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Abstract

In this paper, the three-dimensional stress effect of thermal oxide is simulated. We developed a
three-dimensional finite element numerical simulator including three-dimensional adaptive mesh
generator that is able to refine and eliminate nearby moving boundary of oxide, and oxidation solver
with stress model. To investigate the behavior of thermal oxidation the simulations of thermal
oxidation for island and hole structures are carried out assuming silicon wafer of <100> direction,
temperature of 1,000C, oxidation time of 60min, wet ambient, initial oxide thickness of 300A, and
nitride thickness of 2,000A. The main effect of deformation at the corner area of oxide is due to
distribution of oxidant, but the deformation of oxide is affected by the stress in the oxide. In the island
structure which is the structure mostly covered with nitride and a coner is opened to oxidation,
oxidation is reduced at the coner by compressive stress. In the hole structure which is the structure
mostly opened to oxide and a coner is covered with nitride, however, oxidation is increased at the coner
by tensile stress.
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Fig. 3. Results of three-dimensional oxidation

for island -type structure without consi-
dering an effect of nitride mask.

ik WA 5 WAAle AARE A a9 3
ol EAEgTE A3l APAPE CEE 7FaeAlT)7]
sl aksbet wie] wgrl A2 AAdElRick 24
2 el Ak} 2AL 227} 1000TY w3083
WET #7903, <100>93e] AejEal 7-folck 4



42 334

71 AkgE Alibel AR e 2115700 m, APH A
879671 st AMER wixel= dlele] Zue 98
TMbyte7} A2 =97, A4RS 98 2oF 36Mbyte] |
w2}7} A

(d)

37 4. 33 48k A Ee)Ad Al digk 238 b
W oA sHakel]l gk Abste ko] Absh
Ae) RLE: (a) A3t vlaze] d3kE e
82 ok& AlEdold Ax (b) APt whaz
9] hH-E wad AlEHeld At (o) TR
of i3t wHE (d) 22 Algeﬂolﬂ
SUPREMA4¢] 4tsl A () 237 F2

F74)

1_‘

Cross-section of three-dimensional oxida—
tion simulation for oxidant distributions in
the oxide: (a) Oxidation of island-type
structure without considering an effect of
nitride mask (b) Island structure consi
dering a pressure of nitride mask (c)
Hole-type structure considering a pressure
of nitride mask (d) the result of two
dimensional simulator SUPREM4.

Fig. 4.

Asjute] FA7L FAYAA Asfete] qho] AHA
7%, AkEA L] Fate] AE ] o] H-folA] ZRAx
22 a9 4o vehd vle} 3] Ashut vpazel
A7} 2,000A8 79 AlEeleldelM= LOCOS ¥
ele] o] AlspAl whAlsla, mwRh ARSFRF ulF-ellx
AbtAle] ghabol digh B2 E Alvwgd Asia|e) 4l
o] Azt wiaze] of3L msir] o ZHawr}
o] AA o] Felxle ek 29 48)(a)s} (b)
ol ATEe] Atstet Aol diste] e A7F E<tb

2~
_‘i._r

=

ABFE AR F, Ao g1l A% 9E ww
od

gt 18lojo) 13ollA] vield wle} 7ol = sjuke)
e wAska, & Ashae] FAlb ghoba] Asiute]
o] Aksle] 15%] k= Akakel o) LO-

COse| g7}t At iR -l delz sl 4lbs

[e3

o

==

=
=L O
qeke v

w}
-1

(

AHgh Al Eelele A

3)

FHE
Adetol] wigdo] 9152 ARt o] of A A
spite) Tl 2,250 A 02 EHAEL, e Zelw
2010A01glch. e, Asbet vkazo) gHHE Al
o] §5 WA dfidell qlelA AA 2Hew
oo g, F vzl FAVE 5AE e 2 A
of &3 giol Alshale] Hefof] S Fol, ¥
4(b)ell viehd ule} zho] LOCOS Aste] Asjet via
3 FHEeA LOCOSL! He7} AslA| wisd=e], At
sute] FAlE 2250A08 F A wF Fodsigle
L} Atele] Aol 1640A08 A3}ute] $/E )
A5l Helrb #AAags FAE 4 stk ¥
4= o] 4kEhet A3 AEdeld AxrA, ot
235 2000A28 AEH|AEE o, nhaz by
2] oggko] vjeht 9SS E 5 glch AR I
KoMz ARsHAlZE ok ofdef] wls) o] A b
Hug Agxele) Zlo|x ukg 7h4EhA Hoh Aset
o] odfo] gl& welli= 7] AjFe] Zoldl| vlal]l 65%
o) ARl Aelg rExA], 2,010A2] 65%<1 1300A2]
Aqye] HAeolg 7w, Azhito] 45%, =
738 AL] Az Holg 7S Elsigdc
A TFellA Faslr] 218l 1000 CAA
WET A2 60+ Abehe AAIZeE 29 5
= ATFdMe) sEds FExIA ARERE Ak
Ae]E W =g 85, flola] Wk & 1Y
7 EAIEKATE 29 Sla)e U ool Absbat
o] Asle] Auje] Am|Eo] AlHe] ole & o]F3}
gov] vhaz ol gdoM tensile ~EHATE A
A field QoA+ compressive ~EA7} 4hAlst
ol oj7)AE= compressive AE#HAS oFo) R
7 FAskEch Ak vks- Al K= K, expl-o
mVi/kT) 22 385, w2bd] compressive B3
2 WS AlsE AaAA "ok 58] 2 Sl
2= compressive ~E# A7) oS- ARS #lEl <
Al whebr] AHeje] Ze|E E1 ZyaA 713, Ab
spte] HelE oS A =l 39 sk

_‘;3_/“
=

=

=

ol (<] [¢]
T 'C7g‘f_

AEYHAE

&3t

o

ok Awgt aAEds fze] Az, TR
LOCOS sl Atstute) %A% wAjskich el

Aol FA Wb Edhe, S8 o ARE 418
Aol galo] b dedel] wlal fhashs ol T
ol ol Eel el Sla] 3 el €] AR
T} 1000ColA WET AR 608 Fot Aksbhs A

AL o, 3800A FAZ Abre] s o)

3l



19974 28 ETI2eH

w ARERE e A= 544570, AFHA 4= 24576700)
o], AA AR dlelE] wluels 12Mbyte°ltlr. 2 d
oA AlEdleld & Ast Adsiure] FAL gke o
ol FUE Ay} AlEA] shile] F=m ojgko
viehton] Adspke] FAZE 1000 A0l 739 At
utel] o]gt AEdlAT} AR AE#H s °36J'% o
g Aol & ddke vzl #lslsich

[108 dynescm 2]
100
50
20
10
08
06
04
02
0.1
-0.1
80

Z fum]

0075
0112
0.149
0.186
0226
0250
0312
o 0336
0370

Eiola

Field

Region

(c)
38 5. AR smds
o)) 21 €] *r?ﬂw Bz

) Ao AW
flolA ek &

2EHA FE (o) *}5}“1‘3] T 75
Fig. b. Stress distribution for the island-type
structure : (a) at the interface (b) from

the top (¢} contour of the thickness of the
oxide.

Er
o

97

£348 DR F2R 43

[10 % dynefem 2

! 100
n
|

85
40

Thickness [um]
Field

. 078
Region 0

0112
0.149
0.186
0226
0250
0312
0336
0370

Z fum}

(c)
T8 6. FHEANL AEHS BE: (

) Al A
Axel ~EYA BEX (b) HOJW Rl L=
2EHA BF (o) Abstere] Tl 5o
Fig. 6. Stress  distribution for the hole-type
structure © (a) at the interface (b) from
the top (¢) contour of the thickness of the
oxide

oAl ¥ 6ol AR nie} o] FHEE Al
Alg)&e] #2 ojad. o A28k vha] ejodol|a] Aksluab
FRE, ool s zela] ol odede] ula)
B Al ko] o] Foixln) aejnE Aje
Za‘ J5 ek el wlE) o AojAn, 3 o)A
olgl|oljr] HAYsl= P  tensile ~EH AR

U
_]



44

Qe A whe Alpe oS AR ZdelA AL
U5 715k ol <ld) vhE o Helli compres-
sive 2=elar} ARA Hel 2eela fae) Aske
A, 732 LOCOS o4 Alspte] SAE 17 6(c)
ol A8t F 2AElelXE compressive E
29| ko Ajiele] Zolrh ZrastAl HH,
F-Loll A+ tensile B2} A4 AfHe]L]
7b v-s Axlek 2 Azt 27 7ol 243 ble}
SiollAle] vk kst Helloh FuolAe] 4ks Hel=
B AolE o, A7ze] A FZedire] AFe]e
ZHol7b Sl AlYe] Zelxrt =A] Zpidr)

Z1d
o]

20]

®)

1.414um
(A)

]
2,0104

(b)

CAFERAA e FueM e Aksk ] w
a (a) AR w4 el ZH(A)dlA
B e 4ks) Helo} FufeAe] Aksl
(B) (b) SHA)A £ 45 e F 21
| x2] 4k3l Hej(B)

Comparison between at the corner and at
the side for the island-type structures (a)
blird's eye view (b) cross-sectional view
of the side (A) and of the corner (B).

Fig. 7.

3241 4b8} Al gole R

FER A

V. &2 E

A=}
js

=

e A BEA due) A e
W slgel et AR F1EE AERE LO-
OS2 vl4) 371%) Y& AFel mel APS Folod
A5 5 A%, FRLEES A4 52 A)E

iL.

2
ek, & Aol olEshe 32k A A elA

o = A 9 A e A 3 A w4
WPE e A e faaYes

oAHAA 2] dMAHCRE dE TIhe AEHA &
HE e 32 AR Al BB S AUk

Algdeld Axp Azl :u R-oMe At
o] °dgo] Gl& wfolli= 7 AJ=] Aoldl wlal 65%
o} AjHe] Zolg 7iX|a, AFfdte] FAL 75 45%
Are] Aols sig Falstddrh el Akshele]
A Hv Ay vz el wlel AksbAe)
Aol e 4l wls] sl Frlshe gl
FE olfe|At AEH~ 5] 2 FFge] o AR
S ol A EFeH= compressive ASE#H 2ol
olsf Z el AkEpt Aaste ARE LT,
TFZ)AE tensile Az Qe A o] Z71
= AE Held galsisich

AE

AnE s

[11 H. Umimoto et. al., “Three -dimensional Nu-
merical Simulation of ILocal Oxidation,”
IEEE Trans. on Electron Devices,
ED-38, no. 3, pp. 505-511, March 1991.
A. Poncet, “Finite-element Simulation of
Local Oxidation of Silicon,” IEEE Trans.

Computer-Aided Design of Integrated Cir-

vol.

[2]

cuits and Systems, vol. 4, no. 1, pp. 41-53,
Jan. 1985.

S. Bozek, B. Baccus, V. Senez and Z.Z.
Wang, “Mesh Generation for 3D Process

[31]

Simulation and the Moving Boundary Pro-
blem,” H. Ryssel, P. Pichler, Simulation of
Semiconductor Devices and Processes, vol.
6, Springer-Verlag Wien New York, pp.
460-463, 1995.

K.H. Huebner, The Finite Element Method
for Engineers, 3rd ed., Wiley, 1995,

[5]1 O.C. Zienkiewicz and R.L.

Taylor, The



1974 28 EFLEAmXE

Finite Element Method, 4th ed. vol. 1,
McGraw-Hill, 1989.

[6] H. Umimoto, S. Odanaka, and I Nakao,
“Numerical Simulation of Stress—Dependent
Oxide Growth at Convex and Concave
Corners of Trench Structures,” IEEE Elec-
tron Devices Letters, vol. 10, no. 7, pp. 330~
332, July 1989.

{71 P. Sutardja, and W. G. Oldham, “Modeling

ZF 7 BE(E®A)

19689 109 594, 199243 s}
g $-8-E=sta-EEAh. 1994
olsiieta AR RFIHFEA
L Ab. 1994 ~&A) lsjopsha At
Aggeat WA, Fl ok
CukEA Aty 3, AEEed 5

T K BUIEER)

1959 29 214 1981 A&t
& Aalgskalgahah. 1983 &
T3l )ed A7) 2 AR
g Ab). 19854 vk University of
Illinois at Urbana—- Champaign %
gt gEhatah, 19891 ~1990
vJ )= State University of New York 234 1990
~1991'd AMIAAH ) 441 A7) 19914 ~& A st
et Fapel AP AFE T Yag T3]
Foke wim A 4xF H A 58

VSN ]|

(O0)

£3UE DR 20 45

of Stress Effects in Silicon Oxidation,” IEEE
Trans. on Electron Devices, vol. ED-36, no.
11, pp. 2415-2421, November 1989.

S.H. Yoon, JH. Lee, T.Y. Won, B.J. Cho,
JC. Kim, and DH. Lee, “3-ID Adaptive
Simulation of Thermal Oxidation Process,”
Proceedings of the 26th European Solid
State Device Research Conference(ESS-
DERC’96), pp. 351-354, September 1996.

F 18 RIEER)

1969 119 20443, 19959 <13}y
s 2P R EIHEEAD. 1995
A~ st ta Akl w88
AAA. FAl ke wheAl 34
28, AlEdeld §4.



