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Titanium nitride(TiN) films have been deposited on three-dimensional substrates by low frequency
(50 Hz plasma chemical vapor deposition method using a jRiGl,+H, mixture at a substrate
temperature of 550 °C with a substrate bias circuit using two diodes. The maximum value of the
deposition rate was 1200 nm/h at a substrate bias voWagef — 150 V and the ratio of flow rate
k(N,/TiCl,)=2. The maximum value of Vickers hardness of deposited TiN films using Micro—
Vickers hardness tester was about 2400 Hkat2 andVg=—150V bias voltage. There were
practically no differences between the deposition rates and Vickers hardness on vertical and
horizontal substrate surfaces against the surface of electrodes. Resistivity of the films was about 80
puQecm atVg from 40 to — 150 V with k=2. However, the hardness of deposited film with no
substrate bias was about 1000 Hv. This demonstrates the importance of the substrate bias to make
uniform and high quality film deposition on three-dimensional substrate surfaces by setting the
substrate in the middle of the interelectrode gap. The composition of deposited TiN films was
measured by Auger spectra method. It was found that Ti, N, CI, O, and C were contained in the
deposited TiN films. The at. % value of the Cl contestCIl/(Ti+N+O+C+Cl)] in the TiN films

was about 2% with substrate bias voltage, and the ratio of N/Ti was about 1.299® American
Vacuum Society.S0734-210(97)00904-4

[. INTRODUCTION were 1200 nm/h, 2300 Hv, and §d) cm, respectively. The
at. % value of the ClI conterjt=CIl/(Ti+N+O+C+Cl)] in
Titanium nitride(TiN) is a material having the properties the TiN films was about 2%, and N/Ti ratio was about 1.2.
of high surface hardness, good wear resistance, good corrforeover, the Vickers hardness and the deposition rate of
sion resistance, low friction coefficient, high electrical con-ihe deposited films on every surface of the three-dimensional
ductivity, and golden color. For these material properties, th ,pstrate were almost equal. Accordingly, it was found that
TiN films are widely used in the field of many industries, the 50 Hz plasma CVD with a bias circuit using two diodes

such as cutting tool surface hardeningersonal omaments s a suitable method for the three-dimensional deposition.
coating, diffusion barrier layer in semiconductor devites,

and biomedical materiafsTherefore, it is necessary to in-
vestigate the techniques to deposit TiN film on objects inll- EXPERIMENT
various shapes. In general, TiN films are deposited by ther- The experimental apparatus is similar to that of Ref. 7 and
mal and plasma chemical vapor depositi@VD) physical shown schematically in Fig. 1. Briefly, the plasma reactor
vapor deposition,(PVD) and plasma spraying methods. was evacuated by a diffusion pump backed by a rotary pump.
However, the PVD and plasma spraying are not appropriat&he steel plasma reactor is 40 cm in diameter and 60 cm in
to deposition of TiN film on the three-dimensional objectsheight. The electrodes were made of 10-cm-diam stainless
because of nonuniformity and poor step coverage on objectsteel with 5 cm gap between the two electrodes. The 50 Hz
in complex shape$The plasma CVD offers good uniformity power is supplied at the upper electrode, and the lower is
of TiN film on objects in various shapes. grounded. The stainless steel rod built in the heater to heat
This article reports the deposition of golden color highthe three-dimensional stainless steel substrate
quality TiN films on the three-dimensional substrate at(14 mmx14 mmx20 mm) is inserted into the middle of the
550 °C by the 50 Hz plasma CVS with substrate bias interelectrode gap. The rod is insulated electrically from the
method using TiGHN,+H, mixture. Maximum deposition grounded reactor. Accordingly, it is electrically biased with
rate, Vickers hardness, and resistivity of deposited TiN filmsrespect to the two electrode potential every half cycle using
two diodes for the three-dimensional deposition. The excited
3Electronic mail: smzm@cme.hokudai.ac.jp 50 Hz plasma between the upper and lower electrodes with
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Fic. 1. Schematic diagram of the plasma CVD apparatus with substrate bias FiG. 3. Schematic diagram of three-dimensional substrate.

cireuit using two diodes. effect of the ion bombardment cannot be disregarded. It
seems that the kinetic energy of the bombarding ion is con-

the bias circuit was symmetrical with regard to the rodSUmed as migration energy for rearrangement of deposited
heater, and the potential of the rod heater, on which the sutftoms, resulting in the deposition of high quality films. The
strate was attached, was always lower than that of both eled€mperature of the rod heater is measured by the thermo-
trodes. Applied voltage and plasma photoemission waves b&oUPle in the rod heater. Silicon tips were set on the four
tween two electrodes and the substrate witls0V bias Surfaces of the stainless steel substrate as shown in Fig. 3.
voltage are shown in Fig. 2. It was found that the two p|aS_Vickers .hardness, the dgposit_ion_rate, resistivity_,. and _the
mas between the two electrodes and the substrate are excite@mPosition of the deposited TiN films on these silicon tips
alternately by the bias circuit. Various potentials can be apVere measured. The gases used in the experiment were
plied to the substrate by the bias circuit with two diodes, and''Cla: Nz, and R. These gases were introduced in the reac-
bombarding positive ion energy to the three-dimensionafor at a rate of 10, 1040, and 400 sccm, respectively. The

substrate is controlled by the substrate bias potential. Th&UPstrate temperature was 550 °C constantly throughout the
entire course of the work. Conditions for deposition of TiN

film in this work are listed in Table I. Resistivity of depos-
ited TiN films was measured by a four-point probe method.

0 The deposited TiN film composition was measured by the
s Photoemission Auger spectra method. Photoemission intensity from the
? from gap plasma was observed by monocromator and photomultiplier.
£ between Upper ll. RESULTS AND DISCUSSION
bS] electrode and
E Substrate A. Deposition rate of TiN film
- Figure 4 shows the dependence of the deposition rate of

+ the TiN film on the ratio of flow raté&= N,/TiCl, with con-

Upper electrode stant TiC}, and H, flow rates(10 and 400 sccm, respectivgly
Potential wave and substrate bias voltayy=—100 V. The deposition rate
_ of TiN film increases with increasing until it reaches the
L—‘fo Substrate maximum value of about 1100 nm/h k2.0, and then it
g Potential decreases. The dependence is similar to the rf plasma CVD
£ Lower electrode result® The deposition rate of all the faces is almost equal,
Potential wave that is, uniform TiN films are deposited on the three-
+ TasLE |. Deposition condition.
Power frequency 50 Hz

0 Plasma current 200 mA
c Photoemission Ssepssli?gth 15'|(Eg1rr
£ from gap Substrate temperature 550 °C
£ between Lower Gas flow TiC}, 10 sccm
% electrode and N, 10-40 sccm
= Substrate H, 400 sccm
o Bias Vg 40 to —200 V

Stainless steel
Substrate (14 mmXx14 mmx20 mm)
Fic. 2. Applied voltage and plasma photoemission waves between two elec- Silicon tip

trodes and substrate.
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Fic. 4. Dependence of the deposition rate on the ratio of flow kate %
(=N,/TiCl,). (O) Perpendicular faces to the electrod&s) parallel faces o
to the electrodes. é
ko)
o
dimensional substrate. Figure 5 shows the deposition rate

against the substrate bias voltage with 2. This curve was

found to have a maximum value at ab&g=—150 V. The

maximum value of deposition rate was about 1200 NnM/hge 6. plasma photoemission waves near the substrate at substrate bias

The deposition rate increased with increasing negative biag;=0 and—200V.

voltage, and then it decreased. From the results of observed

photoemission waves in Fig. 6, it was found that the continu- ]

ous plasma was excited by the applied negative bias potentiM?rt'Cal St_Jbstrate surfa_ce against the surface of the elec_trodes

—200 V to the substrate, in spite of the 50 Hz plasma powefdrees with that of horizontal surface substrate from Figs. 4

frequency. This shows that the charged species in the pIaé‘-nd S.

mas between the two electrodes and the substrate were ac-

celerated with increasing negative bids, and the deposi- B. Vickers hardness of TiN film

tion rate increases withg. Moreover, increasing negative  rigyre 7 shows the dependence of Vickers hardness of

bias, it seems that deposited film is etched by many highriy fim on the gas flow rates rati. Vickers hardness is

energy positive ions. It appears that the deposition rate of thg\gre than 2000 Hv at €k<3 with Vg=—100V. The
highest value of Vickers hardness is about 2400 Hwk at
=2. Moreover, Vickers hardness of all the faces are almost

1500 H, =400 sccm
e N,= 20 sccm TasLE Il. Three-dimensional deposition result.
S TiClg =10scem
c g ° Substrate surface A B C D
21000 0o g Deposition ratenm/h) 1100 1100 1000 1030
- Vickers hardnesgHv) 2294 2292 2383 2320
S
= Deposition condition
3 sook o H,:400 sccm, N:20 scem, TiCJ:10 sccm,
8 Q o T:550 °C,Vz:—100V, P:1.1 Torr
a O

L J  Upper electrode
1 i 1 X I 1 A

-200 -100 0
VB (V) D @ B Substrate (Stainless steel)

Fic. 5. Dependence of the deposition rate on substrate bias potential
(Vg). (O) Perpendicular faces to the electrodés) parallel faces to the
electrodes.

I y Lower electrode
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0 ( f . | . I ‘ | Fic. 9. Resistivity against/g of deposited TiN film.
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C. Resistivity of TiN film

Fic. 7. Dependence of the Vickers hardness on the ratio of flow kate
(=N,/TiCl,). (O) Perpendicular faces to the electrodgs) parallel faces
to the electrodes.

Resistivity againstVg of the deposited TiN films ak
=2 is shown in Fig. 9. Values of deposited TiN resistivity
were about 8Qu() cm in a range of 48 Vg>—150V, but
the resistivity was about 22 cm at Vg=-200V. It
seems that the deposited film was broken down by bombard-
equal. The Vickers hardness of deposited TiN films wasment of many high energy positive ions, and, as seen in the
measured by a micro-Vickers hardness tester with a load afcanning electron microscop8EM) photograph, the depos-
2-5 gf. The Vickers hardness of the deposited films is abovged film has a rough surface.
2000 Hv using the negative bias circuit with two diodes.
However, the hardness of deposited films without substrate N o
bias circuit(substrate has floating poteniavas about 1000 D- TiN film composition and N/Ti ratio
Hv. From Fig. 8, the Vickers hardness of the deposited film |n Fig. 10, the deposited TiN film’s composition from
keeps nearly constant value in the range of>3Q>  Auger spectra is shown. It was found that Ti, N, Cl, O, and C
—200V, because the substrate potential is always lower thaere contained in the deposited TiN films. It appears that
that of both (upper and lower electrodes with every half these composition values of deposited TiN films have con-
cycle for using the bias circuit. The Vickers hardness and thetant values again$tg , in Fig. 10. The at. % value of the Cl
deposition rate of each surface on the substrate were shovgdntent] = Cl/(Ti+N-+0O+C+Cl)] in the TiN films is about
in Table II, and there is no difference in values of the hard-29 in the range of 48 Vz>—200 V bias potential. The C
ness and the deposition rate against each surface. content was about 10% because an oil rotary pump and an oil
diffusion pump were used in the vacuum system. The ratio of

- H,=400scem ~30
2] Q Jo! 141 N, = 20 sccm
_— = a . N/TI TiCl, =10sccm
> L. B .
£ 2000 . 2R o o——0-
2 10F —20
8 i (@)
(o] =2
J % 08 { o
< 1000 H, =400 sccm = o
1) N,= 20 scem 50'6_A________C_—>______A_ g
S TiCl, =10scem > A A o 2
@ B 04 3
= 1 =z
02 0,Cl—> 52
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Fic. 8. Dependence of the Vickers hardness on substrate bias potential

(Vg). (O) Perpendicular faces to the electrodés) parallel faces to the
electrodes.
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Fic. 10. The deposited TiN films’ composition and N/Ti ratio as a function
of Vg. (O) N/Ti ratio, (A) C content,(®) Cl content, and[]) O content.
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N/Ti was about 1.2. The deposited TiN film has a light performed by using a bias circuit with two diodes and the
golden color in a range of 40Vg>—200 V. substrate set in the middle of the interelectrode gap.

From these results, it was found that high quality and
uniform TiN film deposition on three-dimensional substrate

surface was performed by the bias deposition condition anéCK'\IOWLEDGMENTS
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