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In Situ P-Doped Si and Si.,_xGe× Epitaxial Films Grown
by Remote Plasma Enhanced Chemical Vapor Deposition
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Remote plasma-enhanced chemical v a p o r deposition has been applied to grow
i n - s i tu doped n - t y p e epitaxial Si and Sil_ GeX with the introduction ofphosphine.
G r o w t h r a t e s and d o p a n t incorporation have been s t u d i e d as a function of
process parameters (temperature, rf power, and d o p a n t gas flow). G r o w t h r a t e s
r e m a i nu n a l t e r e d with the introduction ofPH3d u r i n g deposition, u n l i k e in many
o t h e r low temperature g r o w t h techniques. Phosphorus incorporation shows a
l i n e a r dependence on PH3 flow r a t e , but has little if any dependence on the o t h e r
g r o w t h parameters, such as r a d i o frequency p o w e r and substrate temperature,
for the r a n g e s of parameters t h a t were examined. Phosphorus concentrations as
high as 4 × 1019 cm-3 a t 14 W have been obtained.

Key w o r d s :In-s i tu phosphorus doping, plasma-enhanced deposition, Si and
Sil_xGe x epitaxy

I N T R O D U C T I O N
Phosphorus d o p i n g ofepitaxial Si and Sil_~Gexfilms

has been demonstrated by several g r o w t h techniques
u s i n g e i t h e r elemental phosphorus or gaseous phos-
phine. Yet for each of t h e s e techniques, P d o p i n g has
been problematic. For Si molecular beam epitaxy
(MBE), elemental P has a very high v a p o r pressure
w h i c h has led to unacceptable background levels.
H i r a y a m a e t al. have used PH3 in gas source MBE
(GSMBE) to reduce the background levels of P, but a
near twofold decrease in g r o w t h rate was observed for
a PH3 flow rate sufficient to achieve 1 × 1020 cm~
carrier concentration. 1F r i e s s e t al. demonstrated a n
alternative approach for phosphorus d o p i n g in Si
MBE by co-evaporating phosphorus doped Si.2 This
technique has been used to demonstrate b e t t e r con-
trol over background P levels, b u t s t i l l suffers from P
segregation a t temperatures above 400°C. For u l t r a -
high v a c u u m chemical v a p o r deposition (UHV-CVD),
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Racanelli e t al. have reported a factor of two decrease
of Si g r o w t h r a t e s when PH3 flow r a t e s are increased
to achieve 1013 cm-3 P doping.3 Yu e t al. have proposed
t h a t the reduction is due to chemisorbed PH3 blocking
adsorption s i t e s for Si adatoms, t h e r e b y reducing the
g r o w t h r a t e .4 Temperature programmed desorption
(TPD) s t u d i e s by Colaianni e t al. have also s h o w n t h a t
hydrogen desorption occurs a t h i g h e r temperatures
from a PH3-adsorbed l a y e r t h a n from a hydrogen-
passivated Si surface.5 The TPD r e s u l t s f u r t h e r show
t h a t increasing the g r o w t h temperature to account for
the h i g h e r hydrogen desorption temperature of a
phosphine-terminated surface will not be successful.
Increasing the g r o w t h temperature above 550°C in-
creases desorption of P from the surface, leading to a
reduction in the P concentration in the deposited Si
layer. A n o t h e r problem t h a t arises when u s i n g PH3 is
that l a r g e background levels of P are observed in the
chamber even a f t e r the P H3flow has stopped, leading
to a "memory" effect in t e r m s of P d o p i n g of the Si
epitaxial films. T o achieve s h a r p d o p i n g profiles, it
has been necessary to stop deposition u n t i l back-
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Fig. 1. G r o w t h rates for Si f i l m s deposited at 6.6 and 14 W, and Si~_,Ge,
f i l m s grown at 14 W. The g r o w t h rates remain unchanged with the
introduction of PH3. All samples were grown at 450°C ,200 mTorr, and
with a constant 2% Si l l4 flow rate of 1.5 sccm.

g r o u n d P levels are reduced sufficiently.1 Phosphorus
d o p i n g of r e m o t e plasma-enhanced CVD (RPCVD)
deposited Si and SixGel_x films has proved to be less
problematic. In this technique, a r g o nions, metastables
and energetic electrons generated by a remote induc-
tively coupled a r g o n r a d i o frequency (rf) p l a s m a are
used to dissociate the precursor molecules and aid the
desorption of h y d r o g e n from the Si surface and,
thereby, promote growth. U s i n g this technique, low-
temperature Si epitaxial g r o w t h has been demon-
s t r a t e d in the r a n g e of 150-500°C and S i G e l _X
heteroepitaxial g r o w t h has been demonstrated in the
r a n g e of 300-450°C. 6,7In s i tu b o r o nd o p i n g of Si u s i n g
diborane has also been demonstrated, s In this paper,
r e s u l t s o f i n s i tu P d o p i n g of R P C V D deposited Si and
Sil_xG % films will be presented.

EXPERIMENTAL
The system configuration and operation have been

described previously. 6 Briefly, the R P C V D system is
a t h r e e chamber u l t r a - h i g h v a c u u m (UHV) system
that uses ultra-pure gases. The base pressures of the
load-lock chamber, the surface analysis chamber, and
the deposition chamber are 3 x 10-9 Torr, i x 10-1°Torr,
and 3 x 10-9 Torr, respectively. The s y s t e mis equipped
with i n s i t u A u g e r electron spectroscopy (AES) and in
s i t u reflection h i g h e n e r g y e l e c t r o n diffraction
(RHEED) capabilities as well as a residual gas ana-
lyzer (RGA). Czochralski 3" Si (100) wafers are loaded
into the load lock chamber a f t e r a n ex s i tu clean
consisting of a modified RCA clean and a 30s 5:1
methanol/HF dip. This is followed by a 45 min in situ
clean u s i n g a h y d r o g e n plasma a t 250°C, u s i n g 9 W
rf power, and 200 m T o r r H pressure to remove re-
s i d u a l carbon and oxygen from the Si surface.9 The i n
s i t u hydrogen clean leaves the surface hydrogen pas-
sivated with a (3 x 1) surface reconstruction.

The source gas (2% SiH4/He a n d / o r 2% GeH4/He)
and d o p a n t gases (91 ppm B2H6/He and 49 ppm P H J
He) are introduced t h r o u g h a gas dispersal ring lo-

c a t e dbelow the Si wafer with flow r a t e s controlled by
mass flow controllers. The dispersal ring is located
downstream of the Ar plasma, t h e r e b y l i m i t i n g the
direct excitation of source and d o p a n t gases. W h i l e
source gases, d o p a n t gases, and a 100 sccm of He (used
to p u r g e the h e a t e r assembly) are flowing, g r o w t h is
i n i t i a t e dwhen 250 sccm of Ar gas is introduced a t 200
m T o r r into the chamber and a p l a s m a is inductively
generated below the w a f e r u s i n g a 13.56 MHz rf
source. The resulting low e n e r g y a r g o n ion bombard-
m e n t , in addition to energetic electrons, aids in the
desorption of hydrogen from the w a f e rsurface as well
as increases Sia d a t o m mobility. The r e m o t e n a t u r e of
the p l a s m a reduces substrate d a m a g e associated with
high e n e r g y ion b o m b a r d m e n t d u r i n g conventional
capacitively coupled plasma-enhanced CVD. Since
the t h e r m a lg r o w t h component a t 4 5 0 ° C is negligible,
g r o w t h may be initiated or stopped by s i m p l y t u r n i n g
on or off the rf power supply.

A f t e r growth, the crystalline q u a l i t y of the Si and
Sil_xGexfilms is determined i n s i t u by RHEED. G r o w t h
r a t e s and P incorporation are s t u d i e d i n the deposited
f i l m s as a function of g r o w t h t e m p e r a t u r e ( 3 5 0 -
500°C), d o p a n t gas flow (1 to 5 sccm of 0.49 ppm P H J
He), and r f p o w e r (6.6-22W) u s i n g secondary ion
mass spectroscopy (SIMS). U s i n g a p a t t e r n e d w a f e r
consisting of a stacked 1000A oxide/1000A polysilicon
layer, g r o w t h r a t e s are also determined from the
change in the thickness of the polysilicon l a y e rfollow-
ing deposition. We have also, on several occasions,
measured the step h e i g h t across the polysilicon/oxide
s t a c k u s i n g a surface profilometer (Alphastep) and
observed that the step h e i g h t r e m a i n s unchanged
before and a f t e r epitaxial g r o w t h , thus confirming
t h a t the epi g r o w t h is e q u a l to the increase of the
polysilicon film thickness.

RESULTS AND DISCUSSION

Growth Rate of Single Crystal P-Doped Si
In situ P d o p i n g u s i n g P H 3 w a s observed to have

l i t t l e effect on the crystallinity of the deposited layers,
as m e a s u r e d by R H E E D . Samples g r o w n u s i n g pro-
cess parameters for w h i c h single-crystal f i l m s had
been deposited for the u n d o p e d case , also resulted in
epitaxial g r o w t h a f t e r the introduction of PH3 d u r i n g
growth. Transmission electron microscopy (TEM)
analysis of t h e s e films verified t h a t the dislocation
loop d e n s i t y is below the TEM detection l i m i t of 105/
cm2. Additionally, t h e r e are no stacking f a u l t s ob-
served in Nomarski pictures of samples exposed to a
modified Schimmel etch. The R H E E D p a t t e r n s of the
samples had 1/2 o r d e r s t r e a k s a l o n g with i n t e g r a l
o r d e r streaks a t the end of growth. T o examine the
g r o w t h rate dependence on PH3 flow r a t e , the thick-
nesses of Si films deposited u s i n g different PH3 flow
r a t e s were compared w h i l e keeping the o t h e r process
parameters constant (200 m T o r r , 450°C, 250 sccm of
At, 100 sccm of He , 15 sccm of 2% S i l l 4 , and 6.6 or 14
W of r f power). The g r o w t h r a t e s r e m a i n e du n a l t e r e d
with the introduction of P H 3 (Fig. 1). All films were
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deposited a t r a t e s comparable to u n d o p e d film depo-
sition, with deviations b e i n g w i t h i n the uncertainty of
the measurement technique used (+ 2A/min). With
the introduction of e i t h e r 4 or 10 sccm of 2% GeH4/He
m i x t u r e to the chamber d u r i n g deposition, Sio 83Geo.17
and Sio.s4Geo.30 films were deposited, respectively.
Again, the g r o w t h r a t e s remained u n a l t e r e d with the
introduction of P H3. The addition of GeH4 d u r i n g Si
epitaxial g r o w t h is k n o w n to strongly affect the film
g r o w t h r a t e . The phenomenon was f i r s t reported in
1988 by Meyerson e t al. for ultra-high v a c u u m chemi-
ca l v a p o r deposition (UHV-CVD) a t 550°C. This in-
crease has been a t t r i b u t e d to both a n increase in the
p a r t i a l pressure of the reactive gas in the chamber
with the introduction of GeH4 and to the reduction of
the hydrogen desorption temperature due to the pres-
ence of GeH4. This reduction causes adsorption s i t e s
to become available more readily which, in t u r n ,
increases the deposition rate . O t h e r researchers us-
ing t h e r m a l CVD techniques have reported s i m i l a r
results. 16 In Fig. 2, GexSil_~ film deposition r a t e s are
p l o t t e dfor typical R P C V D deposition parameters (16
W r f p l a s m ap o w e r and 450°C) a l o n g with the g r o w t h
data from two UHV-CVD investigations.~°,~ For each
of the t h r e e processes depicted i n Fig. 2, the silane
flow rate was held constant w h i l e the g e r m a n e flow
was a d d e d such that the t o t a l a m o u n t of reactive gas
was not constant, but r a t h e r increased with increas-
ing Ge mole fractions in the film. The R P C V D g r o w t h
rate increases linearly with a d d i t i o n of germane,
w h i l e the two UHV-CVD depositions show decidedly
nonlinear effects. The catalytic-like g r o w t h rate en-
hancement with the introduction of GeH4 is not ob-
served d u r i n g the g r o w t h of GexSi~_~ films u n d e r the
typical deposition conditions used in R P C V D , since
adsorption s i t e s are created by low e n e r g y ion bom-
b a r d m e n t and are only minimally dependent on tem-
perature for activation.~2

In situ d o p e df i l m s were also deposited a tv a r i o u s rf
powers. Again, g r o w t hr a t e s were measured and com-
p a r e d to t h o s e for u n d o p e d films. For the r f p o w e r
r a n g e investigated, no decrease in the g r o w t h rate
was observed for Si deposition with the introduction
o f P H 3 (Fig. 3). The g r o w t h rate was f o u n d to increase
with increasing r f p o w e rfor both doped and u n d o p e d
films, with differencesb e i n g w i t h i n the uncertainty of
the measurement technique. Similar r e s u l t s have
been obtained in this s t u d y for i n situ P doped Sil_xGe~
films.

The increase in g r o w t h rate with increasing r f
p o w e r has been observed before./3 U s i n g L a n g m u i r
p r o b e measurements of the p l a s m ad e n s i t y as a func-
tion ofp l a s m a power, the g r o w t h rate was observed to
increase with increasing p l a s m a density. This has led
to a g r o w t h kinetics m o d e l in w h i c h hydrogen desorp-
tion is stimulated by low e n e r g y ion bombardment
from p l a s m a generated species. The cause of the
leveling off of the g r o w t h rate a t h i g h e r r f powers
(greater t h a n 16 W) is u n k n o w n a t present.

The independence of g r o w t h rate on P H3 flow is
consistent with the R P C V D g r o w t h mechanism de-

scribed earlier. Since deposition occurs a t tem-
peratures for w h i c h the t h e r m a l g r o w t h rate u s i n g
Sill a is negligible, the Si deposition rate must be
dependent on the energy derived from the r f p l a s m a .
This energy may be in the form of low energy bom-
b a r d m e n t by energetic electrons, ions, a n d / o r radicals
t h a t subsequently create adsorption s i t e s for growth.
In addition, radicals of source gases created by p l a s m a
excitation may i n s e r t directly into the hydrogen-
passivated layer, l e a d i n g to growth. The g r o w t h rate
is expected to be independent of the introduction of a
low concentration d o p a n t gas, w h i c h is consistent
with experimental d a t a . In contrast, d u r i n g UHV-
CVD, Racanelli e t al. r e p o r t t h a t the g r o w t h rate
decreases by n e a r l y a factor of two when a P-doping
level of 4 x 10TM cm-3 is introduced. 3

P h o s p h o r u s I n c o r p o r a t i o n D u r i n g G r o w t h

The P concentration, [P], of f i l m s deposited a t
v a r y i n g rf powers and v a r y i n g PH3 flow r a t e s was
measured u s i n g SIMS. All f i l m swere deposited a t 200
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450°C and at 200 mTorr,



186

1020

1019

09
~9

O
L9

[] []

. . . . I

[]

[]

1 sccm I
3 sccm
5 sccm

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . [ ] . . . . . . . . . . .

1018 . . . . . . . . . . . . , , , ,
5 10 15 20 25

rf Power (W)
Fig. 4. Chemica l P concentration for 1,3, and 5 sccm for PHa flow rates
v s rf power for RPCVD deposited films. The P incorporation decreases
with increasing rf power .

1020 . . . . ~ . . . . ~ . . . . ~ . . . . ~ . . . . . . . . .

E
r ~

o

~ 1019

0
U

10TM

X

[]

X x=0 IX [] x=.17
• x=.36

| . . . . . . . . . . . . . . . . . . . . . . . . . . .

0 1 2 3 4 5
P H 3 Flow Rate (sccm)

Fig. 5. Chemical P concentration fo r Sil_xGex f i l m s for different PH3
flows. The P concentration is independent of GeH4 flow.

m T o r r chamber p r e s s u r e , 450°C s u b s t r a t e tempera-
tu re , with 100 s c c m o f He purg ing t h e h e a t e r s t a g e
assembly a n d 15 sccm o f 2% Sill 4flowing t h r o u g h t h e
gas d i spe r sa l r ing while a n A r plasma was exci ted.
The A r flow rate was 250 sccm t h r o u g h t h e t u b e . Fo r
a fixed rfpower, a n e a r l inear dependence on PH3flow
was observed (Fig. 4). Wi th h ighe r r f powers, how-
ever , [P] decreases, particularly fo r P H3 flow rates
less t h a n 5 sccm. As t h e rf p o w e r inc reases , t h e ion
d e n s i t y inc reases . Sufficient ene rgy t rans fe r may
o c c u r t o t h e a d s o r b e d P t h r o u g h collisions t h a t P2
desorption occurs, leading to a reduc t ion in t h e P
concen t ra t ion a t h igh r f power .

The incorpora t ion efficiency ofPHa on Si(100) from
t h e gas p h a s e into t h e deposited film, relat ive to Sill4,
was calcula ted to b e be tween 0.8 a n d 0.9. T h e s e
values are less t h a n expec ted .The st icking coefficient
ofPH 3has been repor ted t o b e 40 X t h a t ofSill4.4 If t h e
deposition ra te is not a l tered by t h e in t roduc t ion o f
PH3, as has b e e n experimentally confirmed, a n d as-
suming n o gas p h a s e o r sur face reac t ions exis t t h a t
f avo r t h e incorpora t ion o f certain gases, t h e incorpo-
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Fig. 6. Phosphorus concentration fo r RPCVD Si films depos i ted at
different substrate temperatures. The P concentration decreases with
temperature.

ra t ion efficiency o f PH3 relat ive to Sill4 shou ld b e
grea te r t h a n 100%. A n immediate conclusion t h a t
may b e d r a w n is t h a t t h e RPCVD growth precursors
are not simply P H3 a n d Sill 4b u t more react ive species
o f t h e s e g a s e s which have s i m i l a rincorpora t ion effi-
ciencies.

Fo r Sil_xGexfilms deposited a t 14 W a n d 450°C, a n
approximate l inear dependence of[P] on PH3 flow rate
was observed (Fig. 5). No reduc t ion in [P] was ob-
s e r v e d with increas ing GeH4 flow. The incorpora t ion
efficiency o f P H3 relat ive t o t h e t o t a l react ive gas
concen t ra t ion was calcula ted to b e 0.8 fo r x = 0.2 a n d
1.0 fo r x = 0.4. The lack o fd e p e n d e n c e of[P] on par t ia l
p ressure o f G e H4 can b e explained b y t h e fac t t h a t t h e
P H 3 par t ia l p ressure only dec reases by 1.5% when t h e
GeH 4 flow is inc reased from 4 sccm to 10 sccm, a n d all
o t h e r gas flows are kept c o n s t a n t . This pe rcen tage
c h a n g e is not s ignif icant e n o u g h to effect t h e [P].

Colaianni e t al. h a v e observed t h a t t h e desorption
ofP 2 from a Si (100) sur faceexposed t o PH3u s i n g TPD
has a p e a k a t 672°C.5 The temperature a t which this
reac t ion b e g i n s is n o t ment ioned . T h o u g h t h e sub-
s t r a t e temperatures dur ing RPCVD were be low this
tempera ture , t h e r f plasma may a d d e n o u g h ene rgy
fo r t h e P2 desorption reac t ions to beg in , leading to a
reduc t ion in t h e P concentration. In s i tu P doped films
deposited a t 14 W a n d a t a var ie ty o f s u b s t r a t e
temperatures were used to inves t iga te t h e d e p e n -
d e n c e o f P incorpora t ion on tempera ture . Growth
rates were observed t o b e independen t o f t h e sub-
s t r a t e temperature fo r t h e range investigated. P h o s -
p h o r u s concentration, however , s h o w s a n e a r l i n e a r
dependence on P H3 flow rate fo r a par t icular deposi-
t ion tempera ture , b u t a reduc t ion in [P] is observed
fo r temperatures g rea te r t h a n 410°C (Fig. 6). The
exact mechan i sm by which P desorbs from t h e Si
sur face is unknown a t this t i m e .

E l e c t r i c a l A c t i v a t i o n o f I n c o r p o r a t e d P
D o p a n t

Electrically ac t ive [P] was measured by comparing
both four-poin t p robe a n d Hall effect combined with
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s h e e t resistance measurements to t a b u l a t e d values of
P d o p i n glevels. T h o u g h a discrepancy exists between
the values obtained by the two electrical activation
measurements, both measurements showed a reduc-
tion in the active [P] with increasing r f p o w e r (Fig. 7).
As the g r o w t h rate increases for h i g h e r rf powers,
incorporation of P interstitially as opposed to substi-
tutionally becomes more likely since less time is
available for P a t o m s to find appropriate lattice sites
before a subsequent l a y e r is deposited. In addition, if
layers are deposited before surface reactions are f u l l y
completed, high levels of reaction by-products s h o u l d
also be incorporated into the films. Secondary ion
mass spectroscopy measurements do show high con-
centrations of h y d r o g e n (1019 cm 3) in all samples
supporting the t h e o r y t h a t P is incorporated intersti-
tially. However, f u r t h e r evaluation of films g r o w n a t
h i g h e r powers will have to be made to f u l l y establish
the dependence of the concentration of electrically
active donors on applied rf power.

P h o s p h o r u s D o p i n g T r a n s i t i o n s

Since o t h e rg r o w t h techniques have observed large
d o p a n t transition w i d t h s with P doping, R P C V D
transition w i d t h s were s t u d i e d by depositing films
u n d e r a v a r i e t y of conditions with the d o p a n t gas flow
modulated (0, 1, 0, 3, 0, 5, and 0 sccm). The d o p i n g
level transitions were measured u s i n g SIMS. For Si
layers, P transitions from high to low concentration of
250A/decade were obtained. However, the [P] in the
unintentionally doped l a y e r was s t r o n g l y dependent
on the PH3 flow rate j u s t p r i o r to deposition. U n i n t e n -
tional doping levels ranged from 1 x 1017 to 8 × 1017 ClTI~.
For Six_xG% films with Ge mole fraction x = 0.17 and
x = 0.36, the P t r a n s i t i o n widthsowere significantly
b e t t e r (Fig. 8), approximately ll0A/decade. Uninten-
tionally d o p e d layers had P concentrations of 5 × 1017
cm ~, and were independent of p r i o r PH3 flow condi-
tions. A n o t h e r m a j o r difference between the Si and
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Fig. 7. Chemical and active P concentration for RPCVD deposited
films. Secondary ion mass spectroscopy measurements were usedto
measure the chemical concentration, while sheet resistance measure-
ments from four-point probe or Hall effect measurements were used
to measure the active concentration.

Sil_xGex films is t h a t the H levels were over a n o r d e r
of magnitude h i g h e r i n the Si films. The interaction of
H with P may play a role in the determination of
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Fig.8. Secondary ion mass spectroscopy measurements of P doped
Si083Geo3 ~ films deposited using RPCVD. Transition widths are ap-
proximaiely 110~decade. No stoppage of growth was necessary to
achieve these transitions.
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Fig. 9. Background level of P present in the deposition chamber. An
undoped RPCVD Si film was deposited two days afterP-doped Si
deposition. The Si layerwas deposited at6.6W (15sccm of2% Sill4),
14 W (15 sccm of 2% Sill4), and 14 W (30 sccm of 2% Sill4). The P
concentration increases as the rf power is increased.
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dop ing t rans i t ion wid ths , b u t t h e exact mechan i sm is
uncer ta in . J o h n s o n e t al. h a v e observed t h a t P re-
duces H diffusion in Si, b u t t h e effect o f H on P
dif fus ionwas n o t considered.14 A n o t h e r r e a s o n fo r t h e
h igh t rans i t ion wid ths may simply be rela ted to t h e
d e s i g n o f t h e gas dis t r ibu t ion sys tem. The final P H3
valve is loca ted seve ra l fee t from t h e gas d i spe r sa l
r ing in t h e p r e s e n t RPCVD system. W h e n t h e PH3
flow is stopped, res idua l PH3 in t h e long section o f
tub ing connecting t h e PH~ valve t o t h e gas r ing ,
especial ly in t h e a b s e n c e o f a gas flow in this section
to f lush t h e l ine, may b e responsible fo r t h e large
t rans i t ion wid ths . Modifications t h a t reduce t h e tube
leng th be tween t h e gas valves h a v e more recent ly
been implemented.

F i lms deposited with no PH3 flow were u s e d to
measure background levels o f P p r e s e n t in t h e cham-
ber . Growth was ini t ia ted a t 6.6 W at 200 mTorr,
4 5 0 ° C a n d with a 15 sccm 2% S i l l4 flOW rate fo r 2 h ,
a n d t h e n t h e r f p o w e r was ra ised to 14 W for 10 min.
A final layer was deposited a t 14 W a n d 30 sccm o f 2%
Sill 4. Samples were deposited one d a y (C220) o r two
days (B201) a f t e r a d o p e d film deposition with n o
depositions in be tween . Fo r b e t t e r sensitivity, t h e P
concen t ra t ion was measured u s i n g magnetic s e c t o r
SIMS (Fig. 9). 15

A t 6.6 W, [P] was measured to be 3 × 1016 cm-3 fo r
C220, while [P] was 1.3 × 10TM cm~ for sample B201.
A sl igh t time dependence is observed a t 6.6 W, b u t a t
14 W, t h e P concentration remains u n c h a n g e d a t
6 × 10TM cm~. No c h a n g e was observed with increas ing
Sill 4 flow. Assuming a n incorpora t ion efficiency o f
0.8, a background par t ia l p ressure o f P c a n b e ca lcu-
la ted . Us ing sample C 2 2 0 , t h e P par t ia l p ressure
increases from 1.23 × 10-1° Torr t o 2.46 × 10-l° Torr as
t h e r f p o w e r inc reases .

Since no leaks were detected in t h e PH3gas l ine, t h e
inc rease in P par t ia l p ressure with increas ing rf
p o w e r suggests t h a t t h e source o f P is t h e spu t t e r ing
o f P from t h e chamber walls o r t h e h e a t e r s t a g e
assembly . Since [P] did n o t d e c r e a s e as t h e u n d o p e d
deposition continued, P sur face segregation may also
play a role , even t h o u g h t h e temperature o f t h e
chamber walls remained less t h a n 100°C. In add i t ion ,
[P] remained una l te red with t h e inc rease o f Sill4
par t ia l p r e s s u r e . Fo r Sil_xGeX deposition, t h e [P] was
f o u n d t o be independen t o f source gas par t ia l p r e s -
su res for t h e low concentrations of PH3 u s e d in this
s t u d y . The resul t s from this section also suggest a
mechan i sm for t h e incorpora t ion o f P t h a t is also
independen t o f Sill4 par t ia l p r e s s u r e . At tempts to
reduce t h e P par t ia l p ressure mus t , therefore , focus
on reduc ing P spu t t e r ing from chamber wal ls .

C O N C L U S I O N
N-type dop ing o f RPCVD-deposi ted Si a n d Sil_xGeX

films has b e e n ach ieved u s i n g P H3 as t h e d o p a n t gas.
No a d v e r s e effects on crysta l l in i ty o r growth ra te are
observed with t h e in t roduc t ion o f P H3. The P chemical
concentration, for a fixed r f p o w e r a n d s u b s t r a t e
tempera ture , d i sp l ays a n e a r l i n e a r dependence on
t h e P H3flow rate with measured [P] as h igh as 4 × 1019
cm-3. The P concen t ra t ion decreases with increas ing
temperature a n d r f p o w e r in t h e ranges 410 to 500°C
a n d 6.6 to 22 W, respectively. Fo r t h e s e conditions, P2
desorption from t h e w a f e r sur face probably occurs
leading to a reduc t ion in [P]. The s o u r c e o f t h e back-
g r o u n d levels o f P p r e s e n t in t h e chamber dur ing a
u n d o p e d deposition was determined t o be a d s o r b e d P
o n t h e chamber wal ls . The growth ra te remains unal-
te red with t h e in t roduc t ion o f PH3 for both Si a n d
Sil_ Ge~. This is un ique to RPCVD growth s ince re-
s ea r che r s , u s i n g o t h e r t echn iques such as UHV-CVD
a n d G S M B E , h a v e observed a large d e c r e a s eo fgrowth
ra te with t h e in t roduc t ion o fPH3.1,3
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