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The features of the crystallization of an intermediate silicon layer during

the transfer of a thin 3C-SiC(001) layer onto a 6H-SiC(0001) substrate
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The paper considers the features of crystallization of the silicon bonding layer between a (001)-oriented thin

layer of cubic silicon carbide and a hexagonal (0001) 6H-SiC substrate. General patterns revealed in the formation

of orientation relationships for the silicon layer with respect to the 3C-SiC layer and the 6H-SiC substrate are

discussed.

Keywords: silicon carbide, silicon, TEM.

DOI: 10.61011/TPL.2025.02.60635.20138

Silicon carbide (SiC) is a wide-bandgap compound

semiconductor. Due to its high breakdown field, good

thermal conductivity, and stable electrical performance over

a wide temperature range, the material is sought after by the

modern electronics industry, especially in high-temperature

and power electronics [1].

Silicon carbide is characterized by polytypism — a

phenomenon in which the material tends to crystallize in

similar structures with various subsequence of close-packed

layers depending on external conditions. The most stable

SiC polytypes include two hexagonal modifications: 4H
and 6H . Currently, only these two polytypes can be

grown as single-crystal ingots (boules) by the modified

Lely method (LETI method) using seed crystals. In

addition to stable hexagonal polytypes, the metastable cubic

3C-modification (zinc blende structure) [2] is of particular

interest. Unlike stable SiC modifications, obtaining bulk

crystals and hence cubic polytype substrates is a technolog-

ical challenge.

The stability of cubic polytype at relatively low temper-

atures allows its growth by heteropolytype epitaxy on the

basal facet of hexagonal 4H- and 6H-substrates [3]. Obtain-
ing thick epitaxial layers of 3C-SiC with orientation (111) on
such substrates involves the formation of inclusions of other

polytypes [4,5] as well as double positioning boundaries

(DPB) [6].

An approach aimed at creating substrates for 3C-SiC

homopolytype epitaxy by transferring thin layers of silicon

carbide of cubic modification with orientation (001) onto

hexagonal polytypes substrates of SiC deserves special

attention. To do this, 3C-SiC layers obtained by chemical

vapor deposition (CVD) on silicon substrate with (001)
orientation are used. This approach is promising from the

point of view of further growth of thick cubic silicon carbide

layers free of polytype inclusions and DPB defects [7,8].
In particular, it is shown that such substrates can be used

for the epitaxy of 3C-SiC by sublimation growth [9]. The

use of silicon as a bonding layer for 4H-SiC substrates was

successfully shown in [10].

This paper investigates by transmission electron mi-

croscopy (TEM) the crystallization features of the silicon

intermediate layer during the transfer of the 3C-SiC layer

onto the 6H-SiC substrate. TEM study was performed

using a Philips EM420 electron microscope operating at

an accelerating voltage of 100 kV. The samples for the study

were prepared by a standard technique involving mechanical

thinning and ion sputtering with Ar+ ions.

The study deals with the transfer of an 3C-SiC CVD

film with a thickness of the order of 10µm obtained on

a silicon substrate with orientation (001) manufactured by

NOVASIC. A sample of size 5× 5mm is placed face down

on a 6H-SiC substrate of size 11× 11mm after which the

resulting configuration is heated to a temperature above the

melting point of silicon (1414 ◦C) and held for 30min at

a temperature of 1500 ◦C. The bonding layer is formed by

penetration of molten silicon into the gap between the 3C-

SiC layer and the 6H-SiC substrate. As a result of the

process, a cone-shaped drop of crystallized silicon is formed

on the substrate surface. An image of the drop is shown

in the inset of Fig. 1, a. The drop is further removed by

chemical etching in a mixture of hydrofluoric (HF) and

nitric (HNO3) acids.

Fig. 1, a shows a cross-sectional image of a TEM sample

obtained using an optical microscope (the color version

of the figure is presented in the online version of the

paper). Unlike the substrate 6H-SiC layer 3C-SiC has

a characteristic yellow hue. The silicon bonding layer is

represented by a dark narrow strip in the image. The

TEM image of the structure under consideration is shown

in Fig. 1, b. Next, the orientation relationships arising from

the crystallization of the intermediate silicon layer with

respect to the 3C-SiC layer and the 6H-SiC substrate will

be discussed.
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Figure 1. Cross-sectional images of the transferred 3C-SiC (001) layer in a silicon droplet on an 6H-SiC substrate. a — obtained using

an optical microscope; b — obtained using a TEM. The inset shows a photograph of the droplet.

The formation of orientation relationships between silicon

and cubic silicon carbide during heteroepitaxy on Si/SiC

templates has been discussed in detail in a series of

works [11,12]. In particular, the authors note the tendency

to the formation of polycrystalline film. For the case of

silicon melt crystallization in the gap between two 4H-SiC

substrates with C and Si basal facets, the polycrystalline

intermediate layer [10] is also formed.

In the considered case, crystallization of the silicon melt

intermediate layer between the surface of the 3C-SiC (001)
layer and the Si facet of the 6H-SiC substrate takes place

during the cooling process. Analysis of the TEM study

results revealed the polycrystalline nature of the structure

for both the intermediate layer and the solidified silicon

melt droplet. Fig. 2 shows examples of electron diffraction

patterns obtained from regions near the interfaces between

the silicon intermediate layer with the 3C-SiC layer and the

6H-SiC substrate.

The electron diffraction pattern for the 3C-SiC/Si interface

in Fig. 2, a (top) matches the nominal epitaxial relationships

with good accuracy: 3C-SiC{001} ‖ Si{001} and 3C-

SiC〈11̄0〉 ‖ Si〈11̄0〉. The lattice constant mismatch for this

orientation is 20%. The bottom part of Fig. 2, a shows

the diffraction pattern obtained from the same region of

the intermediate silicon layer for the interface with the

substrate. When obtaining electron diffraction patterns at

the 6H-SiC/Si interface, the specimen was oriented with

the 6H-SiC〈112̄0〉 zone axis parallel to the electron beam.

The observed asymmetry in the intensity distribution for

the reflections of the intermediate silicon layer indicates

that there is no mutual orientation with the substrate.

Nevertheless, the angle between the Si〈11̄0〉 and 6H-

SiC〈112̄0〉 directions is quite small and we estimate it to

be a few degrees. The tilted position of 002 reflection

in the diffraction pattern relative to the 0006 reflection of

substrate indicates the bending of the transferred 3C-SiC

layer, apparently caused by the non-uniform distribution of

silicon at the boundary.

Fig. 2, b shows the electron diffraction pattern for the 3C-

SiC/Si interface with orientation relationship close to 3C-

SiC{110} ∼‖ Si{111̄} and 3C-SiC〈11̄0〉 ‖ Si〈11̄0〉. The

deflection angle between the reflections 2̄2̄0 for 3C-SiC

and 2̄2̄2 for silicon is of the order of 2◦ as demonstrated

in the inset of Fig. 2, b. A close configuration was

considered in [13], where a similar deviation was observed.

This orientation differs from the previous orientation by a

rotation by ∼ 35.2◦ — angle between the (001) and (112)
planes when observed along the [11̄0] zone axis. For this

orientation, the interplanar spacing mismatch for silicon

carbide and silicon in the {001} interface plane along one of

the 3C-SiC〈110〉 directions is about 2% (2d3C -SiC
{220} ≈ dSi

{111}).

Orientations of silicon crystallites for which the planes of

the type {111} are parallel to the 3C-SiC{110}, were

frequently observed and are attributed by the authors to

this circumstance. At the interface 6H-SiC/Si for the same

region, according to the diffraction pattern in Fig. 2, b, in

addition to the proximity of the Si〈11̄0〉 and 6H-SiC〈112̄0〉
directions, no other regularities in the formation of orienta-

tion relationships are observed.

Another trend is the orientation of the close-packed

direction along the similar direction of the 3C-SiC layer. For

this configuration, two mutually perpendicular directions of

the 3C-SiC〈11̄0〉 type are located in the interface plane, so

two types of diffraction patterns are mainly found in the

observation. The first type, when the Si〈11̄0〉 direction

is oriented along the electron beam, corresponds to the

electron diffraction patterns in Fig. 2, a and b. The second

type, when the direction is oriented normal to the electron

beam, is shown in Fig. 2, c and d. The fact that the Si〈110〉
and 3C-SiC〈110〉 directions are parallel to each other in this

case is suggested by the position of the 220 reflections for

silicon and silicon carbide, which are on the same straight

line parallel to the interface plane.
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Figure 2. Examples of electron diffraction patterns obtained from the interface regions of the 3C-SiC layer and the 6H-SiC substrate with

the silicon intermediate layer (a, b) and from the interface region between the 3C-SiC layer and the silicon intermediate layer (c, d). The
yellow and red color in the notations refer to 3C-SiC and Si, respectively. A color version of the figure is provided in the online version

of the paper.

Thus, the paper experimentally investigates the regulari-

ties of orientation relationship formation during silicon melt

crystallization between the transferred 3C-SiC(001) layer

and the hexagonal silicon carbide substrate. It is found that

crystallization results in the formation of an intermediate

silicon layer with a polycrystalline structure. Orientation

relationships arising for such a layer correlate to a greater

extent with the orientation of the cubic silicon carbide layer

and to a lesser extent with the orientation of the hexagonal

substrate. The following trends can be distinguished in

their formation. The first trend — orientation of the

Si{111} planes parallel to the 3C-SiC{110} planes, which

is attributed to the proximity of the interplanar distances

for these families of crystallographic planes. The second

trend — orientation of silicon crystallites by the close-

packed 〈11̄0〉 direction parallel to the transferred layer

direction 3C-SiC〈11̄0〉.
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