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Preferred orientation of AIN plates prepared 
by chemical vapour deposition of AICI 3 + N H 3 
system 

TAKASHI  GOTO, JUN T S U N E Y O S H I ,  K IYOSHI  KAYA*,  TOSHIO HIRAI  
Institute for Materials Research, Tohoku University, 2-1-1 Katahira Sendai 980, Japan 

Aluminium nitride (AIN) plates about 1 mm thick (maximum) were prepared by chemical vapour 
deposition (CVD) at the maximum deposition rate of 430 nm s-1 using AICI3, N H3 and H2 gases at 
deposition temperatures, Tdep, of 873-1473 K. The effects of deposition conditions on the 
preferred orientation, morphology and micro-structure were investigated. When Tdep was less than 
1073 K, the resulting CVD AIN plates contained some impurity chlorine and the aluminium 
content exceed the nitrogen content. When Tdep exceeded 1173 K, no chlorine was detected, and 
the AI/N atomic ratio matched the stoichiometric value. The lattice parameters (a = 0.311 nm, 
c- -0.4979 nm) and density (3.26 x 103 kg m -3) were in agreement with values reported 
previously. The crystal planes oriented parallel to the substrates changed from (1 1 2 0) to (1 01 0) 
to (0 0 01 ) with increasing total gas pressure (Ptot) and decreasing Tdep. This tendency is discussed 
thermodynamically and is explained by the change of supersaturation in the gas phase. 

1. Introduction 
Aluminium nitride (A1N) films are potentially useful 
for electrical and optical devices because of their high 
thermal conductivity [1], excellent piezoelectricity [2] 
and high acoustic velocity [3]. In particular, because 
the acoustic velocity of A1N along the c-axis is fastest, 
the e-axis of A1N films needs to be oriented parallel to 
substrates for application in surface acoustic wave 
(SAW) devices [3]. On the other hand, when the c-axis 
is oriented perpendicular to the substrates, the A1N 
films exhibit superior oxidation resistance [4]. There- 
fore, control of the preferred orientation is important 
in order to improve the properties of A1N films. 

Several methods of preparing A1N films have been 
reported, including reactive sputtering [5], reactive 
molecular epitaxy [-6] and chemical vapour deposition 
(CVD) [8-14]. However, CVD technique is known to 
be the most suitable in controlling the preferred ori- 
entation [7]. CVD A1N films have been prepared in 
the past by using AIC13 + NH3 [8-11], A1Br3 + NH3 
[-12], A1C13"xNH3 adduct compounds [13, 14] and 
AI(CH3)3 + NH3 [15] as source materials. Among 
these, single-crystal CVD A1N films prepared on sili- 
con single-crystal substrates, had epitaxial relation- 
ships of Si(1 1 1)//A1N(000 1), Si[-220]//A1N[1 1 20] 
[-8], while A1N films obtained on A120 3 single 
crystal had AlzO3 (0 0 0 1)//AIN (0 0 0 1), 
A12 03 [0 1 T 0]//A1N [2 1 1 0] [14] relationship. When 
polycrystalline CVD A1N films were prepared on 
graphite substrates, the resulting films showed the 
dominant orientation in (1 120) and (1013) planes 
[10] and (0 0 0 1) planes [-4, 11]. However, the effects of 

CVD conditions on the outcome of the preferred 
orientation have never been fully investigated. 

In the present work the optimum CVD conditions 
for preparing high-purity and high-density A1N plates 
were explored, and the relationship between CVD 
conditions and preferred orientation of the resulting 
films was investigated. A1C13 was chosen as the alumi- 
nium source material because other aluminium source 
materials such as A1Br3, A1CI3"xNH3 adducts and 
AI(CH3)3 easily decompose at less than 1000 K and 
thus the observation of the effects of CVD conditions 
over wide temperature ranges becomes impossible. 

2. Experimental procedure 
Fig. 1 shows a schematic diagram of the CVD appar- 
atus. An inductively heated cold-wall-type CVD fur- 
nace was used. Hydrogen gas (99.99%), ammonia gas 
(99.5%) and anhydrous A1C13 powder (98%) were 
used as source materials. The A1C13 reservoir was 
maintained at 405 K and hydrogen gas carried the 
A1C13 vapour into the CVD furnace. The equilibrium 
A1C13 vapour pressure at 405 K was about 2.7 kPa. 
The A1CI3 vapour and ammonia gas were separately 
introduced into the CVD furnace through a double 
tube nozzle in order to prevent the formation of 
A1CI3"xNH3 (x = 1-3) adducts compounds. These 
source gases were mixed about 15 mm above the sub- 
strate. Graphite discs (20 mm diameter x 2 mm thick) 
were used as substrates. 

The deposition temperatures, Tdep, were measured 
using a PtRh6%-PtRh30% thermocouple. Table I 
summarizes the CVD conditions. 
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Figure 1 Schematic diagram of the CVD apparatus. 1, Hydrogen gas; 2, ammonia gas; 3, gas flow meter; 4, A1C13 reservoir; 5, constant- 
temperature bath; 6, valve; 7, ribbon heater; 8, quartz double-tube nozzle; 9, reaction chamber; 10, graphite substrate; 11, r.f. coil; 12, graphite 
susceptor; 13, thermocouple; 14, exhaust. 

T A B L E  I Preparation conditions of CVD A1N 

Deposition temperature, Tdcp 873-1473 K 
Total gas pressure, Ptot 0.4-101 kPa 
Gas flow rates: 

H 2 1.7x 10 -5 mas  -1 
AICI3 5.5 x 10 - 9-5.5 x 10 - 8 m 3 s -  1 
NHa 6.7 • 10-s-6.7 • 10 -7 mas  -1 

NHa/A1C13 1.2, 6, 12 
Deposition time 3.6-28.8 ks 

The surface textures of deposits were observed by 
scanning electron microscopy. The preferred orienta- 
tion and lattice parameters were evaluated by 
X-ray diffractometry (XRD, nickel-filtered CuK~). 
The density was measured by the Archimedian 
method, with immersion in toluene. The aluminium 
and nitrogen contents were determined by chemical 
analyses. The chlorine impurity contents were deter- 
mined by X-ray fluorescence analysis. The impurity 
content in AIN was determined from the relationship 
between the fluorescent intensity of chlorine and the 
chlorine content, using several mixtures of A1N and 
NaC1 powders. 

The supersaturation in the gas phase for the pre- 
paration of A1N by the CVD was calculated by the 
computer code SOLGASMIX-PV [16] using JANAF 
thermochemical data [17]. 
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Figure 2 Typical surface textures of CVD A1N. 
(a) "Powder", Tdep = 973 K, P,o, = 40 kPa, NHa/A1C13 = 12. 
(b) "Cone", T~ep = 1073 K, Ptot = 0.4 kPa, NHa/A1C13 = 12. 
(c) "Facet", Tdep = 1473 K, Ptot = 40 kPa, NH3/A1Cla = 1.2. 

3.  R e s u l t s  a n d  d i s c u s s i o n  
The surface textures of CVD A1N prepared in the 
present work were classified into three types: 
"powder", "pebble" and "facet". The "pebble" struc- 
ture is further divided into "smooth pebble" and 
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"coarse pebble" according to their surface. Typical 
surface textures observed by SEM are shown in Fig. 2. 
Fig. 3 summarizes the effects of CVD conditions on 
the morphology of CVD A1N. The "powder" region 
becomes smaller, and the "facet" region larger with 



"fine-grained polycrystalline" to "coarse-grained poly- 
crystalline" to "dendritic polycrystalline" to "single 
crystalline" with increasing Tdep [7]. The morphologi- 
cal change shown in Fig. 4, as well as that of Suzuki 
and Tanji [10], can be understood by the tendency 
mentioned above. 

Fig. 4 shows the effect of Tdep on the chlorine impu- 
rity content. The impurity chlorine was only observed 
for the sample prepared at Tdep < 1073 K. The chlor- 
ine contents clearly increase with decreasing Td~p and 
NH3/A1C13. The impurity chlorine was not detected 
for the samples prepared above Tdep = 1173 K by the 
X-ray fluorescence analysis. The chlorine counts ob- 
served were as small as the instrument noise level. The 
same trend was also observed with the change of 
NHa/A1C13 ratio in the range 6-12. 

Fig. 5 shows the effect of Tdep on the contents of 
aluminium and nitrogen. The stoichiometric levels of 
aluminium (65.8 wt %) and nitrogen (34.2 wt %) are 
indicated in Fig. 5 by arrows. The aluminium contents 
were almost constant throughout the temperature 
examined and agreed well with the stoichiometric 
composition. The nitrogen contents slightly decreased 
with decreasing Tdep below Td~p = 1073 K; however, 
above Td~p = 1173 K the nitrogen contents were 

Figure 3 Effect of deposition temperature on surface textures at 
NH3/AICI 3 = (a) 1.2, (b) 6 and (c) 12. 

decreasing NH3/A1C13. For all cases examined, the 
boundaries between either "smooth pebble" and 
"coarse pebble" or "facet" were observed at about 
Tdep = 1123 K. The deposits having "smooth pebble" 
structure were transparent, while the "coarse pebble" 
and "facet" deposits were opaque and their colours 
changed from brown to grey with increasing 
NHa/A1C13. Suzuki and Tanji [10] reported the 
effects of CVD conditions on the morphology of 
CVD AlN prepared from the A1C13 + NH3 system. 
They showed that powders formed at Ptot = 133 Pa 
and Taep--873 K, changed from "dome cone" to 
"pyramid cone" to "plate column" to "coarse column" 
with increasing Tdep in the NH3/A1C13 range of 1-4. 
This trend is nearly in agreement with the present 
results shown in Fig. 3. 

It is known that the morphology of CVD materials 
varies with Taep and supersaturation. At a given super- 
saturation the morphology varies from "powder" to 
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Figure4 Effect of deposition temperature on impurity chlorine 
content at P,ot = 4 kPa and NH3/AIC1 a = 1.2. 
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Figure 5 Effect of deposition temperature on the composition of 
(�9 aluminium and ( 0 )  nitrogen at Ptot = 4 kPa, NH3/A1CI3 = 1.2. 
The arrows indicate the stoichiometric composition. 
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stoichiometric and independent of Td~p. These results 
suggest a possibility that the impurity chlorine atoms 
substitutionally replace the lattice sites on nitrogen. 
The CVD A1N plates prepared at Td~p > 1173K 
had a stoichiometric composition independent of 
NH3/A1C13 and Ptot. 

No known reports on the impurity chlorine analysis 
for CVD A1N are available; however, Pauleau et al. 

[12] examined impurity bromine using the Rutherford 
back-scattering (RBS) method for the CVD AIN films 
prepared from the A1Bra + NH3 system. According 
to Pauleau et al. [12], the bromine content in the 
deposits prepared at Td~p = 723K was about 
5 X 1016 atoms cm -2 and decreased with increasing 
Tdop. No bromine atoms were detected in deposits 
prepared above Tdep = 923 K. This trend is in agree- 
ment with the present results. 

In the past, the density and lattice parameters of 
CVD A1N have not been reported. Fig. 6 shows the 
effect of Tdop on the density. A theoretical density 
(3.26 x 103 kgm -3 [18]) is indicated by an arrow and 
denoted TD in Fig. 6. The density as well as the 
composition of the CVD A1N plates prepared above 
Tamp = 1173 K are in good agreement with the the- 
oretical values. However, when Tdop was less than 
1073 K the density decreased to about 90% theoret- 
ical. The density of CVD AIN plates was independent 
of Ptot and NH3/A1C13 in the range examined in this 
study. 

Fig. 7 shows the effect of Td,p on lattice parameter. 
The arrows in Fig. 7 show the values of JCPDS cards 
( a = 0 . 3 1 1 1 n m ,  c = 0 . 4 9 7 9 n m  [19]). The a and 
c values of CVD A1N plates prepared above 
Td~p = 1173 K are in good agreement with the literat- 
ure values independent of Pro, and NHa/A1C13; how- 
ever, those values below Td~p = 1073 K showed much 
larger density than those reported in the literature. 

There have been no reports on the bonding state of 
impurity chlorine, but the impurity bromine is known 
to combine with aluminium atoms. As was mentioned 
earlier, the impurity chlorine must combine with alu- 
minium atoms by substituting nitrogen atoms. This 
substitution of chlorine atoms for nitrogen atoms 
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Figure6 Effect of deposition temperature on density at 
Pro, = 4 kPa. TD = theoretical density. NHa/A1C13: (C)) 1.2, (A) 6, 
(E2) 12. 
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might be the reason for the trend of increasing lattice 
parameters with decreasing Td~p. 

Fig. 8 shows the effect of Td~p on the deposition rate 
constants. Because the growth rates in thickness of 
CVD A1N plates were constant during the deposition 
periods, the deposition rate constant was determined 
by the weight increase per unit time and unit substrate 
area. At Td~p < 1073 K, the deposition rate constants 
increased linearly with increasing To,p, and the 
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Figure 7 Effect of deposition temperature on lattice parameters 
(a) a, (b) e, at Ptot = 4 kPa, NHa/A1C13 = 1.2. The arrow indicates 
a literature value [19]. 
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TABLE II Preparation conditions and maximum growth rates of CVD A1N films 

Source gases Deposition Total Maximum 
temperature gas pressure growth rate 
(K) (kPa) (nm s- ~) 

Reference 

AIC13 + NH3 1173-1623 2 
AIC13 + NH3 973-1573 101 
AIC13 + NH3 873-1773 0.03-6.7 
A1C13 + NH3 1003-1059 101 
AIC13 + NH3 1073-1473 101 
AIC13 + NH3 973-1673 0.7-1.3 
AIBr3 + NH3 773-1173 I01 

AICI3 + NH3 873-1173 0.4-101 

43 
210 

3600 
130 

3.4 
910 

8.6 

430 

[8] 
[9] 
[10] 
[11] 
[12] 
[13] 
[14] 

Present work 

calculated activation energy was 88kJmo1-1 at 
Ptot = 0.4kPa; and 23kJmo1-1  at Ptot = 4 0  and 
101 kPa. It is well known in the CVD process that 
when the activation energy is more than about 
80 kJmo1-1, the rate-controlling step is a chemical 
reaction, whereas when the energy is less than about 
40 kJ mol -  1, some diffusion process in the gas phase is 
the rate-controlling step. The activation energy values 
of 88 and 23 kJmol  -a obtained in the present work 
may correspond well with the activation energies of 
a chemical reaction and diffusion process, respectively, 
but the details of the deposition mechanism remain 
uncertain. At a temperature above Tdep ---- 1273 K, the 
deposition rate constants were nearly constant at 
Ptot = 4 kPa, however, at Ptot = 40 and 101 kPa, they 
decreased with increasing Td~p as shown in Fig. 8. This 
phenomenon can be explained by the decrease in the 
deposition rate by formation of powder due to homo- 
geneous nucleation in the gas phase at higher Tdep 
and Ptot. The Tde p where the maximum deposition 
rate constants occur decreased with increasing 
NH3/A1C13. The maximum growth rate obtained in 
the present work was about 430 nm s-x (120 pm h-1)  
at Td~p = 1473 K, Ptot = 4 kPa and NHa/A1Cla = 1.2, 
and under these conditions CVD A1N plates 1 mm 
thick were obtained. Past reports on deposition rates 
and preparation conditions for CVD A1N films are 
summarized in Table II. The maximum growth rate 
obtained in the present work was well below the value 
of 3600 nm s-  x reported by Suzuki and Tanji [-10], but 
was of the same order as those of other reports. Many 
parameters such as geometric configurations of the 
CVD apparatus, gas flow patterns around the sub- 
strates, mass flow rates of source gases, etc., might 
affect the difference between these growth rates. 

Fig. 9 shows the relationship between CVD condi- 
tions and preferred orientation of the CVD AIN plates 
obtained in the present work. Suzuki and Tanji [-10] 
reported that under any CVD conditions the domi- 
nant orientations were (1 120) and (1013)  planes 
parallel to the substrates. Itoh et al. [4] and 
Komiyama and Osawa [11] reported that the (00 0 1) 
oriented plane was the dominant orientation. How- 
ever, the detailed relationships between CVD condi- 
tions and preferred orientation remains unexplained. 
In the present work, the (0 0 0 1) orientation was domi- 
nant at higher Ptot and changed to the (10 ]- 1) orienta- 

o_ 

5 

g 
w 

( a )  (0001) 

5 

(10il 
0.5 

I I 

(b )  
50 (0001 

5 f 
0.5 (I011 

I I 

(c) 

50 (0001 

s ~ ~  
0 . 5  ( i 0 ~  I 

I I I 

J 

I I I 

J 

I I I I I 
1000 1100  1200 1300 1400 1500 

Deposition ternperoture~ Tde p (K) 

Figure 9 Relationship between CVD conditions and preferred ori- 
entation ofCVD A1N plates at NHa/AICla = (a) 1.2, (b) 6 and (c) 12. 

tion with decreasing Ptot. The (11,20) orientation was 
dominant at higher Td,p and lower Ptot. This beha- 
viour was observed to be almost independent of 
NHa/AIC13. 

Fig. 10 shows XRD patterns and Fig. 11 shows 
surface scanning electron micrographs of CVD A1N 
plates having the (0001), (1011) and (1 120) orienta- 
tions. Many hexagonal facets which are characteristic 
of c-planes of hexagonal crystals were observed in the 
(0001) oriented deposits, The morphology of the 
(1011) and (112 0) oriented deposits is represented by 
the edges and/or ridges of the hexagons. 

The preferred orientation in crystal growth from the 
vapour phase is widely known, and Bauer [21] and 
Evans and Wilman [22] presented some theoretical 
models for the preferred orientation of sputtered films. 
Mashita [23] reviewed their work, and the preferred 
orientation of many sputtered films has been ex- 
plained. However, the preferred orientation for CVD 
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Figure 10 X-ray 
(a) (0 0 01) orientation, 

NHa/AICI3 = 6. 
(b) (1 01  1) orientation, 

NHa/AICI 3 = 1.2. 
(c) (1 12 0) orientation, 

NH3/A1Cla = 1.2. 
(d) AIN powder. 

diffraction patterns of CVD AIN plates. 
Tdep = 1273 K, Ptot = 101 kPa, 

Taop = 1373 K, Ptot = 0.4 kPa, 

Td,p = 1473 K, Ptot = 0.4 kPa, 

films is still not understood. The preferred orientation 
of CVD materials may be explained using the two- 
dimensional nuclei theory presented by Pangarov 
[24]. According to this model, the oriented planes are 
those where the nucleation energy to form a two- 
dimensional nucleus, Wh k~, is minimum. The Wh k l is 
defined by 

Bhkl 
W~kl = (1) 

( 1 / m N ) ( l ~  - -  ~o)  - a h k l  

where (h k l) are the Miller indices of the crystalline 
plane, l,t is the chemical potential of the vapour phase, 
which is in equilibrium with the two-dimensional nu- 
cleus, I-to is the chemical potential of the vapour phase 
which is in equilibrium with the three-dimensional 
nucleus, m is the number of atoms in gas molecules, 
N is Avogadro's number, and A h k~ and Bh k t are both 
constants which vary depending on bonding strength 
between atoms in the crystal lattice. The Wh k ~, which 
corresponds to the preferred orientation, varies with 
the supersaturation of the gas phase. Pangarov [25] 
calculated the relationships between Wh k~ and super- 
saturation in many crystal lattice systems. According 
to the relationship for the hexagonal system given by 
Pangarov [253, the (0001) orientation would be 
dominant at lower supersaturation and the preferred 
orientation would change from (0001) to (10 ]  1) to 
(1 12 0) with increasing supersaturation. Fig. 12 shows 
the effect of Ptot on the supersaturations of aluminium 

2 5 2  

Figure 11 Surface textures of preferably oriented CVD A1N plates. 
(a) ( 0 0 0  1) orientation, Tdep = 1273 K, Ptot = 101 kPa, 

NHa/AICls  = 6. 
(b) (10]- 1) orientation, Tdep = 1373 K, Ptot = 4 kPa, 

NH3/A1C1 a = 1.2. 
(c) (1 12 0) orientation, Td,p = 1473 K, Pto~ = 0.4 kPa, 

NHa/A1CI3 = 12. 

10 
8 
6 

.s 

2 

g- 1 
0.8 
0.6 

-'--o ~ ~ -~" o-_'- 

I I I I I 
20 40 60 BO 100 
Totolgos pressure, PLot (kPo) 

Figure 12 Effect of total gas pressure on supersaturations of (@) 
aluminium and ((3) nitrogen species in the gas phase at 
Tdep = 1473 K and NH3/AIC13 = 1.2. 



and nitrogen at Tamp = 1473 K and NH3/AIC13 = 1.2. 
The supersaturation, Si, is defined as [26] 

nU"(i) 
Si - ~ njp~q(i) (2) 

J 

where S~ is the supersaturation of the ith atom, Pi"(i) is 
the partial pressure of source gas containing the ith 
atom, P~q(i) is the equilibrium partial pressure of gas 
species containing the ith atom, and j is the equilib- 
rium gas species such as A1CI, AIC13, NH2, NH3, etc. 
n and nj are the stoichiometric number of gases con- 
taining i atoms in input gases and in equilibrium 
phase, respectively. The supersaturations of both alu- 
minium and nitrogen are almost independent of Ptot 
in the thermodynamic calculations. The same results 
were obtained for all other CVD conditions. However, 
collisions of molecules in the gas phase will increase 
with increasing Ptot, and these collisions accelerate the 
formation of by-products of NH4C1 and A1C13 "xNH3 
adducts shown in Equations 4a and b. Indeed the 
formation of a white powder was confirmed in the 
present experiments in the lower temperature region 
excluding the substrates. 

A1C13 + NH3 ~A1N + 3HC1 (3) 

AIC13 + xNH3 + 1/2H2 ~ NHaC1 + A1C13_x (4a) 

A1C13 + xNH3 ~ A1C13" xNH3 (4b) 

As shown in Fig. 8, the deposition rate constants 
decreased with increasing Ptot at temperatures below 
Tdep = 1273 K. As stated earlier, this decrease in rate 
constant must be due to the powder formation in the 
gas phase, and it is conceivable that this powder 
formation can significantly decrease the supersatura- 
tion in the gas phase. In preparing CVD A1203 films, 
Park et al. [27] reported similar results on the effect of 
Ptot o n  the supersaturation. They found that the super- 
saturation remained unchanged with the change in 
Ptot, a s  found in the present work. They speculated 
that the powder formation can cause changes in pre- 
ferred orientation by decreasing the supersaturation. 
In the present work the preferred orientation changed 
from (1 l 20) to (1 01 1) to (000 1) with increasing Ptot. 
This result may be explained by the decrease in super- 
saturation in the gas phase. It has been reported that 
the characteristics of the preferred orientation of CVD 
TiC plates [26] and CVD TiB2 [28] may be explained 
by the change in supersaturation in the gas phase. 

The thermal conductivity of the CVD A1N plate 
obtained in the present work was 198 W K71m -1 
when the preferred orientation was (1051). The 
measurement of the thermal conductivity for samples 
having other orientations was unsuccessful because 
the samples were too thin. The value of 
198 W K-  ~ m- 1 was smaller than the theoretical 
value ( 3 2 0 W K - l m  -1 [1]) as well as the value of 
single-crystalline AIN (250 W K-  1 m-  1 [29]). These 
differences may have resulted from grain-boundary 
scattering. The present values are larger than the 
values of CVD A1N film (100-170 W K-~m - 1) ob- 
tained by Hayashi et al. [30]. They reported that the 
lattice defects and/or impurity oxygen might have 

decreased the thermal conductivity of their CVD A1N 
films. 

4. Conclusions 
A1N plates were prepared by CVD using 
A1CI3 + NH3 + H2 as source gases. The following 
results were obtained. 

1. The surface textures of CVD AIN plates varied 
from "powder" to "smooth pebble" to "coarse pebble" 
to "facet" with increasing Tdep and decreasing Ptot- 

2. Impurity chlorine was not detected and the 
compositions of aluminium and nitrogen were 
stoichiometric in CVD AIN plates prepared at tem- 
peratures above Tdeo = 1173 K. Impurity chlorine was 
observed in the CVD A1N plates prepared below 
Tdep = 1073 K. Chlorine contents increased from 5 to 
25 wt % with decreasing TdCp. 

3. The lattice parameters of CVD A1N plates pre- 
pared above Tdep = 1173 K were a = 0.311nm, 
c = 0.4979 nm, and their density was 
3.26 • 10 3 kg m-3. These were in agreement with past 
literature values. The lattice parameters of CVD A1N 
plates prepared at below Tdep = 1073 K were larger 
and their densities were smaller than literature values. 
This phenomenon suggests that chlorine atoms com- 
bine with aluminium atoms by substituting nitrogen 
sites. 

4. The maximum growth rate was 430 nms -1 at 
Tdep = 1473 K, Ptot = 4kPa and NH3/A1CI3 = 1.2. 
Chlorine-free 1 mm thick CVD AIN plates were 
obtained. 

5. The c-plane ((0001)plane) of CVD A1N plates 
was oriented parallel to the substrates at Ptot > 5 kPa, 
independent of Tdep, and was oriented perpendicular 
to the substrates at about TdCp= 1473K and 
Ptot = 0.4 kPa. The preferred orientation of CVD AIN 
plates varied depending on the CVD conditions. The 
preferred orientation of the CVD A1N plates changed 
from (1 120) to (1011) to (0001) with increasing 
Ptot and decreasing TdCp. This tendency was explained 
by the change of supersaturations of aluminium and 
nitrogen species in the gas phase. 

6. The thermal conductivity of CVD A1N plates 
having (1051) orientation was 1 9 8 W K - l m  -1 at 
room temperature. 
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