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In the case of narrow nanowires (NWs) the surface-to-volume ratio
is extremely large and surface states significantly reduce the carrier
lifetime and degrade the optoelectronic device performance. There-
fore, a surface passivation is of a great importance, especially for
ZnTe NWs which oxidize easily. Such passivation can be achieved
by forming a shell of a large band gap material around the NW so
that the surface states are moved away from the charge carriers con-
fined in the core.

In this report we present the results of structural characterization of
the core-shell ZnTe/ an_XMgXTe NWs grown by MBE technique on
the GaAs(111) substrate. The ZnTe NWs were grown at the temper-
ature of about 470 °C according to the procedure described in [1].
The an_XngTe shells were produced immediately after the growth
of the ZnTe cores. In order to produce such shells the substrate tem-
perature was reduced to the value which stops the axial growth of
NWs and forces the radial growth of an_ngXTe shell. The post
growth annealing has been applied for some samples. The technolo-
gical parameters of the investigated samples are listed in the Table 1,
and the electron scanning microscopy (SEM) image of a side-view
of the 090110A sample is shown in Fig. 1

Figure 1. The SEM image of a side-view of the 0901104 sample.
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Figure 2. The diffraction patterns of the 0901104 sample: (a) sym-
metrical 260/w scan, (b) 20 scan in glancing incidence geometry.

Taxial Thradiat Time Post growth annealing
Sample ZnTe core  Zny.MgTe shell ~ of the shell
(relative) (relative) growth Temperature Time
090110A 470 °C 380°C 10 min 450 °C 30 min
090110B 470 °C 380°C 15 min 450 °C 30 min
092910A 470 °C 380°C 10 min 450 °C 30 min
092910B 470 °C 380°C 10 min none none

Table 1. The growth and annealing parameters of the core-shell
ZnTe e/ZnJ Mg Te nanowires.
-X X

The X-ray measurements were performed using synchrotron radi-
ation at the W1 beamline at DESY-HASYLAB. The monochromatic
X-ray beam of wavelength A = 1.54056 A was used. Two modes of
measurement were applied: symmetrical 20-® scan and coplanar 20
scan in the glancing incidence geometry [2].




ZnTe/ZnMgTeNW/GaAs(111)
090110 A, 26/0
5+ ZnMgTe ZnTe (a )
2 a=6.115A
7}
c
2
c 4
(=
o
34
2 — 71t - 1 - T1 r T T ~ 1T T T T T T
77 78 79 80 81 82 83 84 85 86
20 (deg)
6
ZnTe/ZnMgTeNW/GaAs(111)
090110 B, 26/0
ZnMgTe ZnT ( )
. 5 9\ / nTe b
= -
® a=6.137 A a=6120 A
c
[
-
£
(=2}
°

24—

— .
77 78 79 8 8 82 8 8 8 86
20 (deg)

Figure 3. The part of the 20-w diffraction pattern in the vicinity of
the 333 NW peaks of the samples 0901104 and 090110B with differ-
ent time of the shell growth: (a) 10 minutes; (b) 15 minutes.

The diffraction patterns measured for the sample 090110A in the
symmetrical geometry (20-® scan) and in the glancing incidence
mode (26 scan) are shown in Figure 2a,b. They are typical for all
studied samples. It was confirmed that the crystallographic orienta-
tion of the substrate forces the orientation of NWs — three orders of
reflections from (111) lattice planes from GaAs substrate and from
NWs are visible in the pattern presented in Figure 2a. The measure-
ment in the glancing incidence geometry (Fig. 2b) shows the relat-
ively thin polycrystalline layer grown on the substrate between
NWs. A zoom of the symmetrical pattern in the vicinity of 333 NW
peak allows to notice its splitting (see Figs 3 and 4). This splitting
indicates the monocrystalline character of the Zn Mg Te shell with
the same crystallographic orientation as that of the ZnTe core.
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Figure 4. The part of the 20-w diffraction pattern in the vicinity of
the 333 NW peaks: (a) not annealed 0929108 sample; (b) sample
0929104 annealed at 450 °C.

The second pair of the samples (092910A and 092910B) shows an
influence of the post-growth annealing on the NWs structure. In the
not annealed sample, 092910B, the splitting of the 333 NW peak is
clearly visible (Fig. 4a), while in the annealed sample, 092910A,
only small asymmetry on the left side of the peak can be noticed
(Fig. 4b), which may be caused by the diffusion of Mg to the core
during annealing procedure.

From the lattice parameters calculated for Zn Mg Te shell com-
ponents of the NWs their chemical compositioﬁxx can be estimated
as follows: x ~= 0.11 for the samples 090110A and 090110B and
x ~=0.12 for sample 092910B. In the case of 092910A sample only

average value of x can be estimated: x ~=0.075.
average

As it is visible from the Figures 3 and 4, the lattice parameters of the
ZnTe cores are larger than that of the uncovered ZnTe NWs [3] — the
most probable reason of such behaviour is the tensile strain of ZnTe
core caused by an_ngXTe shell.
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