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Prepared by Photo and Plasma CVD Method
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The heterojunct.ion interface of an amorphous semiconductor bilayer (c-Si/a-
SiC:H:F/a-Si) has been analyzed with an atomic scale resolution by using in-
situ XPS. The intensity.of photoelectrons originating from C and F in the a-
SiC:H:F and transmitting an a-Si:H deposited on the a-SiC:H:F was measured as
a functlon of the a-Si:H layer thickness. For two types of bilayers fabricated
by such two different methods as the batch method and the continuous method,
the XPS analysis indicates that the interface fabricated by the batch process
is ideally sharp and t,hat by the continuous method has compositional transi-
tion region of abouL 5A thick.

1. INTRODUCTION

Amorphous semiconductor muluilayer
films with hydrogenated amorphous silicon as

one of the components are of current. inter-
est because not only of their possibility
for thq practical devj-ces, but also of their
usefulness for studying the interfaces be-

tween the layers. Especially, the interface
flactuations such as the sharpness of compo-

sitional alternation and t.he flaLness of the
interface have been attracted much interest
and studied in detail by using TEMI), IR

,\ 2\absorption'/, Raman spectra'/, optical ab-
/.\ <\sorption*/, ellipsometryJ/ and so oor be-

cause t.he interface give decisive effects on

the properties of the films as the component

layers thicknesses decrease. In this study,

amorphous semiconductor heterojunction
interface was analyzed with an atomic scale

resolution by a novel method using in-sit.u
XPS. One of the two types of hetero-bilayers
v/as fabricated by the convenLional bat,ch

method including the evacuation of the reac-
tor before the second layer deposition. The

other v/as fabricated by the continuous
method in which our novel concept for con-

s-il-4

tinuous multilayer deposition named Pulsed

Plasma and Photo (PP&P) CVD was .r""d6,7).
The interface st,ructure was characterized by

analyzing the intensity dependence of photo-
electrons originating from the bottom layer
and escaping an inelastic collision in the
upper 1ayer.

2. EXPERIMENTAL

To obtain the in-situ data, a PP&P CVD

apparatus which enabled double excitaLions

both by the UV-light irradiation from a 1ow

pressure mercury lump (185, 254nm) and by

the inductivly coupled plasma (13.56MH2) was

directly connected to an XPS analyzer (JEOL

JPS-80) through a gate valve and specimen
transfer systemr ds shown in Fig.1. At
first, a-SiC:H:F (200A) was deposired on

single crystal Si by plasma and photo hybrid
CVD usi-ng a mixture of Si2H6(3 sccm) and
CF4 ( 60 sccm) at a deposition rat,e of
0.18A/s. Then, a-Si:H (5-50A) was accumulat-
ed on it by the mercury sensitized phot,o CVD

using the same gas mixture at a deposition
rat.e of 0.I2A/ s. The substrate Lernperature
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and the reaction pressure were 300"C and 700

mTorr, respectively. Figure 2 shows the time
chart of excitation process employed to
deposit these bilayer films. In the batch
process, the film deposition was stopped

and the source gas ml,xture was evacuated
between the depositions of a-SiC:H:F and a-
Si:H layers. The other is the continuous
process in which only rf power was turned
off when the a-SiC:H:F bottom layer of 200A

had been deposited to form the a-Si:H top
layer continuously by the sustained photo

excitation. The depos j-ted specimen was

brought to the analysis chamber (2x10-7Pa)

by the transfer system without being exposed

to air. The X-ray of Mg Ko (L254eV ) was

irradiat.ed to t.he specimen and the generated

photoelectrons were detected in the direc-
ti-on normal to the specimen surf ace. The

photoelectron inLensitj-es were evaluated by

the integrated area of the XPS peaks of C ls
and F 1s core levels.

3. RESULTS

The logarithm of the photoelectron
intensities for C 1s and F ls was plotted
against the a-Si:H top layer thickness d for
the specimen prepared by the batch method is
shown in Fig.3(a). The p1ot. for the specimen
prepared by t,he continuous met.hod is depict-
ed in Fig.3(b). Plots for the batch method

gave straight 1ines, whereas Fig.3(b) shows

an apparent deviation of the plots from the
straight lines in the sma11 d region.

4. DISCUSSION

Under the conditions of present XpS

measuremenL, t,he X-ray penetration depth is
considered Lo be much longer than the f11m

thickness. Assuming that, the inelastic col-
lision probability of the photoelectron is
constanL, ideal interface without any frac-
tuation shoud give the relationship :

I(d) = I(0) exp(-dlt ) (1)

where I(d) is the inrensiry of phoro-
electrons orlginating from the core level of
carbon or fluorine in the bottom layer and

escaping through the top layer (thickness
of d) and I is the mean free path of
photoelectrons in the top a-Si:H layer.

Figure 3(a) shows the plot for the
interface prepared by the batch method. The

linear relaLi-onship clearly indicates that
t,he interface fabricated by bat,ch process is
ideally sharp. The slopes of the plots of
Fig.3(a) give the mean free paths of L2.6A

and B.BA for the photoelectrons of C ls and

F ls, respectively. Fig.3(b) shows the plots
for the interface fabricat.ed by the continu-
ous meLhod. The observed nonlinear relation-
ship suggests the existence of the j-nter-
face fluctuation.

As the origin of interface fluctuation
of the bilayer made by the continuous
method, the following three possibilities
shoud be taken into accounL.

t 1 ] Perturbation of the interfac€ plane
f l-atness. This phenomenon has been of ten
shown in cross sectional TEM photograph of
amorphous semiconductor superlattices.l) See

Fig.4(b) .

l2l The presence of int,erface region with
gradi-ent compositj-ons made by the inter-
diffusion or cross contamination. See

Fig.4(c) .

t3] Non-uniformity of the rop layer thick-
ness. See Fig.a(e)
Combinat.ion of these three f actors ( ex-
pressed ttyu"tt or trnott in Fig.4 depending on

t.he presence or absence of each fluctuation
factor) can give eight types of bilayer
st.ructures listed in Fig.4

The relation between the photoelectron
int.ensity and the top layer t.hickness should
reflect the depth profile of the probe ele-
ments (C or F) from the edge of the bottom

layer into the top layer in the direction
normal to the substrate surface. Hence, the
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influence of the factor tl] does not make a

difference in the above rerationship. The

structures shown in Fig.4 (") and (b) give

the same log(I(d)) u" d relationship as is
shown in Fig.3(a). The bilayer structure
depicted in Fig.4 (c) and (d) will shift the

linear part of 1og(I(d)) us d relationship
rightward as much as the effective int.erface
plane is floated into the toP layer by the

cont.amination. Such relationship as solid
lines in Fig.5(a) will be obtained parallel
to the dotted line which correspond to the
ideal interface. The island like nucleation
r+ith the covering f raction of r and the
island height of d/r gives the relationship
of broken line in Fig.5(b). Since r could
increase and the uniformity of top layer
thj.ckness might be improved with the in-
crease of d, the observed data should devi-
ate f rom t.he dotted ideal line relatively
large in the small d region and approach to
the ideal line wit,h the increase of d as is
indicated by the solid line shown in
Fig.5(b) .

Judgeing from the linear 1og(I(d)) vs d

p1ot,s derived from the batch method bilayer
(Fig.s(b)), ir is concluded rhar rhe inrer-
face is very sharp in compositional change

and t,he island like nucleation groi+th is not
probable. The data in Fig.5(a) obtained from
the continuous meLhod bilayer show a

straight line para11el to the ideal 1ine.
Thus the cross contamination region should

exist at the interface. The concentrations
of C and F were assumed to decrease expo-
nent,ially with the specific length of 9, ,

which is defined as I(d+L )/I(d) = I/e. Then

the photoelectron intensities should be

represenEed as:

r(d) = r(o) t$""pt-tl-Se"nt-fl r

The least square fitting of this equation to
the observed plots gave 9" = 4.7 A. This
length corresponds to two or three atomic

layers of silicon and may represent the
t,hickness of boundary layer where t,he grow-
ing surface is reluxed and stabilized into
amorphous fi1m. Thus, in-situ XPS has been
verified to provide useful information on

the int,erface fluctuation with atomic scale
resolution.
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Fig.1 Schematic representation of sample
preparat.ion chamber and XPS analysis system.

473

syntheses
quarts
window



(a) batch method evacuation

(b)
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fig; Time chart for deposition and analysis
of c-Si/a-SiC:H:F/a-Si:H layered fi1ms. (a)
batch method (b)continuous method.
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Fig.4 Schematic representation of eight
types of interface st,ructures classified by
three int.erf ace f luctuation f actors, t 1]
perturbation of interface flatness, l2l
gradient composition change, and t3] Non-
uniformity of top layer thickness.

XPS
analysis

(c)

o
H 3.0
U'

F{

20 30

d/A

C 
FO

(b)

20 30

d/a

Fig.3 Photoelectron intensities generating
from C ls and F 1s core 1eve1s in the bottom
layer for various top layer thicknesses. (a)
For the bilayers prepared by batch method.
(b) For continuous rnethod bilayer.

o
; 3.0
El

.{

504010

4010 20

o
; 3.0
ttt
A

a/A

i s.o
trl

A

504010

q.n40302010

d/A
Fig.5 The log(I(d)) us d relarionships for
the structures depicted in Fig.5. (a): for
Fig.5 (c) and (d), l, is effecrive thickness
of i-nterface region; (b): for Fig.5 (e) and
(f ), r is covering fract.ion. The data for F
showed in Fig.4 are replotted.
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