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Abdgtract : Strained Si- « Gex and S material s are success ully grown on S substrate by ultraviolet light chemical var

por deposition under ultrahigh vacuum at a low substrate temperature of 450

and 480 ,respectively. At such low

temperature ,autodoping effectsfrom the substrate and interdiff uson effects at each interface could be suppressed ef -

ficiently. The strained Si- x Gex and multilayer Si1. x Gex/ S structures are examined by X-ray diff raction ,SMIS ,etc. ,

and it isfound that the material s have good crystallinity and the risng and falling edges are steep. The technique has
a capability of growing high-quality Si. xGex/ S strained layers.
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1 Introduction

In recent years,great progress has been made
inthe study of S:- x Gex materials. The high-quality
and practical S Ge material s are obtained mainly by
molecular beam epitaxy (MBE)! and ultrahigh
vacuum chemical vapor deposition (UHVCVD) .
In addition, ultraviolet light aided chemical vapor
deposition (UVCVD) technique was reported for
the growth of Si-« Gex materials'** at low temper-
ature.

To obtain distinct interface of Si-x Ged S,
which isimportant to material characteristic ,and to
prevent contamination of impurity atoms such as
carbon ,oxygen and s on,the lower growth tem-
perature and the ultrahigh vacuum background are
necessary for growing high-quality Si. x Gex/ S mar
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terials. The release of the stressin unmatched lat-
tice of S1.xGed/ S materialsisa s relative to tem-
perature.

In the paper ,strained Si. x Gex materials have
been grown using a novel UV/UHV/CVD ,combi-
ning UVCVD with UHVCVD technology. In this
technology ,the growth of strained S:- x Gex materi-
alsis realized by virtue of energy of photon under
ultrahigh vacuum at low temperature'® .

2 Systemsand principle

Developed by Xidian Universty ,a novel UV/
UHV/CVD systemis usedin growing Si-xGex/ S
materials® . The schematic of the UV/ UHV/CVD
systemis shown in Fig. 1. Consdering the require-
ments for cleanliness of materials growth and the
realization of continuous operation, three vacuum
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chambers are employed in the UV/UHV/CVD
system, including the preparation chamber , the
loading chamber ,and the growth chamber. In the
preparation chamber ,final cleanout of S substrate
are operated under the protection of inert gases. In
order to prevent S substrate from being contami-
nated during the course of trander ,aloading cham-
ber is used. It is thought that this system can avoid
contamination more effectively than other systems
with one or two vacuum chambers.

Low pressure
Hg lamp

Growth
chamber

Preparation
chamber

——————— T =

Vacuum system

Fig.1 Schematic of UV/ UHV/ CVD system

In the study ,UV-aided UHV/CVD technolo-
gy is used. The technology reduces the growth
temperature. More importantly, the light source
can be turned off between the growth for one layer
and the growth for the next layer to improve the
interfacial performances of grown multi-struc
tures. Thusit can eliminate the effect of continuous
reaction of the resdual gases on interfaces during
the interval of gas exchange,which happens at a
conventional thermal reaction. Thisis of great be
nefit to the materialsof S Ge HB T and other multi-
layer devices. During the growth ,the reactant gases
(including 9Hs, SH2Cl2, GeHs ,B2Hs ,0r PHs)
and a small portion of Hg flow into the growth
chamber ,and ultraviolet light from a low pressure
mercury lamp passes into the growth chamber
through transparent window , initiating mercury
sengtized photodecomposition of the reactant gas
to form Si. «Gexor S film. Theinfluence of Hgon
materials quality and characteristic has not been
found by far.

A's a sendtizer ,mercury atoms absorb the en-
ergy of UV-light with wavelength of 253 7nm,

which is emitted by low-pressure mercury lamp,
and are excited from ground state Hg(*S) to ex-
cited state Hg(*P1). The energy of excited state
Hg(®P1) is469. 0kJ/ mol which is greater than that
of ground state. The energy is transerred to mole-
cules of reactant gases by collison to form film
precursor radicals,and then the radicals diffuse in
the S substrate surface where they deposit as Si- «
Gecor SU"®1 Mercury atomsin excited state return
to ground state after the collison. The process of
reaction is asfollows.

(1) Hg+ N -Hd

(2 SHs+ HJ -SHs +9H+9H+9 + H:
+ Hg
GeH:s + HJ —GeHs + GeH: + GeH + Ge
+ H2 + Hg
SH:Cl; + HJ -SH:Cl + SHCl: + SHC
+9H: +9C: +9H+39Cl +9 + HCl +
Hg

(3) S+Ge-9Ge

3 Experiment and results

The dlicon wafers cleaned in atmosphere are
put into the preparation chamber ,and then finally
cleaned. The clean method consists of the organic
cleaning and the inorganic cleaning. For example,
diluted HF dip isone of the cleaning. With the di-
luted HF dip ,dangling bonds on silicon surface can
be passvated by hydrogen. After that ,the dlicon
substrate wafers are tranderred to the loading
chamber. The growth chamber is aways kept in
high vacuum. When the vacuum of the loading
chamber reaches that of the growth chamber,
which is higher than 10" ° Pa,the silicon substrate
wafers are tranderred to growth chamber by mag-
netic trander rod. When the vacuum of growth
chamber reaches 10" ®Pa or higher ,the substrateis
heated to 750 800
the surface of dlicon wafer can be removed. When
the substrate temperature is decreased to the
growth temperature ,reactant gases are turned on,

,90 that the resdual oxide on
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and the low-pressure mercury lamp is switched on.
Then the growth of Si.x Gex or S materials be-
gins.

The dependences of Si-x Gex quality and the
growth rate on substrate temperature have been
analyzed and compared. The substrate tempera
tures used are 300,350,400 ,450 ,and 480 respec-
tively. From X-ray diffraction and topology analy-
ss,it can be seen that the width of Si.« Gex dif-
fraction peak decreases with increased substrate
temperature ,but the amplitude of Si. x Gex diffrac
tion peak increases with increased substrate tem-
perature ,and the surface of Si- x Gex materials be-
comes smoother with the increased substrate tem-
perature.

Analyssresults show that S:- « Gex materials
grown at 450 have good crystallinity. The mate-
rials characteristics at a temperature higher than
450 are amost the same as that at 450
fore,it indicates that high-quality Si.x Gex films
can be grown at 450 ,but high-quality S films
can be grown at 480 .In Fig.2(a) ,the X-ray dif-
fraction result of Si.x Gex at the growth temperar
tureof 300 is shown ,and the diffraction peak of
Si1- « Gex crystal could not be found. In Fig. 2(b) ,
the X-ray diffraction result of Si.x Gex at the
growth temperature of 450
(b) ,it can be seen that the X-ray diff raction peak is
34.36°, and the full width of half-maximum
(FWHM) isQ 015°. The quality of Si.x Gex mate-
rialsis quite good. And the thickness of Si. x Gex
layer in Fig.2(b) is approximately 100nm.

. There-

is shown. From Fig. 2

Based on the technology in the paper ,the con-
tinuoudy grown heterostructure,the sample of n-
9/i-91. « Ged p-91- « Ga/i-91- x Ge/ S, has been
obtained, which PHs is used as n-type doping
source ,and B2 Hs is used as p-type doping source.
Figure 3isthe SIMS (secondary ionized mass spec-
trum) profile of n-S/i-So.es Geo.14/ P - Fo.86 Geo. 14/
i-So.8s Gev.14/ S grown at temperature of 450 and
480 for Si-x Gex and S, regectively. It shows
that the risng and falling edges are steep ,and the
interfaces are distinct.

643
10000 F (2) Si
« 7500}
E ]
2 sooof
&)
2500} L
0 alds beeda "3 A ") ke
343 344 345 346 347
/(%)
2400} (&) Si
2000}
2 1600}
g
2 1200}
O
soor SiGe
400} T
O‘
342 343 344 345 346 347
/(%)
Fig.2 X-ray diffraction of SGe grown at 300 (&)
and 450 (b)
1
0.16 1
0.14 100
0.12 §
£ 010 10° §
Q2
& 008 loe &
° g
O 0.06 5
004 1017
0.02 101
0 100 200 300 400 500
Depth/nm

Fig.3 SIMS profile of n-S/i-So.8s Geo.14/ p - So.86
Geo.14/ i-So.ss Geo.14/ S

In addition ,the sampleis analyzed by the elec-
trochemical GV profiler™ and the four-probe ar-
ray[m]
concentration accord with the results of SMIS.

. The measured results of P and B doping

4 Conclusion

Usng UV/UHV/CVD technology, the
strained Si. x Gex/ S materials have been success
fully grown at a low substrate temperature of 450
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and 480 for strained Si. < Ge, and S ,respective- [ 5] Hu Huiyong,Zhang Heming,Dai Xianying ,et a.91- xGex/ S
ly. The X-ray diffraction result shows that the strained epitaxial layer grown by UV/UHV/CVD. ISTDM,

. . . . Nagoyo Japan ,2003 :147

crystalllne qua“ty 's quite gOOd' The SMIS result [ 6] Liu Hongning, SunJiancheng, Hu Huiyong, et a. A novel

indicates that rising and falling edges are steep and UHV/ UV/ CVD system for growing S Ge material. Vacuum

the interfaces are distinct ,which improves the per- Electronics ,2000(3) :25 (in Chinese) [ , ,

formances of the interface. .o SGe UHV/UVICVD

,2000(3) :25]
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