2 7 &= 8% % (Silicon Controlled i i
Rectifier, SCR) : Controlled turn-on, uncontrolled turn-off A

(B) f£# W/ # (Bidirectional Thyristor £ TRIAC)
(C) GTO (Gate Turn-off Thysistor)

(D) A EF# % 750 (Integrated Gate-Commutated Thyristor, IGCT):
It is introduced by ABB in 1997. It is a high-voltage, hard-driven,
asymmetrical-blocking GTO with unity gain. The gate drive circuit
is built-in on the device module.

(E) 7 F § % € (Power BJT) : Current control device

(F) IGBT (Insulated Gate Bipolar Transistor):
- Combines the conduction characteristic of BJT and
the control characteristic of the MOSFET
(G) MOS k=41 52 88 (MOS -controlled Thyristor, MCT):
- Combines the load characteristic of the thyristor and
the control characteristic of the MOSFET
- Low on-state voltage
(H) # F & § 2L § 5 ¥ (Power MOSFET) : Voltage control device v

m Av
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(1) Uncontrolled turn-on and off: (diode)

(2) Controlled turn-on and uncontrolled turn-off: (SCR)

(3) Controlled turn-on and off (Controllable switches):
(GTO, IGCT, MCT, BJT, IGBT, MOSFET)

(4) Continuous gate signal requirement: (IGCT, BJT, IGBT,
MOSFET)

(5) Pulse gate signal requirement: (MCT, SCR, TRIAC, GTO)

(6) Bipolar voltage-withstanding capability: (SCR)

(7) Unipolar voltage-withstanding capability: (GTO, IGCT,
MCT, BJT, IGBT, MOSFET)

(8) Bidirectional current capability: (TRIAC)

(9) Unidirectional current capability: (SCR, GTO, IGCT, MCT,
BJT, IGBT, MOSFET, diode)

| Power Semiconductors |

Classification of e e SiC
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Power
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filter 7| Converter filter (to load)
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# Fi i) (Fe4 ~ =% Loads: )
Switehi Power supplies
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@ 1ini EinikinE (Converter): Phase control, integral cycle control
2 3% it B (Inverter): VVVF, VVFF

E 3% ® (Chopper): PWM control, FM control
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Q) BXLABRF BRFERTELERP) -

AR R T

@ Power diodes:

General purpose (for high-power rectification)
High speed (for switching application)
Schottky (for extra-low voltage rectification)

© Thyristors

© Power transistors
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Figure 1.1 Appliatlan for Power Doy ioes
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SCR (# =46 E)

B 7.8 (Thyristor)- # 125 % (Silicon Controlled Rectifier,
SCR) : Controlled turn-on, uncontrolled turn-off

B Construction, symbol, equivalent circuit, triggering control,
v-i characteristics:

A A
4 | | 4
P P Lq
N N N Q N
G % %
pu— G
P —lPp P i1 =1,
G fer =t & ic2=ipl
N N ¢ Q
K
IK |
K

K

Two-transistor model
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SCR2Z i# |

vak > Vre Vrwy ) = Breakdown

lgx
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y iqg =0
P
RB
N —
G P FB — ; -
-1 H g1 > 1lGy > g3
VB RWM ) VAK
N RB + 1 } >
K / VEe(VBO)
SCR2_g if
@ "Bk
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y V i
FB "
)i Lo
G RB - VeeWrmne) 1 ol VAK
_\ N FB - / VEB(VBo)
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Two-transistor model

Q© i»=ic.= ip= ic = (Current is cumulatively amplified)

‘ Normally triggered: % v, >0 @ > seuigd2 ig >0

‘ Abnormally triggered: A ?

High dv/dt
High temperature E'_
vaK > VFB

lc1 = 1b2 . .
lc2 — 1bl
I/

¢ O N

L AR EVAK>OEI$a4c,I‘Ji§$iiGS>O

Turn on:

Turn off: i <IH ( Holding current )

O agrpr » Faidstsz R
T EEERT XA Eﬂzﬁ' IAK
TR Ve X Ed,%‘{"@ Vrp o 4

»

T 1 o> ica > los
VRB(VRwM) H

f Ves(VBO)
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© 13 Gate2SCR =
# 7 % = &1 (Shockley diode)

© on Z off:

Vi 2V = ON, i, <[Iy= OFF

£

Triac (AC Thyristor)

B A three-terminal, five layer, bilateral semiconductor device.
B Bidirectional 7RIode AC thyristor.

TRIAC

Tab electrically
connected to T2
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Triac 2_ § % i

Power supply

TRIAC

A three-terminal,
five layer, bilateral
semiconductor device.

T,>T: B-N-H-N

T1_>T2-' 1)1_N2—1)2—N3

7
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@ TRIAC: 57 B F 42 SCR» ¥ f & &W’é%}iﬁ g
% £ bidirectional current capablhty 7270 o

O #%: Tl(A)%Tz(K) T,

O mAFEHH B o >0 P e g2 iG>0

T : A N
Turmom: oy <O@ > g i, <0
Turn off: i, <Iu(Holding current)

I4K A

Y11
7 " )

Typical Applications of SCR and TRIAC

B Converter power control
(1) Phase control
(2) Integral cycle control

B SSR (Solid State Relay) or AC Switch
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¥ R M (Controllable Switches)

@ = # (1) Forced-commutated SCR Conral ifﬂ +
(2) BJT, MOSFET, IGBT, MCT, ... | signa

signal | ~
‘ o #/4 Dr =Vr Xir
ﬁ E"E" . E!‘g . Switching speed ™ I:">
* * Switching losses |
(1) Off: Leakage current 3 | 1 v; ir
@) On: R, ¥, Vot i L
pr =Vr X ir +
Iy
ko T
ON /;\ A\ .
VON Conduction loss W | l
turn-on turn-off
(Switching losses)
Power BJT
© Current-controlled device
T
DEBO
Y 8H
Ic
Base - -~ Emitier
E |
Collector

Turnon: [p2

]C,sat /ﬁmin
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Power BJT

© Voltage ratings: (primary breakdown)
BVsus, BVceo, BVcpo

T Vg, max (Eis open circuited)
Veg,max (Bis open circuited)

Ver smax WhenIo #0

Q@ Secondary breakdown:
Caused by large di/dt at turn-on instant.

Power BJT

@ [ issmaller compared with small-signal BJTs.

@ Hard saturation and quasi-saturation:

Ouasi-saturation: /
ich
IB:]C,sat/:Bmin \

Ip
Hard-saturation:

Conduction loss ¥ .
. g CE
Switching speed ¥ >

Ip> IC,sat /ﬂmin
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Power MOSFET

© Voltage-controlled device

Turn on: VGs > V GS sih

iG 'steady — state ~ 0 (very small)

D 1._
Vas — L
/x vgs G |
/ walh |
Parasitic C S
Power MOSFET
O Vs mar >Vas ~ Vs
. VGs T = iD,sat T’ Ron ‘L’ Pswitching T
@® Rys,, =k BVZ27
B Light load:
Switching loss dominant : ip I/R,,

ves ¥ = Pe=0gvasfout 4
O, = total gate charge

Ves2 > VGsi

VGsi
B Heavy load: ip2 >ipy
. . | Ipi
Conduction loss dominant .
4 l >
Vgs ' = Rbps.on Vs
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Cool MOSFET

@ 1t is a new revolutionary technology for high voltage
power MOSFETs. It implements a compensation
structure in the vertical drift region of a MOSFET in
order to improve the on-state resistance.

@ | Roson ¥, 0, ¥, 0, slightly higher (~ 10%)

Pulse current rating is lower.

Resistance of 600V MOS transistors®

r [was CoolMOS have lowsr 25
on-slate rasistancs for tha same ¥ N Siandard MOSFET
|-'-;k‘ar_|u o nparad o othar O CoolOS follower
MODSFETs? 2 B CoaRios
A Yar, CoclMOS has a mush =
It or-stabe resistance in the g 1E
sams packags =
uE‘u- 1 b i
£
(13 0750 g
0 m
15 - E H
o) 2 :
E 00T F]
" :

O-P A TO-220 TO-247
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0 Whiat advantage dies
CoofMOS low on-slals
resistance bring bo the designes?

A: The conduction based power
lv=zig can be reduced
dramatically, and therafors tha
heat generation. The afficency
O Ehvir pOWEE SySlem INGremses,

CoolMOS™

- More Power in Same Package

= Less Package for Same Power

COOLMIOSK

Power Semiconductors

BN Coul MIOS Draaiadnrs
LA

B hm in O-Pak
2mrhm In TO-220
sl in TO-247

'L‘k
Coobd02 & capable o hardle | cocimos™
b 1o three Grmes maore outpul E
powar dapending on a convartsr
type a& astandard MOSFET in Standard
the sarme package. CooIMOS™
On the other hand smalier tandard 0
packaEs can be Lsed for e f‘IDI;F:;I' L 3
sama aulput pawar af 2
COTVEriar
- 'Whet 12 the ket on-siate F - -» '- L 3 * *
mﬂ:&‘;r" e T35S TRk L ) WD TeraE Vi To-54T
& Bust of clasa 600 Couib0s IEEE N resimant § srnmacs
pants have
alimZhm in 0Pl | R T T r—
10 b In TO-220, E}I
Tlirdihen in TO-247; ;
e e e
L2l
iy piovensa] mwaeme pimmaic| s
ibstwid e B s ki | UL B et wiiin
@ IHH M b | T sy [Te—
1R i imiail | e vt ’ﬂ: by |
s o [ —
e i
™ e | i o
I Gatl e
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£1: [ Caaol MOES hoves o lowser DX currers rating cormpared b siancard MOSFET for te marmes Pl 7

A Vs, duse bo higher thenal resistance of CoolfdOS the maximum DG ourrend fating for 25°C is lovwer according
tn the fomal definiiaon n e detnshest (sss = table below) Device selsclion should bs mads hased on scud
cvarall power daepation (which mey bs oessrdus to mprossd seitching lesse | and sywiesm feomal

P PaT BT
Dalashiel values 'l.fl;l? _Rﬂson [+] [[e] 1Dt Fayp | Packags
25°C Te=25"0 Te=ADImG KAy
GO0 | 140hm | SZie0) | Zp0ro] | Lriesey | a3 | Toeen |
s | A0 chm zazseny | 1eoees | oses 25 ToE
G0 | 006 Ohm | L5l o) | By [ 1. T 25 | Teaz0|
gl ifomm | 450y | 2opome | R 1.7 | Toex
&0 2.2 (hm SE IS0 25100 A (2552 1.7 T
OO DRI | TEeTCN | AEOTE) | AR | 15 | Teaan |
&0 1.2 dhm g2y | RO0100°C) | IR (2SN 1 T
&30 1.2 Shm 22808 | Aaf100hd) | 2E(B5D) 1 Tiddad
L] D85 Chm 50 (X Ty E 1 C10ERG A2 [ 2] 1 TioFad
R QR e L 'E"!!'In T O |
S0

0o Ohen 14 4255 AT 102°0) BB 2572 [1F9 TOMT
di) Ghm ALRFLR 0 {0 CE B | 25 45 Tt
QLT5 Chm 10 [25°G) 40 [E55] 125 | (T2E20
090 Ghm | 200250 | T8(100°C) | 40125 06 | Togz |
227 Oben | 2012570 1S01005 | AR{25C) 45 TOUT
az7 ohm | zopse | wrpers ] s | oos | Toes
035 Ohen 20125%G) | 125 10°G) § 2025 n4z Tozar
024 Ohen | 30 267G | 140 (I00C) | B0 (28T 0.8 T
U0 Ghm | A7 120G | ooy | e e [(ENE BT
13 Shm 4 [26°C) | 27500050 | 1TE ) - s Towar?
A3 Ohm | O34 25°C | 214 O000C) § 188 @50 | 0EFT | Tood?

g

EE

@
=E

MTVIORE0E

ggls

g

T Fizeas Ciznea MO Tavm o v plii siran iling v
B Wan s e pulsensae Feesnsdd ullage oo varg
T oIl i pulse curtznt rabng is e

ol v
AR, e raerty mians RS, lvvp bal 3 # does ned 2t e prower handicg o s
secmuze lhe larseshas opereling sl e chancbenzed Ly sslemiel sosin g en aorrenbs ars la b=l e
MEEFE T mbed currenls, Taldes e ow dermomedrule bie peek ard rovs, oorenile i iregoenlly veesd bl es.

e ol L

Flyhack corrertar [discountinucis curment modds)
Paut [w] I T T EE TN TR T T T
L

—
lp_max [A] [ Td 15 2.4 2 4.7 X 8 21 1EE
M LA 1 IR G P RS- I P - I = P

Frorward converlar (counlinueos currenl mode)
Pt [V T EEE R EEEEE T
Ipmaefs] | 0% | 0% | 67 | 6 04| 0 Fn [ 0@
Ip e [&] | B0 | Bl | neE | 680 1En | 1& 25 | 4

D e worinary, due o bie ey low olal power lossss, CouRS veide e soperor syslen 2 F ooy ol dlows
w ircraasa o iz prwer 0 mas Faos apolcations (saa lha chad balos).
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Chae bor e supesricr swibching
charachens s second AL
of CoolOE cmn heandls up o
2% mnore culput povesr of o
coniveried am e alomcand

MOEFET with same Ry, Just
compare the (L4EVE00Y
slamiard MOSFET curve wilh

0. 3BGE00Y CoolMOS G2 curve
in the chart,

In the same packoge iag. TO=
220) CadlMOs C2 makes it
possible 1o Iriple e outpul
power of & converler campared
to convenlional MOSFET under

the sama operating conditions

CoolMOS™ C2:

Suparor Power Handling Capability

Fivback Converter

T MG, Ty 50 Pl TR, Yy =T, [T

oo g DA B2 ity [y o

-____'-___-

Liawkip

™

‘-‘-.

ST Qe

'r"""“._’d_t'_.u-“w T

s

173

s o H
-], e M o T 10
o o el Ky B 280
AP RS ke o el B L
— P P SN SRl A e TEL T

o

[ o it

1]

CoolMOs™

(2 Dioss CoallOS have a lower
gane charpe compered o
alandand MOSFET far the sams

Rosen

A Yea, the CoalkdOS has
almast 2 imes kawsr gata
charga as the standard
MOSFET for the sarme Fpog.

(2 How can designar usa this advantage of CoolOS lpwer gate chargs?
A The gate dive power rating as wel as the swilching power losses can be significanly reduced,

Low Gate Charge Technology is a Benchmark

Gate Drivi
=0

o Power

Eo

Il Lowecost gata driver

& Lower gafizhing insses

El Highar ssslctiieg
trequercos
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Infin

tacheologias Final data SPW11NE0DC3
Cool MOS™ Power Transistor Voe @ Tynms] 650 | ¥
Fatue Rosion D38 0
« Mew revolutionary high valtege technalogy o 11 A
+ Uitra low gate charge
+ Periodic avalanche rated P-TD247
s Exlreme dwdl rated .

» High peak curment capability o ;
« |mproved transconductance L

&7 STP10NKGOZ/FP, STB10NKG0Z/-1
NS A STW10NK60Z

N-CHANNEL 600Y-0.65(2- 10A TO-220/FP/DPAK/IFPAKITO-247
Zener-Protected SuperMESH™Power MOSFET

TYPE Voss | Rosjpen) Io Puw

STPONKGOZ GOV | <D7sc] 104 | NsW
STPONKEDZFP | B0ov | <07sn| 104 | 25w
STRIONKG0Z GOV | =D7sa| 104 | 18w
STBIONKEDZ1 | 600w | =07sa] 104 | 15w
STWIONKEDZ | 600w | <0rsa| 104 | 156w

TYPICAL Fipg(on) = 0.65 12

EXTREMELY HIGH dwidt CAPABILITY

100% AVALANGHE TESTED

GATE CHARGE MINIMIZED

WERY LOW INTRINSIC CAPACITANCES

VERY GOOD MANUFACTURING

REFEATIBILITY

TO-220FP

DESCRIFTION

The SuperMESH™ seres Is obtalnad through an INTERNAL SCHEMATIC DIAGRAM
axtreme optimizatlon of 3T's well astablished strip-

based PowerMESH™ layout. In addiflon to pushing ™

or-reslstanca significantly down, spaclal cara |s tak-
an to ensure a very good dwidt capablity for the
most demanding applications. Such serles comple-
mants 3T full range of high voltage MOSFETS In-
cluding revolutionary MDmeash™ products.

APFLICATIONS s

s HIGH CURRENT, HIGH SPEED SWITCHING

» IDEAL FOR OFF-LINE FOWER SUPPLIES,
ADAPTORS AND FFC

n LIGHTING
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L_ STB120NF10
/4 STP120NF10
N-CHANNEL 100V - 0.009 Q - 120A D*PAK/T0-220
STripFET™ Il POWER MOSFET

TYPE Vpss Fosgon Io
STE120MF10 100 =0010s o | 120A
STP20MFID 100w =00106 o | 120A

» TYPICAL Ros(on) = 0.009Q
» EXCEPTIONAL dvidt CAPABILITY \ ¢
» 100% AVALANCHE TESTED q ﬂ}
» APPLICATION ORIENTED )
CHARACTERIZATION —
» SURFACE-MOUNTING DPAK (TO-263) To-281
POWER PACKAGE IN TAPE & REEL (Suffc <T4") T0-220
[SUFFIX “T4")
DESCRIFTION

This MOSFET saries realized with S TMicroslecironics

wique STripFET process has specifically beendesigned -
I minimize the on-esistance. 1L is thersfone suitabls as— INTERNAL SCHEMATIC DIAGRAM

primary  swikh in advanced high-eficienzy,  highe DR ar 3
frequency isclated DC-DC conwerters for Telecom and

Compuler applications. 11 is also inlended for any
gpplications with low gale drive requirements.
el
APPLICATIONS
= AUDIO AMPLIFIERS
s FOWER TOOLS =x]
e
Crdering Information
[ FLES TTPE T TWARRING T FECRAGE | TRCRAGING ]
THTAIHFT ETARIFT0 TOZaT TAPE & REET
STP120HF10 | P1Z0HF10 TO-220 I TUBE

Power MOSFET £ Power BJT 2_ " &

N

Power MOSFET Rown
(Enhancement mode)

T Von

D =~ O(very small)

Vs >v GS»th ? i G»steady —state
. TR
%7 #k5Rd: T B4 4ciE switching speed

LK

G Turn on:
+—|

vas, { Vov =0.Roy  §&+ » iw s HLIFHA o

TEE

j;.r T2 PR th¥ici & > & Thermal run away
R EA LG -

18> Icsa! Buin »  TmEHI~ 2

',‘% ‘ﬁ ’{ mfgi“ L.ﬁﬁ"{&.
switching speed ** MOSFET&

Power BJT
8 54

C Turn on:

Rig”

Is g Von =VcE sat-Ronv  $o] s FE EL I

#BMOSFET"| »
Tre2 g R thikci § > 7 Thermal run away
> 7 5 XA

%
E RS
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IGBT (Insulated-Gate Bipolar Transistor)

© MOSTFET + BJT

. IGBT (Insulated Gate Bipolar Transistor):
- Combines the conduction characteristic of BJT

and the control characteristic of the MOSFET

. Symbol and equivalent circuit:
C(D)

l,.AC<D>
|§1 E(S)

L)wc(])) H—i C(D) lf
o
E(S)

E(S)
VGs
C(D)
G 4
_>_ €
— —
— 0\/‘"E(S)
Printed circuit bt ,ri ?“E"m £
board FHOAEY S w

Damping
filter
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MCT (MOS-controlled Thyristor)

© MOSTFET + Thyristor

@ Combines the load characteristic of thyristor
and the control characteristic of MOSFET
@ Low on-state voltage

‘ Symbol G | A(Anode)
—

N

| K (Cathode)

Turn on: *r g %% @ Vou
& p-ch MOSFET M1
#ig > HEBITQ2 2
#4&=Tn @ MCT on-

Turn off: *c i 7% B Vaa
i# n-ch MOSFET M2
#ig > #BITQl 2
A R T
it MCT off.
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Triggering Devices (f§ & = #)

Q@ AZAMFHFIRR > UFFEFFLEURY

# 7 % = #&% (Shockley diode), Four-layer diode
DIAC

UJT (Uni-junction Transistor)

PUT (Programmable Uni-junction Transistor)
SUS (Silicon Unilateral Switch)

SBS (Silicon Unilateral Switch)

% 7. % = &1 (Shockley diode)

O iXF Gate 2 SCR —
@ on % off:

VAKZVFB:ONa iAK <]H:>0FF
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DIAC (;2 3 Gate 2. TRIAC)

é on % off:

VAK<OZ |VAK|2VRB:>0N, |iAK|<]H:> OFF

I4K

a5 +

T, T, VI.%B Iy - VAK

H£Z% § &t (Uni-Junction Transistor, UJT)

TO-18 package 31

B2 electrically
E connected to case
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Emitter Characteristic Curve

I,(mA)
B, A

v, Vp
o A
Peak voltage V,=V,+—=L—Vy, =V, + qVs 5
Tp1 + Vg
Ay
n =Bl . (Intrinsic standoff ratio, * 4 = +)
rp1 t7B2

Application: Relaxation OSC. (£7 #= F %)

VCl A
Vp
v, K
v A T~ R,C
+ ol
(11
_ t
V., A T = R,C,
02 |' >
L],
Positive going pulse
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Programmable Unijunction Transistor, PJT)
A A G

i G ? A

’ ij Q! ‘

N

N E$ Q2 .

0K
S P < A A
p=VD Ry + Rs BB=Vp tNVpp
\\)ﬂ?dﬁﬁiﬁﬂii
A
Vp = VD aF VBB :VD +7]VBB
2 13
R,
RZ
T,
Vo3
+ VOI 4 G ¢ G !7"
L Vs 1
VBBT
K S
- — R
C, R, 2 3
@
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SiC (Silicon Carbide) Power Devices

O Fraquently Asked Quastions

1. Whelt s &iC7?

ars atharral corc ustivty thar i cvar shraa lires thad of &lizan, allzsing ®ie anacalaal Fichar crsar

Iz w andd =il desipeie A0 cicres oot generec. T e fedlawing sable oo
malaial pranates sewean 510 and s licoe

a mrpasen of

Crepars Prly BT oo leor -

| Dosfloar: of el axparson (0 1046

LTl rocils aPa)

Fa s v Tl ThTeSan |

Tl e b
|

Currart markars Tor 508 such as Gighoerinaatana and =gk praves eecranizs, amacases enthasncla
ervEElne mekanal Hxwseer t0E IVES o7 50 12 Arizull 13 manudasduse ard Fanss aapenee, Whe™ hes
lir 'heed b= abvil o 12 reo ama less corthy samiconsucins maladials aonszica of a faw sales ancloaliens

2 Yhat are the types arrd wees of SiGT

Url ke a@rmerka semioond oovors soch as sileon, 500 8 it inens 0onahma and moer oe syniteicaly

wraduned, S seun | semes rorern "lkesns” Juserchirg uper Se suplieonn ond seolveas el
SETEN s et can be leossy chrailond oy sl Doy pesdoce ok meesial el et
e

Device Modeling and Characlerization ol Novel 4H 5iC MOSFET

Sidahorrl Poasblarve, Afvors Felis god Nedd Sefoaman

Silicon Carbide...what is it?

* Properties

= Material for next generation electronics?

Higi tarmpears s aible
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Introduction to SiC

Silicon Carbide (SiC) is a wide-bandgap semiconductor, which has been intensively studied in the
recent years, due to its physical properties , such as high breakdown field, high saturated drift
velocity and high thermal conductivity. This characteristics make SiC a very good candidate for
the applications in which high temperature, high radiation intensity, high voltage or high power
dissipation are involved, such as temperature sensors, nuclear radiation detectors, UV detectors,
microwave devices and power devices.

Although of the high potential of this material for the use in the electronic industry, the SiC
technology shows some limitations and requires further study in order to obtain electronic devices of
the same quality standards as Si technology:

.

the bulk growth of SiC is still very expensive and material quality is still lower than device
production requirements;

the epitaxial growth is necessary to obtain device-quality material, but it requires high
temperature processes;

selective doping of SiC layers requires the use of ion implantation, since the diffusion coefficients
for the doping species are too small for practical applications;

the realization of ohmic contacts on SiC is difficult and requires high temperature processes;

the thermal oxidation of SiC is difficult due to the high temperature needed and the quality of the
material obtained is still lower respect to Si oxidation.

.

These limitations underline the need of further study in the SiC field. In particular, the growth of
epitaxial layers is a first-step process for the realization of a wide variety of electronic devices.
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