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1. INTRODUCTION

Among the group III nitride materials, alumin-
ium nitride (AlN) has been a good candidate in 
electronic and optoelectronic applications. AlN has 
several outstanding properties in wide band gap 
(E

g
 = 5.9-6.2 eV), good thermal conductivity (280 

Wm-1K-1), low thermal expansion (≈ 10-6 °C -1), high 
hardness (1100 Kg/mm2), a low dielectric constant 
(8.87) and high acoustic velocity [1-3].  

Recently special attention has been paid to im-
prove the properties of AlN through the addition 
of the third element. There are reports on addition 
of Cr [4,5] and Si [6,7] as a dopant to enhance 
the properties of AlN, and some literature proved 
that addition of Zr [8] and B [9] can improve the 
thermal conductivity of composite materials. To 
ensure the producibility of quality AlN thin film, 
it is necessary to consider the synthesis technique 
and parameters. AlN thin films can be prepared 
through various methods such as plasma assisted 
hot filament chemical vapor deposition [10], hot 
wall low pressure chemical vapor deposition[11], 

Synthesis of Boron-Aluminum Nitride Thin Film by Chemical Vapour 
Deposition Using Gas Bubbler

S. Shanmugan and S. D. Mutharasu 
*subashanmugan@gmail.com

Received: April 2018  Revised: July 2018        Accepted: September 2018

Nano Optoelectronics Research Laboratory, School of Physics,Universiti Sains Malaysia (USM), 11800, Minden, 

Pulau Pinang, Malaysia

DOI: 10.22068/ijmse.16.2.43  

Abstract: Boron (B) doped aluminumnitride (B-AlN) thin �lms were synthesized on silicon (Si) substrates 
through chemical vapor deposition (CVD) at 773 °K (500 °C). Tert-butylamine (tBuNH2) solution was used as 
a nitrogen source and delivered through the gas bubbler. B-AlN thin �lms were prepared on Si-100 substrates 
by varied gas mixture ratio of three precursors. The structural properties of the �lms were investigated from 
the X-ray diffraction (XRD) data and veri�ed the formation of polycrystalline and mixed phases of hexagonal 
(100) & (110) oriented AlN and orthogonal (002) & cubic (333) oriented BN. The calculated crystallite size was 
smaller and hence the dislocation density was higher with lowest total gas mixture ratio (25 sccm). Improved 
surface properties were detected for the �lm deposited at lowest total gas mixture ratio by �eld emission scan-
ning electron microscope (FESEM) and atomic force microscope (AFM) analysis. The �lm composition showed 
the existence of a higher concentration of B in the �lm prepared with lower total gas mixture ratio which was 
con�rmed by energy dispersive X-ray spectroscopy (EDX).

Keywords:  B-AlN, Thin �lm synthesis, CVD, Structural parameter, Surface analysis.

metal organic chemical vapor deposition meth-
od (MOCVD),[12] reactive sputtering [13-15], 
pulsed laser deposition [16,17], and reactive mo-
lecular beam deposition [18]. Among them, CVD 
has drawn attention due to its advantages such as 
high deposition rate, no need of ultra-high vac-
uum , and large area growth capability which is 
suitable for industrial mass production [19].

There are some traditional CVD techniques 
such as low pressure CVD (LPCVD) [11], at-
mospheric pressure CVD (APCVD) [20] , and 
metal-organic CVD (MOCVD) [12] which are 
commonly using ammonia gas (NH

3
) as nitrogen 

source from the thermodynamic standpoint. Due 
to the high thermal stability of NH

3
, it requires 

high substrate temperature typically ≥ 1273 K 
(1000 °C) to deposit quality AlN thin film. There 
are reports on the usage of metal-organic precur-
sors such as hexakis (dimethylamido) dialumi-
num [Al

2
(NMe

2
)

6
] [21] and trimethylaluminum 

[Al
2
(CH

3
)

6
] [22] to reduce the substrate tempera-

ture, however the precursors are not stable in the 
presence of oxygen and moisture, which are not 
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easy to handle. In addition, single source pre-
cursors such as trimethylaluminium ammonia 
[(Me

3
Al(NH

3
)] adduct [23,24] had been devel-

oped to reduce the synthesis temperature and sim-
plify the precursor input during the CVD process, 
however, the preparation of single-source precur-
sors may involve complex and costly procedures. 

In this work, B doped AlN (B-AlN) thin films 
were deposited on Si(100) substrates by a CVD 
method with various gas �ow rates. Lower depo-
sition temperature 773 K (500 °C) is set for the 
process todeposit a ceramic film on lower melt-
ing point substrates like Al at T � 923 K (650 °C) 
which is highly suitable for Metal Core Printed 
Circuit Board (MCPCB) fabrication and also for 
thermal substrates. In order to deposit nitride film 
at lower substrate temperature, tert-butylamine 
(tBuNH

2
) was used as nitrogen source instead of 

NH
3
 due to its suitable vapor pressure (340 Torr 

at room temperature) [25]. There are reports on 
the successive deposition of AlN with the use of 
tBuNH

2 
at a lower temperature range of 673 – 

873 K (400 - 600 °C) [26,27]. Aluminum chlo-
ride (AlCl

3
) was selected as Al source and Boron 

trichloride (BCl
3
) was chosen as B source in the 

CVD process. The gas bubbler was employed as a 
liquid precursor delivery system since it is an eas-
ier and reliable method to obtain a uniform mix-
ture of gases immediately and successfully used 
for some other CVD process [28]. So far there is 
no report on the use of bubbler for tBuNH

2
 in AlN 

synthesis using the CVD process. The deposited 
films were analyzed by using XRD technique for 
their structural parameters such as crystallite size, 
dislocation density, residual stress, and strain, etc. 
The surface morphology was also investigated 

through FESEM and AFM, respectively.

2. EXPERIMENTAL PROCEDURES

In this experiment, Boron doped AlN thin film 
was synthesized on Si substrates by CVD process 
at 773 K (500 °C). The silicon (100) substrates 
were selected for this study since the thermal ex-
pansion coefficient of Si (2.6 × 10-6  °C -1) is well 
matching with that of metal nitrides (10-6 °C -1) 
[29]. Before we load the substrate in the quartz 
tube, the native oxides on the substrates were re-
moved by cleaning using the RCA (Radio Corpo-

ration of America) method [30].
A hot wall three zone furnace purchased from 

MTI Corporation (OTF-1200X-III) was used in this 
experiment. The cleaned Si substrates were loaded 
and positioned at the central zone of the CVD tube 
as shown in the schematic diagram (Fig. 1.). Ini-
tially, the air inside the tube was evacuated by a 
rotary vacuum pump followed by N

2
 gas purging 

for about 5 min. The temperature of each zone were 
set as shown in Fig. 1. AlCl

3
 powder (anhydrous 

sublimed ≥ 98 %, Sigma-Aldrich) was used as Al 
source in this experiment and positioned at the left 
zone (Fig.1). tBuNH

2
 (tert-butylamine) solution 

(98 %, Aldrich) was used as a nitrogen source and 
fed into the quartz tube using the gas bubbling set-
up. For which, the Gas bubbler was employed as a 
liquid precursor delivery system for the CVD pro-
cess as it is an easier and reliable method to obtain 
a uniform mixture of gases immediately [31]. BCl

3
 

solution (1M solution in hexane, Acros Organics) 
was used as a boron source and fed into the reaction 
tube for about 30 minutes by bubbling N

2
 carrier 

gas in BCl
3
 solution container (bubbler). The �ow 

Fig. 1. Schematic diagram of CVD system using the gas bubbler for B-AlN thin film deposition.
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rate of gas for liquid precursor and boron source was 
controlled by a digital mass �ow controller (MFC). 
The tert-butylamine vapor was released into the tube 
from left zone and was reacted with AlCl

3
 at 673 K 

(400 °C). After that, the mixed vapor was passed 
through the center zone for one hour where the Si 
substrates were maintained at 773 K (500 °C) for 
film deposition at atmospheric pressure. The de-
posited B-AlN films were subjected to an annealing 
process at 573 K (300 °C) for 3 hours with a constant 
�ow rate of N

2
 gas at 10 sccm in a separate CVD fur-

nace. To get high-quality thin film, the process pa-
rameters were optimized by changing four different 
�ow rate of gas as mentioned in Table 1.

In order to evaluate the film quality, the struc-
tural properties of B-AlN films such as crystal-
lite size, strain, stress, dislocation density, etc 
were evaluated by using X-ray diffraction (XRD, 
X’pert-PRO, Philips, Netherlands) technique with 
scan range between 2� = 25 ° & 65 ° and present-
ed for discussion. The surface morphology of the 
films was also analyzed using field emission scan-
ning electron microscope (FESEM, Nova Nano-
SEM 450) and atomic force microscope (AFM, 
Bruker AXS). The thickness of the prepared thin 
films was confirmed by the cross-sectional FE-
SEM image analysis. In addition, the composi-
tion of the films was also investigated by energy 
dispersive X-ray spectroscopy (EDX) which is 
attached to the same FESEM equipment. The ob-
served results are presented here for discussion.

3. RESULTS AND DISCUSSION

3.1 XRD Analysis

The XRD spectra of all films are recorded as 
shown in Fig. 2. It clearly indicates the formation 
of AlN films with mixed (100) and (110) oriented 

Table 1. Deposition process parameters of B-AlN thin films by CVD Method.

Process Precursors Gas mixture ratio (sccm) Thickness (nm)

CVD 1

AlCl
3
 carrier gas (N

2
) 10

423tert-butylamine 25

BCl
3

25

CVD 2

AlCl
3
 carrier gas (N

2
) 5

440tert-butylamine 25

BCl
3

25

CVD 3

AlCl
3
 carrier gas (N

2
) 2.5

498tert-butylamine 15

BCl
3

15

CVD 4

AlCl
3
 carrier gas (N

2
) 5

418tert-butylamine 10

BCl
3

10

Fig. 2. XRD spectra of B-AlN thin film prepared 
 at various process conditions.
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hexagonal (h) phase in all four samples. Besides 
that, relatively low-intensity peaks related to (002) 
oriented orthorhombic (o) and (333) oriented cu-
bic (c) BN phase are also found in the range be-
tween (54.5 - 54.7°) and (56.4 - 56.5°).  When the 
carrier gas �ow rate (for AlCl

3
 source) changed 

from 10 sccm (CVD 1) to 2.5 sccm (CVD 3), an 
increase in the intensity of (100) oriented AlN 
peak could be observed and presented in magni-
fied XRD spectra as shown in Fig. 3. Even though 
the gas �ow rate for AlCl

3
 source increased, high 

intensity for (100) oriented AlN peak was noticed 
with CVD process 4 (CVD 4) where the carrier 
gas �ow rates for tert-butylamine and BCl

3 
were 

minimized from 25 sccm to 10 sccm when
 
com-

pared with the other three process (CVD 1, CVD 
2, and CVD 3) conditions. It is also observed that 
the total �ow rate for all carrier gas is reduced no-
ticeably at CVD 4 process. On considering (110) 
peak as referred to Fig. 3(b), the intensity gradual-
ly increases as the carrier gas �ow rates decrease 
for all precursors. Especially, the high intensity 
was noticed for (110) peak with CVD 3 process 
where the carrier gas �ow rate for AlCl

3
 was fixed 

at 2.5 sccm. It is also noticed that the reduced gas 
�ow rate for tert-butylamine and BCl

3
 is used and 

helped to achieve high thickness in this study. 
Upon decreasing the �ow rate of the carrier gas 
further for tert-butylamine and BCl

3
 precursors, 

decreased intensity of (110) peak is noticed where 
the carrier gas �ow rate for AlCl

3
 is increased from 

2.5 sccm to 5 sccm. From the observed results, 
it is noticed that the low �ow rate of AlCl

3
 (2.5 

sccm) is supporting the growth of (110) oriented 
AlN thin film at a moderate �ow rate of the gas for 
another precursor (CVD 3). In addition to this, the 
reduced carrier gas �ow rates (from 15 sccm to 10 
sccm) of tert-butylamine and BCl

3 
were also sup-

porting
 
this observation. On considering the peak 

intensity of BN phase, it is noticed that the peak 
intensity of (002) oriented o-BN phase increases 
from 139 (a.u.) to 217 (a.u.) when the �ow rate for 
BCl

3 
reduced from 25 sccm to 10 sccm (CVD 2 to 

CVD 4 processes). While considering c-BN (333) 
peak, the highest intensity is achieved with the 
samples prepared using CVD 3 process, and the 
intensity slightly decreases for the films prepared 
from CVD 4 process as the �ow rate of BCl

3 
re-

duced from 15 sccm (CVD 3 process) to 10 sccm 
(CVD 4 process).

Overall, the XRD spectra show the polycrys-
talline behavior of AlN phase along with BN 
phase with different orientations especially domi-
nated by (100) oriented AlN peak. From the XRD 
analysis, it is found that the crystalline B-AlN thin 
film can be synthesized by reducing the total �ow 
rate especially for tert-butylamine and BCl

3 
pre-

cursors. Overall, it is observed that the thin film 
deposited with CVD 4 process parameters has 
more crystallinity than other 3 process parame-
ters. According to Song et al. [32], the lack of BN 
peak in the XRD spectra indicates that the film 
has either amorphous structure or composed of 
very small grain sizes. Moreover, the B atoms are 
diffused into AlN to form (B, Al)N thin film phase 
during the deposition process where the synthesis 
was carried out at a high temperature of 773 K 
(500 °C).

3.2 Structural Parameter Analysis

The observed data of all samples from XRD 
spectra are summarized in Table 2 and compared 

Fig. 3. Variation in XRD peak intensity of (a) (100), and (b) 

(110) oriented hexagonal AlN.
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with the standard 2� data (as reference pattern) 
from XRD analysis software to determine the peak 
shifting of the observed 2�. The reference pattern 
no. of (100) and (110) oriented h-AlN phases are 
01-070-0354 and 00-025-1133, while the refer-
ence no. of (002) oriented o-BN and (333) oriented 
c-BN are 01-073-0109 and 00-050-1075, respec-
tively. As B source is introduced into the crystal 
structure, there is a chance to get the peak shift ei-
ther to the left or right. Peak shifting towards great-
er angle was detected for both (100) and (110) ori-
ented AlN in all four samples, it is an evidence of 
the effect of B inclusion in AlN thin film [33]. The 
peak shifting is because of the lattice defects as a 
result of B occupying the lattice site of AlN crystal 
lattice. To understand the structural changes and 
properties of the prepared thin film, the structural 
parameters are evaluated from the XRD results and 

provided for discussion in Table 3. The crystallite 
size of the synthesized thin film is calculated using 
the Debye-Scherer formula [34]:

D = 0.94 � / � cos �   (1)

where � is wavelength (in Angstrom), � is the 
broadening of diffraction peak (in radians), � is 
the Bragg diffraction angle. The calculated results 
are as shown in Table 3. For the lattice parameter, 
there is no significant change in all peaks. This 
shows that the variation in gas �ow ratio has no 
obvious effect in altering the lattice constant of 
B-AlN thin films. The internal stress (�) devel-
oped in the deposited film is calculated using the 
relation:

� =  �  E (d
a 
 �  d

0
) / (2 d

0
 Y)   (2)

Table 2. XRD analysis data of B-AlN thin film prepared on Si substrates.

Process Identity
Observed 

�� ���

S������� �� 

���
FWHM ���

Observed

d-spacing (Å)

Standard

d-spacing (Å)

CVD 1

h-AlN (100) 33.02 32.97 0.056 2.710 2.715

o-BN (002) 54.53 54.76 0.111 1.679 1.675

c-BN
 
(333) 56.41 56.86 0.078 1.630 1.618

h-AlN(110) 61.76 59.35 0.067 1.501 1.556

CVD 2

h-AlN (100) 33.05 32.97 0.056 2.708 2.715

o-BN (002) 54.65 54.76 0.100 1.678 1.675

c-BN
 
(333) 56.42 56.86 0.067 1.630 1.618

h-AlN(110) 61.77 59.35 0.067 1.501 1.556

CVD 3

h-AlN (100) 33.13 32.97 0.078 2.702 2.715

o-BN (002) 54.71 54.76 0.100 1.676 1.675

c-BN
 
(333) 56.55 56.86 0.067 1.626 1.618

h-AlN(110) 61.91 59.35 0.056 1.498 1.556

CVD 4

h-AlN (100) 33.06 32.97 0.056 2.707 2.715

o-BN (002) 54.65 54.76 0.067 1.678 1.675

c-BN
 
(333) 56.43 56.86 0.056 1.629 1.618

h-AlN(110) 61.78 59.35 0.056 1.501 1.556
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Where d
0 
and d

a 
are the d spacing of bulk and 

thin film forms respectively [35]. E and Y are 
Young’s modulus (AlN - 308 GPa; BN - 748 GPa) 
[36,37] and Poisson’s ratios of (AlN - 0.29; BN – 
0.19) [38,39], respectively.The nature of applied 
stress during the growth of crystal could be identi-
fied by the sign of the observed stress value. If the 
stress value is positive, it represents the compres-
sive stress, and if it is negative, the tensile stress is 
applied during the growth process.

From Table 3, it is noticed that the tensile 
stress is applied during the growth of (110) ori-
ented AlN phase for all samples and it is because 
of decreased carrier gas �ow rate of AlCl

3
 during 

the synthesis process. It is also noticed from  
Table 3 that the compressive stress is also applied 
during the growth of (100) oriented AlN thin film 
phase at CVD1 condition. Overall, tensile stress 
is dominated with the AlN phase for all CVD 

processing conditions and observed from all sam-
ples. But there is not much difference in tensile 
stress as the carrier gas �ow rate changes for all 
precursors. From this observation, it is concluded 
that the reduced stress (tensile stress) is possible 
with higher film thickness. In addition to these, 
there are few BN peaks being observed thet in-
�uencethe internal stress of the film. For (333) 
oriented c-BN phase, the applied compressive 
stress diminishes as carrier gas �ow rate of AlCl

3
 

reduces. In (002) oriented o-BN phase, it could 
be observed that there is a conversion from com-
pressive to tensile stress as the carrier gas �ow 
rate of AlCl

3
 decreases. According to ref. [40-

42], residual stresses play a significant role in the 
reliability of thin films and cause film buckling 
or cracking under the existence of large residual 
stresses and even interface delamination. Overall, 
it is observed form the residual stress analysis that 

Table. 3. Structural parameters of B-AlN thin film prepared on Si substrates.

Process Identity
Crystallite 

size (nm)

Lattice pa-

rameter (Å)

Internal 

Stress

Dislocation 

density (m-2)
Strain

CVD 1

h-AlN (100) 147.918 2.710 0.9365 4.57×1013 8.24×10-4

o-BN (002) 80.489 3.358 4.4088 1.54×1014 9.40×10-4

c-BN
 
(333) 115.535 8.469 14.3356 7.49×1013 6.35×10-4

h-AlN(110) 138.111 2.123 -19.6667 5.24×1013 4.89×10-4

CVD 2

h-AlN (100) 147.927 2.708 -1.3116 4.57×1013 8.24×10-4

o-BN (002) 89.392 3.356 3.6597 1.25×1014 8.44×10-4

c-BN
 
(333) 134.512 8.467 13.9039 5.53×1013 5.45×10-4

h-AlN(110) 138.122 2.122 -19.7890 5.24×1013 4.89×10-4

CVD 3

h-AlN (100) 106.226 2.702 -2.5976 8.86×1013 1.14×10-3

o-BN (002) 89.416 3.353 1.6439 1.25×1014 8.43×10-4

c-BN
 
(333) 134.592 8.450 9.8654 5.52×1013 5.43×10-4

h-AlN(110) 165.369 2.118 -20.8775 3.66×1013 4.07×10-4

CVD 4

h-AlN (100) 147.931 2.707 -1.4924 4.57×1013 8.23×10-4

o-BN (002) 133.418 3.356 3.7768 5.62×1013 5.66×10-4

c-BN
 
(333) 160.937 8.467 13.7959 3.86×1013 4.55×10-4

h-AlN(110) 165.255 2.122 -19.8112 3.66×1013 4.08×10-4
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the film treated with CVD 3 process conditions 
will have good film quality with higher thickness. 
Moreover, it is achieved with optimized BCl

3 
�ow 

rate (15 sccm) during the process.
In addition to this, dislocation density (�), de-

fined as the length of dislocation lines per unit 
volume of crystal, was evaluated from the follow-
ing relation [43]:

� = 1 / D2     (3)

The strain (�) is calculated from formula 
using XRD results:

� = � cot � / 4        (4)

From Table 3, it shows that the dislocation 
density observed from (100) oriented AlN phase 
displays high value for the film deposited using 
CVD 3 than all other process conditions used in 
this study. It seems that the crystalline defects are 
dominated in this phase. On considering (110) 
phase, the dislocation density decreases as the 
carrier gas �ow rate for AlCl

3
 decreases and also 

for other precursors. It is due to the release of 
stress during the growth at this process condition 
and hence higher thickness achieved in this pro-

cess condition [44]. As a result, a highly intensive 
peak of (110) orientation is observed with CVD 3 
process conditions. The line widths of the Bragg 
peaks provide information on the average grain 
size and defects of the crystal lattice originating 
from microstrain. As observed for the dislocation 
density, the strain developed during the growth 
of (100) orientated film increases and shows high 
value for the film processed at CVD 3. The strain 
in the film defines the ordering of the atoms in the 
crystal lattice and the concentrations of stacking 
faults and point defects [45]. For our study, the 
increased strain reveals the disordering of atoms, 
stacking faults and point defects in the processed 
thin film samples. Table 3 also shows the variation 
of strain in the BN crystal lattice and it decreas-
es as the carrier gas �ow rate of all precursor de-
creases for both orthogonal (002) and cubic (333) 
phases. It exhibits the formation of BN in the AlN 
structure with fewer defects.

3.3 FESEM and EDS Analysis

To understand the in�uence of gas �ow rate 
on the surface morphology of B-AlN thin films, 
the film surface images were captured by the FE-
SEM as shown in Fig. 4 and analyzed the surface 

Fig. 4. FESEM images of B-AlN thin film surface prepared using (a) CVD 1, (b) CVD 2, (c) CVD 3, and (d) CVD 4 conditions.
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quality.  From the SEM images, the thin film de-
posited with the highest total gas �ow rate (CVD 
1) (Fig.5a) has some surface defects. For CVD 2 
(Fig. 4b), the surface damages such as pores and 
�aws can be clearly seen on the film surface as the 
�ow rate of carrier gas for AlCl

3 
reduced to 50% 

from that of CVD1. Some small clusters can be 
observed on the surface of film using CVD 3 con-
dition as shown in Fig. 4c. Good surface morphol-
ogy is noticed with thin film prepared with the 
lowest total gas �ow (CVD4), which has a smooth 
surface without any cluster or particle as present-
ed in Fig. 4d. Overall, the lower total gas �ow rate 
released, the smoother the surface of the film can 
be obtained. Since we changed the gas ratio, it is 
expected to change the elemental composition of 
the prepared thin film and should be addressed. To 
evaluate this, EDS analysis was performed for all 
samples and observed the elemental compositions 
as mentioned in Table 4.

During the analysis, the scan area was fixed 
approximately 25 �m2. A small decrease in the 
percentage of Al can be noticed as the total gas 
�ow rate decrease from 60 to 25 sccm (CVD 
1 to 4) where the carrier gas �ow rate of AlCl

3
 

decreases from 10 sccm to 2.5 sccm. An inter-
esting result could be observed that the nitrogen 
content increases as the tBuNH

2
 gas �ow rate 

decreases from 25 to 10 sccm . The percentage 
of Boron content is relatively low in all samples 
and can be explained by the diffusion behavior 
of B atoms into the crystal structure of the film. 

It is observed that the higher B content is possi-
ble only with CVD 3 process conditions while 
noticing the higher thickness in the same CVD 
3. The lower percentage of B content may also 
be due to insufficient temperature for B source in 
the gas mixture to react and diffuse into the film 
structure during the deposition process [32]. It is 
suggested to increase the B addition by varying 
the synthesis parameters such as deposition tem-
perature in future work.

To measure the thickness of all samples, the 
CVD samples were undergone to cross-sectional 
analysis using FESEM and marked on the imag-
es as shown in Fig. 5 and observed average thick-
ness are also given in Table 1. The thickness of all 
B-AlN thin films were verified by measuring at dif-
ferent points in the cross-sectional image and took 
the average as given in Table 1. It can be observed 
that the average thickness of all deposited films 
with different parameters is in the range of 400 – 
500 nm and shows a small deviation between each 
sample. The film thickness of CVD 1 and CVD 
4 samples shows nearly closer value even though 
there is a huge difference in total gas �ow rate. This 
reveals that a small change in total gas �ow rate 
does not have a significant effect on the thickness. 
From all samples, B-AlN thin film prepared with 
CVD 3 process parameter shows higher thickness 
than other samples. We believe that the deposition 
rate may increase by changing other parameters 
like substrate temperature or the total pressure of 
the tube during the synthesis process.

Fig. 5. FESEM cross-section images of the thin film samples prepared at various process conditions.
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3.4 AFM Analysis

The 3D surface topography of B-AlN thin 
films is captured by AFM using tapping mode 
at scan range of 10 �m x 10 �m and the record-
ed images are presented in Fig. 6. Based on the 
process parameters, noticeable changes in the 
surface morphology could be recorded for all 
samples which are clearly exhibited in Fig. 6. 
As we observed from the SEM analysis, smooth 
surface with low surface roughness and small 
particle size are expected with the samples pre-
pared using low �ow rate of B and N source 
precursor (CVD 4).

In order to evaluate the surface properties in 
detail, the surface roughness and particle size 
were measured from 3D images using image soft-
ware and their values are summarized in Table 4. 
The thin film deposited with the highest total gas 
�ow rate (CVD 1) or highest carrier gas �ow rate 
of AlCl

3
 shows high surface roughness of 0.78 

nm. It is noticed that as the surface roughness de-
creases as the total gas �ow rate decreases. The 
thin film deposited with the lowest total gas �ow 
rate (CVD 4) achieves the lowest roughness. Us-
ing the software analysis, the particle size of all 
thin film are measured from AFM images and also 
summarized in Table 4. As a consequence, the film 

Fig. 6. The AFM (3D) images of B-AlN thin film prepared using (a) CVD 1, (b) CVD 2, (c) CVD 3, and (d) CVD 4 process conditions.

Table 4. Atomic weight percentage, surface roughness and particle size of B-AlN

Process
Weight (wt%)

Roughness 

(nm)

Particle Size 

(nm)
B Al N

CVD 1 0.40 90.18 9.42 0.780 303.050

CVD 2 0.73 89.97 9.30 0.746 320.062

CVD 3 1.70 88.00 10.30 0.759 521.530

CVD 4 1.11 88.48 10.41 0.535 224.751

 [
 D

O
I:

 1
0.

22
06

8/
ijm

se
.1

6.
2.

43
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 c
eh

sa
t.i

us
t.a

c.
ir

 o
n 

20
23

-0
5-

17
 ]

 

                             9 / 12

http://dx.doi.org/10.22068/ijmse.16.2.43
http://cehsat.iust.ac.ir/ijmse/article-1-1153-en.html


52

prepared with CVD 3 process conditions has big-
ger particles than the particle size of other films. 
It is observed from Table 4 that the low value in 
particle size is also noticed with the film prepared 
at a reduced �ow rate with all carrier gases.

4. CONCLUSION

In this work, B-AlN was successfully de-
posited on Si(100) substrates using CVD meth-
od at a low temperature of 773 K (500 °C) with 
tBuNH

2 
as an alternative nitrogen source using 

the gas bubbler. The XRD analysis result revealed 
the formation of mixed (100) and (110) oriented 
hexagonal phase of AlN with polycrystalline BN 
(cubic and orthogonal) phases. The observed peak 
shifting suggested the existence of B in the crystal 
structure of AlN. The structural analysis revealed 
defects in the crystalline quality as a result of 
changing the gas mixture ratio. The higher atomic 
weight percentage of B was observed in the films 
deposited with lower total gas mixture ratio. Us-
ing FESEM and AFM, the improved surface prop-
erties were also noticed from the film grown with 
lower total gas mixture ratio in CVD 4 process 
condition as the XRD peak intensity of (100) ori-
ented AlN phase was the highest among all four 
deposition parameters.
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