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Selected-area electron diffraction pattd®ADP) and transmission electron microscofyEM)
measurements were carried out to investigate the spontaneously ordered structuZnin (Je
epitaxial layers grown of001) GaAs substrates. The SADP showed superstructure reflections with
symmetrical intensity, and the high-resolution TENRTEM) image showed doublet periodicity in
the contrast of the{100; and {110 lattice planes. The results of the SADP and HRTEM
measurements showed thatgBu type ordered structures were formed in theZig _, Te epitaxial
layers. The dark-field TEM image showed that the size of thgAQuype ordered domains with a
rectangular-like shape was approximately-I3 nm thick, with widths ranging from 30 to 200 nm.
Fine modulations in the ordered domains were also observed. These results provide important
information on the microstructural properties for enhancing the efficiencies girgd, Te-based
optoelectronic devices operating at the blue-green region of the spectrun200® American
Institute of Physics.[DOI: 10.1063/1.1517177

Ordering behavior in the ternary compound semiconduc{MBE). The ordering phenomena of the Zd, _, Te epitax-
tors has been very attractive for both scientific and technoial layers were characterized by using the selected area elec-
logical reasons.Even though some studies concerning sev-tron diffraction pattern(SADP) and the high-resolution
eral kinds of ordering structures, such as CuAt, transmission electron microscopffRTEM) measurements.
chalcopyrite®® and CuPt~° have been reported in various Elemental Cd, Zn, and Te with purities of 99.9999%
ternary compound semiconductor epilayers, very few worksvere used as the source materials, and were precleaned by
on the formation of the GJAu type ordered structures in repeated sublimation. Cr-doped and semi-insulatibhg0)
ternary semiconductor epilayers have been done. Doublet p&aAs substrates were degreased in warm trichloroethylene
riodicity exists in the CuAu-I type ordered structure along (TCE), rinsed thoroughly in deionized water, etched in a HF
the (001) and the(110 directions’ The chalcopyrite type solution, and rinsed in TCE again. As soon as the chemical
ordered structure leads {d 1 0} superlattice reflections on cleaning process was finished, the GaAs substrates were
the electron diffraction patterh.The CuPt-type ordered mounted onto a molybdenum susceptor. Prior tgZbg_, Te
structure leads t¢333} superstructure reflections in the elec- thin-film growth, the GaAs substrates were thermally
tron diffraction patterd;*®> and the corresponding high- cleaned at 600 °C for 5 miim situin the growth chamber at
resolution image shows the doublet contrast in periodicity ora pressure of 10° Torr. The depositions of the Gan, _,Te
the{111 lattice planes. Since the existence of the ordering irepilayers were done on GaAs substrates with the MBE tech-
the ternary compound semiconductors significantly affects itique at a substrate temperature of 320 °C and at a system
electrical and optical properties resulting from the change opressure of 10° Torr. The source temperatures of the Cd,
the band gap enerdy,investigations of the ordering in the zn, and Te sources for the ¢h,_,Te epilayers were 160,
layer have been particularly interesting. Even though the or250, and 320 °C, respectively, and the typical growth rate
dered structures in various II-VI compound semiconductorsvas 0.2um/h. After the CgzZn, _, Te thin films were grown,
were reported;**~*"to the best of our knowledge, studies the samples were annealed at the growth temperature for 5
concerning existence of the both the j;8u type ordered min to stabilize the layer. The typical thickness of the
structures and the fine modulations inZd, _,Te epilayers Cd,zZn,_,Te film was 700 nm.
have not yet been performed. Transmission electron microscopyEM) measurements

This letter reports data for the GAu type ordered struc- were performed using a JEOL JEM 3010 transmission elec-
ture and ordered domains in the Zd, _, Te epitaxial layers tron microscope operating at 300 kV. The samples for the
grown on(001) GaAs substrates by molecular beam epitaxyplan-view TEM measurements were prepared by cutting and
polishing with a diamond paper to a thickness of approxi-

2E|ectronic mail: hoseong@Xkaist.ac.kr mately 30 um, and then by argon-ion milling at liquid-
DElectronic mail: taewkim@mail.kwangwoon.ac.kr nitrogen temperature to electron transparency.
0003-6951/2002/81(17)/3200/3/$19.00 3200 © 2002 American Institute of Physics
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FIG. 1. Schematic diagrams of the real lattige and the reciprocal lattice ~ Cth.aZNo.ssTe epilayer showing200}, {220}, and {420 diffraction spots
(b) of the CuAu type [A3;BC,] structure in the zinc-blende structure. corresponding to the normal zinc blende and eXfr@® and {110 spots
regardless of the structure.

X-ray diffraction (XRD) measurements were performed
to investigate the crystallinity and the composition of thedered structure was 0.5864 nm, which had contributed to
Cd,Zn,_,Te layer. The XRD patterns for GCan,_,Te epil- 1100 and {110 extra spots. The determined value of the
ayers grown on GaA$100 substrates clearly showed the lattice constant is close to that of the ideal;8u type or-
(400 K,, diffraction peaks corresponding to the dered CdZgTe, (a=0.6196 nm) estimated by using the Ve-
Cd.zn,_,Te(100 epilayers, together with those of GaAs gard's law. The extra spots around the ordering reflections
(100 substrates. Using Vegard's law, the solid compositionindicated by a white circle in Fig. 2 are also observed, which
of the Cdzn,_,Te layer was obtained. Even though the is due to the fine structure in the ordered domain, which will
Cd.Zn, _,Te epilayers with various Cd mole fractions had be explained subsequently below.
been grown, only the microstructural properties of the  The detailed microstructural property of the strongly or-
Cd, 1;ZNny gsTe film are described in this letter because bothdered Cg 152Ny gsTe epilayer was examined by the plan-view
the CyAu type ordered structures and the fine modulationsTEM images. Figure 3 shows plan-view TEM images of the
are observed clearly in the ggzZn, g=Te epilayer. The TEM  Cdy 15ZNg gsTe epilayer through001] projection. Figure )
measurements were carried out to characterize ordered strus-a bright-field image, which shows ordered domains. Dark-
tures in the CgliZnggsle epitaxial layer. Schematic dia- field images obtained with th@00) ordering reflections rep-
grams of the real latticeand the reciprocal latti¢® of the  resented by circles in Fig. 2 are shown in Figo)3The TEM
CuwAu type [A3;BC,] structure in the zinc-blende structure images show clearly rectangular-like domains~13® nm
are shown in Figs. (8 and Xb), respectively. The coordi- thick, with widths ranging from 30 to 200 nm. These
nates of theA atoms are located at 0 1/2 1/2, 1/2 0 1/2, 1/2rectangular-like domains are parallel to #&20) directions,
1/2 0, that of theB atom 0 0 0, andhose of theC atoms 1/4  which is consistent with the ordering reflections in Fig. 2. By
1/4 1/4, 1/4 314 3/4, 3/4 1/4 3/4, 3/4 3/4 1/4, as shown in thedark-field imaging with th€100) superstructure reflection, a
Fig. 1(a). The large filled circles in Fig. (b) indicate the nanoscale fine structure is clearly resolved within the do-
fundamental reflections caused by the disordering of catiomains. The domain images consisted of the thin parallel lines
atoms, while the small and elongated filled circles in the Figparallel to the(220) directions. Their individual thicknesses
1(b) represent the superlattice reflections caused by the ogre fairly regular, often 2.3 nm. These fringes contribute to
dering of cation atoms. The electron diffraction pattern pro-the extra spots around the ordering reflections: by measuring
duced in the TEM measurement is simply a plane section othe distance between the extra spots around the ordering re
a three-dimensional reciprocal lattite When thec axis  flections, an obtained thickness is approximatety 2nm.
aligns with a beam direction, the superlattice spots, such abhus, the extra spots around the ordering reflections corre-
100, 010, 110, 14,..., etc., are observed. lates with the size of this fine structure and not the overall
The [001] SADP for the Cg £, gsTe epilayers grown thickness of the domains.
at 320 °C with a layer thickness of 700 nm is shown in Fig. Figure 4 shows a HRTEM image from the @Zng gsTe
2. In addition to{200, {220, and {420 diffraction spots epitaxial layer grown on th€001) GaAs substrate along the
corresponding to the zinc-blende structure, exi@d and [001] zone axis, and the image represents a doublet period-
{110 spots regardless of the structure appear, which is incity in the contrast o100 and {11Q lattice planes. The
reasonable agreement with a schematic electron diffractiodoublet periodicity shown in thgl00 and the{11G planes
pattern in Fig. 1b). TEM images show that the lattice spac- is similar to the SADP shown in Fig. 2. The modulations
ing of the observed ordered structure is smaller than those @fround the ordered domains are also observed. The distance
ZnTe and CdTe. It is known that the lattice constant of ZnTebetween them is approximately~23 nm, which contribute
is 0.6101 nm and that of CdTe is 0.6480 nm. The latticeto the extra spot around superlattice spots, as explained
spacings of the ordered structure are measured by using tidove.
extra spots, and the corresponding lattice constant of the or- Since the ordered structure must consist of Cd, Zn, Te
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FIG. 4. AHRTEM image from the GgZny gsTe epitaxial layer grown on
the (001) GaAs substrate along tfi801] zone axis. The image represents a
doublet periodicity in the contrast ¢100; and{110} lattice planes.
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