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Abstract—Deposition rates for TiN films starting from the mixture of TiCly/Ny/H»/Ar in PECVD(Plasma
Enhanced Chemical Vapor Deposition) reactor were simulated with 1-dimensional radial dispersion model
and these results were compared with the experimental results. Plasma dissociative reaction parameters
were expressive of a function of R.F. power only, and TiN deposition rates on Si wafer were estimated by
assuming a Langmuir-Hinshelwood-Hougen-Watson(L.H.H.W.) mechanism. In considering the reaction mech-
anisms, surface reactions starting from TiCl; or TiCl, were evaluated, respectively. Calculated TiN deposition
rates agreed with the experimental results for the changes of temperature, and low range R.F. power, but
some discrepancy was found for the changes of Hy/N; ratio and high range R.F. power.
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Table 1. Reaction path on different starting radicals

Path(1) Path(2)
Adsorption
TiCl3+ S«—>TiCl; - S TiCl,+ S«—TiCl, - S
H+S«—H-S H+S«—H - S
N+Se>N:-S§S N+S+«->N-S§S
Surface reaction
TiCly - S+H - Se— i
TiCl, + S+HCI - S
TiCl, - S+H + Se— TiCl;+H « Se—
TiCl - S+HCI- S TiCl - S+HCI - S
TiCl- S+N-S+H-S— TiCl-S+N-S+H-S
TiN(s) +HCl - S+8S —TiN(s) + HCI - S+

Desorption
HCI - S«—HCI+S

Table 2. Reaction rate by different surface reaction path

Path(1)
Gi= ki Prigy Px Py’
(1+KoPrici; + KsPy+ KiPy)®
Path(2)
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Fig. 1. Schematic diagram of the PECVD reactor studied.
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Table 3. Radial dispersion model equation of precursor & radicals

Dimensional forms

Dimensionless forms

*precursor
Q  dC, _ D d ( dC,
dr

4nLR?  dr r dr ) ke Con

*radicals
Qr  dG, :_lli(r dC,n,
4nLR® dr rdr\ dr

)+bj Ker Cin = G

_Q]_ & _Bi<r dcm Cl

4nLR?  dr  rdr dr >+bu Ky Cm

dy; d%, 1 dy,
Pe(l—y)—— = ———+ — +DaY,
X dx dy (1—-x dx 4
d?Y 1

Pe, =" ! | Day, +

€ . -y d DaY, + g

dYe d*Y¢ 1 aYy

Pe (1~ =- —DagY;

all=0—, d (- day ©

*boundary conditions

%-:0 at r=0
Con=Cin at =R
z C,»n:C.'

dY, -
dx =0 at x=1

YA:YI.I’X
X Y=1

at x=0

*i :precursor(TiCly=1, No=2, Hy=3)

j :radicals(TiCl;=1, TiClL.=1, N=2, H=3)

k : reaction path(starting TiCl;=1, starting TiCl,=2)
b, : stoichiometric coefficient

Table 4. Overall material balance of precursors & radicals

Dimensional forms

Dimensionless forms

*precursors

R
Q Cm:ZLJ.” k«{/( sz andr+Q le,e.t

1
Pe, Y,,,:J. Da, Y.(1—x) dx+Pe, Y,

*radicals

[ R
ZLJi kez Cim 2nrerf0 Gy 2nrdr+Q Cp o

1 1
f(’ Da; Y.(1—y) dx:JU g(1—x)dx+PeY,

)
ZLJ’( kg Ciw 2nrdr=Q Cc1x

1
fn Da; Yi(1—y) dx=PeaYc

@7 Yriciy Y Yi

d)é YTiC\z YN Yf){

g= (1+B:Yriciy + B2Yn+ BaYu)® B B (14 B1Yriciy + B2Yx + BsYn)?
Y,=Ci/C, x=1—1/R 12) Table 5. List of dimensionless numbers for model equa-
tions
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. , ki R? (R, TC?
N 5 by Q=2
3. DEDAl QA Thiele modulus by path(2) @3 D

-1. A
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flow reactorel] ©3s}e], A -FFS 1356 MHze] RF.

AE Aesteinh 7] el B, 437 A

Bi=KRT G, B3 =KsR,T C, B3s=KRT C

s} AA Fke YA F) 7REd] 22, RF. power,
TiCL2l %%, Ho/N, o} Z8]& Wsia|A Aysieda, o)
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Table 6. Experimental conditions of TiN deposition by
PECVD

120 min

Deposition time

Deposition pressure 1torr
Electrode distance 2.7cm
Electrode diameter 13.8 cm
Deposition temperature 300T -500C
RF. power 35 W-80 W
Total flow rate 300 sccm
Inlet mole fraction of TiCl, 0.0033-0.0044
Inlet mole fraction of H» 0.067-0.67
Inlet H/N, mole ratio 1-13
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Fig. 2. Arrhenius plot of the TiN deposition rate [In(r)]
vs. the reciprocal of deposition temperature(1/T)
(system pressure: 1 torr, R.F. power: 50 W, total
flow rate: 300 sccm, TiCly inlet fraction: 0.0044,
Hy/N; inlet mole ratio: 10, Ar inlet fraction:
0.262).
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Table 7. Kinetic parameters of TiN deposition by non-li-
near regression analysis for PECVD

Plasma dissociative rate constant(a for k)

TiCl,—TiCl3 267 [s7' W 12]
TiCl;—TiCl, 187 [s~! W 2]
H,——H 0.085 [s™! W 2]
N,——N 0.062 [s ! W~12]
Surface reaction rate constant(k;)

Path 1 Path 2
ko [nm min ! torr™5%]  8141X10°  6487X10°
Equilibrium constant(K)

K, [torr 1] 1.872 % 10! 1.575X 10!
K; [torr '] 1.849X 107! 1.849X10 !
K, [torr 1] 1.008X107! 3538X107*

o]gl e, o] A7 Sanders9} Verspui[ 117} 25 W-45
Woll 1} 32 ZA3}, —32Kcal/moles}t Fd3hsich ot
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Fig. 3. Dependence of deposition rate on the temperature
by experiment & model predicted(system pressure:
1 torr, R.F. power: 50 W, total flow rate: 300 sccm,
TiCly inlet fraction: 0.0044, H,/N; inlet mole ratio:
10, Ar inlet fraction: 0.262).
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Fig. 4. Deposition rate of TiN film as a function of radial position on different temperature by experiment & model
predicted(system pressure: 1 torr, R.F. power: 50 W, total flow rate: 300 sccm, TiCly inlet fraction: 0.0044, H2/N;

inlet mole ratio; 10, Ar inlet fraction: 0.262).
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Fig. 6. Deposition rate of TiN film as a function of radial position on different H:/N; inlet mole ratio by experiment
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Fig. 7. Dependence of deposition rate on the R.F. power
by experiment & model predicted(system pressure:
1 torr, temperature: 450°C, total flow rate: 300
scem, TiCl, inlet fraction: 0.0044, H,/N; inlet mole
ratio: 10, Ar inlet fraction: 0.262).
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Fig. 8. Deposition rate of TiN film as a function of radial position on different R.F. power by experiment & model
predicted(system pressure: 1 torr, temperature: 450°C, total flow rate: 300 sccm, TiCl, inlet fraction: 0.0044, H/N,

inlet mole ratio: 10, Ar inlet fraction: 0.262).
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App-1. Lennard-Jones parameters of each component

O £/k(K)
Ar 3.542 93.3
TiCl, 5.92 490
TiCly 45 685
TiCl, 39 880
H. 2.827 59.7
H 2.708 37.0
N, 3.798 714
N 3.60 50.8
Cl 3.613 130.8
C,. :mean average concentration of i-th component
along z-direction [mole cm™]
D  : binary diffusion coefficient of i-th component for
Ar [cm® sec ']
Da :Damkoéhler Number [—]
E :activation energy for TiN deposition [Kcal
mole "]
G; :deposition rate for i-th path [nm min ! or mole
cm ‘sec ']
g :dimensionless deposition rate for i-th path [ —]
k, :surface reaction rate constant [nm min ! torr *]
K, :equilibrium constant for TiCL [torr ']
K; :equilibrium constant for N. [torr ']
K, :equilibrium constant for H, [torr™']
k, :plasma dissociative rate constant [cm® sec™!]
ke : plasma dissociative lumped rate constant [ sec™!]
L  :half distance of electrode [e¢m]
n, :electron number density [cm*]
P  :pressure [torr]
Pe :Peclet Number [—]
R :electrode radius [cm]
R, :gas constant {torr cm® mol ' K]
R, :plasmadissociative reaction rate [molem *sec ']
r :radial coordinate [cm]
T :temperature [K or C ]
U :local velocity of radical direction [cm sec™!]
V  :local velocity of axial direction [cm sec™!]
Y, :mole fraction of i-th component (C,/C,) [—]
z :axial coordinate [cm]
JgjojA 22X}
@®° :thiele modulus [ —]
B: :dimensionless value [ —]
x :1-1/R
SR}

i :no. of component of precursors
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11.

12.

TiN #eb 25 2% PECVD

:no. of component of radicals
:no. of reaction path
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