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Mosaic Defects of AIN Buffer Layers in GaN/AIN/4H-SiC Epitaxial
Structure
Highlights
«» Structural properties of AIN buffer layers are investigated by (HR-XRD) technique.
% Interfacial roughness of AIN buffer layer was determined by XRR technique.

Graphical Abstract

Structural properties of AIN buffer layers, grown by Metal Organic Chemical Vapor Deposition (MOCVD) on 4H-
SiC substrate with thicknesses of 61.34, 116.88, 129.46 and 131.50 nm, are investigated by High Resolution X-Ray
Diffraction (HR-XRD) technique. Interfacial roughness of AIN buffer layer was determined by XRR technique.
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Figures Photoluminescene (PL) as a function of emission energy for all the investigated AIN buffer samples/
Specular x-ray reflectivity of AIN buffer layers/ High resolution Bragg reflections curves of (002), (004) and (006)
planes of samples A, B, C and D.

Aim
The aim of this study is to investigate Mosaic Defects of AIN Buffer Layers in GaN/AIN/4H-SiC Epitaxial Structure

Design & Methodology

Structural properties of AIN buffer layers, grown by Metal Organic Chemical Vapor Deposition (MOCVD) on 4H-
SiC substrate with thicknesses of 61.34, 116.88, 129.46 and 131.50 nm, are investigated by High Resolution X-Ray
Diffraction (HR-XRD) technique. Interfacial roughness of AIN buffer layer was determined by XRR technique.

Originality
This study is original because AIN buffer layer is rarely used with GaN.

Findings
The interface roughness value of 131.50 nm thick sample is determined as 0.50 nm. Mosaic defects, tilt angle, vertical

and lateral coherence lengths are characterized by HR-XRD technique. The edge and screw dislocations of the 131.50
nm thick sample are found as 2.98x1010 and 8.86x108 cm- respectively.

Conclusion
HR-XRD and XRR results showed that the thickest sample (131.50 nm) is more capable of preventing diffusion of
dislocations to GaN layer.

Declaration of Ethical Standards
The author(s) of this article declare that the materials and methods used in this study do not require ethical committee
permission and/or legal-special permission.
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ABSTRACT

Structural properties of AIN buffer layers, grown by Metal Organic Chemical Vapor Deposition (MOCVD) on 4H-SiC substrate
with thicknesses of 61.34, 116.88, 129.46 and 131.50 nm, are investigated by High Resolution X-Ray Diffraction (HR-XRD)
technique. Interfacial roughness of AIN buffer layer was determined by XRR technique. The interface roughness value of 131.50
nm thick sample is determined as 0.50 nm. Mosaic defects, tilt angle, vertical and lateral coherence lengths are characterized by
HR-XRD technique. The edge and screw dislocations of the 131.50 nm thick sample are found as 2.98x10%° and 8.86x108 cm
respectively. The results indicate that 131.50 nm thick AIN buffer layer should be used in order to gain high performance in
optoelectronic terms in this study. Thus, optimization of AIN buffer layer thickness is extremely important in device performance.

Keywords: MOCVD, AIN, HR-XRD, XRR, mosaic defect.

GaN/AIN/4H-SiC Epitaksiyel Yapinin AIN Tampon
Tabakasinin Mozaik Kusurlari

oz

Metal Organik Kimyasal Buhar Biriktirme (MOCVD) yontemiyle 4H-SiC alttasin iizerine 61.34, 116.88, 129.46 ve 131.50 nm
kalinliklarinda biiyiitiilen AIN tampon tabakalarin yapisal 6zellikleri yiiksek ¢oziiniirliikli X-1sin1 kirmimi (HR-XRD) teknigi ile
incelendi. AIN tampon tabakanin arayiiz piiriizliiligii XRR teknigi ile belirlendi. 131.50 nm kalinligindaki numunenin arayiiz
pliriizliligi 0.50 nm olarak bulundu. Mozaik kusurlar, egim agisi, diisey ve yatay koherens uzunluklarit HR-XRD teknigi ile
karakterize edildi. 131.50 nm kalmligindaki numunenin kenar ve vida tipi dislokasyonlar sirasiyla 2.98x10° ve 8.86x108 cm
olarak hesaplandi. Bu sonuglar gosterdi ki bu ¢caligmada optoelektronik olarak yiiksek performans elde edebilmek igin 131.50 nm
kalinhiginda AIN tampon tabaka tercih edilmelidir. AIN tampon tabakanmn kalinhiginin iyi se¢ilmesi cihazin performansi agisindan
son derece 6nemlidir.

Anahtar Kelimeler: MOCVD, AIN, HR-XRD, XRR, mozaik kusur.

1.INTRODUCTION

Use of materials such as diamond, SiC, I1I-Nitrides and
11-1V group elements which have wide energy band gap
in electronic devices, decrease the negative application
effects.  Among these  materials, IlI-Nitride
semiconductors, because of their direct band gaps, they
have high absorption coefficients and sharp peaks in PL
spectra. Today, IlI-Nitrides are widely preferred for
production of nano-electronic and nano-optoelectronic
devices operating under high power, temperature and
radiation conditions, because of the properties above [1].
Among compounds formed by I11-V group elements such
as nitride based GaN and AIN are promising structures
for designing optoelectronic devices operating in blue-
ultraviolet (UV) spectral range.

Different buffer layers are preferred in Light Emitting
Diodes (LEDs), High Electron Mobility Transistors
(HEMTs), Solar Cells (SCs) and many other

* Sorumlu yazar (Corresponding Author)
e-mail: sunkurt4@gmail.com

optoelectronic devices because they optimize the
properties of active layers [2]. In order to increase device
performance, lattice mismatch, dislocation density and
difference in thermal expansion coefficients should be
minimized. For gaining high crystal quality, buffer layers
should be grown on GaN epitaxial layer grown on the
substrate. Buffer layer prevents forming of dislocations
between the substrate and layers grown on it. Also, buffer
layer minimizes lattice mismatch between layers, this
situation decreases stress and lattice relaxation. Because
of its perfect chemical stability and high thermal
conductivity AIN is a preferred buffer layer for growing
high quality GaN films on substrates such as sapphire,
SiC and Si [3, 4]. AIN and SiC have hexagonal crystal
structure and they have similar crystallographic
properties such as lattice parameters and thermal
expansion coefficients [5]. Because of these common
properties, during growth of GaN based thin films on SiC
substrate AIN is a convenient buffer layer [6]. In Table 1
crystallographic properties of AIN and SiC can be seen.
These universal lattice parameters are taken from pdf
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251133 and 221317 database. Also in terms of validity of
GaN devices high thermal conductivity of SiC is
important [7]. In recent studies, it is seen that growing
AIN buffer layer between substrate and GaN supports
modification of surface morphology of GaN [8].

Table 1. Crystallographic properties of AIN and SiC

Crystalline Index AIN [9] 4H-SiC
properties [10]

Crystal Wurtsize Wurtsize
structure (hexagonal)  (hexagonal)
L attice 3.111 3.073
parameter (A) 4.9792 10.081

There are many similar studies in literature. For example
Deok K. K.[11] investigated effect of AIN buffer layer
thickness on structural properties in his work. He also
found out that suitable thickness of AIN buffer layer
optimize structural properties. H. Marchand and co-
workers made another study in (2014) and concluded that
use of AIN buffer layer with a suitable thickness prevents
dislocations to diffuse[12].

In this study, AIN buffer layers with thicknesses of 61.34,
116.88, 129.46 and 131.50 nm are grown on 4H-SiC
substrate by using MOCVD technique. These structures
are called as sample A, B, C and D respectively.
Structural properties of AIN buffer layers with different
thicknesses are investigated. The crystal quality of the
buffer layers was investigated by XRR technique.
Because nitride based materials crystallize during growth
they have mosaic structure defects in general. Defected
AIN buffer layers are characterized with tilt angle, lateral
and vertical coherence lengths by HR-XRD technique. In
order to determine tilt angle of structures.

2.MATERIAL and METHOD

All samples are grown on 4H-SiC substrate by using low
pressure MOCVD. For Al and N, Thrimethylaliminium
(TMAI) and NHs are used as source respectively. H; is
used as carrier gas. Before growth of AIN, SiC substrates
are annealed at 1080 °C for 10 minutes in order to remove
surface dirt. First 10 nm thick AIN layer is grown under
50 mbar reactor pressure and at 840°C temperature. Later
reactor temperature is increased to 1100, 1020, 970 and
1050°C for samples A, B, C and D respectively. Main
AIN layer is grown under 30, 50, 50 and 30 mbar reactor
pressure at 1100, 1020, 970 and 1050°C temperature
respectively. Samples A, B, C and D are grown with 50,
1000, 1000 and 50 sccm NHjs flux ratios, respectively.

Samples are characterized by HR-XRD measurement.
HR-XRD measurements are made with Bruker D8-
Discovery high resolution diffractometer using CuKq,
radiation, mirror with production and a 4 bounce Ge(022)

monochromator. By wusing the results of these
measurements crystal quality of the samples are
determined.

3. RESULTS & DISCUSSION

X-Ray Reflectivity (XRR), is a useful technique for
determining the quality of interfaces in a heterostructure
[13]. This technique is used for measuring layer
thicknesses between 0.1-1 nm, material density smaller
than %1-2 and interface roughness between 3-5 nm. In
general, these types of analyses makes measurements at
nano-scale for crystal and amorphous materials. Fig. 1
shows XRR spectra of AIN buffer layers grown on SiC
substrate. Inserted plot in this figure is used for detailing
Kiessig finger peaks and fits. Formation of finger peaks
indicates that samples have good interface quality.
Frequency and width of fluctuations are effected from
thickness of hetero structures, interface roughness and
differences in the density of layers [14]. As can be seen,
sharp dropping point is at about critical angle point 0.6.
This dropping point that is critical angle is used for
describing density of AIN buffer layer. For all four of the
samples sharp dropping points are approximately the
same. Different negative slopes in the plot is related with
roughness of AIN buffer layer. Roughness values for
samples A, B, C and D are measured as 1.12, 1.36, 2.50
and 0.50 nm respectively. Thickness is calculated with
d=A/2A6 equation [15]. Here A is the wavelength of x-ray
source, A0 is the difference of angles of two finger peaks
in radians. This result shows that sample D which is
thicker has better GaN thin film interface quality.

D T B S S A e .y

10° ¢

10" §

Intensity (cps) in log,, scale

10

RE——

1

o

04 0.6 08 1.0 1.2 14 1.6 18 20

2 theta (deg.)
Figure 1. Specular x-ray reflectivity of AIN buffer layers

HR-XRD plot of AIN buffer layers grown on SiC
substrate is given in Fig. 2 for four samples. AIN buffer
layer peaks can be seen in Fig. 2 for (002), (004) and
(006) symmetric planes. These peaks for four samples
shows variation in peak widths. This situation is related
to mosaic crystal structures. Symmetric plane peaks for
AIN buffer layer is given in Table 2. FWHM (Full Width
at Half Maximum) values are discussed in Fig. 3. Fig. 3
shows FWHM values of (002), (004) and (006) peaks for
AIN buffer layers with different thicknesses. As the
thickness of the sample increase FWHM increase and
crystal quality decrease. As the thickness increase in
samples A and B, FWHM first decreases and after a
certain value it increases. An optimum value can be seen

512



MOSAIC DEFECTS OF AIN BUFFER LAYERS IN GaN/AIN/4H-SiC EPITAXIAL STRUCTURE... Politeknik Dergisi, 2021; 24 (2) : 511-516

after 40 nm. For B and D samples as the thickness
increase, FWHM values increase regularly.
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Figure 2.High resolution Bragg reflections curves of (002),
(004) and (006) planes of samples A, B, C and D.

Peak positions of AIN buffer layers are gained from
rocking curves. In symmetric planes of AIN buffer layers,
decreasing lateral coherence lengths and increasing tilt
angles results in broadening of vertical rocking curves in
pole axis. Broadening of reflection peaks, by the support
of tilt angles and coherence lengths, presents a linear
dependency for reflection order [15]. In order to calculate
tilt angle, lateral coherence length and the edge
dislocation and screw dislocation. In symmetric
direction, a Williamson Hall (W-H) plot can be used
shown in Fig. 4 [16]. W-H plot is gained by drawing
FWHMx(sin0)/A(x10°2A)  versus sinf/A(A™) linear
curve for every reflection. A linear fit is applied to this
plot as shown in Fig. 4. Slope of W-H plot gives tilt angle
and y-axis intercept of this plot gives lateral coherence

Table 2. AIN symmetrical plane peaks of samples A, B, C and

D in degree unit

A B C D
(002) 36.45 36.06 36.22 36.54
(004) 77.29 7747 76.83 7657
(006) 136.82 13652 137.01 137.11
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Figure 3. The FWHMs of (00.2) (00.4) (00.6) peaks in AIN
buffer layer versus theta

length (Li=0.9/(2yo)). In Fig. 4 W-H plot of samples A,
B, C and D for (002), (004) and (006) symmetric planes.
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Figure 4. Williamson-Hall plot for AIN layers of different
thickness. The ®-26 scans were measured for (00.1)

W-H plot can also be drawn by plotting
FWHMx(cos0)/A(x10* A?) versus sin0/A (A?) and a
linear fit is applied. In Fig. 5 W-H plot of samples A, B,
C and D for (002), (004) and (006) symmetric planes can
be seen. Slope of this fit gives mixed strain and y-axis
intercept of it gives vertical coherence length. All four
samples show negative mixed strain behavior. The
heterogeneous strain in 4 samples shows negative
parallel behavior. Vertical coherence length is calculated
from L.1=(0.9)/(2yo) equation and mixed strain can be
calculated from 4e [17]. Determined values (the tilt
angle, the lateral (L) and vertical coherence (L.) length,
edge dislocation (Nedge) and screw dislocation (Nscrew)
and heterogeneous strain (e1)) are presented in Table 3.
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Figure 5. Williamson-Hall plot for AIN layers of different

thickness. Here FWHM is the peak broadening of
20 scans

In Fig. 6 left and right y-axes show lateral and vertical
coherence lengths respectively. As can be seen in Figure
6. thickness of samples A, B, C and D are determined as
61.34, 116.88, 129.46 and 131.50 nm respectively. For
all four samples, lateral and vertical coherence length
values are between 40 and 700 nm. Also, they show
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fluctuated behavior dependent on the structure of the
samples. As the thickness increase, vertical and
coherence length values for samples A, B, C increase but,
for sample D they decrease. For sample C in a- and c-
directions crystal size has broadened. However, sample
D a- direction crystal size has compressed while c-
direction crystal has broadened. As expected lateral
coherence lengths are less than vertical coherence lengths
in general. This situation supports c-oriented growth in
dominant rectangular prism shaped growth.

Table 3. Mosaic structural properties of AIN buffer layer

A B C D
Nedge 38.94 8.99 32.78 2.98
(x10'°%cm’?)
Nscrew 7.91 9.57 2.89 8.86
(x108 cm™®)
Ly (nm) 315.62 238.00 721.47 185.54
Ly (nm) 42.76 47.64 73.5821 79.46
Tilt(") 0.017 0.018 0.019 0.010
I -2.86x10°  -2.19x10°  -1.42x10°  -6.29x10*
9% : ; ; 500
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Figure 6. Lateral and vertical coherence lengths of AIN buffer
layer versus the thickness

In Fig. 7 thickness versus strain plot can be seen. It is
noticed that strain values of the samples are at 10 level
in general. As the thickness of AIN buffer layer increase,
strain value decrease. It is seen that as the thickness
increase compressed strain increase. Sample D has the
least compressed strain value and sample A has the least
strain value. This result can be attributed to stoichiometry
of AIN buffer layers and density of point defects at layers.

In Fig. 8 left and right y-axes show variation of edge and
screw dislocations versus thickness, respectively. Out of
plane and in-plane mismatch of crystallites in the layers
are related to screw and edge type dislocations
respectively [18]. Edge dislocation and screw dislocation
can be calculated by using the following equations [19,
20].
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Here ay, is the tilt angle which is a mosaic defect and bscrew
is the length of Burgers vector. FWHM is the peak
broadening of asymmetric planes and begqe is also the
length of Burgers vector. L, is the length of lateral
coherence length. As expected the value of screw
dislocation density for AIN buffer layer is smaller than
the value of edge dislocation density [21, 22]. Though
there is a decrease in the dislocation densities of the
samples by increasing thickness, in sample C there is a
radical increase. In screw plot, samples A, B and D are at
108 level but in sample C screw dislocation value is
smaller. As can be seen in Fig. 8 sample D has the least
dislocation density. This result indicates that in order to
grow higher quality GaN films, thicker AIN buffer layers
should be grown on SiC substrate.

The main reason of variation in defects with thickness of
buffer layer is minimization of lattice mismatch. Buffer
layers have useful effect on lattice mismatch and the
difference in thermal expansion coefficients between the
substrate and the material grown on it. If buffer layer is
not used or misused with a wrong thickness, there may
occur cracks or crack-like defects in the structure. This
situation may result with mulfunction of the device
produced.
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Figure 8. The FWHMs of (00.2) (00.4) (00.6) peaks in AIN
buffer layer versus theta
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4. CONCLUSION

AIN buffer layers with thicknesses of 61.34, 116.88,
129.46 and 131.50 nm are grown on 4-H SiC substrate by
using MOCVD technique. Structural properties of the
samples are investigated with HR-XRD technique.
According to HR-XRD results, effect of thickness on
lateral and vertical coherence lengths, screw and edge
type dislocations of AIN buffer layers are investigated.
Screw type dislocation density for AIN buffer layer is
found between 1.41x108 (S.C) and 19.64x108 cm™ (S.A).
Edge type dislocation density is found between 2.98x10%°
(S.D) and 56.19x10%° cm? (S.A). Samples with 116.88
and 131.50 nm thickness have the least dislocation
density. Interface roughness of AIN buffer layers is
determined from XRR technique. It is found that sample
with 131.50 nm thickness has the least interface
roughness. HR-XRD and XRR results showed that the
thickest sample (131.50 nm) is more capable of
preventing diffusion of dislocations to GaN layer. This
result is valid only for samples used in this study.
Because even a small variation in growth procedure may
cause large differences in results gained from structural
characterization. Growth method can also effect results
as mentioned in results and discussion section and in
references [11] and [12]. So the good result gained for
131.50 nm thick AIN buffer layer can not be generalized.

As a result of this study, it is seen that 131.50 nm thick
AIN buffer layer is more convenient to reduce
dislocations among the samples investigated in this
study. Because of this, optimization of AIN buffer layer
thickness is important in device performance.
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