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Numerical Analysis of a SOl LDMOS with a Recessed Source
for Low ON Resistance

$aR & mE B R
(Hoie-Yoon Yang - Sung-Lyong Kim * Yearn-lk Choi)

Abstract — An SOI(Silicon-On-Insulator) LD(Lateral Double-diffused)MOS with a recessed source structure is proposed
to improve the on-resistance and the breakdown voltage. The recessed source structure can decrease the on-resistance
by reducing the path of electron current, also increase the breakdown voltage by extending the effective length of gate
field plate. Simulation results by TSUPREM4 and MEDICI have shown that the on-resistance of the LDMOS with a
recessed source was 26 % lower than conventional LDMOS. The breakdown voltage of proposed device was found to be
45 V while that of conventional device was 365 V. At the same breakdown voltage of 365 V, the on-resistance of the
LDMOS with a recessed source was 41 % lower than that of conventional structure.

Key Words : SOI, LDMOS, breakdown voltage, on-resistance, numerical analysis

LA B

LD(Lateral Double-diffused) MOSFETY ¥& 3% ¢
duag 9 oA 2Elm wWE AN EXHL = O
AU MOS ACE F#HY AFLRo|T E
(Silicon-On-Insulator) 7] Atell ol& Az A 5%
A 54, W F&x, agla F-RY gy R F
< F AoH1]12]

o}

T (=3 N =
A& Y 420 SOI LDMOSE AARSFR 5a%
| &zte] A

A8 3te ZHojth
g FAHAY on AFE 238 Frhsta,
ol on A¥L AW oy FHAYGLE dolA:
trade-off #¥A7F slch WA Fojz gEAelA on A
gg& Hoh FaAH £ YRR 4
shch{3].

aY 12 B m=EoA AlEeolMel AFEF AEY W
H5E etz Sk 28 la)e 7]1&9 SOl LDMOSe]
2 Y Ub)e Aorel recessed source T+& SOI LDMOS
olct 7]&€¢] LDMOStE =X E oMo H{F 4
(current spreading)e]l 31 Lt@gl 2o g 3o Eojrte
AR A3 2 &7 Holz on Aol Frtsle @Fol

TIE @ H o (F) ololEgn IP AYY A%
CIE & B MK KB MR
TIE @ B WA LK ETILEN BIE - Th
B HE 1998 118 308
B#sET 1 1999% 8H 2H

ON x{ &o] %2 Recessed Source 7= SOl LDMOS2| x|8 4

Aok ol @ HE meldty 7|9 Fxo wE AF G4

< 3A stz x=2%

Aol Abghetel fE 3
web garsl gashs

TEE ARANL ARE

ol

o]

=
=2
AAE A

Source Gate
] @
xdl R /p
_l___p/ ’ ldr

n-drift region

!

Si02

Gate
Source t
e

=7

e

p substrate

(a)

Drain

n- drift region

Si02

p substrate

(b)

3 1 SOl LDMOSe| ttH =
(@) 71&E2l #+= (b) Meotst 7=
Fig. 1 Cross-sectional view of SOl LDMOS
(a) Conventional (b) Proposed

605



WFRE RS 48CH 9¥ 19995 98

Aty F%+= RIE(Reactive-Ion-Etching)S £3) =39

By EJXNE HAdstn 97]d v-groove A F oz Az
& recessAlA 2229 AojESY YAE VE9 HASE
o}y & Aok

& 7z ArE LDMOSo ¥ on A a3 2 A<
E A& TSUPEMA4[4]8} MEDICI[5]E A+&3te v HES}
o 1 E84e #Esdn

2. Agdold 2 X

Recessed source TZ& &7 $8l TSUPREM4=
4 ANgdolde vA At 29 1(b))M RIEE 3
4@ trench drain?] Zeols = ZE 499 FA 223
o] v-groove A H 28 HAP recess Yol S ITE
d9 FAS ZUA 15 melch. 282 wWE A3 (buried
oxide layer)d] EHH =& HY, p’ FFo F=F 3N
},

E 12 71&9 LDMOSSH A¢kst 729 A& ejiiel
AL g8 ¥MEEY g JEhith olE AXte Wid on
Ags 244 5L MEDICIE Agsle) ZAMgoh

off ok

x 1 AlB2lolHoll ALESH B
Table 1 Simufation parameters

i o
N ZgZE 99 A, Dar 3 gm
e e 20|, Lar 3.25 m
i B3d ¥& 3%x10" en®
P body -
Aol Xy 1 um
o Ed 5% 1x10° en™®
7{3'@}‘%_]0], Xn,i 15 um
) 2d BE 1x10% em”
N =94, &2 -
HARZel, X 0.25 ym
of & Abstete] T, Thex 2 um
fd el Zol, La 0.95 m
71#e 5%, N 4x10® en”

210N A8 54

Iy 19 A9 tiF ON xifsc} EHE AeoEY 10V
A UANEtn 29 AHAGE F/AAAEA 2 E4E &
Arstsgcl, 1¥ 29 AEE Mi & AlE HA(Ves) 10
V, =&l A (Vps) 0.1 V 4 we =3d BFE 7y
L& on AL YEIE ReR oy SHEIZE FH9 FE
= 1x10% n® ~ 15x10% e o WYz AN 2
¥ 29 Az} ol 71E9 LDMOS #l& AgE +x9
on A¥e] 21 % ~ 26 %7t FAEU.

a3 3& AelEe] 10 VE =#ddl 01 Vo HgE
718E uf 7Ee TR AU FRA S %
Ho &k THolA Hiulg o) 7|E9 FEE= L—E«
dZe J4 WA dis] dFEE 2EXF FAxn

.L

fo

]
r.9 I e 2

lﬂ

605

Zoz 3o Eolske ARY A2st Y4 Atk ol
gha) Ak Fxe =ddel WES AT 1A Jeist
gomg AFY FE7F ANDL S Fox Ho Soir
£ A9 A2st Ad A48 on AFe) PrsE X
35 7ha gt
20
E- 18 4 —o— Conventional
£ 1 —w— Proposed
Eli 16
@
2 144 o
E \
:_: 124 \ o
o
C -
Oé 10_ \\.
3] 1 1 ] 1 L L
0.8 1.0 1.1 1.2 1.3 1.4 1.5 16

Concentration of drift region, N, [x10"* cm™]

2% 2 =2ZE ¥ sTolf st on Mg
Fig. 2 On-resistance as a function of the concentration of
drift region

{Microns)
L

Distancs

L i L -
086 1,00 Z.90 3.00 4.00 5.0 £€.00 T.00
Distance (Microns)

—
o
~=

Distance (Microns)
an s ne o

o
| M

i " L
0.0\‘: i.00 2. CO 3. OJ 4.07 5.8C £.C0
Listance (Microns)

O 3Ves =10V, Vos =01V HE I MNF
(@ 71=9 F= (b) M otst 7=

Fig. 3 Current-flow fine when Vgs is 10 V and Vps is 0.1 V
{a) Conventional (b) Proposed

°f 58X

2% 49 5% recessed source TFE 9ol %= on AE #
3l 822 E#MA Hol, ta & recess Ho, t. & HIAA
7t AEHelAT AnE Jebdd Edx Zold W
W3 E Bols a9 4oA 7€ FRET O Zol7t e
AFE on Aol #ide AL ¢ 5 oy O wHIdHFE
A5 RE on el A=A FxryF dHE 025 meZ
ERANE FAT ATHEYH 10 % ol z4Astg. A



gd¢ 5748 47 ddME 2 m oldoT Edx YolE
gdotghtt. 1Y 59 recessed source Zeolo] e on AT}
WatolM 2 Hol7l HolA4E Faste AP Holew)
AL =YZE A A AR e ARz AYHoz
EdA Holg F/INAL 49 Zol HAFY 522 YA
FEAA on AL 24 5 AU

-2

55l N\

150 [ \

145 .

140 \.

135 \

130

125 . s - - - .
00 05 10 15 20 25 30

Trench depth. t, [pm}

N, =1x10" cm

On-resistance {Q-mm]

JY 4 Mkt RxolM E@X ol ty off thHE on MY
Fig. 4 On-resistance as a function of the trench depth,
ts of proposed structure

15.0
E 1a5f N,=1x10"cm?
IS . '
S 10} T
[
c
S 135
ko
[} L -
o 130 —_—
& 125}

120 n i L L

0.0 05 10 15 20 25
Recessed depth, t_[um]
33 5 Motst =0l M recess ZOl, te Ol CHEH on X &

Fig. 5 On-resistance as a function of the recessed depth,
te Of proposed structure

2% 62 =YZE 999 T, ty F Aol Ly of G
ON Az guage] Wstg =48 zolth 19 6
SBTE 44 S @ on A% WE RS s=
£ 9o AYS4E on Aol FolEL ANE F HolF
1 itk elshe Wz 1Y 6(b)e) EYTE G o]
of e on Agel W 28E AAT ok A ©A

of vl AR Azst o "ol o

A3 recessed source TZA on &G Bt} Zoly)
AWM= ERA ol A =XE 94 Sx= 27
A, 28ln el A €5F 843 4L 4 dLe
g0 F Uk

ON X gtol =2 Recessed Source 73X SOl LDMOSS| %= x84

Trans. KIEE. Vol. 48C, No. 9, SEP. 1999

~—9%=- Conwventional
—s— Proposed

221 Ng= 1x10®em™

On-resistance [Q-mm}
=

20 25 30 35 40 45
Thickness of dritt region depth, t, [um]

(a)

50

— Ng= 1x10%em™ e
> 45|
% —o— Conventional
s or —8—— Proposed
>
£
8 3t /
k=]
X
8
= 30 |
m
25 " N N N
0.5 10 15 20 25 30

Dritt region length [um]
(b)

% 6 S2ZE ¥He| Tl Hojol ch# on X5t
(@) SEIZE HAo T, ty
(b) E2|ZE A2l 2o, Ly
Fig. 6 On-resistance as a function of thickness and length
of drift region
(a) drift region thickness, tar
(b} drift region length, Lar

22 stENot £EM

29 19 &£AE diE] AcEY A28 HA A7n
sl ¥+ WUE Astste] FRAG BN A4
ATt 2¥ 7& =YUZE 999 FE7 1x10° o 4 o
o FEHG EA4L HAFE AAY FHF E4 2o}
71€9] A4 FgEAYo]l 365 VoA recessed source T
£ 23 % ¥A4E 45 VH

3% 82 =2ZE 999 FE7} 1.3x10° e ¥ o)
2D AAE Uehdt} AolE atzlute] Bux BERE
AY A7 HAE YEld Rez A BEL HaIe
X8 AAE BE AE A3 REL HAST Y A
HES A4HEA 7] LDMOS2 AA HEX7)} 565%
10° V/emol I recessed source FEE 5x10° V/emZ o}
A 12Ex B REoMHE 7&9 FZ5} Alo]E Absiu
S AoR 373 72Aste A4y EUYS Hol: wy

| AGE T2 HARA AoE Astwte we st 7t
A2F 2ol SUth o] LDMOSHA AolE HZe)l W
Ze o] E(field plate) &g st AF BHst £ 7z}

607



WEREHIE 48CE R 1999%F 98

AolE AZe] A Holy 275 m= ZA 2 recessed
source®] ALolE AolE Aol AAAA FAdHA AA
2= )=o) FzET 7 35 mAE "ok ok TE &<l
o= 7z LDMOSHTH MY Fxe RG] P
g £ Ao

™
ca

2.0
%_ —o— Conventional
< 15 —w— Proposed
-]
o
-
= 1o}
c
b
—
=]
o 05}
c
S }
o) &
0.0 emm ol o B on gL ol 1 . a
0 10 20 30 40 50

Drain voltage [V]

8 7 SOl LOMOS®! &H=aer 4 (Ndr = 1x10° em?)
Fig. 7 Breakdown voltage characteristics of SCI LDMOS
when Ng is 1% 10'€ en™

22 8 SOI LDMOSS! 2D HH (N = 1x10° o)
@ 71z F= (b) ME F=

Fig. 8 2D electric field of SOI LDMOS
when Ng is 1x10'¢ em™
{a) Conventional (b) Proposed

608

Edx zZold wg FBA¢e] W3E UetiE 19 9
Ane Ae Wiz itk ol& trench drainel on A%
zol7lolE SESAT FRAGAE AY dFE TIA
g AL & & Utk = EAH] Polgk FHIA Al
Absier BREG AArE AFH FHo) Yoy HE
ojth, 27 109 recess Zoldl t¥ FEA} W3E 2 A
o7t QojAA4E AolE Abzterel Helrt Frlste AR
s Z7tete F4A4E BHO

o m X de L

=

485
— _ 1 -
> 0L e—s= N, =1x10"cm
[
o
S 4551
[}
>
z 450
2z ot - . - .
'8 -/
®
® 445
m
440 L L L L

0.0 05 1.0 15 20 25 30
Trench depth, t, [zm]

a2 9 Motst RxojAM EMMxl Hol, t o st sy
Fig. 9 Breakdown voltage as a function of the trench depth,
ts of proposed structure

48
]

— _ 12 -
Z 46 L N4,‘1X1D cm /
s3]
o
©
=2 44}
o
>
c
2z 42T o
o
°
©
@ 40 ¢
m "

38

04 06 08 1.0 12 14 16 18 20 22
Recessed depth, t_[um]

2 10 M oksh F=olM recess 20l te O CiEh =M i
Fig. 10 Breakdown voltage as a function of the recessed
depth, t of proposed structure

cTE 999 Holod W& FEA
g 11 AHE Zelrt AoAFE FEA
B 2 gl=d olE AcE 4z %
19] Zol7t AolgdozM ol Re HIYE
Ao e Adgte A9 $ A7) PEolt 29 128 FE
Aol ta on A WsE Vehdch 71EY 7=

Aorx 7z on Mo R Be AL & F A
2o on AL e ASYd Agd FEI Y ¥
AgGe AL % Utk WM recessed sourceF zt

do

e

144

o

2

ofy b
il

=

o

N (':Q

tlo W

N

o

o BRI
frode 2 8

b



LDMOS7t 71&¢] 72 uls) on H3& Wiy FRHY

% 59 % d& F2YL ¢ 5 A
50
— - 1% -2 .
> sl N,=1x10"cm e """
@
o —s—Propsed
S 40}
© —~o0— Conventional
>
c 0 °
z 35 |
-8 -
]
o] 30¢ o
—
m
25 L ) N .
05 1.0 15 2.0 25 30

Drift region length [xm]

3 11 E2l=ZE ¥y Zolof s =Mt
Fig. 11 Breakdown voitage as a function of the length of
drift region

—o—Conventional

—w— Proposed

On-resistance [Q-mm]
=
o
]

28 30 32 33 36 38 40 42 44 46
Breakdown voltage [V]

O3 12 g8l gt on XE
Fig. 12 On-resistance versus breakdown voltage

3.

k>

el A=3Y

B =AM ALE recessed source TR FQ T
FEE 29 120 Yep¥led o3 g

SOI 71% $el 3um F79 EeZE 9d8 Yysin o
AdHog 294 BEL v-groove N AL £33 recess A7)
% p+-bodyE ¥4 ©]2F%(jon implantation) .2 & A&t
o AelE Atstehe 250 A 7123 Z8)4 e (polysilicon)
¢ CVDE Z#%t. 281 AolEsg we £ ¥ o] E(field
plate) #&& A Uela] BEL A7E 5 AolEE n)
238 3t o] F 3 g B3 dA%zrez
p-body$ n+ A% A% 1 tpgoF RIEL £
trench& %3 Z4EE F ol 8 n+ =US 3
4. nixjgtez & =g, AoE, 28

c‘)l.

2 ¥ YA A

fot

°
&
4o
Jo

ON * gto] X2 Recessed Source T SOI LDMOSS| x| sf &

Trans. KIEE. Vol. 48C, No. 9, SEP. 1999

:w
(a) n~ oriftregion

Si02
p Subsrae

‘\0 2te oxide

(d) #- diit rogion
8i0:

i—/‘\_‘ poly~ silicon gaee Ll
y Gate oxide p Subatrate

(‘b) - dnft region Drais
o Gate
Source

B Substrate “eate oxite

[ Ed [ X3
e
(e) 3 o~ diitt region
“Gate oxke $i03

p Subatrate

n= drift region
Si0
P Substrate

(c)

O3 13 Motst xe MR A
(@) V-groove ol & p+ olF¢]
(b) AHlolE d5tel & F2|AMEZI2 HOlE HA
(0 p-body, n+ 222 A
(d) CVD &t&tt 5%t RIE B3
(&) n+ Eligl HM B53Y
Fig. 13 A process sequence of proposed structure
a) V-groove etching and p+ ion-implantation

ion-implantation of p-body and n+ source

(
(
(c
{d) CVD oxide deposition and RIE
{

4.2 2
HEA Azbe] F23F AHA ¥4 on A ENF GE
H 54S FHAZ recessed source TFERE ZHE 2L
SOI LDMOSE AlItatale}. At 722 7|29 fFx2ur
AFe £27F o AAD AF A2} 2450 on A#o)
FaE & A £ Ao AAIEL wa aud
WA FEE 2on AoE HFe] YA Rz PrA

Shol FHEE FAE £ Ut

Algdeld 243 Agd F2E /129 HLEY on A
dol H1 26 % Farddn FEALL 23 % FAY =4
& Hov] 365V o 2 EAGME on E4o] 42
% g =

Urtel 2
¥ ATE BAr)ERsd HARARY A o
do] PRUEAATZYIROE FYHYon o
FURE BIE ATEIIAA AQol oshe] A7
g =29

609



WEPFINEE 48CH Ot 1999%F 9A

¥ 1 2 #

[1] U. Apel, et al, “A 100 V lateral LDMOS transistor

pp. 276-278, 1993.
(3] D. G. Lin, et al, “A novel LDMOS structure with a
step gate oxide,” JEDM Tech Dig., pp. 963-966,

with a 0.3um channel in a 1m Silicon Film on
Insulator on Silicon,” IEEE Trans.. on Electron
Devices, vol. 38, pp. 1655-1659, 1991.

[2] S. Matsumoto, et al., "Device simulation of a

thin~film SOI power LDMOSFET for structure
optimization,” SSDM Extended Abstracts,

1995.

[4] SUPREM4 "Two-dimensional process simulation
program,” TMA User’s Manual, 1996.

[5] MEDICI “Two-dimensional device simulation
program,” TMA User’s Manual, 19%.

610

o s 7 (R ER

19693 19 289 Ab. 1997 ofFdf A=A
2 9. 19999 T WEgd AAFE
d ZQ(AAL). 19993~ A () otelH
Ad] IP ¥ A4

Tel : (02) 521-6841

E-mail : itmbl@thrunet.com

4 MdE (& &K #)

1973 69 584, 1996 o5 T A
Fooh £ 1998d 5 U AT
ZH(MAD, 1998 ~AA) o}Fd] detd
e

Tel : (0331) 219-2485, Fax : (0331) 212-9531
E-mail : slkkim@madang.ajou.ac.kr

oo

o ¥

2 A (2 R B)

19539 119 2394, 19763 A&d Fof
Azlge Q. 19819 = s
2 (2w, 19823 UC Berkeley #7] ¥
A2 287 Research Associate. @74 ©f

Fo T AATIF 2

Tel : (0331) 219-2363, Fax : (0331) 212-9531
E-mail : yearnik@madang.ajou.ac.kr



