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Abstract

Trench-Gate SOl LIGBT with improved latch-up capability has been proposed and verified
by MEDICI simulation. The new SOI LIGBT exhibits 6 time larger latch-up capability than
the conventional devices. It is also found that the improved latch-up capability of the new
device is almost preserved independent of lifetime. The large latch-up capability of the new
SOI LIGBT may be realized due to the fact that the hole current in the new device would
bypass through the shorted cathode contact without passing the p-well region under the n+
cathode. Forward voltage drop is increased by 25% when a epi thickness is 6um, However, the
increase of the forward voltage is negligible when the epi thickness is increased to 10um. It is
found that the switching time of the new device is almost equal to the conventional devices.
Evaluated breakdown voltage of proposed SOI LIGBT is 250 V and that of the conventional
SO1 LIGBT is 240 V, where the thickness of the buried oxide and n- epi is 3gm and 6um,

respectively.
PR A-ea B TER (Dept. of Elec. Eng., Ajou Univ.)
(Dept. of Elec., Seoul Nat'l Univ) BEHT 0 1994% 3H 3H

"ERr R, SN TR
(103)



104 A9 Latch-up 54 %

rir

[ ME

Silicon-On-Insulator(SOD) 7]%-& °}4<3t Hl= A
A EL A A wRE Ak ol ?SZJEQ,] skA}
o A AL 5 gle ol wiied el kg o
F7b ey gl B8], S0Ilee ddAe
(dielectric isolation)7} -8o13}7] wiell A& #A
32 (power 10)2] Aztel] o]8d A$ 2xke] 29
3) 28 A 5 9w Eeld B} AHLAE F
Ao s el 4 9l T o= 7] A
Mol glo] ol we <37yl #ds) Al gl
2841 - malg sPE2A(discrete device) 2 ®Weol] 2
olal 9J& +%3¥ IGBT(Lateral Insulated Gated
Bipolar Transistor): SOI 713 $lol Alakah of £
o4} I At e oJ7) shA o)L A& 4 ol
v} LIGBTZAblA &) AF53S Atshe 49
latch-up ¥4 T AzksA) Lehde}, 156

LIGBT: =3 1ol xi= ulel zo] MOS®
bipolar AAFE shute] Fx2 A AALEA MOS
T2 e B8] AR p+ oz =(anode),

o (epi), 18l p Wiwel)E 1A= pnp H}
o]Ze} Fx2] wlojxql n- olH3Zel F4iHe] pnp
nlo) Eel s FEsle) B8 Arlet)

Ade B a2 MOSHF s ulelZe} 24}

EA R A E SOI LIGBT

FIRE 7

xglo] 0.7V olde] W n+ Aexod p U= A
27} Z2A FEHEA p+ oles, n- olFH3E p €
83 nt+ At o] FoxE ZjAe] Mej]E
(thyristor)& & & At} o] #AME latch-upel
2} &b et latch-upe] sl o] ojik AlolER
A | 5157— A&HHoe oyt AF
7} &2 A} gx=e 7 58], LIGBTY A
ARz 2o SOI 7% sloll AxE o ofr=cilx
Zalxl Fo) Yo BE 4 glovw B AF Rs

2 2 so] latch-upe]l WS A vhepdch 2

ez LIGRTE SOIfel A=) A=
latch-upg 7NA% 4 sl Aopzjal el Has)
o} 27| latch-upg 7WA1sk] S18ted ofef 714
w1800 2] AatElglont ol F e

latch- upe 7RAlshs Wb < wiskdst Zbsbt =24
27 AIE . FARS AU glon  #HTel Aljkd
deep implantation® 43| #3 RsE ZolA !
481 Algialelz AHEol} EsAE o]gsl n+t
4920) Zo]Z o] A ReF AaA7lE wpg!™
bose & ower Agdelele]l  tradeoff o)
latch-ups  °JAIEF 4= glont 2F o] Fopx
o #3] Rsell 23t AsPdsizt dob 9lel latch-ups
TRA 0w NAshe dis gHA7) Slot

el sleEeld FalE ope] Fol A

7b 5 o) p+ oleEor Fo] F9i¥o] n- ol 8 Re2 AXH 97 AA shhsed 324 FoRy
231 p A& FAHZ A M (cathode)dll ®olAl  4ulsk =gkzksle) 2 =7} 9le] latch-up B &
Al p g9 A A Rs wiel n+ 22X gxes AR 428 2] SOI LIGBTE A’
(source)$t p A Apolell AsPslE A7IAl HAL o] shar Aol Exb 547 Jatch-upS4-2 MEDICI
Anode
O
Cathode Anode
Poly Gate Oxide
/ / ‘
VR_,M p well &— {
Gate O
p+ well n- epi 1
§ Ilatch qul]
Buried Oxide
Si-sub O
Cathode
a2l 1. A9 SOl LIGBT°1 g e 9 5782
(a) © % ) E7kE R
Fig. 1. Gross- sectlon ans equivalent circuit of conventional SO LIGBT.
(a) cross—section {(b) equivalent circuit



19954 17 EFILBEHRE

Algde| e 8 AFdt Pt

0. 2% 7% ¥ S5

23 2% Aok SOI LIGBT ©H=ix % S7)s
25 HoiEch  AgE AAlE oirxzeld Fld 3
o] latch-up®] €gle] =+ H& RsE AAA] &
AA AR ajelgla & 4 gles 7]Ee] LIGBT
ol A AolER o]z dHol| n+ 209t p UL v
2t A7) Ala= A (Shorted cathode) & wHE
p 9o Fohtol EdRE o83l poly APIES |
o] £ 725 3ku glrh w3 ol =o Fi%l
o] ANHo® sNi=(Shorted cathode)el]l 2
NE=E 2um HE Zo|o F719] p d(p M=)
Max AT ofdlell EAAZ 2™ 1 (b)) 27 2
(b)Y 57132+ Agksl SOI LIGBTS} 71&e] +x
Alo)e] Aol|E A melFrl Y 1 (b)Y 7]E FXE
A= ez wAlelld] Fd  EHH7E 25 pnp
Bz )9 ofvlE] walol] 9l 7|1AAE RsE £
FaA w3 olw A= M szl 0.7V olAte] H
o 71482] npn EdA|~EE ' A|A Aleo|g|E F
zto] oA Heof latch-upS WAA7|A =}

v a3 2 (b) 8] AHGE FERAME p Nl
< ovleE dh= 7]4x3e] fle npn EMA|AEZ}
o} Fasatelo WY AAH FRo|EE flFE
9] EAF7) A8 Re7lle EWAAEIE §3 vlo)s
2 o2 latch-up2 A% 4 gl oo} Algk
% SOI LIGBT®] 32 vhaat vk, 71 Erilx]%]
Za] Alo|Eo) ¥ A3t olake] Akl rlsix]w Ed

i)

R e

M

i

bt

> Ml

¢
—
1

Shorted Cathode Anode
7 22 7
RN [ S A NG
N
p wed
Poly Gate ___,. | Vo
— \mﬂ-nt
d-c\n:u ' ~ epl
curran
o o= v Burled Oxide 4 LYy Ty
Si-sub

F32% AR B 1% 105

2% 29E wet AolE el Ade] AAMHS n+
Aexox A2z} p AdE Z8l n- oFZog 52
A= 5L o} A= pt o=, nollHE p Mi=g
2 o]FojA)= pnp EMA|AE]Y] Ho|A AFZ z2He
aAElo] pnpERA|2~E]] ow[E{ql p+ el wEA}
oflA Zo] n-ofulFoz FQElt) oA Fldl F
& iR p 99 A3 RsE AxA) @ AH s
=98 E8) i HFor sad =it Ak
AAblA e EARe] JRFEule] n+4 oA HE AR
Al izl 2 o] AA EAIRC vlE mig 2orz
BE Eatedddoie A latch-up ©] Yot o=
=3

m. MEDICI AlZz0|A

AkE Azke] latch-up B4 2 -V 54 dig
ek Akl BAMa aal WRele] Tabd gt
ola]E #Js MEDICI AJEolAd-S +8siaict A
Edol4dx SOI AAbe] wi® A3E(buried oxide)
2] FA= 3pm ol n- ofuEe] FRe
2% 10Yem ol - Hgke] FFAE ¥ resurfrE
el Aadrele] g0 !3le weyslel p-ofls]Ze)
FAE 6pmz AMEHy ofse} p & Alo)e) n-g
Aole 34um 71E %S AAs  AlEHelds
Zo) 83 W o vehiigicl oy Akl
He el 7l 0VE AR AlRed n ekl
2x10%em 9] B3 FEE 71 AL Adsisck o
g, AHE SOI &4k (552 Silicon - Direct-
Bonding &2 A=g) & 283 572 Wiy Ak

Anode
Trench
Gate
llatch ‘ * Ibypass
Cathode

a8 2. Alebgl SOI LIGBTY weix ¥ Srfsje

(a)xhH =

(b) S7F3l=

Fig. 2. Cross-section and equivalent circuit of proposed SOI LIGBT.

(a)cross-section

(100

(b) equivalent circuit



106 g4 E Latch-up 54 % #+

< AHgEtE e Zae] el W xgFErl axke] 54
ol A9} & wxA| &=}

a8 3(a)S o= Zsle] 250V(EEASY AA)
o o) AgkE AR el A FEE el A
o2 FgZo| s FAHfully depletion)H%%
& ghald = qlr) kAl ulE] Wy Ak
oA Z AAP) v 9l & 5 qle Wl ol
ofrzoll 250V Aste]| 7leiAS o wlEe] AzE
7l8e A2 FHo] 9lexmg nE Hle] p+ ofr=9}
718 Alolell AeiAlEe}, 2™d, AbsiEe] njfAde-L
3,984 Ale]Fe] 11.90 vjsl Hor g & HA7} v
Y aaold vePadS o & vk =3, AF 4
ZolME Aol2 g He Zdo|Ed ofs] & FHAZ}
veptg B 5 gl

a8 3(b)E 71E R 240VEHEAY A4 H
9] AAZ vpehd Aol Algkel Fxs} A 22
AAREZE Heolw glon B3| ofilx] shigide
Jojup= Ale]@uiddlise] o AAr 2 AP
2 4 9l o)A Aale] dEAlgle] ARlE xR}
233ke Uehlis Aeg Bl o] gHEzIgte)
zhasla) 8- o 4= el

18] 4+ Al ASske] 10Vela s Hsdkadst

.
H
3
H
-
: "
~ 2
8 )
° 2z
g -
PA
%, ]
(3

2% 3. Ak Edl

EdA AelE SOI LIGBT

ZINE fh

7} 1.25Ve wo] Axpiie] AFEES el Ao
2 AEYeldsl F 7lA] T2 Ale|dg A viehiie
t} 28 4b) & 78] FERAY AR 258
oF= 7024 ozola] F91%l dliEe] Fo] p
4] A Rs® AAH Nor2 323 gith

aeiv, 33 4(2)9 AgkEl FERelie o R
Eo]| A3 Rs® A W A 2 s HF

22 e s A% 5 gtk

V. Algaold 21t 3 =9

LIGBT AAA 293 ~vxe] 3hg 93 2t
olzely] FAEFE W(lifetime control method) &
o) apgatez ! slelel Su(lifetime) ol HE o
g 712 BAle] WEE Auues AL $83 ot
a8 5 Aele Agbe] 10V of Aleje] ] W
3loj w2 7|Ee] e} Ak 7322 latch—up A
F UxE ek Aotk Al e 0.1us 1A
Sus7kA) W7 Al Bl e F R E
% latch-up AF7}F #Z4sA =e 2& 33s 7l
c}.

0|7l LIGBTANA] 7lz]e] 450 S7kshd o=

.00

£ voa 107
2.00 4.00
4.00 €.00

£ (viami t10°%

0.00
»

| Alo]E SOI LIGBT olAg] A &2,

F
(a) Ao +x
Field distribution in the trench gate SOl LIGBT.

(b) 71&) 7=

(a) proposed structure

(106)

(b) conventional structure



1995 1A BTFILBEHCE

Trenched Gate Shorted Cathode

5.0

Distance (Microns)

10.0

# 32 % AfR

150
Distance (Microns)

Distance (Microns)
10.0

5.0 0.0

~15.0

frey

19 107

20.0

(a)

5o
Distance (Microns)

25.0

(b)

38 4. SOl LIGBT <48 AFsH vl

(a) Aokt 73

(b)

7189 T3

Fig 4. Current flowlines in the SOI LIGBT.

(a) proposed structure

2

4 F]" FAFIE F0Y n- oS A
v  BlEo] Hopxlm®  AHF  AF=(transport
factor) T 7} Z7ksAl ©l1 ATl g 34
2 ) 87} AAA HrE o] e {7 A
& ReF HA slh=e] FolAl #Z®  latch-upd
) 44 oA el zzehv latch-upel deofvh

<l

(b) conventional structure

Aol A= 24 Aelrh ek & o] 0.1
o o latch-up °] el AFAE 7)1E F327)
150A/cm’, M FET} 280A4/em’ ©)5 §70] Bus

o wis 7)Ee) FErl 304/em’. A FER7L
WO0A/ w02 FRele]  gmle]  Wslel  HAIgle]
latch-up %83 712] gal] ol Mid-e s 5



108 g4 " Latch-up 84 % z+ EdA AoE SOI LIGBT

e},

104
S . TG LIGBT __ 6um
-— -:k\ 1
%\ 10pm
[a]
-E* 10°%F E
5

CON LIGBT

‘é R e 8
2
8
3

102 g

0.1 1 10
Carrier Lifctime [us]

a8 5. Aele] o] Wl whE  AgH SOl
LIGBT ¢ 71¥9 SOl LIGBTH
latch-up AFHES] 8]

Fig. 5. Latch-up current density of the
proposed and conventional stru-
cture as a function of carrier life-
time.

a# gL AEle] o] 0.1psd W F 7FAl Ak
latch-up #A1-% niwgr Zelct 2l AFr &
7¥shlrl 7led HA3H(negative resistance)dHo]

vehti= "ol latch-up o AT Helo},

10000 Y r T T T T T T
e .
H P "
1000 ¢ L TGLIGBT (Vg=30V)

=
N
100} / CON LIGBT (Vg=10V) 1

lo; E|

Latch-up Current Density {Alem?]

0.1 L . L L L ) L L
0 1 2 3 4 5 6 7 8 9

Forward Voltage [V]

a7 6. A" Eslx SO LIGBT ¢ 7159
SO LIGBT 2 latch-up 34l
(lifetime=0.1us)

Fig. 6. Latch-up curve of the proposed
and conventional structure
(lifetime=0.1ps).

FiRg) it

latch-upe] sl 7149] Rolz] )7t & £ 5
g AFE ZrisiAul AR dasiAEe] HA)E
gojo) vpehdA ), 71E F2E g Axke Aol
E Agte] 10V o o) AFUESF 4004/cm” oA
latch-upe] st AgkEl F2oAE Alo|E sk
o] 30V ®]3td o= latch-upe]| 2HAESHR] o Ale]
E kS 30VE e o 30004/em’llA latch-upe®l
AR 73S galdt 5= gle), Ao|E Aksbute] s
Helg pEshe] dubd oz AolE A 25Velike
2 FEslx gorpz AN Algkd FEelAs=
latch-upe] YA ek @43k 4 gich

a3 7 AelE o] 10Velw AFHEs
200A/cm? A e HbEF APEE el s
0.1usollA Bus7h] WA 7|=IA Al Edlel A’ ahEd
wolErh kx| R mF Aleje] el FbE
o &k Astdslirb daske Ag % 4 gled
olZe Alelel 5ue] zhael W of|HFol o] AHF
ZE4 59] el IE Folt

3.0
—— TG LIGBT (6um)

E 2st —e— TG LIGBT (10um) |
Y ’ ---o--- CON LIGBT (6,um)
a ---0--- CON LIGBT(10pm)
.°;° 201 Bt ]
3 : M .
>
-E ol e, ..--0

15k B s
5 1.
= vg=10V

I,=200 Adem?
1.0 . *

0.1 1 10

Carrier Lifetime {ps]

a3 7. Azle) Fef Wkl wE A’ SOI
LIGBT ¢ 7129 SOI LIGBTY <%
g Agrksle] wlZ(Vg=10V, 1=200
A/em®)

Fig. 7. Forward voltage drop of the
proposed and conventional stru-
cture as a function of carrier
lifetime (Vg=10V. 1=200A/cm®).

& 8 4 olrh o]zl AljkEl Frxell MOS Al
o] EdlA Alelx wle] p AdE Faf Tl
W] AbsREa} p-dl AlelF Auh n- el¥EoR 52
A oflFe] FAE GmE AASE W p-



19954 18 BFIZeHR
2] A3 o] 4umg FEhE oig A p-4
Atol7t 2um el EX| gkl o] ¥elr HF A
(current crowding)e] A #YAsE zZA =
Aoz BAMFgct nE F7o] U o oo
EAZE 10m= 3P Alekd Fxe] oueE Agshe
7)1& F2o) wupsk Aahlslel A A& 4 4 ol
o},

LIGBTelX & & &3 AJ7te] & & AjzkHct #4l
A7) gl LIGBTS A% 2avoe ' 22 A7t
o oaix A=A

8 8e slejele]

ol

22 upoirl 'l o el
= e oA dukden
LIGBTS] slgle] < zrom ulelEeix) slielo]

o] 1psdd dle 7]EY) PR '’z ejle 3.5
pseli  AkE F2o) Wex gl 3.6ps0lm 0.1
sl Wl T PE 2% 50nsEA ABE- RV} A}
o] 29 AF =l A G FA| $LE A F
Sl

[]

100 T T

o TG SOILIGBT

* Conventional SOl LIGBT __=*
1o} /

Resistive Load : M/ pm

Tumn-off Time [ps ]

0'03.01 0.1 1 10 100

Carricr Liletime [ps]

23 8. slele] e b wE Ak S01
LIGBT ¢} 7122 SOI LIGBTS & =&
= ejele} vl

Fig 8. Turn off time of the proposed and
conventional structure as a func-
tion of carrier lifetime.

V. 2B
Latch-upB4g 7Wdslr] $j3led AF AFE vle)
A7) Edlx] Ao]E SOI LIGBTE zﬂows}ai.z,
MEDICI AlE#el4-e- B3 ol& AFsct. Ak
ST

g aAle sl@e) LIGBTREe Aol=s} A)am
o) 9131 wpRa EalA Ael=g sl THsty

XEE B 32 % AR B 1 W 109

ox 7]&) Ak vlsiA 6l o] latch-up A

F59e 7HE & 5 dsdeh =3 sl o
< 2] 7R E S gl i3 latch-up &
Aol #x1g-& 8T 4 U Ak Ax}e] i-‘H
5‘0 L= 7|0 AAle} A gt ek Agrlsl

ez FAZL A HAE AY 7189 Axiet

749] A gk JEREE B S glgioh

Aok 722 SOl LIGBT+ latch-upBAdel &
AE97] wiEel 8019 off 7 AHEE 48 A
HE [Coll AFE &= glg 7o g 7|did),

31 E

re

[1] Akio Nakagawa et al, “prospects of high
voltage power ICs on thin SOI” , IEDM
Tech. Digest, 1992, pp.9.2.1-9.2.4.

[2] D.R.Disney and J.D.Plummer, “Fast sw-
itching LIGBT devices fabricated in SOI
substrate” , Proc. Int. 4th Symp. ISPSD
‘92, 1992, pp.48-51.

[3] Norio Yasuhara et al,
ickness and buried thickness
dependencies of high voltage lateral
[GBT switching characteristics”, Ex-
tended Abstract of  SSDM’93, 1993,
pp.270-272.

[4] S.Matsumoto |,

“SOI layer th-
oxide

“"Device simulation of a
thin film SOI MOSFET for
structure optimization”, Extended Ab-
stract of SSDM'93, 1993. pp.276-278.

[5] D.R.Disney and J.D.Plummer, “SOI LI-
GBT devices with a dual p-well implant

power

for improved latching characteristics”
Proc. Int. 5th Symp. ISPSD'93. 1993,
pp.254-258.

[6] Y.S.Huang et al, "Comparison of DI and
JI lateral IGBTs”, Proc. Int. 4th Symp.
[SPSD’92, 199, pp.40-43.

[7] B.J.Baliga . Modern power devices, Jo-
hn wiley and sons, 1987.

[8] B.H.Lee and M.K.Han et al "Latch-up
suppressed insulated gate bipolar tr-
ansister by the deep p+ ion implanta-
tion under the n+ source” Jpn. J. Appl.
phys. Vol.33, part 1. No.1B, January



110 49 Latch-up S4 & % e
.1994, pp.312-315
[9] Y.H.Koh and C.K.Kim "Two-dimensional

of latch-up phenomena in
latch-up free self-aligned IGBT struc-
tures” Solid State Electronics, Vol.33,
No.5, 1990, pp.497-501

[10] ANezar et al., "Latch-up prevention in

insulated gated Dbipolar

analysis

transisters”

Proc. Int. 5th Symp. ISPSD’93, 1993,
pp.236-239

[11] J.A.Appels and H.M.J.Vaes, "High Vol-
tage Thin Layer Devices(RESURF
DEVICES) ”, IEDM Tech. Digest, 1979,
pp.238-241

- x XA
= @ BHUrER)

1968 59 29 A 1991d 2
4 Agujstm Ar)getnt £
19934 29 EdiER] &M
A, 19939 3 ~ #a B
skl uRrlal. SRl

JGBT % A#Eul=A] Smart

o)

Power 1C 5%

F & w(EFR)

19679 4% 16 4. 19899 2
9 Mg Adrlgstet £91
19914 29 BdlEs] &4
b 19919 ~ Az, AMAEIA)
bz A o7 Soishe] vk
A, F3A Hof IGBT & #AE

k=] Smart Power IC.

B A ROEER) Al 3149 A” AlLE =
A7) ol Foistm AAlTE e

EQA AeE SOI LIGBT

2 1M 5t

®" 1. Aokl axbe] Fx HSE

Table 1. Structural parameters of the pro-
posed device.

Channel Length 2 um
Thickness of gate oxide 1000 A
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Depth of p-+ cathode well 1.5 im
Doping concentration of p+ cathode well 1x10°*
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