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In this paper we propose a structure to improve the breakdown voltage
and unify the electric field of a SOl LDMOSFET. The buried oxide layer
of SOI wafers is patterning designed to change the dielectric material
positions to adjust the electric field distribution in the drift areas. We use
Smart-Cut SOI technology as the base; and apply the pattern engineering
to etch the oxide layer before wafer bonding. Such that we are able to
introduce an alternating oxide and air layer into a SOl wafer, and produce
the ultra-high voltage LDMOSFET above 600V on this wafer. We used
TCAD to simulate the device. Due to the enhanced dielectric layer electric
field (ENDIF) in oxide and air junction in the buried oxide, the electric
field distribution in the silicon epi-layer is changed accordingly. By making
multiple intersections of oxide and air the electric field distribution is more
uniform and higher breakdown voltage than buried air gap structure
(BAGS) is obtained. The device length is then shortened to reduce the turn-

on resistance and still keep the identical breakdown voltage.
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1.1 =58
# % #% 48 7 ¥ (Power Integrated Circuit » PIC) i1 # 5 = i+ 2
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% - ® SOl Power MOSFET = ék};sg:}
2.1 SOI @ fz3pr= ;ﬁx&;}egﬁ

2.1.1 ¥ 334 » p L I§42 (Separation by Implanted Oxygen >
SIMOX)

1 g e - 1R £ g 5 (3.0%1017~4.5%107 ions/cm™?)
ARG P 2 (WU F B TN R AEFER
BRI AL 2 g o k(s £ 0T B 4847 B (Chemical-

Mechanical Polishing » CMP)#-% & = ¥ % & 2 ‘ff o [7][8]

WAeH FE. 1o

Oxygen ion implantation ¢

Cleaning

Annealing and internal
thermal oxidation

Cleaning to remove surface
oxide film

Bl.1 % 35+~ 7 S gz [2]



2.1.2 & 5}’:3 BMFHE P % IE4E (Separation by Plasma
Implantation of Oxygen > SPIMOX)

WAEHFI 25 P RREYPZAAF o XL B AR
* 7 Jwﬁ}ﬁ—f i 12 (Pasma Immersion lon Implantation > PHI)E~ £ - A& eh
Bt i o BB AP GRIERT LR GREPT T § 2P

S C B F G eSOl M e 4ol 2 - [9][10]
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®l. 2SIMOX £ SPIMOX & [f] = < 22 17 45 p5 ¥ vt 4% [3]

2.1.3 4 £ yr 4 %) ;2 BESOI (Bonding and Etch-Back)

BAERS FH KT E - B F & F] Seed Wafer g1 4 £
4 %) % b K (EtchStop Layen) s et 2 £ - § it p k- #-d g -
¢s [f] Handle Wafer 4£ & (Bonding) > 5 d 3£ # |+ 4 %] ¥+ Seed Wafer &
g ] o BT R K sk CMP BT TR 2 &K AR 5
i [11][12][13]
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50! wafer

.3 BESOI # 4%

2.1.4 %% % %42 (Epitaxial Layer Transfer » ELTRAN)

* Seed Wafer + I * & ¥ i* F J& (Anodizer) £ # ) % 3t @
(Porous Si) & 2= » ** & - b 4] * L & & 4p w4 (Chemical Vapor
Deposition » CVD)?) % #2 B o & » L350 f kT > £ Mo F L F7 > 2
fser HandleWafer 4 & o 5] 2 53 e 838 B iRss » v 8 &% ¢F 4
B B B Fld S I F s 0 m RET Seed Wafer 2 SO g 4
¢ # 4 3| Handle Wafer ] b o s5d &% {2 4% 3 Gi SOl St e 3
it R RSOl R FlieF8 L m i’»xJﬂ,%ﬁvSeedWafer Pl¥ £ 47 *
" A2 A o [14][15]
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Start —Seed Wafer l» Handle

wafer
l, Bonding

porous Si

gz s Splitting Porous Si
Reclaim
1 q & Reuse
Sio, 1 Porous Si
l l’ SOI

H, annealing =£Bp-?a);dle

wafer
B4 & d k&8 adaE

2.1.5 #*7i% (Smart-Cut)

HE A PP & % Seed Wafer + £ 5= § @ & o 2 (5]

|

I FHE-BIER i BT 4~ o 4E (5 ¥ Handle Wafer 4 & 15 :& ¢
(oI AR o BERZ T R E P TAH > TF R Seed
Wafer #] K,ért ) ",ﬁ% 8 F] ¥ 30 T = o0 Smart-Cut #l /7 %% % * » @
SOI 1 ¢ 445 T| Handle Wafer & » 5% CMP.# % & & # B 3 43 %
ERTY o @ it G AT ABE ] i F o 7 L% bR

[t

hesy

B EP R ARTE R DR & A RGBT
stk % SOl % Flz eh&- & o [16][17][18]
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2.2 SOl Power MOSFET < gr4734

2.2.1 #7833 3 (Linearly Graded Doping)
F1 k¥ B oo <o) g ® TR B 525 LDMOSFET » &

i & B4 % Source 33 1 Drain zh#3 sk Robrk » 3353 4% TH
P e g A g A MR R - [18][19]

ST 15 3 W4 .6~ .7 -

Phosphorus implantation

— e
o
Z —

). 6 A1 05 33 0 i

cm2
Drift region doping
Gate pm
S D
 p* _\__n* ) field oxide e
p well n drift

Buried Oxide

D

n* substrate

Bl. 7 &b 4% xe SOl LDMOSFET



2.2.2 *# %4 % % % RESURF SOl LDMOSFET

RESURF HirF] 2 Wz if 2 H » DR % 33 5 @ T v
= = » F]y 2 4 £_Double RESURF & Triple RESURF 75'3#)#;’* K iE &
BRF L] AR RFR RO T R RES FOERT A
FE ot M T - [20][21]

Triple RESURF SOl LDMOSFET 5 24 #].8

Source Gate I Drain

N | f NN

Si substrate

e

f8. 8 Triple RESURF SOI LDMOSFET

2.2.3 = & % & # Triple Layer Top Silicon SOl LDMOSFET

(TLTS SOI LDMOSEET)
F1# SIMOX % 47 £ =%l ¢ 21 Triple Layer Top Silicon » ** & = i

B A T NT K T %S BOXE ehT 30 £ # A 6 W HA L 4
3 0 AR T D BEPTOEREBIRER T L KA
% RESURF:32 3¢ » i 3% MW T e ek o [22]
Triple Layer Top Silicon SOl LDMOSFET & # 4 #].9 -
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p-substrate

f8]. 9 Triple Layer Top Silicon SOl LDMOSFET

2.2.4 i §&i& ) Shielding Trench SOl LDMOSFET (ST SOI

LDMOSFET)
% 1§73 FEBOXA + = «Shielding Trench g 0% & - it i@ 9

Fating o FEREF AR GVRITHE > AT AL EL AL R o
PR # R Rk o [23][24]

Shielding Trench SOI LDMOSFET.&éf#Fﬁ]&r%}.lO o

_rf, . lﬁ. | !

L/J A
| A 4

oppomnmn@pEaanRe |-
e oy

——

| 1

n : !

f8]. 10 Shielding Trench SOl LDMOSFET
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2.2.5 Fg¥54k § 1422 & Buried Oxide Step Structure SOI
LDMOSFET (BOSS SOl LDMOSFET)
H-BOX K 87 347 2. B 4L 17 21 pf 58 eh2 48 > Drains ™ = BOXK

gSources ™ * & o Jhd X RPN E A F RS KT R e
o0 A G OKT TH {35 o 4o~ AR S FFARG T B4 3 Sourcesy
T TPl o Bt RS SR TR ¢ [25][26]

Buried Oxide Step Structure SOl LDMOSFET %545 ] 4~ #].11 -

S #>

n|p n-arift n
AR RARNY
\lhu;.h '.\x\d: \\

substat

. 11 BOSS SOl LDMOSFET

2.2.6 = F# ¥ i 32 % Buried Oxide Double Step Structure SOI
LDMOSFET (BODS SOI LDMOSFET)
HBOXE & B d & ~ AE2Z B ERF 3154 > Drainsy ™ = &

g B P > ¥ 0 fEDraingg T 2 LB T H 0 v Ae - Jé;’i:sﬁ»&i Stk
BOSS 4 » A & T H i 4 L4 ifd > Ap b cnBFRREAT
THRE oA PBRER > E I RNER T gtk o [27][28]
BODS SOI LDMOSFET 'z # Bl 4 ®].12 -
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Zute drain
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: | Cheide | fox
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* Ldl* *Lar—
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% substrate

f&. 12 BODS SOl LDMOS

2.2.7 ¥35&# % 5 B Varied Lateral Thickness SOl LDMOSFET
(VLT SOl LDMOSFET)

FI# & & & o Drainzy 3 Sourcess d B ibriE chig4f - f2Drainsh
T%&%%ﬁiﬁé%’%&*%ﬁﬁiﬁﬁﬁﬁéﬁ?%ﬁﬁ’
Em AL EFTR A REDOELR LFL ORI 0 Fph
- 467501 LDMOSHp +* "% i3 12 chay 4 { 4o b ¥ - [29]

Varied Lateral Thickness SOI LDMOSFETSﬁ%%}%%}.B o

Drain

N drift region

77 Puned wide wyer7ZZZzZZZ7 A

N Sub

®l. 13 VLT SOl LDMOSFET
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2.2.8 # 32 % Buried Air Gap Structure SOI LDMOSFET (BAGS
SOI LDMOSFET)

SOl ¥t - 3 P pimay » EEBOXE €2~ - B

—\

- £ VAN A = vz 4 £ 2 244 N 2 ; - = 2, P A
- 3 L,F]_E;/, A#%‘Eﬂ‘é—f#’ L:‘:_F @]ﬁ,fimll‘%—l—]/-f R IL‘/E]—‘;’:’_?

{Lﬁg&g'ﬂﬁ i 7 2 ko gitBoxéﬁ—,ﬁ?ﬁ»aaaﬁi%%“i/%@_.i‘

BETH EHSE L RART ] BRAR T AR R

éghn
+
s
&3

. T
Hoom l;"'i?BOSS‘f‘:‘F—':’}]%JfE e Drainz ™ = BOXE #1#d 2 % P~ R & o
- itpEE o FlehF g ot RE 2 F % A 2 o [30][31]

Buried Air Gap Structure SOI LDMOSFET.?:%#]&%]%@M o

Source Gate Drain
g N (Np)
Buried S102

e
N Substrate L

fRl. 14 BAGS SOl LDMOSFET

@ {BAGSH il A4 41— % TH - #¥ &= LDMOSFET # i
TR G U TP AHTRD N F PR b BIHRR
Hhaz F PRz kR B RIHTESS GO ER
LN S T S
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2§ SOlR M F it RIBE
3.1 #i 4l

ik

-l

ﬁ‘-_é

hrt FAMTRY B AR & L M R

* oM A RO T E S R LA T

H n

F_L

S

oo BT T LKE B e B AR Y g P S A

w

o1 iThge BBOENT > A2 ] B DTN S IFET I
(Leakage Current) - i i B # %73 4v SR T o AR e € B FH
v FRRALE - LF L R et R ER : #HER
/& (Breakdown Voltage) - &3 2 T LBt T & ~ F AT A2 1
107 (Amps/um) ¥ 5 ~ & M Fo - g & #Faniing T A S
% # 7% (Zener Breakdown) ~ £ =8 2 j&(Avalanche Breakdown) ~ % % #
7# (Punch-Through Breakdown) ~ # it k& 2 7 (Oxide Breakdown) % #& 47

2 7#-(Snapback Breakdown).

3.1.1 #£% % (Zener Breakdown)
FERBEE R FS AL BTN P A e R IRk
T pAEnA L MR A LB B o @ EpL EWGA

(Valence Bands)eng + ¥ g b hF i3 £ B Flidnd| L SR T

=

# (Conduction Bands) » 25 s A T iiid = ~ 2 # > — 4w i S AR
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HEOTRR RV o § R B A A KT R
i el = 1RAg o [32]

Fip Wi hoF.15 -

p region nregion

Bl. 15 #24 #

3.1.2 2 &# #F (Avalanche Breakdown)

ZHMFRL A e REBREICT SpndEa? o e HEH

g
=3

P 8

F AaFITT L R N HP BRI B2 AR

&+ B

-~

=N
X
s
I

TED

She
=H
4y

T ATPTT T A A
RS RY S8 10T R e e
BB FRIE A F R R S R RGPl g
A4 T M H . [33]
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3.1.4 § i* § #jk (Oxide Breakdown)
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3.1.5 #&3i7 & (Snapback Breakdown)
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Cox = gox/tox (3 9)
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