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Abstract

ZnTe homoepitaxial growth has been investigated at room temperature using synchrotron radiation. Growth char
tics of the film such as thickness distribution and source transport rate dependence of the growth rate have been s
also the effect of diethyltelluride/diethylzinc gas composition on the photoluminescence spectrum of the film. A st
excitonic emission at 2.375 eV associated with shallow acceptors is observed and neither a donor—acceptor pair r
nation nor a deep-level luminescence signal is detected in the spectrum of the film grown under nearly stoichic
condition, which indicates that ZnTe films of good quality can be grown even at room temperature by this growth
nigue. We discuss the relationship between substrate temperature and photoluminescence spectrum of the film in
to actual VI/II ratio near the growing surface.
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1. Introduction

Lowering of temperature to grow thin film has become important for fabrication of future se
conductor devices such as quantum-effect devices. Photo-excited growth is one of the I
candidates for low-temperature growth which also results in low damage. Synchrotron rad
(SR) has a high photon flux density in the vacuum ultraviolet region, and hence it decom
virtually all reactants efficiently. Furthermore, irradiation enhances the surface migration of ads:
species. These features make the SR-excited growth a promising new nonthermal tect
Several attempts have been made in using SR light to perform photo-excited depositi
elemental semiconductdr¥or metalst?° Interestingly, the epitaxial growth of elemental sem
conductors such as'SPand G& has been achieved at low growth temperature using SR lic
Some reporf&3on the synthesis of compound semiconductors using different gas sources
as compound semiconductors are important materials for optoelectronic devices. This tect
will be useful for use in the patterned deposition of compound semiconductors such as the |
ration of photonic crystals and quantum-effect devices.

Thus the purpose of this study is to deal with SR-excited growth of ZnTe as an examp
compound semiconductors. We describe herein the growth characteristics and photolumine:
(PL) properties of the deposited films.

2. Experimental

The growth experiment was carried out using the SR beam line, BL8A, constructed at the U\
Facility of the Institute for Molecular Science, Japan. The beam line supplies only white |
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Table |

Growth conditions

Substrate (100) zne

Source materials Diethylzinc (DEZn)
Diethyltelluride(DE®)

Transport rate 0.05~1pmol/min

Carrier gas flow rate 0.25 scem for each source

Total pressure 10°~10* torr

Substrate temperature mainly room temperature

Carrier gas hydrogen

Incident SR beam sample surface perpendicularly

Area exposed with SR 6 mm in diameter

Photon flux b integrated over 6x 10" photons/nA- min-cnd for
the wavelength 5 to 1500A  the irradiated center area on the
sample

Our growth apparatésconsists of a reaction chamjead-lock chamber and &ifential pump-
ing system. The diérential vacuum pumping system prevents reaction gas from flowing in
storage ring. The incident SR beam is irradiated perpendicular to the sample surface w
window. (100) ZnE substrates were used. Diethylzinc (DEZn) and diethyltelluride épP&é&re
used as source materials, and were fed independently into the chamber together with hy
carrier gas by means of mass flow controller and variable leak valve. Carrier gas flow rate
kept at 0.25 sccm for each source. The deposition was carried out at very low pressure be
107° and 10 torr. The substrate temperature was mainly the room temperature. The area ex
to SR, which is limited by the size of aperture irfatiéntial pumping system, was 6 mm in
diameter The photon flux integrated over the wavelength from 5 to A508s calculated to be
6x 10" photons/mA-min-chfor the irradiated center area on the sample. The growth conditi
are summarized inable |. The characteristics of the deposited film have been investigatec
means of stylus step profileAuger electron spectroscqpyigh-enegy electron difraction
(RHEED) and PL. If the film is too thin, PL signal frome substrate will dominate. PL meas
ments on Zn& films of 2-2.5um thickness were carried out at 4.2 K to avoid tlfecebf the
substrate. The growth rate is defined as the maximum thickness of the film normalized by
irradiation dose which is represented by a product of electron current (mA) and exposure
(min).

3. Growth characteristics of ZnTe films

Figure 1, a typical SR deposited film, shows the deposition of the film clearly on the subs
The deposition takes place at room temperature which is much lower than that required fol
mal decomposition of source materials, namahout 200C for DEZr** and about 38 for
DETe® in the gas phase. The area of the deposition is almost edbeldize of the SR incident
beam and no deposition takes place in the nonirradiated part. This suggests the possib
adapting SR-excited growth of ZaTor use in the patterned deposition, which is useful from t
application point of view

Figure 2 shows the thickness profile of Zfifm grown with total irradiation dose of Z.£10°
mA-min in the vertical direction. The deposition thickness depends strongly upon the distan
is well known that there is a strong intensity distribution of SR beam in the vertical di(getion

_|_in the direction perpendicular to the plane of the SR orbit). The intensity has a peak at trLeJ
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Fic. 1.ZnTe film on the substrate. The left side of the sub-Fic. 2. A typical trace measured with a stylus step profiler
strate is covered with tantalum holder to measure the thickFhe solid line represents the light intensity calculated thec
ness profile easily retically as described in the text.

of the SR beam and decreases away from the center along the vertical direction. The ini
distribution of SR beam, between 5 and 1500 A, shown by solid line, is considered the v
length region. The thickness is almost proportional to the intensity of the SR beam. Since th
power of the incident beam is less than 0.3k temperature rise of the substrate due to ¢
irradiation is negligible. Thus, the deposition due to thermal excitation may be excluded. U
SR irradiation, several phenomena such as photo-stimulated evaporation of the film, as sh
Si0, and SiN, films,** the formation of blocking lay&rand also the deposition of the film due tc
decomposition of adsorbed molecules or gas molecules with the hel§ ba&Rbeen observed
so far As regards photo-stimulated evaporation, &@a$ well as Zn$gare unafected by SR
irradiation. Also, since the carbon-free Znflims can be obtained as stated late® deposition
process of Zn& should not be considered a growth suppressfestafue to the formation of
blocking layer as pointed out in the SR-excited deposition of Al, where Al deposition is
pressed by the formation of AIC lay&The decomposition of gas molecules by SR (gas phe
excitation) may also be negligible, since the area of the deposition is almost the same as tha
incident beam. Thus, the process associated with the adsorption of DEZn amdnDIEETuUles
followed by decomposition due to SR irradiation (surface excitation process) will be essenti
ZnTe growth, in view of very low pressure.

Figure 3 shows the relationship between growth rate and source transport rate. When
transport rate is maintained at @mol/min, an almost linear relationship is obtained, indicatin
that the rate-limiting step is due to the supply of BEWhen the transport rate of DEIE main-
tained at lumol/min, the growth rate increases rapidly with increasing DEZn transport rate.
shown by open circles, growth rate is controlled by DMZn transport belowh'rhin. On the
other hand, growth rate is perfectly governed by ®E&nsport rate of 10M/min. The middle
region (i.e. 0.5«M/min) corresponds to stoichiometric conditions. It eventually gets saturate
around 0.5¢mol/min. These results indicate that the adsorptiorficieeft of DEZn is high com-
pared to DE& at room temperature. Thus, atriiol/min for DE, the transport rates of DEZn of
0.1, 0.5 and kmol/min correspond to aefrich condition, nearly stoichiomertric and Zn-rick

condition, respectively n
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Fic. 3. Dependence of the growth rate on the source tralfs- 4. PL spectra of Zr films for various source trans-
port rate at 27C substrate temperature. port rates with the substrate temperature maintained@t 27

4. Photoluminescence mperties of ZnTe film

Auger electron spectroscopy of the deposited film exhibits only the signals relatingeolZsT
to be noted that no signal is detected with regard to carbon in the film. It is expected that
DEZn and DEE molecules decompose and hydrocarbons dedediieély from the surface by
the irradiation of SR. An analysis of RHEED patterns of deposited #Inis drew the following
conclusions: At low growth rate, say ~G3mA ¢min, epitaxial film can be obtained indepen:
dent of the transport rate ratio of DET DEZn. For high growth rate such as ~1.2 A#mx,

it seems dficult to obtain the epitaxial film when growth is carried out under Zn-rich conditic
When growth is carried out undee-fich or nearly stoichiometric condition, on the other han
ZnTe film grows epitaxially Thus, the homoepitaxial ZaTilm is attainable even at room tem-
perature for such a high growth rate.

It is interesting to investigate the PL spectrum of the film deposited by SR-excited grc
because very little work with such luminescence has so far been reported. In order to inve:
the influence of DE&/DEZn composition on PL spectrum of the film, we have selected the fil
with almost the same growth rate. As shown in Fig. 4, PL property af #InTstrongly depends
upon the DE&/DEZn gas composition. The PL spectrum of the film grown under Zn-rich cor
tion exhibits strong deep-level emissions with two broad bands togethel,witb. |, line is
attributed to shallow acceptors, namély Cu and N& The deep-level luminescence may be du
to defects such as vacancy-chlorine complex and the one obtained here can be found in the
mental results of dwset al* who have attempted laser-inducedudifon in Zne with CI. Thus,
the quality of the film deteriorates under Zn-rich condition. Under nearly stoichiometric col
tion, I,peak is observed and neither a donor—acceptor pair recombination nor a deep-level
nescence signal is detected even in the film grown at room temperature. Similar feature f
spectrum has been reported on €ibmoepitaxial layers grown under optimum conditions |
molecular beam epitaXyand metal aanic vapor phase epita¥where the growth has been

+carried out at 33W and 340C, respectivelyHence, it can be said that Znfilms of good
1
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Fic. 5. PL spectra of Zréfilms deposited by varying sub-
strate temperatures.

quality can be obtained at much lower substrate temperature than those of molecular beal
axy and metal granic vapor phase epitaxijhe PL spectrum of the film grown under exrfich
condition shows donor—acceptor pair bands togetherlylitre. A Te-rich condition may lead to
the contamination of shallow acceptor and donor impurities related to these emission banc

Figure 5 shows the PL spectra of 2nflims deposited for dérent substrate temperatures
The films grown at 60°C and 80°C exhibit a strangeak. Donor—acceptor pair bands are nc
detected in the spectrum, but are observed clearly in the spectrum of the film deposited at
PL spectra of these films resemble the one corresponding to nearly stoichiometric conc
However a further increase in substrate temperature (100°C) induces enhancement of the
level luminescence, which resembles the one corresponding to the spectrum of the film ob
under Zn-rich condition. ¥have already reported that the growth rate decreases with incree
substrate temperature. This behavior will be closely related to decrease in the adsorbed mo
with respect to DE@ rather than DEZn with increasing substrate temperature. Thus, the
properties of the films as a function of substrate temperature may be closely related to the fe
the actual VI/1l ratio near the growing surface becomes lower with increasing substrate tempel

5. Conclusions

We have described the SR-excited growth of&a3 an example of compound semiconductor
The growth characteristics and PL properties of the deposited films have been establist
sharpl, line associated with shallow acceptors is observed and neither a donor—acceptc
recombination nor a deep-level luminescence signal is detected in the spectrum of the film ¢
under the nearly stoichiometric condition, indicating thatefilms of good quality can be ob-
tained even at room temperature. Strong deep-level emission bands centered at 1.85 and
related to defects such as vacancy—impurity complex become prominent with increasing I
transport rate. These bands are also detected at high substrate temperature. This will be du
fact that actual VI/Il ratio near the growing surface becomes lower with increasing subs

tem perature.
o o



_|_

554

Acknowledgement

MITSUHIRO NISHIO et al

This work was partly supported by thenture Business Laboratory of Saga University

References

1. J. TakaHasHI, J., Ursumi, Y., Akazawa, H., Appl. Phys. Lett.]1991,58, 2776.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

AwasHIMA, |. AND URrisy, T.

Utsuwm, Y., TakaHASHI, J., Akazawa H.

AND Urisy, T.

TaAkAHASHI, J., Ursumi, Y., Akazawa, H.,

KawasHIMA, |. AND URisu, T.

Jap. J. Appl. Phys1991,30, 3195.

Thin Solid Films1992,218 40.

NARA, Y., SUGITA, Y., HoriucHl, K. anD ITo, T.  Jap. J. Appl. Phys1992,31, 2333.

NaRra, Y., SUGITA, Y., HoriucHl, K. aND 110, T.  Appl. Phys. Lett.1992,61, 93.

Urisy, T., Akutsu T. anp KicHitsu, K.

UTtsum, Y., Akazawa, H., Nacasg, M.,

Urisu, T. AND KAWASHIMA, |.

Axkazawa, H., Ursumi, Y., Urisy, T.

AND NAcGAsg, M.

Akazawa, H.

RosenBerG R. A., Rico, S. P, Leg, S.

AND Dowsen, P A.

Utsum, Y. AND AkAzAWA, H.

UEesual, FE AND NisHIYAMA, 1.
UEesual, FE AND NisHIYAMA, 1.
UEesual, F AND NisHIYAMA, 1.
UEesual, FE AND NisHIYAMA, 1.
UEesual, FE AND NisHIYAMA, 1.
Y osHibA, A. et al.

RosenBerG R. A. et al.

HocHsT, H. AND ENGELHARDT, M. A.

Urisy, T. AND KYURrAGI, H.
Kyuraal, H. anD Urisy, T.

Kyuracl, H. anp Urisy, T.

IKeJRI, M., OcaTa, T., Ocawa, H.,

NisHio, M. AND YOsSHIDA, A.

Appl. Phys. Lett.1993,62, 2821.

Appl. Phys. Lett.1993,62, 1647.

Phys. RevB, 1993,47, 15946.

Appl. Surf. Sci.1996,106, 211.

J. Appl. Phys.1992,71, 4795.

J. Appl. Phys.1996,79, 717.

Appl. Surf. Sci.1992,54, 284.

Appl. Surf. Sci.1992, 60/61, 587.
Appl. Surf. Sci.1992,62, 151.

Appl. Surf. Sci.1992, 69, 27.

Appl. Surf. Scj.1996,103 299.

Appl. Phys. Lett.1989,55, 1644.

Appl. PhysLett, 1991,58, 607.

J. Vacuum Sci. chnol. B,1990,8, 686.
J. Vacuum Sci. 8chnol. B,1987,5, 1436.
J. Appl. Phys.1987,61, 2035.

J. Electochem. So0c1991,138, 3412.

J. \acuum Sci. &chnol. A]1994,12, 278.



24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

NOVEL NONTHERMAL EPITAXIAL TECHNIQUE

Ocata, T., GHevas, S. I., keJri, M.,
Ocawa, H. anD NisHio, M.

Ocata, T., GHevas, S. |., keJri, M.,
Ocawa, H. anD NisHio, M.

OgcaTa, T., GHEvas, S. |,
Ocawa, H. anD NisHio, M.

Ocata, T., GHevas, S. 1.,
Ocawa, H. anD NisHio, M.

NisHio, M., BEnoki, T., MiTsuisHi, Y.,
Quo, Q.AND Ocawa, H.

NisHio, M., Enoki, T., Quo, Q.
AND Ocawa, H.

NisHio, M. et al.

YosHipA, A., Maepa, K.,
IkeDA S.AND GanJo, A.

Y osHIKAWA, A.

NisHio, M. aND Ocawa, H.

Akazawa, H., TakaHasHI, J., Ursumi, Y.,

KawasHimMA, |. AND URisy, T.

Dean, P J.

Tews, H., SHNEIDER, M. AND LEGROS R.

RAJAKARUNANAYAKE, Y. et al.

Wolr, K. et al.

J. Cryst. Gowth,1995,146 587.

Rev Sci. Instum.,1995,66, 1086.

Thin Solid Films;1995,266, 168.

Jap. J. Appl. Phys1995,34, L841.

Thin Solid Films1999,343/344 504.

Jap. J. Appl. Phys1999,38, Suppl. 38-1, 568.

UVSOR Activity Report 1999VSOR-27, p.184, 2000.

J. Electon. Spectrscopy Related Phenomerd&96,80, 97.

Zairyo Kagaku(in Japanese), 19882, 268.
Jap. J. Appl. Phys1990,29, 145.

J. Vacuum SciTechnol. A 1991,9, 2653

J. Lumin, 1979,21, 75.
J. Appl. Phys.1983,54, 677.
Appl. Phys. Lett.1989,55, 1217.

J. Cryst.Growth,1994,135, 113.

555



