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Deposition rates of titanium nitride plates 
prepared by chemical vapour deposition of 
TiCI4 + N H 3 system 

C.-C,  J i A N G ,  T. GOTO, T. H IRAI  
Institute for Materials Research, Tohoku University, Sendai 980, Japan 

Titanium nitride plates (TiN x, x = 0.74-1.0, about 2 mm thick maximum) were prepared by 
chemical vapour deposition (CVD) using TiCI 4, NH a and H 2 as source gases. The effects of 
CVD conditions, i.e. gas molar ratio (mN/r~ = NH3/TiCI4) and deposition temperature (T~ep), on 
deposition rates and surface morphology were examined, and the deposition mechanism of the 
CVD-TiN X plates was discussed. The relationship between mN/T= and deposition rates showed a 
maximum peak at certain mN/Ti, and this maximum peak shifted to lower mN/Ti with increasing 
Taep. The activation energy for the formation of CVD-TiN X plates was about 80 kJ mo1-1 in the 
lower temperature range. The decomposition reaction of NH z gas could be associated with the 
rate-controlling step. At higher temperatures, the diffusion process may be the rate-controlling 
step, and a large amount of powder (mainly NH4CI ) was formed in the gas phase. The highest 
deposition rate obtained in the present work was 1.06 x 10 -7 ms -1 (0.38 mm h -1) at 
Tde p = 1773 K and mN/Ti = 0.87. 

1. I n t r o d u c t i o n  
Titanium nitride (TiNx) film is widely used as a coat- 
ing for tools owing to its erosion/corrosion resistance 
and good compatibility with metals, and as decorative 
coatings owing to its colour similar to gold [1]. 

There are several methods, such as sputtering, ion- 
plating and chemical vapour deposition (CVD), for 
the preparation of TiN, films. CVD is advantageous 
to obtain high-purity and high-density films at high 
deposition rates. The CVD conditions, such as depos- 
ition temperature, source gas ratio, gas flow rate and 
total gas pressure, should be optimized for the highest 
deposition rates. 

TiCI 4 is commonly used as the titanium source, and 
either NH 3 or N z gas may be chosen as the nitrogen 
source for preparing TiNx by CVD. The TiC14 + N 2 
system has been employed in many reports [2-7-1, 
because NH 3 gas was thought to be too active to 
control the CVD process. 

We have prepared CVD-TiN~ plates whose com- 
position (x = N/Ti) ranged between 0.74 and 1.0 by 
using the TIC14 + NH 3 system [8]. In the present 
work, the effects of CVD conditions on deposition 
rates and surface morphology were investigated, and 
the optimum conditions for the highest deposition 
rate were obtained. The deposition mechanism of the 
CVD-TiNx plates was also discussed. 

2. Exper imenta l  procedure  
A cold-wall type CVD chamber was used to prepare 
TiN= plates on graphite substrates using TiCI 4, NH a 
and H z gases as source materials. The detailed experi- 

mental apparatus and the procedure were reported 
elsewhere [8,1. Deposition temperature, Td~p, ranged 
from 1373~-1873 K, .the molar ratio of TIC1, to NH3 in 
the source gas (mN/Ti = NH3/TiC14) was controlled 
between 0.17 and 1.74. Total gas pressure, Ptot, was 
kept at 4 kPa. When Ptot > 4  kPa, temperature meas- 
urements using a two-colour optical pyrometer could 
not be properly taken due to heavy powder (mainly 
NH4Cl)'formation in the gas phase. 

The surface texture of the CVD-TiN~ plates was 
observed by SEM. The thickness was measured using 
an optical microscope. The deposition rates were cal- 
culated from x/t (x = thickness, t = time) because of 
the linear relationship between thickness and time. 

3. R esu l t s  and d i s c u s s i o n  
Fig. 1 shows the relationship between mN/Ti and de- 
position rates of CVD-TiNx plates. Maximum peaks 
were observed, and the peak shifted to lower mN/Ti 
with increasing Ta~ p. In the lower mN/Ti region, the 
deposition rates increased linearly with increasing 
NH 3 gas molar ratio. Saeki et al. [9,1 prepared TiNx 
powder by CVD using the TIC14 + NH3 system and 
reported a large amount of NH4C1 powder formation 
in the reaction chamber. In the present work, the 
depletion of NH 3 concentration due to the powder 
(NH4C1) formation in the gas phase may be the main 
reason for the decrease of deposition rates at higher 
mN/Ti and Td=p region. Similar behaviour was reported 
in CVD-BN [10] and CVD-SiaN 4 [11,1 prepared by 
the metal halide + NH3 system where by-product 
powders, such as NH4C1 and Si(NH2) 4, were formed. 
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Figure 1 Effect of mNJTi on the deposition rates of CVD-TiN x 
plates. Td=p (K): (O) 1873, (41,) 1773, (A) 1673, (&) 1573, (�9 1473, 
(0) 1373. 

Fig. 2 demonstrates the Arrhenius plot of the depos- 
ition rates for the CVD-TiNx plates. The deposition 
rates increased with increasing Tde p in the mN/Ti range 
between 0.171 and 0.52. The relationship between 
log (deposition rate) versus 1/Tdep was linear, and the 
activation energy was about 80kJmo1-1. When 
mN/Ti > 1.3, the deposition rates were almost constant 
or slightly decreased with increasing Tdep. This is a 
well-known trend of CVD, and can be explained as the 
diffusion-controlled kinetics and homogeneous reac- 
tions (powder formation) in the gas phase [12]. 

Table I summarizes activation energies for the de- 
position of CVD-TiN~ films given in the literature. 
Kim and Chun [2], Cho et al. [3] and Sadahiro et al. 
[4] reported values from 39-51 kJmol-1. They con- 
cluded that the rate-controlling step for the deposition 
of CVD-TiN~ films could be diffusion of source gases 
in the gas phase. On the other hand, Teyssandier et al. 
[5], Takahashi and Suzuki [6], l~rekel et al. [7] and 
Kim and Chun [2] obtained activation energies be- 
tween 84 and 309 kJ mol-1. These higher activation 
energy values suggest that the rate-controlling step 
may be chemical reactions at the substrate surface. 
The activation energy obtained in the present work, 
80kJmo1-1, was almost in agreement with those 
reported by Teyssandier et al. [5] and Takahashi and 
Suzuki [6]. The deposition rates increased linearly 
with increasing NH 3 gas molar ratio in the lower mN/Ti 
region (see Fig. 1). The rate-controlling step in the 
present work may be chemical reactions with which 
decomposition of NH 3 gas may be associated, 

Fig. 3 shows the effect of mN/Ti on the surface 
morphology of CVD-TiNx plates. The surface texture 
changed, mainly depending on myra, from faceted to 
nodular with increasing mN/Ti. 

The relationship between deposition mechanism 
and surface morphology was discussed by Holman 
and Huegel for CVD-W/WRe [13] and by Hirai et al. 
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Figure 2 Arrhenius plot of the deposition rates for the CVD-TiN x 
plates, mN/ri: (�9 0.17, (A) 0.34, (O) 0.52, (0) 0.87, (A) 1.30, 
(*)  1.74. 

TABLE I Activation energy for the deposition of CVD-TiN x 
films 

Source gases Activation Deposition Reference 
energy temperature 
(kJ mol- 1) (K) 

TiCI4 +N2 +H2  309 1173-1273 [2] 
39 1273-1423 [2] 

4 8  1273-1373 [3] 
51 1173-1373 [4] 
84 1200-1400 [5] 
86 1073-1473 [6] 
91 1073-1273 [7] 

TiC14 + N H  3 + H 2 80 1373-1573 Present 
work 

for CVD-SiC [14]. It is known that faceted and 
nodular textures are observed under reaction-con- 
trolled and diffusion-controlled conditions, respect- 
ively. In the present work, the faceted and nodular 
textures were observed at lower mN/Ti (reaction-con- 
trolled) and higher mNiTi (diffusion controlled)region, 
respectively (see Fig. 3). This is in agreement with the 
general trend mentioned above. 

Fig. 4 summarizes the deposition rates of CVD- 
TiNx films reported so far. It seems that the deposition 
rates by the cold-wall type CVD are larger than those 
by hot-wall type CVD. Premature reactions in the gas 
phase or by-product (powder) formation at the wall 
surface of the CVD chamber are more significant in 
the hot-wall type CVD. The reaction zone in the cold- 
wall type CVD is restricted near to substrates, there- 
fore, fresh source gases are transported to the 
substrate, and therefore the deposition efficiency must 
be improved. 
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The highest deposition rate obtained in the present 
work was 1.06 x 10- 7 m s-  1 (0.38 mm h -  z) at Td~ p 
= 1773 K, mN/xl = 0.87. This value is about several 

tens of t imes larger than reported values. The in- 
troduction of NH 3 gas (which is more active than N2 
gas) through a double-tube nozzle (which prevents 
premature reactions) into the cold-wall type CVD 
chamber must have enabled the highest deposition 
rate. 

Figure 3 Surface texture of CVD-TiN~ plates. (a) mN/Ti = 1.04, 
(b) mN/rl = 1.30, (Td, p = 1773 K). 
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Figure 4 Comparison of deposition rates between present work 
and previously reported values. Hot-wall type CVD: (&) [2], 
(O) [3], (T) [4], (111) [6], (0 )  [7]. Cold-wall type CVD: ((3) [5], 
(A) [15], (�9 present work. TiCI~ + N 2 system: (A) [2], (•) [3], 
(T)  [4]. (�9 [5], (111) [6], (0)  [7]. (A) [15]. TiCI4 + NH~ system: 
(~ )  present work. 
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4. Conclusions 
TiNx plates (up to 2 mm thick) were prepared by 
cold-wall type CVD under the condition of Tdep 
= 1373-1873 K, Ptot = 4 kPa, mN/Ti = 0.17-l.74 

using TIC14, NH 3 and H 2 as source gases. The follow- 
ing results were obtained. 

l .  In the lower mN/~;i region, the deposition rates 
increased with increasing mN/xl and Tde p. The activa- 
tion energy was about 80 kJ tool-  ~. Decomposition of 
NH 3 gas could be associated with the rate-controlling 
step of the deposition of CVD-TiNx plates. 

2. In the higher mN/ri region, the deposition rates 
decreased with increasing mr~/xi, and were almost 
constant or slightly decreased with increasing Taep. A 
large amoun t  of powder (mainly NH4C1 ) formation 
was observed. The rate-controlling step may be the 
diffusion process in the gas phase. 

3. The highest deposition rate obtained in the pre- 
sent work was 1 . 0 6 x l 0 - 7 m s  -1 (0.38mmh -1) at 
T~v = 1773 K and my/T i = 0.87. This value is about 
several tens of times larger than reported values. 

4. The surface texture of CVD-TiNx plates was 
"faceted" in the low Td~p, low mN/Ti (reaction-con- 
trolled) region, and was "nodular" in the high Td~p, 
high mN/Ti (diffusion-controlled) regior/. 
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