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Distribution of Ions and Molecules Density in No/NHs/SiHs Inductively Coupled Plasma
with Pressure and Gas Mixture Ratio)
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(Kwon-Sang Seo : Dong-Hyun Kim - Ho-Jun Lee)

Abstract - A fluid model of 2D axis-symmetry based on inductively coupled plasma (ICP) reactor using N»/NHs/SiH, gas
mixture has been developed for hydrogenated silicon nitride (SiNy:H) deposition. The model was comprised of 62 species
(electron, neutral, ions, and excitation species), 218 chemical reactions, and 45 surface reactions. The pressure (10~40 mTorr)
and gas mixture ratio (Ny 80~96 %, NH; 2~10 %, SiH, 2~10 %) were considered simulation variables and the input power fixed
at 1000 W. Different distributions of electron, ions, and molecules density were observed with pressure. Although ionization
rate of SiH," is higher than SiHs" by electron direct reaction with SiHs, the number density of SiHs" is higher than SiH," in
over 30 mTorr. Also, number density of NH* and NH;" dramatically increased by pressure increase because these species are
dominantly generated by gas phase reactions. The change of gas mixture ratio not affected electron density and temperature.
With NHs; and SiHy gases ratio increased, SiHy and NH, (except NH' and NH,") ions and molecules are linearly increased.
Number density of amino-silane molecules (SiH,(NHy),) were detected higher in conditions of high SiHy and NHy molecules
density.
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O]QE(Organic Light Emitting Diode, OLED) 4A}9] f&d} %)t & 2=(10~40 mTorpoll HEIE FH Zekxnt 54 ¥
(Encapsulation) &A1} SHER] 4K QEZEE sEY 4z 312 QolHQTh  Ampere’'s law, 9<% BPEAl Poisson's
Z] 0|2 ZFARE W= HgUo| ARSECHS5, 6]. OlQolE AEE equation 52 AWIEEACE AKZ5}al, Navier-Stokes equation
AFs}Selective oxidation)@F AA] AlZHjA]O] BIAIZE, DRAM g ARgSIo] HH W9 7t sEE nsiith

t  Corresponding Author : Dept. of Electrical and Computer
Engineering, Pusan National University, Korea. 2. AIEH o)A =A 9 XaurEA]
E-mail: hedo@pusan.ac.kr
#* Dept. of Electrical and Computer Engineering, Pusan National

University, Korea. I8 12 B AEF oM AR AN MEFret 8% o
Received : December 12, 2016; Accepted : January 2, 2017 Al(Mesh)E LFERACE 9FEZ 270 mm, =0] 360 mmE 2= #H

370 Copyright © The Korean Institute of Electrical Engineers
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by—nc/3.0/)which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



Central axis

2-turn RF
coils

Dielectric window ‘rﬂﬁﬁ{%

i R AKINA
(thickness 25 mm)KEEZOOOK)

Gas
inlet

TS

X7
%

2

Ly

INININ
AVAVA?A
KRS

L
AVAY
v
S
7
i
o

ININY
WAV

A

N
i
)
s
7
05
A YAYAY,

A
1]

360 mm

Tk

AAAT

rats
SRR
ATA Vs

Wafer chuck

153
e Gas

outlet

270 mm E

J% 1 Np/NH3/SiH, ICP Algeold FH ZHeteet ddE
HA]

Fig. 1 Modeling geometry and meshes used in No/NHs/SiH,
ICP simulation

g 7MgsiRon, 7Rt SMES VIEeR 23 s £
OF Algzlold St A At R {FEA AL
FAE 26 mmZ ol AR SFE 7PEsto] Ay shgto]
ZA 153 mm, =0] 168 mmE Z= Wafer chuckS QIRIAIZALE
AYEEQ FEfO] 2 turn coilE& AMESl= ICP 420, 42 A
H ZQO=ZHE 160 mm, 240 mm EOIZ 3ol QRAIZCEL &
B 710 Aol FEA =S HIZ ofgfollAl 100 scemOE
JEsto] FYu, HH e gEe ™85 |RASH £HCE
AW SR 7iA7 HiEREE AAXAE FAUCE oY 119
= 1000 W& 118514, FsFukee RF Fakeel 1356
MHzE AMESIALE. HAlE QHEILISH Et=nt 414 (Sheath) ¥
£ ZUSHAl Sl Q4AElement)= 9 12,0007H0]41, AFRE
(Degree of freedom)Q] == <F 120,0000]C}.

7t SEES 118$ ICP AIEHoIHE flol AFEE A &F
FE AR o5t A Asrg Tt Ampere's law, ZEt=
o] AAHES oAl BHE WEA], 54 YAkt oj20] T
o HE WE4] Zebxnt JRIE A4ksleE Poisson’s equation,
S5} 7}A0] SE0l thst Navier-Stokes equation S0] AMEE
QAUHO). Fuke AY(frequency domain)OlAl QHELI] 2%
A& J+ Nonmagnetized, Nonpolarized Z&tZ=HIOIA That
Zo] FOJErt.

© A

juy
=

Ir

Al
Al

(ja)a—u)anar)Z-‘rVX(ualu;lvxgﬁ =J 1)

N
R
S

rr

Z} Fake(Angular frequency), o= A7) AEL,
e ZEA (Magnetic vector potential)O|T}. AlHS}
He dHoA fE JAE 2HAIZIA, FXRE 7HSAIA

M~ 2

o
Pal
N

Trans. KIEE. Vol. 66, No. 2, FEB, 2017

SE ARE BUAA FY @Ao| o|RojZIL) ol SE F7
F= AP e ZHMo] o8] Fiks dojolal thet 2ol ¥

E=- ij ()

= F=(Total electric current) J= 9F ARG} M| A=Y
gtoz d¥uled, olzfst HuoA ®H9 AFe fk AR
3710] vlsi wi FoBrE BAE 4= QUH10]. meEth & AR
J= KT AAO o5l theTt Zo] Liehjolzlct

} =oF 3

o] o] ZT}=r} AEE(Plasma conductivity) o= CHEIl Z0]
HOJErt,

o =mnel/[m, (vy+jw)] 4

O7IA m & AR AR, e,= DA FoHE, = AAE, v,2
£ ZFUE uisitt. ARG A oAl oig ojse
Drift-diffusion T2AMAO 98] CHEat Zo] LFEROIZFILY

—

on, /ot + 7 71 =R —uVn, ()

e

—

8n8/6t+v . FF“FE" I =R _Zvng+Pdep (6)

e e

ol W % = AR FR oURY EE(Flux), RE RA

o MY, r= =0 9ot FA oUXE AU E= Ag 9
nigich £8P, = Z2kEn o] M2 WE(Deposited power
density), —ZVnESE} —ZVnSE tHF(convection)of] O]t AHEO]
H &2 Zdgojde o] BRES MHsIth. [AIRE Shitofl oSt
AR} AR AUA] Flux:s CHEIF Zo] AlAtE o] /ch

— —

I = _(ﬂc * E)nC—V(Dﬁnc) @

e

—

T = —(u, + B, —v(Dn,) ®)

O7IA 1, OF p = FARR}F FAL olHR]Q] Ol %= (Mobility), D, 9t
D= FXer AR oAl et A= Diffusivity)E WERATE &
St FAAE AQIsH S2txnr WO BE YAl thst HE uiEA
Al Drift-diffusion Aol 98 TS al Zo] LFERJOIZRICE

plow,fot) +p(u s V), =V » j+R, 9
071 p= BE 71A0 Wk w k B0l UE B B8, u
LAY B3 S5, 5= b S0 st 84t Mg HE Diffusive
flux vector), RB= k 9 Bt AFE nisitt. ECt=nF Wall
olxlel AAlF AR} ool ThEt AAXRAS 2RHAF HES

@

No/NHs/SiH, 7= 22t 22t=0le| Ant 2oivtA H|gof wE o2 & S47IH LE 2= 371



7|5t =2X| 663 25 20174 2¥¢

E 1 ANEHOMY FHEE ¥W HFSAlN} Sticking coefficient

Table 1 Surface reaction and sticking coefficient used in simulation

Reaction Sticking coefficient Reaction Sticking coefficient
ion and excitation species 1 H =>0.5H, 1
Si=>Si(s) 0.9 NHy=>N(s)+H; 0.01
SiH=>Si(s)+0.5H; 0.8 Si(NHy)3+0.5Hs=>SiNy(s)+2Hs+NHz 0.01
SiHy=>Si(s)+H, 1 Si(NHy)3+0.5H,=>SiH(NHy)3 0.04
SiHs=>Si(s)+1.5H; 0.05 SiH(NH2)2=>SiNs(s)+2.5H, 0.01
SiHs+0.5H2=>SiH, 0.15 SiH(NHy)2+0.5Hy=>SiHy(NH2), 0.04
SigHy=>2Si(s)+H, 0.8 SiHoNHs=>SiN(s)+2H, 0.01
SipHy=>2Si(s)+2H, 0.8 SiHoNHy+0.5H,=>SiHsNH, 0.04
SipHs=>2Si(s)+2.5H, 0.2
(@ HAYE -
(b) MAI2ZE
10 mTorr 20 mTorr 30 mTorr 40 mTorr
19 2 oY ¥glo] 2 () FAHE, (b) FARE BX
Fig. 2 Distribution of (a) electron density and (b) electron temperature with pressure
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Fig. 3 Total number of N," and H," with pressure

e+ Ny = 2 + N* (Vy, = 156 eV)
et Ny = 2e + N + N (Vy, = 24.34 eV)
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Fig. 4 Total number of SiH," and NH," with pressure
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