
Technical Physics Letters, 2026, Vol. 52, No. 2

08

Influence of heterostructure radius increment on the heterointerface of

IIIVxV1−x nanowires
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The formation of axial heterostructures in IIIVxV1−x nanowires is studied theoretically. We consider the case

when the nanowire radius changes during the growth. It is shown that an increase in the radius has almost no

effect on the heterointerface of thin nanowires. The effect becomes noticeable at a high rate of radial growth or

for thick nanostructures. It is shown that the radius increment during growth leads to the formation of a sharper

heterojunction, which is especially pronounced in nanostructures with a large radius.
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Since their first synthesis in 1995 [1], axial heterostruc-
tures based on nanowires (NWs) have attracted consider-

able interest due to their unique electronic, optical, and

mechanical properties. The wide functionality of het-

erostructures has led to their use in various types of devices,

including field-effect transistors [2], photodetectors [3], light-
emitting diodes [4], lasers [5], and solar batteries [6]. The

heterojunction abruptness is one of the key characteristics

of heterostructures that affects the efficiency of devices.

Owing to the reservoir effect, growth materials accumulate

in a catalyst droplet [7], which leads to blurring of

heteroboundaries (especially in III−III−V systems [8]).
This effect may be overcome with the use of short pulsed

fluxes of atoms or molecules [7] or by stopping growth at

the moment of gas flux switching [9]. A complete change

in droplet composition during growth arrest provides an

opportunity to synthesize InAs/GaAs heterostructures based

on NWs with atomically sharp heterojunctions [10]. In situ

transmission electron microscopy studies provide extensive

data on the dynamics of heterostructure formation [11].

Modeling of the process of formation of heterostructures

based on NWs is aimed primarily at establishing the relation

between the compositional profile of the heterojunction and

growth parameters. Most models are a combination of the

material balance in a droplet and the mode of incorporation

of atoms into NWs and are divided into four groups [12]:
equilibrium [13], nucleation-limited [14], kinetic [15], and

regular growth [16] ones. In one of the more recent

studies [17], the process of formation of heterostructures

was analyzed based on a self-consistent model that takes

into account such elementary processes as gas flux into a

droplet, desorption of group V atoms in the form of dimers,

and NW growth. However, it was assumed in [17] (as in

most other works [12–16]) that the NW radius does not

change during growth. This assumption is often violated,

especially during the synthesis of heterostructures based on

NWs containing antimony (e. g., GaAs/GaAs1−xSbx [18,19],
InAs/InAs1−xSbx [20], and InSb/Gax In1−xSb [21]). A

more than 1.5-fold increase in radius was also observed in

growth of InAs/InP heterostructures based on NWs [22].
The present study is aimed at examining the influence of

increasing NW radius on the formation of heterostructures

in III−V−V NWs.

Most axial heterostructures based on NWs are grown by

the vapor–liquid–solid mechanism [23]. Common epitaxy

methods include metalorganic vapor-phase epitaxy [24] and
molecular beam epitaxy [25]. The growth of an axial

heterostructure starts with the formation of a catalyst

droplet. One widely used catalyst material is Au [23]
(gold is denoted as element U in Fig. 1). However, the
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Figure 1. Diagram of growth of NW-based heterostructure

BC/AC .
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Figure 2. a, c — Composition profiles of the BC/Ax B1−xC heterojunction in NWs calculated at different radial growth rates and initial

radii R0 = 30 and 50 nm, respectively. Dashed curves correspond to heterostructures with constant radius R = 30 (a) and 50 nm (c).
b, d — Dependences of the nanostructure radius on the coordinate along the NW axis calculated for initial radii R0 = 30 and 50 nm,

respectively.

droplet may consist of a group III element that is part

of the NW (i. e., growth may proceed without an external

catalyst). This type of synthesis is called self-catalyzed [26].
When the semiconductor material is deposited, atoms B

and C enter the droplet, inducing (under the condition of

its supersaturation) the formation of NW BC . One of the

ways to form heterojunction BC/Ax B1−xC is to substitute

the flux of B atoms with a flux of A atoms. The number of

B atoms in the droplet decreases with time, while the AC

concentration in the NW increases. At zero concentration

of B atoms, NW AC is synthesized. The discussed growth

diagram is presented in Fig. 1.

From material balance considerations [17], equations

characterizing the change in number of atoms of group V

elements Ni (i = A, B) in the droplet are written as

dNi

dt
= Vi −V des

i − Kiχi . (1)

Here, Vi is the gas flux of atoms, V des
i is the desorption flux,

Ki is the crystallization rate of pairs AC and BC, t is time,
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χi = Ni/Ntot is the concentration of element i in the droplet,

and Ntot = NA + NB + NC + NU , where NC and NU are the

numbers of atoms C and U in the droplet, respectively. The

vertical growth rate may be determined from equation

πR2h

�s

dξ

dt
= KAχA + KBχB , (2)

where h is the monolayer height, �s is the volume of the

III−V pair in the solid phase, R — is the NW radius, and

ξ is the coordinate along the NW axis in monolayers (ML).
The gas flux of atoms and the desorption flux are specified

by equations

Vi =
h

�s

σiv i

2πR2

1 + cos β
, (3)

V des
i =

h

�s

σiv
des
i

2πR2

1 + cos β
χ2i , (4)

where σi are the condensation coefficients, β is the contact

angle, v i is the deposition rate of group V atoms, and vdes
i is

the desorption rate [27]. The variation of number of atoms

of group V elements in the droplet may be presented as

dNi

dt
= Ntot

dχi

dt
+ χi

dNtot

dt
. (5)

Relying on the assumptions of small concen-

trations of group V atoms (Ntot ≈ NC + NU) and

Ntot ≈ πR3 f (β)/(3�l), where f (β) is a function depending

on the contact angle [27] and �l is the volume of a group III

atom in liquid, one may write the equations characterizing

the rate of vertical growth and the change in concentration

of group V atoms in the following form:

dξ

dt
= gAχA + gBχB , (6)

dχi

dt
= γ

(

8i − 8des
i χ2i − g iχi −

3

Rγ

dR

dt
χi

)

. (7)

The coefficients here are

8i =
2σi

1 + cos β
v i , (8)

8des
i =

2σi

1 + cos β
vdes

i , (9)

γ =
3�lh

�s R f (β)
, (10)

g i =
�s

πR2h
Ki . (11)

Composition x of the ternary NW is specified by one-

parameter (c l = gA/gB) equation [27]:

x =
χA

χA + χB/c l

. (12)

Let us first compare the composition profiles of the

heterojunction at constant and varying radii (Figs. 2, a

and c). Theoretical curves were obtained by solving Eqs.

(6) and (7) numerically with parameters γR = 0.0675 nm,

8A = 1ML/s, 8B = 0ML/s, 8des
A = 8des

B = 100ML/s,

gAR2 = 9000 nm2/s, c l = 0.1, and initial concentrations

χ0A = 0 and χ0B = 0.02. Approximate dependence

dR/dt = −a + b/R [28] at initial radii R0 = 30 nm

(Fig. 2, a) and 50 nm (Fig. 2, c) was used as the radial

growth rate. It is evident from Fig. 2, a that a slow increase

in NW radius (dR/dt = −0.5 + 25/R) does not induce any

significant changes in the heterojunction profile of thin NWs

(R0 = 30 nm). However, the curves deviate significantly

when the radial growth rate is high (dR/dt = −2 + 100/R).
The discrepancy becomes even more pronounced if the ini-

tial radius is larger (Fig. 2, c). It follows from a comparison

of Figs. 2, a and c that the thinner the NW is, the more

abrupt is the heterojunction. The dependences of the NW

radius on the coordinate along the nanostructure axis calcu-

lated at different radial growth rates are shown in Fig. 2, b

(R0 = 30 nm) and Fig. 2, d (R0 = 50 nm). Parameters a

and b were chosen so that the stationary radius to which

the NW tends was 50 nm (Fig. 2, b) and 80 nm (Fig. 2, d).

Figure 3 illustrates the influence of the ratio of incor-

poration rates (c l) on the heterojunction abruptness. It

can be seen the heterojunction becomes more abrupt when

the rate of incorporation of B atoms increases. In all the

presented cases, an increase in heterostructure radius during

growth leads to the formation of NWs with a more abrupt

heterojunction.

The formation of III−V−V heterostructures was studied

theoretically based on a model that takes into account

the change in nanostructure radius during growth. It

was found that the heterojunction abruptness of thin NWs
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Figure 3. Composition profiles of the BC/Ax B1−xC heterojunc-

tion in NWs calculated for crystallization rate ratios c l = 0.1 and

1.5. Dashed curves correspond to heterostructures with constant

radius R = 50 nm.
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changes insignificantly when the NW radius increases. The

contribution associated with radial growth needs to be

taken into account if the NW radius changes rapidly or

if the NW radius is large. It was demonstrated that

the heterojunction becomes more abrupt as the ratio of

BC and AC crystallization rates increases. The obtained

results may be used to optimize the growth parameters

of heterostructures based on NWs with a predetermined

heterojunction profile.
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