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Analysis of the electrical characteristics of the
novel TIGBT with additional pMOS

- * * K% ED ¢
AY’, AFY", FAY" 7§

= 71
Hyun-Duck Lee™, Jong-Il Won™, Yil-Suk Yang™, Yong-Seo Koo *

Abstract
In this paper, we proposed the novel TIGBT with an additional p-type MOS structure to achieve the
improved trade-off between turn-off and on-state voltage drop(Vce(sat)). These low on-resistance and the
fast switching characteristics of the proposed TIGBT are caused by an enhanced electron current injection
efficiency which is caused by additional p—-type MOS structure. In the simulation result, the proposed TIGBT
has the lower on state voltage of 1.67V and the shorter turn—off time of 3.1lus than those of the conventional
TIGBT(2.25V, 3.4us).

e o

E =oAE 7]& TIGBTY 7+%4 AR A &3 AgAstel 2903 &4t Efol=-0x AAS
SFE3a, & o 5% A8 548 2E AEE 7FERY pMOS A4dd EdX TIGBTE Atk AltA
T-Z2E TIGBTZAAY] A(Cel)@ A Alolol]l EAst= 2] (poly) AlOlE F Yo pMOSE A F+FE n-=4
ZE FoRo AL AFY FHEES TUMAA VE FREY 9 WE Ay mE 29H 48 dnF
AAE Fzelth AEwHA An A TR vl A A$ W AgAeet 293 54 474 167V
o} 3lus®E, 7]1¥& Fx7} zb= 225Vl 3dusHlE] 27t oF 25%¢] A" ek Attt oF 9% AW A9
EAS Both

Key words - TIGBT, Trench Gate, Turn-ofi Power Device, Power Electronics,

. ) 5 2A S olur a3l Bk a4 = =
* B R T TR ??]_7]‘]: 1:17—1?‘1' Ak Pojé.ﬂﬂo 0‘1]L‘]/<] _8_%;3 “;Zﬂ
(Electronics and Electrical Engineering, Dankook University) Zh i FEHEA AWE, aigh 2914, RE T St
ok PG T ACELRS TR T LEAR 2o AgE 29H A2 de] 851 e A
(Department of Electronics Engineering, Seokyeoung University) a7 nE, 3 dish A S48 BRE B 2de
e P e olsto] rHIN2l ALMEA 24 195730 WE
(Electronics and Telecommunications Research Institute) ¥ Alolg] ~¥ HH, BJT(Bipolar Junction Transistor)
% ol who ; ; ;
22147} (Corresponding author) b ook MOSITET(]\Eeta} 9X1de Semiconductor Field
% 7H41e] 2 (Acknowledgment) Effect Transistor)& 3 IGBT (Insulated Gate
B A7 A4 “System IC 2010”3 F=HAE Bipolar Transistor)ol ©]27]|7}2 @A ¢ wHg o
Al ATA(ETRI) A Yoz o]FojHFUth ol grH1l2].
P2 H:20104F 37 2H, EIE5E T H: 20104 31 27H HEE W=EA 22 F 53| IGBTE MOSFET



56 A7 darst

BJTe #Hd& FHgsh
d B,J Baliga©ll .48}04 R
AF Aolgzel =y 293
MOSFETY| & dEE5447}

© JleAow BITAY BAsel we W A%
3k 54S Helv, A wxe ny =¥rE 3¢
ZHAAL Qo] =L FE AYge AE g dnh o
IGBTE: e %% A48 543 Gae F5o
g% s 2993 wre AR wiel AR 2
A5l AFEo] AAL, S8 W9 EW

A A4S A5 AHI

shA Rtk olgl gk W B8 ¥ IGBTA

A= FE2E FAZ ) HAFEE JFET(Junction
Field Effect Transistor)d9go a2 <3 =ZIZE
(drift) 94 Wl 2ON)-Ad F7tet =93 539

E o] =-2 X (Trade-off) A7} EAgH4][5].
H E#HA AoE IGBTE 4% 7ﬂ olE IGBTS} ¥4
JFET % ¢ o] %ZH 0}‘] ol o v & At

5 4S F doH, 53 @91 A715 FB A0
E IGBTHEt} 8t o] o}i =d F Ao BE AP
o FelaA %, AolE Edgedl el AAHZ 2s)

gBEXo] thh A & F ATH6]T7]
IGBT? El-0Z A7tS Zo]7] 93 wilog u
AP ZAV 93 AEY FHAMS FolE &

i)

n-Bufferso] A}&® PT-IGBT(Punch Through
IGBT)5°] AFEEAa, FHTolE F+24 MAS B3
T AE E4Y g-0x &S Fo|y] % W

Hoz

Field Stopl8], Super Junction[9], 7% %©|
S gon, Efolz-23x AAE MAAT]Y
sk Wy o == CSTBTII0, +& S| A<t Fx

S AR oldd pad wde s =

o zg3

weba], EoAgo s dwbH el 422 (Trench)
IGBT®] Al&eolAds =33t 74 B4 9 uZ
g & 7]Eo TIGBTV} 2zt Fx% dAE FHS
3 F g e WA BAS AE AR R
4% TIGBTE #l¢t st =g Algtel Fx9|
ANAE E4& AFe718) FZA B elE TSUPR
E-49} tulels ¥4 A g olg MEDICIE ©]&3]

of 2748 wAHser

3] =%A(Journal of IKEEE) Vol. 14. No.1

2.1 IGBTS ¢ o] &

a9 1S gukrzel IGBT A#e] 9HEE HolF
gon IGBTY TxE MOS-GATE Ate]z2E
T2 =d3 AL & 5 Ak AR UR 7]
ARl 2~ (PNPN)S] #2271 '-& HA L
SAEGE HolA Alolg] 2B ¢} thE AAolth. o
71l A o] v B (Emitter)ell thsle] Alo] E(Gate) ol
o] P-#lo]~(base) TS Fi 0] ] Wl WY

ox 1o K

|
HEH Al Z

RS e =

o] AlolEel A7FEW N-E=@ ZE(drift)E 2 N+ o]
18994 4435+ A2 (Channel)o] AW, oo
£ IGBTY «Wd Ak Aeigtar gt o] AdejelA
AdE T8 N-=ZE Fo2 {5+ AAARF
of SsiH N-=gxe Fe| Asit sobdA Hu
PrAdE St N-2g e Aol HFR(DE =33
O F npolojxrt fr) FWEFo R Hlolojx H A 1
HEF1(J1)s &3 P+ ZFE(Collector) Z2H-E N-=
grE Foz F¥ol FYUNM P-wlolx F& Bt
sto] o|m B d=oz wAUsHA
Emitter Poly gate

Emitter

s

nMOoS

Gate

N-DRIFT

PNp

l/'c ollector

Fig 1 The dross-section of conventional IGBT structure
9 1 4¥kARl IGBTS 9%

@

P+ - Substrate

Collector (Anod)

S Aol Ee} o]u]E]7} dElE = AEHAA] o]
vlElel] digk &9 ko] AAE AVtE W Al 13
FF(JDeo] o mpoloj2~ 7| W] IGBT+ ®©-2
Z(Turn-off) AE}7} ¥, o2& IGBT7} W3 A
A TEe Zeds AL Ui, =3, Aol
ol m| ¥ 7} 3‘5101 AL ﬁﬂﬂﬂoﬂ %] ZWO] A7k
g o,
_/‘Etﬂ—ﬁk X«]X]
) IGBToﬂH *HH{M k)
~EYEZE Fo FAd A l
w2 tgFHow A »}E}%E}.

2 oA AadEZ IGBTS

z

a7 SfeiA



Analysis of the electrical characteristics of the novel TIGBT with additional pMOS 57

£ Aol2g ojulEd @AW ik AdE Wt
of glom Aol ool Prulols Ew|Ae] WA
§A8 4 glom, of Aol N-=

Jgoz e Fitel
R

gy a1 IGBTE &
H-2 Z(Turn-of) #FAH S A
3, N-ZEZE o ZCS
FLe] & AEort Ay Wil -

A A HTh WA XHL;Q%
7] WEol = HFO

2
ed o4 %
E
o

[ L o> [H o
rob
Ko

T3 7]‘13}% s
MOS H]OIEE AojE = H-0
Z, 49 (SOA : Safe Operating Area)S
= 29 54

d, 1893 =&
oy 12 Y9
z9 714 AtelE]l~E Fx2E X ¥ IGBTY]
25 HolFE o= wek o] Apolg] ~E/}
IGBT7} #d*-dLatch-up)S L2714
o]’ MOS Alolzoﬂ o4 IGBTY S23&
A "k oy d HA-g AL
& N+ o[w|E 2 7E P-#lo] A2 e
Agko 2 A Wi Alelg]2E7F H-2 HXA
toz wWxd 2 9ul. 8 (oA A Rs:=
~base®d 9 UlelA oluE TR 2=
of digt Agolrt whek o] Aol Fi3| rid
Altolg] ~E = IGBT 729 SlHEo 9Xx&
714 NPN E#A]2E O e HFo|5 wid ®-
Zo| ¥A ZEghoH1l12]. ol¥e & 2
3 gl & & Atk

ol E] Alele] Ul§ PNPN
S7t3l
523}
A
Aoy g

AR} FAs

4% A

4m*0n$¢r1r—1>m£

apypt apypy=1

7= Tpor + Ly @
A 1= (apyptanmy)

2.2 IGBTY &3 &4

221 9 AASHY

olvlE el tistel AH el & Hgte] At
2 o, Al IHEFD7E 9 npelejx w7] el 2
 1elA ¥ IGBT T2 2 kS AL 5 <

24

o [ i’g
of 2

a o

20, o ol

o o ol

o]

+

m\U

©

n)

ea
[>

Abolel Al @A ¥l Open-base transistorel
AEh weF N-EFZE 9o v ubA

ol
=

o
- =

Z+= Punch-through breakdown
adee aTHE o B A4
aH N-=gZe oo u&Aats}
o= AAF k. Uy 7)ol =g}

i)

4 off o 1 fo
X
i o 2
o
off M ot 49 N X2 m g

o
2
i)
o
mobr
Bl
Y
29
N o rfr
o
o Z ol 2
Lok
i
2
m £

T

)
!

e Ae N-EIZE g FAE Adshs 4
o]t
dl = 2V, + L 3)
qaNp r

222 €3% AR 59

< f%k AR mE A IGBTE SAAI1717] S84
Al E7} ojuElell s ojof o}, o] AL Alo]
ofefel FHl WHFe HAHS HolFw, olwHe
3}01 %ol Aol ZHE ol <17t & w P-wo] s}

ZE 5 Abolol A 2HER(D7E 9 vholo
GETE & Aske 79 ¢ & 2%

o2 mlo

o g DJ»ZPE]U:] o]
(Jel Gl ¢

o
mez)ﬂ Baage A 198

%m}‘.mﬂjﬂZ&lm iy
N
;gdﬂ
<{

Parastic
Trysistor

Collector (Anod)

Fig 2 Latch—up of parasitic thyristor
% 2 71 Aol E] ~E o] HA-4



58 A7) 283 =74 (Journal of IKEEE) Vol. 14. No.l

IGBTS] AW & AFe LAl 7148 Afolg] = & AelE FE AskE AAstT Aol <A
Hel EAlol olslA Agach & FelelA IGBT7H W 4 otk F, JlolE dgkel MOSFETe] #&4
BASHE $ AASL MOSFET ¢ %3 33 bl Wold w AW WAFL o o) =4 @
A3, A IRFIDRIE F98 AFEe A 23 g, oM A4 AR o oY z2x %

#3200 8 FARt 27 25 IGBT 22
714 Arolgzel o@ AAYL melFT e &
Ao eefomny A 2URFUVE FHHE A

o &3k AlClESE oJvH AlolE @EAA AlE
ol 0= HW AAE ARE ,4,1}%1%7} %7171
_2'__

A

Rl

)
AFE  YEhH, ol2d AHAFHFE  shunting o)
resistance RsE XudA AgAss 2AYI =
S

o]

5

= ,%*&EH%OPNGE] E o AF" 1F%

IGBTS ¢wkdl 2 AF dHo|A  shunting A2 FlEolrt AT WP 52S G AT
resistances ZHAl WHEW o] Aol ofgh Mt st Bet AeARLE AT o8 22 AT (AD)
7b 2w toles HN<OTV)ET A wE S w7} wold u) AAE paEw, o2 AR ma
gt eimE olefdt £skdlA NPN E A~ (current tail)e} gt
o] AfFeol5L vl Za Apolg=E o] #A-¢) A
S AL F A ek ol #FE oA AR 9941 H-9% =4
P-wlo]~ 349 YelA olug w72 Z2E Rs IGBT 24}o] t3d B-03% x|7ke] BAL o g
ABE A Fem WAY T ASH, CIRE A ) age s 2ANA 49 1 5 den, du
NPN E#A 2E 9 HfFol5e] W45 Hx-9 & Hoz e g o W AR 79 10%7F D @A
W EA4E =Y F dss AHdn oy 542 17toz Aelath oleldk A7k AL ARES]
R U A 19 ARE AF [ Ae FA8 g a

gy 2-4H A AFEEvE F7 2 ul, A 3%
FRUDS =G doloi st NPN E@Asge 1 1T ROCE S, AAE A wAsl g
F o5 Z/ANY ARz 2 B 4 9ok we “1fr& MOSFET Ad& ¥a4 & 4H 54 35
NPN3} PNP EdlA €] AFe]5 o] 18 &3 AR AR o old wE A 8] el
o IGBTE Alolg] 28 28 a4 o gx-9 %, 29 394 FAT F A% AClE Y] oz
S G o] AHOA AGE "AE AR} He ARRE FA48 34 g & vk
MOSFET Ad& 3laix] A olvE @Az 55
& dom, oA IGBT #i7F o ol AE u}
olojzol ojgk AAAFE EAA Aol Fchs Ve
AL gu gt & #@A-o @42 IGBTO AH Al
o] T ATE Fo SOA—”* ARA e E Fa
247 Atk 28w olF oAss] 98] Pwlel s ‘
Yojo) AL ol Pk, oI ol& FUED Ic
(Dual ion-implantation), Deep P+ implantation, IICE currant tail
retrograde 4t o WHol A¢tEon wi A U |
T FEEe AAZE nt HHAZ ACEE FUHe aff t
Z(CSTBT : Charge Stored Trench Gate Bipolar Fig 3 Turn-off waveform
Transistor)7}  AAHJAAR  o]d  FREE a9 3 E-03X 3§

Threshold A& 2As7] P& T4 HF3rt
= 9HS spHa 9 4 39 PNP EdAE Y dRo|Se] ojsA A
: G A= Ao 9]

024 2918 =4 H Ao 2717 AsAlE As Holal AUrhA

IGBT &Abe] Zast 54 7129 syt d-9x
57deltt. MOSFET AdS S3lr a2+ A« ]CD:]e:(lfoémp)ICO (4)
= ZHEXNS 2H37] uid AUy AFo 5=



Analysis of the electrical characteristics of the novel TIGBT with additional pMOS 59

Aol & g

L= Ioo— Ip= 1, :a[mp[CO 5)
olg)g Fof ZAHE AFiL lifetimedl] <3| Z2AH=
Hlo whel A4 Zﬁ*oi it ARHoRE HFe
B2 N-EHZE o9oA 2Af Hdate] d=rp &
b dojyr] wEel ijEr el ¥E EAR L7
SeiA o " AfE] o] (Carrier lifetime)S ©]-&
st Zo] A A3}t

=5 =q, 1e ™ ®)
boff « ryyin(10a,,,)» Tz = LTS BT 57,

, - PNP E&IA 2B o] Aol 5.

aHnR W-0% AF ¢, = AEE AFsE &
B kel 10%7HA4 ZAste 5 A Atew A
o)5l7] wel © @ Azkel EAL 2] 6o RNH
frE "2 Atk o] frd AHoRRE N-ZEZE
d UelA M Fxzo] AT Fete HF
= #23gEs A lifetimeo] #idte ¢S ¢

"ol Qg wA ¥e ve As M F dd

23 2L F= A B 24
oEwA AR pMOS A ¥ TIGBT:
AAALGE Do oy ALEE e p-=4
= ?lff} -9 2 (Turn-off) §2A 29

ARl F7HE

IH rlo

©O:

ANdstz] fsl Al

L

A zte] F2A 54 19 49 19 5ol

g B 5 glRe] Axe F Yn(WidthE 2%
ol A Floating-P J 9 tig #gsE &+ 7o
2 7]E Fzxol P+ n-wellol 213 pMOSE 343

a9 4= 7]1F TIGBTY 9HEE H
TIGBTY %9 =Z7|= Zd 9 IGBTY

rt

. 7]
e

HN
ot i

ok

25 AgRent 4 A Aol HvE FAY

Emitter Emitter
(cathode)

Floating-P

Fig 4 The dross-section of conventional TIGBT structure
% 4 71¥ 48 IGBT +x9 "=

a9 55 Aletd pMOS 49 ¥ TIGBTY @ =
HojFEoh Agkd TIGBT & Ay A A
EAlste E8 AolE ol P+ot n-well T8 =
& AZe FeEe pMOS A49d TIGBTEH 7&
TIGBT7} zZe &, o2 Fz Aeddre A
(electron), A ¥F(hole)9] FY& & (current injection
efficiency) & = FozH e 2-AF(on-
resistance) 543 wE 29 A (switching) &2 E=E
a7] A3 =" Fxo|th

ol

o L2 1

Emitter  Poly gate Emitter
(cathode)

‘ N-DRIFT

P+ - Substrate

Fig. 5 The cross-section of the proposed TIGBT structure
a9 5 AlgkE TIGBT F%¢ ¢He



60 A7 darst

a9 63 a9 7L o3 548 AWyl A
a9 49 pxsh oy 59 FEE 474 SUhER A
o7 T Aot

AE FxF 4
69l S7I3|2% IGBTH+x9 TIGBT’—I"}_ﬂ- 25 F
datA AgHAnh 17 49 65 3 i %
=28 5]_‘— TIGBT4 Q 9o E/Q-O

H-2 &2, olvE (emitter) &
MI1(nMOS)ell ¥ A 9} (threshold Voltage) o] el A
ol AlelE] A7Fd W A'd(channel)d Sl 3/d =
E WdFE Fote] ARV FHEH PNPQL)
EWA 2] o]z wlo]lojxg Agr). oz]g
vholoj~ AR QUPNP)e| AHEEZHE Az
shte] P+o} N-=g=ZE 3ol Wi A2 (built-in
potential) ©]/+¢] o :=E=(anode)dste] <17k w #A
A JHozRYH AFAFE FYHA 9 ©H-&

4L s drh

of
i)
29
-0,
2,
2
o
Kl
r‘ﬁu
S

P Emitter

FEP
_J” [M1]

Collector

Fig 6 The equivalent circuit of conventional TIGBT
a7 6 7]E TIGBT +x9 5713 =

H-0 Exl—, AolESH duEHE HAXZ AAFS
wo] FAoR MI(MOS) C2¥E F9l=%E PNP
EWR 2 (Q1)e Hlo]~ nHlo]o] 2~ Z‘jw-r7]- A= A
ot} walA Mol A ulolo] A7l 9l PNP E A~
B(QDS HEAF Lo =

2 FYHA R ol @Eﬁg <
o). Ak o8 g o= FE2e TIGBT
AH o7 EAst= NPN

o oA PNP EdA~E(Q)EEE F%

3] =%A(Journal of IKEEE) Vol. 14. No.1

A%

Ol
4

Pmﬂ ol# NPN =3

O, o

N
-

o9 qae s ARRYE 4L

ksl attel A ¥
3

12t N

232 Agd 729 BHY R 4R

oy 72 Aot® TIGBT +x<9 19 59 +x2&5
SRR gd8d Zomx AWM E  7E
TIGBT (¥ 6)% s4dsht M2(pMOS)¢ Q3(PNP
o] Atlgtom <13 A (electron), A& (hole)e] 71
O (carrien) & S7HAIRL ?201‘4 Iy 7& 1Y 5
Ez A 0 Fd9Es ®

pMOS

¢ Collector
Fig 7 The equivalent circuit of the proposed TIGBT

2% 7 AgHE TIGBT 57131 =
pMOS Aoz gk & o Fz AEjde 54
Lol e eaAgget 4L 71E TIGBT(Z

3 =

g 69 Ml oziE ZgIZE 99(Ql, Q3 Ho|x)ow
FHEE HFe FoE PNP HiolE

Q39] o]0 HPOM et
o} wEbA] 7]E Q1 SR E

TR A < 7P<>M

A BJT(Bipolar Junction Transistor)$!
HE AFAFI3)7F 2718 Ao zH e i
A

o
G AYdS 54e fEan wed el



Analysis of the electrical characteristics of the novel TIGBT with additional pMOS 61

pMOS9 A2 AE3AFY FUF 7= A AAAF a9 82 7]E TIGBTS Al %<0 pMOS 4t
o] FAFE TTMIFCR EREZE g 2-AFS 4¥ TIGBTOl ot FEEAHS= pMOS 4513
HAFomn o £ud [Agsl 5L R oy TIGBT7} 5540 A& G3Fe dolr7] AL
o Abgjol Ao ArlE  pMOSE Alo]E oele] oke] At 35umA H(A-A)NA e dA REE HoJFa ok
o] Ad AHEYdor oI et e a9 8@t (b= #4771 29 Add 25

pMOS Atglo= o1k & ox Ez Age|re = AART 949s FZdss Zeoy & Ay
ANz om-AeolAe H-9Z EHO Ao Ed OV MOS2] Add G} p-base FGAA AA7 HAH
U = 7 olale] Agte] 917k w nMOSS M1 = A4S A &+ ddk ¥ 89 (o HFHeE
o= eyt =9 pMOSS M2y £4E7 gozxn AAS FI x5 g6ty 93 Ao VE 7=
pMOSe] Ado] EEET EEE pMOSE £-E2 S AdD 724 AA FEA MR AL HAT
AEjol e n-EgZE gdoz FdW ATAHFe F AT 29" 9 Ve FERe} Ackd Fxo &
oS WA oz B-0F stz =7 549 ANEHNA A3dE xAT aH|T

o H-ox FAS HAaAYE dFES

bvchar.log<MEDICI_DATA>

-10

-12

o
Conventional TIGBT =
PMOS(TIGBT) ——

14

log({COLLECTORY)) (Amps/um)

R0 R L S

-16

((IEARRRTRE RN

0.00 050 2.00 2.50

. 150
i V(COLLEGTOR) (Volts) *10°

Fig 9 The simulation result of breakdown voltage

a9 9 & dgte] AlEHeld A¥
a9 9% U4 Aol 7E Fxe Actd
N PMOS 4@ TIGBTS| AEelold Az Aleta
. bv_structure.tif:line2 _/}_Z]—Q}- 7]% _},\_X]—Q] '@'%Z{j(ﬂ'o] 2960V§ %??16‘;}-%
) ¥ HeFa glek ol#j g A= Aekd TIGBT7 &4
. 540 vlAE GFgol A& on gy
1
S 242 g Az 54
£g a/’“\\\ f\ CBF AR 54 AoE Agel BHAS o4
Eﬁ o2 <l7bd IGBT(TIGBT)] % AFAZ=7F 100A/
; em?Ql zzte] AGbE mi= Vee,sat ©]2ka 3ty
Q.l).I) 25 5.0 75 10.0 12.5 15.0 17.5 017)-\]% 7\(1% ﬁOE;T q %)“q%i——'_]— T’LH iHL?j‘_ ogg'ﬂg,] %j_

e @A), 4 gode] WAe, =ZE Jde] W

(o)

Fig 8 The breakdown characteristic of conventional

d th d struct Ul A AeEse ez ve d ook

an e proposed structures |

a4 8 7Il)zp?19‘rr:]0fﬂ Lz gH B4 At pMOS A4 3 TIGBT7F zte vre <=4 A

@ 1€ TIGBTS @A 4% waE e B4 A=Y Dol pMOSE 4HI oz

a = 4 O = 9 el

(b) Aoty TIGBTY] x{zﬂhjz R = =4 AR, AE FYESS mdzozm o
Al i ne o= o 2 g

(c) &7 %9 35um AAA-AN)NA 9] AARF



62 ANz

ivsat_La_5.0E-06<MEDICI_DATA>
v (v2)
Conventional TIGBT ——
l, 8L pMOS TIGBT ————
P
£
)
@ (V1) Conventional TIGBT: 2.25V
£8! (V2) pMOS TIGBT : 1.67V
<~
<
=
o
=]
=
b
&
EE
g
=3
=1
=] .
0.00 0.50 150 2.00
V(COLLECTOR) (Volts)

Fig 10 The simulation result of on-state characteristics
a% 10 % A% A AlEd oA A3

29 108 & T2 A% axe £ Aw
548 HoFE Aow AFoA A¥ 19 59
Aoty Txel Wy AgARE 16VE JE
2.25VHTE oF 25%(06V) HAaste AL 8 & 5
AT werd AEdeld ARE Ea Aty
pMOS 4F918 TIGBT® +w3 Adze 540l 7]
& pzud 2e A2 g @ 5 den oF I
A7) 8l the Be AL Stk

Algdeld Aol oA IGBTSH TIGBTS 714
(]

EAe BUgor B =FoA AetE Ao #4
AAl IGBT &7 43 o3 wioz #4354
o &WE AgAdEe T diRed  EAse
MOSFET®] &4 &2t stghfo] EAstE P+/nd
Aol o 5459 Foz ved £ glrh oA
o Ao A} W Veesat= Veet+ 0.7V & <73}
H 0.7Ve IGBT 4} dtdo] ZA5= p+/ne HE
oﬂ g AgAatE owgth £ Veed ZAUE S
e Atelo] HstAatE =W SAGH elA Y
MOSFET EA4S guEly v, (a9 dtash),
Vper(JFETS S Askaah), Vo o(5H99 A9
shel AREe #A (-2 2d T 5 v14]
VJI()SFET = VCh + V.IFET + VACC (7)

ZAE 9 vy Alelo] HAYAEE mdskE (4

-4 VCh,v VJFET* VACC =9 Ae A7 (A ’
10022 x4 3t
V. — (= apyp) gy, Wy ()
o Nn,sqf(VGE* VT,‘)
0 (L= apyp) Ja, + W) Wy,
Vompr = JFET NP/ ATy o) Weeu 9)

LG_ZXp_QI/I/;]

(62)

=% (Journal of IKEEE) Vol. 14. No.1

KL= apyp) (L =2y, = 2W) Wy

(10)
21, 4 G Vi

Vice =

(Viee)BHA e Ags AL 4 Qv mhebA
olEEe TR A% Ad FF(V )M At
28 FA F AA(Ve)dAMe Ast as 284
o2 Fugk ApAsh(Veesat)el TAE 9w s
olggt A= olF=E(p,)e S S 2 8% 10
o igstemyn A 7o gk ®MoE Al =
ik

IVSAT_structure_L a5.0E—06:line1

1.10 1.20

ElectronMobility (cm2V-1s-1) *10°
1.00

25 5.0 7.5 10.0 125

X (microns)

(a)

IVSAT_structure_La5.0E-06:line1

440

430

? Conventional TIGBT ——
.-':’ pPMOS TIGBT ————
=o
58
&
£
S5&l
e
=
]
3
Tgl
=

390

25 5.0 7.5 10.0
X (microns)

(b)
Fig 11 The electron and hole mobility of accumulation.
a9 11 F4 F F9elA HA, e olF

125 15.0 175

aE 112 ALV ool A2 BEs 5
E(mobility) 24 Atd Fx Az AT =
7F 718 FERET AteE A g & 5 dn w

S|
2]

2hA] ol gk o] F R (p,)0 FkE 249 V. (F

o
o
offl



Analysis of the electrical characteristics of the novel TIGBT with additional pMOS 63

4 AP FAE SJvise, deHorE &
q99 W ARstel gag ovigd oW A

S7beel wh

243 9-9% =4
a% 12% 71F TIGBTS Alte
TIGBTS ¥©-0.2 EAS HAFT g)
4o Agg TIGBTS ¥

N
>
jincs

O Jm ogh

el
=
o

o
@ Q
|

o _

o |g

;

fo T 4
(K 40 ox oX

ﬁrgi_’,_."‘llo

{
|

¢

i
el
|
rlo
>
%
oz
L
fr
o
b
(1
o
o
(@
|

>,
rlr
;
fo
L,
tlo
oy
B to
>

FeH15116]
T FYALE SusE
o]
siel 2

Al

ofy
O

r
K
o rpr

N
N

E/Hg] _E_/H_‘Q__ =

San)
o
>
)
o
=
o ¢
_
)
u
N
)
offl X
X ol
o

r
N

rl

turnoff5.0E-06 <MEDICI_DATA>

ar Conventional TIGBT
pMOS (TIGBT) ——

tumotfS.0E-06<MEDICI_DATA>

. W\ 10%of operating Current
2 G

1%

.00

1

120

080

(PIGBT.COLLECTOR) (Amps) *10™®
100

0.50
060

006 100 200

500 700 800

I(PIGBT.COLLECTOR) (Amps) 10~

5 T
.. time(seconds) 10 "

300 400 500
time (seconds) *1078

0.00 1.00 2.00 6.00 7.00 8.00

Fig 12 The simulation result of turn—off characteristics
a% 12 9-0.x BEA ] AlEdold A

a9 12 71 xR AddE FFR9
Exgog zotd Txo EH-9IZ A 7lo] 7=
Y

o} wEce=

H-ox
TER

o] &F At olyd EAL

t
A

=
= T ou =70

n-EYZE 9o ) A4ARE FFAR Yol

71 TIGBTHT #datA olsdtt= A3 ol

ek 71E FxS W-0X Hge ©-& FeolA
A Aol o3 P-vlolssk N-elze g9 A

lolv v
=2

N

S

)

jud

o

=L
i 1
a1}
bl
o o
v
z
(e}
— =

=
AN
B

=)
Ao L
B
i,
2
> ¥ 2

o

o
Z,
|
Il
Aus
[H
{m
of

=

2
x
)
7
=
o

o2

A

=2
o
I
N
N
RJ
S
ot M
24
o
f o
o~
B
M o
>

=] oA

7]

¢

o
offl
o go fo [ M 2 18 o N |»

E
|
o

Boh oF 0.9%(0.3us) Aa¥

[e] = y — [} -
n-melZE Qoo F4sel gt JTARE pMOS
g BAAgoRA 2903 &4 AN A A
EEE

A

AEeeld A3 pMOS AFddl we
L J1E Fxo 5AQ 34usEtt 9%/ " 3lus
Bk mek ke A}k (Veesat) &
A& 7]¥ TIGBTS 225VHTE 25% /A% 1.67Ve
woch wEA AlEdeld Ay Atw
pMOS 493 TIGBT+= d&Ed%to] 7|&Fx9 5
g 2960Ve] B4 A A =wd A A
3, H-0X &8 T JfAAAZRe
(Trench) Al E B9 TIGBTY

(e}

$53e Faskant

"-ox A

[e:

&
2 7]E EdX

4714 SAR

ZAnEd

[1] B. J. Baliga, “ Power Semiconductor Device”
PWS Pubishing Company, pp. 446-455, Dec. 1996.

[2] T. K Khanna. "The Insulated Gate Bipolar
Transistor Theory and Design” IEEE press. Wiley &
Sons, INC, 2003.

[3] T. Trajkovic, F. Udrea, G, A, J, Amaratunga, W.
I. Milne, S. S. M. Chan, P. R. Waind, J. Thomson
and D. E. Crees, "Silicon MOS Controlled Bipolar



64 2714 2%} 5)

Power Switching Devices Using Trench Technology,”
Int, J. lectronics, Vol. 86, No, 10, pp. 1153-1168, 1999.
[4] K. K. Ng, "Analysis of the Gate Voltage Depen
dent Series Resistance of MOSFET's,” IEEE Tr
ans. Electron Devices., vol.LED-33, No.7, July. 1986.
[6] &N HAde, 94 “JFET &35 7aAzl i
48 48 IGBT,) #7133 =&A, A 49 235,
pp.303-309, 1995.

[6] N. Thapar and B. J. Baliga,
Evaluation of the On-State Performance of Trench
IGBT Designs”, Solid-StateElectronics, Vol. 42, No.
5, pp. 771-776, 1998.

[71 G. DBonnet, P.Austin, JL. Sanchez, "New
Distributed model of NPT IGBT dedicated to power
circuits design” Microelectronics Reliability 44(2004)
, P79-88

[8] T. Laska, M. Munzer, F. Pfirsch, C. Schaeffer,
and J. Schmidt, "The field stop IGBT (FS IGBT) a
device

"An Experimental

new concept with a great

Proc. 12th ISPSD, pp.335,

power
improvement potential”,
2000.

[91 F. D. Bauer,
transistor: a new silicon power device concept for

"The super junction bipolar

ultra low loss switching applications at medium to
high voltages”, Solid-State Electronics, Vol. 48, No.
5, pp. 705, 2004.

[10] P.R. Palmer, "Characterization and Modelting of

the LPT CSTBT-the 5th Generation IGBT” IEEE
PESC Rec. 2003.

[11] 7&A, &7 “Fga #7114 545 2 Ed
2 AlP|EF AA ACE nle]lEgt EmA2Eo| #T
A7 A7 A =wAL Al 119, 435, pplbs-164
Dec. 2007.

[12] Vinod Kumar Khanna. “The Insulated Gate
Bipolar Transistor Theory and Design” IEEE press.
A John Wiley & Sons, INC,. , 2003..
[13] AAFREa &4t 784, ¢ 2500V
714 B4l Jr}‘ AT, e AEers] FAE
A307, pp.323-324, 2007.

[14] Vinod Kumar Khanna “The Insulated Gate
Bipolar TransistorIGBT) Theory and Design” IEEE,
pp. 241-249, 2003.

[15] Sehwan Ryu, HyungKeun Ahn, DeukYoung Han,
"An Analytical Transient Model For NPT IGBT”.
ICPE 01 International conference on
electronics, pp 26-30, Oct. 2001.

[16] Sehwan Rye, Kwangchal Hwang, HyungKeun

IGBT9 #
He) 3],

power

=% (Journal of IKEEE) Vol. 14. No.1

Ahn, DeukYoung Han, " Transient Characteristics of
NPT-IGBT with different temperature®, &+ 7]% =}
A 783 shA =], pp 292-295, 2002.

M XA K

of @ ® (3439
2000 : AZTh A

w9 @

2009 349~

ol

a3}

= x}?% E1 :xlzsl—jq_ (J_s}/xq ;\]_)
<FHAEoFE> Power MOSFET,
IGBTs, Power Device, ESD,etc.

4 F d 3N

20089 : A7 distu
=4 (FFAD
2008 3¥~&dA] :
A A Ea vakg
AR FEF T (T34
<FAF-oF> ESD Protectoin,
Power Device, PMIC, ESD, etc.

72 5t}

ARA7) 7

1994 : AE st
AR AT B (B8
20084 :

<FAEoR Low-power circuit design, High-energy
efficiency circuit design, Low—power micro—processor
design

T & A HFY)
47 A7 o8] =8A
(Journal of IKEEE) Vol8, Nol %



