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Growth Pressure Effects on Si/Si _xGex
Chemical Vapor Deposition
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We s t u d i e d the effects of g r o w t h pressure on Sil_xGelSi heterostructures g r o w n
by r a p i d t h e r m a l chemical v a p o r deposition in the pressure r a n g e of 6 - 2 2 0 Torr.
The material was characterized by photoluminescence (PL), x - r a y reflectivity,
and electrical measurements on resonant t u n n e l i n g diodes (RTDs). High q u a l i t y
material was demonstrated t h r o u g h o u t the pressure range, b u t a weaker PL
i n t e n s i t y a t h i g h e r pressure (220 Torr) indicates l o w e r lifetimes. Interface
abruptness was degraded a t h i g h e r pressures due to gas transients. This was
confirmed by x-ray reflectivity measurements and the performance of RTDs. We
have established a low pressure l i m i t to interface roughness of 0.2-0.5 nm,
determined by x - r a y reflectivity.

Key w o r d s : G r o w t h pressure effects, r a p i d t h e r m a l chemical deposition,
Si/SiGe

I N T R O D U C T I O N
The g r o w t h of thin crystalline Si and Sil_xGex layers

on Si substrates by low-temperature chemical v a p o r
deposition (CVD) has been extensively s t u d i e d in
r e c e n tyears, and high q u a l i t y material and electronic
devices made in t h e s e films have been demonstrated.
These different techniques operate in a wide r a n g e of
g r o w t h pressures, from m T o r r to atmospheric pres-
sure. In ultra-high-vacuum CVD (UHV/CVD) reac-
tors, the g r o w t h pressure is measured inm T o r r range,~
limited reaction processing2 (LRP) and r a p i d t h e r m a l
CVD~ (RTCVD) u s u a l l y operate in the 1-10 Tort
range, w h i l e atmospheric pressurc CVD4 (APCVD)
w o r k s a t atmospheric pressure. Typically dichlor-
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osilane (SiH2C12) or silane ( S i l l4) is used as Si source
and g e r m a n e (GeH4) as Ge source. However, t h e r e
have been no systematic studies reported so far relat-
ing the g r o w t h pressure to the material characteris-
tics. In this w o r k , we s t u d i e d the effects of g r o w t h
pressure on the m a t e r i a lq u a l i t y and interfacial prop-
erties of Sil_xGex layers on < 1 0 0 > Si substrates. The
material has been characterized by photolumines-
cence (PL), x-ray reflectivity (XRR), and the per-
formance of r e s o n a n t t u n n e l i n g diodes (RTDs).

All samples in this s t u d y were g r o w n in a single
RTCVD system. In this system, a single 100 mm
silicon wafer is suspended on q u a r t z pins inside a 175
mm diameter q u a r t z t u b e . The t o t a l g r o w t h chamber
volume was - 3 0 1 . The w a f e r is h e a t e d by a bank of
tungsten-halogen lamps. All layers were g r o w n with
a hydrogen carr ier flow of 3 slpm. The hydrogen is
purified by diffusion t h r o u g h a palladium cell, and the
dichlorosilane is purified by a Nanochem T M cell to
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Fig. 1. Ge fraction vs GeH4 flow for different g r o w t h pressures at
625°C. The H2 was 3 slpm and the dichlorosilane flow was 26 sccm.
The uncertainty in Ge fraction is +_2%.
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Fig. 2. G r o w t h rate vs GeH4 flow for the same conditions as in Fig. 1.
The uncertainty in g r o w t h rate is _+10%.

remove w a t e ra n d oxygen. Af t e r a n init ial one minute
c lean a t 1000°C in h y d r o g e n , a 1 ~tmth ick buf fe r layer
was grown u s i n g dichlorosilane. Af t e r t h e buf fe r layer
a thin Si layer was grown a t 700°C, a n d t h e tempera-
ture was t h e n lowered (with dichloros i lane on) to
625°C (un le s so the rwisen o t e d ) for all Si~_~G% growth .
The Sil_xGe x growth was controlled b y turn ing t h e
GeH 4s o u r c e gas (0.8% in H2) on a n d off. A run /ven t gas
line conf igura t ion was used so t h a t gas flows in mass
flow control lers were stabi l ized before swi tch ing reac-
tive gases into t h e growth chamber. Note t h a t gas
switching, as in conventional CVD, a n d n o t tem-
perature swi tch ing , as in LRP,2 was used to s tar t a n d
stop t h e growth o f layers . The growth pressure was
var ied be tween 6 a n d 220 Torr fo r all layers in each
sample . The pressure was increased by a n automati-
cally cont ro l led butterf ly va lve on t h e inpu t o f t h e
process pump. Since t h e h y d r o g e n carr ier was fLxed a t
3 slpm, this implied a lower gas velocity in t h e growth
chamber a t h ighe r p r e s s u r e . F u r t h e r details on t h e
reac to r c a n b e f o u n d e lsewhere .3
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Fig. 3. Typical PL spectra of SiGe samples grown at 6, 60, and 220
Tor r . Note the no-phonon (NP) peak and transverse opt i ca l (TO)
phonon rep l i ca indicating band-edge luminescence and low de fec t
concentration.

C O M P O S I T I O N A N D G R O W T H R A T E

The composition was determined from t h e b a n d g a p
as measured by photoluminescence (PL). Thin samples
were used t o avoid strain relaxation (a l though thicker
t h a n 10 n m t o avoid q u a n t u m conf inment effects).
The Ge concen t ra t ion in t h e al loy layer (x) inc reased
with t h e increas ing GeH t flow a t a g iven pressure
(Fig. 1). Note however , t h a t t h e Ge fract ion increases
with pressure for t h e same gas f low conditions, even
t h o u g h t h e dichloros i lane/germane ratio is constant.
The r e a s o n fo r this effect is not known.

The growth ra te in Sil_xGe xlayers grown a t va r ious
p res su re s was measured b y a bevel -and-s ta in t e c h -
n ique o n th ick test samples a n d by selective chemical
e t ch ing a n d measur ing t h e e t ch -dep th with a s t y l u s
profi lometeron thin t e s tsamples .The resu l t inggrowth
rates were consistent with t h o s e ob ta ined b y x - r a y
reflect ivi ty measurements desc r ibed later. Thegrowth
ra te inc reased monotonical ly with GeH4 flow, b u t it
was h ighe r for t h e same gas flows a t h ighe r pressure
(Fig. 2). It is in te res t ing t o note t h a t t h e growth ra te
was s i m i l a rfo r t h e samples with s i m i l a rGe c o n t e n t in
t h e solid, regard less o f t h e growth p r e s s u r e . Fo r
example, fo r a Ge fract ion ofx = 0.2, GeH4s o u r c e gas
flows (0.8% in H2) o f 100, 35, a n d 19 s c c m were
required a t p re s su re s o f 6, 60, a n d 220 Torr, r e s p e c -
t ive ly , b u t t h e growth ra te in all ca se s was ~10 nm/
min.

P H O T O L U M I N E S C E N C E M E A S U R E M E N T S

Since PL from Sil_ Gexlayers d e p e n d s on a lowlevel
o f nonrad ia t ive recombinat ion (high minority carr ier
lifetimes), photoluminescence is a sens i t ive p robe o f
material qua l i tyJ We measured PL spec t ra on 25 n m
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thick, u n d o p e d Sil_xGex layers (x = 2 0 - 3 4 % ) g r o w n a t
various pressures, with a Si-cap l a y e r of 15 nm to
p r e v e n t surface recombination. All PL spectra in this
s t u d y were t a k e n a t 77K. A typical PL spectra a t 77K
s h o w s a no-phonon (NP) feature a t h i g h e r energy due
to a l l o y randomness, and a l o w e re n e r g y transverse
optical (TO) p h o n o n replica (Fig. 3). The energy posi-
tion of the NP peak is determined by the band-gap of
the Sil_ Ge~ q u a n t u m well, i.e. the Ge concentration.
The purpose of the PL was not to s t u d y the fine
structure of the N P and TO peaks, w h i c h are t h e r -
m a l l y broadened a t 77K, b u t a qualitative m e a s u r e of
the m i n o r i t y carr ier lifetime. The luminescence is
inversely dependent on the carr ier lifetime, and s m a l l
a m o u n t s of oxygen or o t h e r contamination in the SiGe
films or a t t h e i r interface c a n quickly quench the
luminescence by providing a very fast alternative
recombination p a t h . All the samples clearly showed
t h e s e two t h e r m a l l y broadened p e a k s corresponding
to NP and phonon-replica lines, as expected for high
q u a l i t yfilms. The PL i n t e n s i t ywas noticeably w e a k e r
for samples g r o w n a t 220 Torr, indicating a l o w e r
lifetime. This m i g h t indicate a h i g h e r oxygen concen-
t r a t i o n in the f i l m s g r o w n a t 220 Torr. The p a r t i a l
pressures of both oxygen due to source gas contami-
n a t i o n and due to outgassing of the reactor walls
w o u l d be expected to be h i g h e r a t high pressure. This
w o u l d lead to h i g h e r oxygen levels in the f i l m s since
the g r o w t h rate a t a fixed film composition (e.g. x =
0.2) was not a function of g r o w t h pressure, as men-
tioned earl ier in the paper.

X - R A Y R E F L E C T M T Y M E A S U R E M E N T S

The interface roughness of SiGe layers was de-
t e r m i n e dby m e a s u r i n gx - r a y reflectivity (XRR) u s i n g
e n e r g y dispersive detection. This technique measures
interference due to reflections from different layers.
The scattering vector (k) is scanned by keeping the
scattering angle fLxed and m e a s u r i n g the reflected
i n t e n s i t y as a function of energy. X-ray reflectivity is
sensitive to the g r a d i e n t in the electron d e n s i t y (dN/
dz) n o r m a l to the surface so t h a t the measured inten-
sity is proportional to the s q u a r e of the m a g n i t u d e of
the the F o u r i e r transform of dN/dz. The interface is
characterized by a nonuniform electron density pro-
file in the direction perpendicular to the sample
surface, i.e. a peak in thc g r a d i e n t profile. A b r u p t
interfaces will have a s h a r p e r peak in dN/dz, w h i l e
r o u g h or g r a d e d interfaces will exhibit a b r o a d e r
peak. The oscillations in the reflectivity spectrum
r e s u l t from the interference between different layers.
The periodicity of the signal is determined by l a y e r
thicknesses, and oscillations decay a t high k due to
n o n a b r u p t interfaces between layers. The amplitude
of the s i g n a l depends on Ge concentration in the layer.
The measured signal was f i t t e d with a m o d e lw h e r e
the interface w i d t h , l a y e r thicknesses, and Ge frac-
tion were f i t t i n g parameters. The electron d e n s i t y
g r a d i e n t was approximated by Gaussian lineshape.
The interface w i d t h (~) was determined by a best fit to
the data (dN/dz ~ e -'2/2°2 ). F u r t h e r details on this

technique are g i v e n elsewhere2 This technique does
not distinguish b e t w e e nw i d t h of the interface due to
g r a d i n g and roughness, as both lead to a g r a d u a l
t r a n s i t i o n in electron density.

The samples used for this measurement were the
same samples used for m e a s u r m g the PL spectra. The
Sil_xGeXlayers were 2 0 - 3 0 nm t h i c k with x = 0.2-0.3,
followed by 15 nm Si caps. Typical XRR spectra and
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Fig. 4. Typical x- ray reflectivity spectra for samples with s ing le Sil_xGex
layers (x = 0.2-0 .3 , t = 0 .2 -0 .3 nm) with 15 nm Si-caps. The reflected
intensity is plotted as a function of scattering vec to r fo r different
pressures. The solid line represents the d a t a and the dashed line is the
bestfit.
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t h e best fits are shown in Fig . 4, fo r s t ruc tu res grown
a t 6, 60, a n d 220 Torr. Note t h e f a s t e r d e c a y o f t h e
oscillations a t h ighe r p re s su re s indicat ing wider in-
terfaces in t h e h igh pressure samples .

In all samples , a b e s t fit t o t h e top sur face r o u g h -
ness ( the sur face o ft h e Si cap) was f o u n d to be 0.3-0.5
nm, regard less o f t h e growth p r e s s u r e . This number
clearly s h o w s roughness, not g rad ing , s ince this is t h e
interface be tween Si a n d vacuum. The p re sence o f a
na t ive oxide on t h e Si cap was shown to h a v e a
negligible effect on t h e r o u g h n e s s determinat ion by
removing it with di lute hydrofluoric acid from some
samples . Figure 5 shows t h e interface width vs growth
pressure both fo r b o t t o m (be tween t h e Si s u b s t r a t e
a n d SiGe layer) a n d top (be tween t h e SiGe layer a n d
Si cap) in te r faces . No clear dependence o f interface
wid ths o n Ge concentration in t h e al loy layer was
observed. The interface width was f o u n d to linearly
inc rease as t h e growth pressure was inc reased , fo r
both in te r faces . Desp i te t h e er ror bars in Fig . 5, which
were d u e to uncer ta in ty in fi t t ing t h e XRR curves, it
is also c lear t h a t t h e b o t t o m interface consistently
appears to be w i d e r t h a n t h e u p p e r in ter face , regard-
less o f t h e growth p r e s s u r e .

R E S O N A N T T U N N E L I N G D I O D E S

A n o t h e r measure o f t h e interface a b r u p t n e s s qual-
i ty is t h e performance o f r e s o n a n t tunne l ing diodes
(RTDs). A n RTD consists o f a Si~_xG% q u a n t u m well
sandwiched be tween Si barriers a n d symmetrically
doped c o n t a c t layers o n both sides. The resu l t ing
cur ren t vo l t age (I-V) curve shows a p e a k in t h e cur-
ren t when t h e device is b i a sed such t h a t t h e b o t t o m o f
t h e b a n d filled with carriers in t h e emit ter a l igns with
t h e s t a t e in t h e well. When b ia sed further , such t h a t
there is n o s t a t e t o t u n n e l to, t h e I-V character is t ics

show nega t ive different ial resistance. The perfor-
mance o f RTDs is very sens i t ive t o well a n d barr ier
th icknesses a n d to t h e qual i ty o f t h e in te r faces . Both
p a n d n- type RTDs in Si/Sil_xGe x he te ros t ruc tu res
h a v e b e e n demons t ra t ed a n d s t u d i e d b y by seve ra l
groups. 1°-14

W e fabr ica ted p - type RTDs grown a t 6, 60, a n d 220
Torr. The RTD st ruc tu res consisted o f Si p+l a y e r (100
nm thick, doped ~5 × 101Scm-3), u n d o p e d Sil_xGe x
s p a c e r (15 nm thick, x = 0.25), u n d o p e d Si barrier,
Sil_xGe x well, Si barrier, u n d o p e d Si~_xGex s p a c e r (15
n m thick, x = 0.25) a n d finally p+ Si c o n t a c t l a y e r (150
n m thick). The nominal b a r r i e rwid ths were 5 nm a n d
well wid ths were 4 nm. The resu l t ing I-V curves a t
80K are shown in Fig . 6. The sample grown a t 6 Torr
clearly shows nega t ive different ial r e s i s t ance , as ex-
p e c t e d . S i m i l a r behav io r is observed in t h e 60 Torr
sample . The sample grown a t 220 Torr s h o w s no
r e s o n a n t tunne l ing behav io r a t all; r a t h e r t h e I-V
character is t ics look like t h a t expected fo r a single
barrier. The electr icalperformance o f RTDs is re la ted
to XRR interface wid ths , as explained in t h e following
section.

G R A D I N G A T T H E I N T E R F A C E
V S R O U G H N E S S

The inc rease in interface wid ths a t h ighe r growth
p r e s s u r e s , as measured by XRR, is primarily d u e to a
g raded interface from gas t rans ien t effects, n o t t o
sur face roughness. Since t h e same H2 carrier f lowwas
used in all experiments (3 slpm), t h e gas velocity
t h r o u g h t h e chamber is inversely propor t iona l t o
p r e s s u r e , a n d t h e res idence time o f gas in t h e cham-
b e r is l i n e a r with p r e s s u r e . A differentially pumped
res idua l gas ana ly se r (RGA) was u s e d to measure t h e
ac tua l ra te o f c h a n g e o f germane pressure in t h e
growth chamber (a l though a t a loca t ion signif icantly
downs t r eam from t h a t o ft h e si l icon wafer). A t 6 Torr,
t h e time c o n s t a n t fo r t h e t rans ien t (which was a n
exponent ia l decay) was 6-7 s, while it was as large as
60 s a t 60 Torr. T h e s e values are n e a r t h o s e one would
calcula te fo r simple gas res idence t i m e s in t h e cham-
b e r g iven t h e chamber volume o f ~ 301 a n d gas flow o f
3 slpm. Since t h e growth ra te fo r a g iven film
compositon was independen t o f pressure (e.g. - 10
n m / m i n fo r x = 0.2), t h e l inear inc rease in gas swi tch -
ing time as pressure is inc reased would c a u s e a l i n e a r
inc rease in t h e interface wid th , as is observed in t h e
XRR d a t a . Us ing t h e measured gas t rans ien t s a n d
known growth ra t e s , t h e calcula t ion o finterface width
yie lded order-of-magni tude agreement with t h e val-
ues measured by XRR.

A second in te res t ing feature in t h e da t a o f Fig. 5 is
t h a t t h e lower interface seemed consistently b roade r
t h a n t h e top inter face . B e c a u s e o f t h e low growth
temperature o f Sil_xGe x (625°C), this could n o t be d u e
to excess t h e r m a l diffusion a t t h e lower in ter face . If
one were to explain this interface w i d t h as due t o t h e
roughness o f t h e growth sur face , one would n e e d t o
assume t h a t t h e or iginal silicon homoepitaxial sur -
face (before t h e Si,_xG% growth) were r o u g h e r t h a n
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t h e heteroepi taxial Sil_xGex growth sur face . Exactly
t h e opposite is observed in prac t ice ,however .7,8Rather ,
we t h i n k t h a t t h e possible difference be tween t h e two
interfaces is due t o t h e dependence o f t h e growth ra te
on germane flow. The RGA measurement s h o w e d
t h a t t h e gas t rans ien t s h a d t h e s h a p e o f a decaying
exponential , as i l lus t ra ted in Fig . 7. The growth ra te
vs time will h a v e a s i m i l a rs h a p e as t h e GeH4 par t ia l
p r e s s u r e , as shown in Fig. 2. The interfacial width
will b e t h e in tegra l o f t h e growth ra te dur ing t h e
t rans ien t per iod ( d a s h e d in Fig . 7). The l o w e r
Si/Sil_xGe x inter face , which occurs when GeH4 was
tu rned on, has a large part o ft h e t rans ien t in a region
o f h igh GeH4 flow a n d h e n c e h igh growth ra te , leading
to a th ick graded reg ion . Similarly, t h e top inter face ,
occur ing when t h e GeH4 is tu rned off, has m o s t o f its
t r ans ien t dur ing a per iod o f low GeH t flow a n d low
growth ra te , leading t o a s h a r p e r in ter face . From
RGA resul t s a n d Fig. 2, one est imates t h a t t h e b o t t o m
interface shou ld b e th icker t h a n t h e top one b y a fac to r
o f 1.5-2, consistent with t h e XRR d a t a .

Therefore , a t h ighe r p r e s s u r e s , t h e interface width
is limited by t h e grad ing a t t h e in ter face , due to gas
t r ans i en t s , a n d not t h e interface roughness. This also
explains t h e behav io r o f r e s o n a n t tunne l ing diodes.
According to XRR resu l t s , t h e t rans i t ions be tween t h e
barriers a n d t h e well become more d i f fuse due to
grad ing as growth pressure inc reased . The interface
wid ths are measured to b e only 0.3-0.5 n m at 6 Torr,
0.7-1.3 n m at 60 Torr, b u t 2-4 n m at 220 Torr. Tha t
means t h a t t h e ac tua l s t ruc ture grown a t 6 Torr is
very close to t h e des i red one. A t 60 Torr, t h e double
b a r r i e r s t ruc ture is still clearly resolved, s ince t h e
des i red well a n d barr ier wid ths are still much larger
t h a n interface wid ths . A t 220 Torr, t h e well be tween
t h e barriers a lmos t d i sappears leading to a single-
b a r r i e r s t ruc tu re , consistent with t h e electr ical re -
su l t s shown in Fig . 6. The performance o f double
b a r r i e r RTDs is t h u s consistent with t h e resul t s
measured b y XRR.

LOW P R E S S U R E L I M I T T O I N T E R F A C E
R O U G H N E S S

So far, we h a v e demons t ra t ed t h a t h igh qual i ty
Sil_ Gexlayers can be grown in a wide pressure range ;
b u t as t h e growth pressure inc reases , t h e effects o f
gas t rans ien t s become more signif icant b e c a u s e o f
longe r res idence time in t h e chamber. One c a n est i -
mate t h e intrinsic roughness o f t h e growth sur face ,
however , b y extrapolat ing t h e lines in Fig . 5 to zero
p r e s s u r e , where gas t rans ien t s would be zero. In this
c a s e , one f inds a n interface r o u g h n e s s o f0 . 2 - 0 . 4 nm,
similar to t h e roughness o f t h e top Si sur face mea-
s u r e d b y XRR. This is consistent with t h e sur face
r o u g h n e s s o f 0.3 nm (rms, measured by atomic force
microscopy) o fthin Sil_~Gexlayers repor ted by Pidduck
e t al. 8 Similarly, Dutar te e t al.a have repor ted a n
u p p e r l imi t to interface width o f0.4 nm, reso lved from
t r a n s m i s s i o n e l e c t r o n m i c r o g r a p h S i / S i l _ G ex
super la t t i ce ,a

One c a n take different approaches t o avoid t h e

effect o f grad ing a n d isola te t h e u p p e r l imi t t o in-
ter face a b r u p t n e s s . Simply lowering t h e pressure o r
increas ing t h e carr ier gas f lowrate to d e c r e a s et h e gas
res idence time was not possible d u e t o pumping s p e e d
limitations in o u r sys tem. A n o t h e r possibility would
b e t o turn t h e growth on a n d off a t interfaces by r a p i d
swi tch ing o f t h e sample tempera ture , as done in
limited reac t ion processing. 2Wi th no growth occur ing
dur ing t h e gas swi tch ing ,which is done a t a very low
tempera ture , t h e effect o f gas t rans ien t s would be
removed . A second approach is t o lower t h e growth
tempera ture , a n d h e n c e , lower t h e growth- ra te , u s i n g
conventional gas swi tch ing as in o u r experiments .
The interface l a y e rwill thus b e th inne r for t h e same
time o f gas t r ans i en t .

Both me thods were used to grow test s t ruc tu res a t
6 Torr. Fo r t h e LRP a p p r o a c h , t h e growth was in-
te r rup ted b y reduc ing t h e lamp p o w e r such t h a t t h e
wafer temperature was too low (be low 450°C) fo r
growth dur ing germane t rans ien t a f te r t h e Sil_xGe x
layer was grown a t 625°C. The resu l t ing interface
wid ths measured b y XRR were 0.3 n m for t h e top Si/
v a c u u m inter face , 0.6 nm for t h e b o t t o m Si/Sii_xGe x
inter face , b u t 0.1 nm for t h e top Si/Sil_xGe x interface
were t h e growth was in te r rup ted . T h e s e resul t s are
consistent within t h e fi t t ing e r r o r of t h e XRR curves
with t h e low pressure l imi t extrapolated from t h e
pressure d e p e n d e n t measurements described above.

To fur the r p robe t h e lowpressure l imi t to interface
a b r u p t n e s s , t h e second approach o f low temperature
growth was also p r o b e d . The growth ra te a t 625°C o f
Sio.sGeo. 2 is 10 n m / m i n a t 6 Torr fo r o u r growth condi-
t i o n s . When t h e temperature is lowered to 550°C, t h e
growth ra te d r o p s to only 0.5 nm/min. The measured
interface wid ths fo r samples grown a t 6 Torr a n d
625°C were 0.3-0.5 nm. If t h e interface roughness

dt-
O
0

k actual
ideal ', k /

2

-top

time
Fig. 7. A schematic d iagram that explains the effects of gas switching
on the thicknesses of graded layersat the top vs the bo t tom interface.
The thickness of the interface layer is proportional t o the c ross -
ha tched area in the lower figure.



730 Matutinovic-Krstelj, Chason, and Sturm

c

v

Zwt-Z
_J

I I I

TG=550oc ~ ] ~

9 0 0 950 1000 0 5 0

PHOTON ENERGY (meV)
Fig. 8. Photoluminescence spectra at 77K of the s ing le Sio.sGeo. 2
quantum we l l s grown at 6 Tor r , 550 and 625°C.

was still deg raded by grad ing , lowering t h e growth
ra te dur ing gas t rans ien t s 20 times would reduce t h e
th i ckness o f t h e grad ing due t o t rans ien t s t o be
negl igible .The 77K P L spec t rum o ft h e sample where
t h e Sio.sGeo.2 is grown a t 550°C is a lmos t ident ica l to
t h e one grown a t 625°C with t h e same Ge c o n t e n t a n d
s i m i l a r layer th icknesses (Fig. 8), showing t h e h igh
qual i ty o f such layers . The resu l t ing interface wid ths
measured by XRR were 0.3 nm for t h e top Si /vacuum
inter face , 0.7 n m for t h e b o t t o m Si/Sil_xGe xinter face ,
a n d 0.1 n m for t h e t o p Si/Sil_xGe xinter face . Within t h e
experimental error, this is consistent with t h e low
pressure l imi t o f x - r a y reflect ivi ty resul t s ext rapo-
la ted from Fig. 5.

C O N C L U S I O N S
High qual i tySix_~Gexlayers c a n be grown b y RTCVD

from 6 to 220 Torr, a t 625°C, a l t hough t h e lifetime in
t h e samples grown a t 220 Torr appea red deg raded
compared t o t h a t grown a t lower p r e s s u r e . At h ighe r
growth p r e s s u r e s , t h e growth ra te increases a n d t h e
Ge fract ion in t h e f i lms was h ighe r t h a n a t low
pressure fo r t h e same gas flows a n d tempera ture . The
interfacial width was f o u n d t o b e s t rongly deg raded
b y gas t rans ien t s a t h ighe r p r e s s u r e s , t h e lower
interface was affected more t h a n t h e u p p e r Si/Sil_~Ge x
inter face . By reduc ing t h e temperature to reduce t h e
growth ra te (e .g . 550°C), t h e effect o f gas t rans ien t s
c a n be removed while h igh qual i ty layers c a n still b e
g rown . In this c a s e , a n interface r o u g h n e s s be low 0.5
n m for x = 0.2 was f o u n d .
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