(= &] 3}=xNH83z|
Korean Journal of Materials Kesearch
Vol. 8, No. 4 (1998)

Visible Photoluminescence from Hydrogenated Amorphous
Silicon Thin Films Deposited on Silicon Substrates by Electron
Cyclotron Resonance Plasma Enhanced Chemical Vapor Deposition

C.M. Shim, D. Jung and J.H. Lee*

Department of Physics, Sung Kyun Kwan University, Suwon 440- 746
*Department of Materials Engineering, Sun Moon University, Asan City, Choongnam 336-840

ECR-PECVDE &2} a-Si : H/Sio & %&] 9] 7}4] Photoluminescence

1;‘: u} . z—)%_‘l . o]zz‘ﬂ*
HFRUST et
Ry HeFe

(19981 14 17 2%, 19984 24 13 AHFTHE L)

= 5 SiH, & 384

2
PECVD) 2 He]Z 7|#so F28 $43 vigd dofE (@a-Si:
DH/SiZ $E 9] PLE o3 AdeiEo 2 el o] PL fAbebsich. &
1

AF4-3Fod electron cyclotron resonance plasma enhanced chemical vapor deposition (ECR-
H) o 228 7}4] photoluminescence (PL) 7} &&= gjc}. a-
Zo3xja]ol sl 500°C AN 287 AbaE 7)ol A ofd

R A ALYRE 1202 BEAT UL A PLE weliA gored ol a-Si: Hl L B St B0
A Pobs Ae Eac) 248 a-Si: Hel £AYF Fobol @e} PLe) Al7)e ZHasksich. SiHE AF&ste] ECR-PECVD
o oo Sidtell 28 a-Si: HEHE S| 744 PLE Sih 2232 a-Si: Het Apolo] Z3bo] o] foxli= Fabol W4H £a84

7_‘
Eo 2R Yok o F2H

Abstract Visible photoluminescence(PL) was observed from hydrogenated amorphous silicon deposited on silicon(a~
Si: H/Si) using electron cyclotron resonance plasma enhanced chemical vapor deposition (ECR-PECVD) with silane
(SiH.) gas as the reactant source. The PL spectra from a-Si: H/Si were very similar to those from porous silicon.
Hydrogen contents of samples annealed under oxygen atmosphere for 2minutes at 500°C by rapid thermal annealing

were reduced to 1 ~2%, and the samples did not show visible PL, indicating that hydrogen has a very important role in

the PL process of a-Si :
ble PL from a-Si :

interface between the Si substrate and the deposited a-Si :

1. Introduction

Recently, there has been a lot of research on silicon-
based light emitting materials, which can be incorporat-
ed into the well-established silicon integrated circuits
to form silicon-based optoelectronic integrated circuits.
Porous silicon was observed to emit a strong photolu-
minescence at room temperature.” The origin of the lu-
minescence from porous silicon is not fully understood,
and there are several suggestions for the origin of the
photoluminescence from porous silicon. Quantum size
effect in the pillars of porous silicon was suggested by
Canham" to be the origin of the photoluminescence. Qin
and Jia proposed quantum confinement/luminescent
model, in which electrons are excited within nanoscale
silicon and then deexcited via luminescent centers in
SiO, layers.” Proke et al” and Tsai et al.* reported that

H/Si. As the thickness of deposited a-Si :
H deposited on Si by ECR-PECVD with SiH. is suggested to be from silicon hydrides formed at the
H film during the deposition.

H film increased, PL intensity decreased. The visi-

photoluminescence from porous silicon is due to silicon
hydrides, SiH ., which form at the interface between the
air and porous silicon during the anodizing process in
HF solution.

Even with the intense luminescence, porous silicon is
difficult to be used in integrated optoelectronic circuits
due to the anodizing step to make the silicon surface po-
rous. It is very desirable to make silicon-based light
emitting materials by deposition, which can be easily
added to standard silicon integrated circuit processes.

In this paper, we report that visible photodumines-
was observed from hydrogenated amor-
H) thin films deposited on silicon

cence (PL)
phous silicon (a-Si :
substrates using electron cyclotron resonance plasma
enhanced chemical vapor deposition (ECR-PECVD) with
silane as the reactant gas source.
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I. Experiments

Si(100) substrates were cleaned with organic sol-
vents and rinsed with deionized water (DI water) before
they were cleaned in a mixture solution of DI water, H,
0.(30%), and NH,OH (29%) with the volume ratio of 5

:1:1 at 40°C for 10minutes. After being rinsed with

cold DI water, substrates were treated with H,O : HF =
10 : 1 solution to remove the native oxide on them. Sub-
strates were rinsed again, dried thoroughly in N, blow
and then loaded into the deposition chamber of the ECR
-PECVD system. Detailed description of the ECR-
PECVD system is in Ref. 5. Briefly, the plasma cham-
ber is 270mm in diameter and 300mm in height. The de-
position chamber is 420mm in diameter and 400mm in
height. The pumping system consists of a rotary pump
and a turbormolecular pump. The base pressure of < 107°
torr was achieved by the turbomolecular pump before
each deposition. The working pressure is high order of
10~ *torr. The microwave power is introduced into the
plasma chamber through a rectangular waveguide and
a quartz window. The magnetic coil is arranged around
the periphery of the plasma chamber and the magnetic
field is applied to it for ECR plasma formation. Ar
(bscem) gas is introduced into the plasma chamber and
SiH.(40sccm) gas is introduced into the deposition
chamber as a source gas. The plasma stream is intro-
duced into the deposition chamber through the limiting
ring. The thicknesses of deposited a-Si . H films were
measured by a surface profilometer (a-step) and con-
firmed by spectroscopic ellipsometer. Spectroscopic
ellipsometry (SE) measurement in the energy region 1.5
~4.0eV was performed on a-Si : H films at room tem-
perature using UV-visible phase-modulated ellipso-
metry (UVISEL, Jobin Yvon). Fourier-transform infra-
red (FTIR) spectroscopy measurement was used to in-
vestigate the Si-H bonding. Photoluminescence (PL)
spectra from a~Si: H films were taken at room tem-
perature. PL excitation was provided by the 364nm line
of an Ar ion laser with the power of 400mW.

. Results and discussion

Figure 1 shows the PL spectra from a-Si: H films
deposited on Si(100) substrates. Aluminum susceptor
and stainless susceptor were used for the deposition of
samples (a) and (b), respectively. Although samples
(a) and (b)
heating, substrate temperatures of {a) and (b) were in-
creased to 80°C and 140°C, respectively, by plasma
heating. Since aluminum has higher thermal conductivi-
ty than stainless steel, the temperature of the sample
(b) was higher than that of sample (a). Aluminum

were deposited without any thermal
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Fig. 1. Room-temperature photoluminescence spectra of a-Si :

H films deposited on Si. Excitation was provided by the 364nm
line of an Ar ion laser with the power of 400mW. See the text
for specifications of (a) to (d).

susceptor was used for both sample (¢) and sample
(d). Deposition temperatures 180°C and 240°C were
maintained for sample {(c¢) and sample (d), respecti-
vely, by thermal and plasma heating. All the PL spec-
tra in figure 1 contains part of the visible range of the
optical spectrum, and red luminescences from the sam-
ples were observed by naked eyes. These spectra are
very similar to previously reported ones for porous sili-
con.>* Figure 2 shows the variation of the hydrogen
contents (Cy) of a-S8i: H films, samples (a), (b}, (c)
and (d) in figure 1, with the deposition temperatures. C
n decreased as the deposition temperature increased.
The inset of figure 2 shows the FTIR spectrum of sam-
ple (a) in figure 1. Four absorption bands, near 2100,
890, 845, and 640cm ™', were observed and assigned to
the stretching, bending, wagging, and rocking modes,
respectively, of SiH. groups. In (a) and (b}, as the de-
position teraperature increased and Cu decreased, the
PL showed a clear red-shift as shown in Refs. 3 and 4,
while for (b), (¢c) and (d) the red-shift with the deposi-
tion temperature is not so obvious. In Refs. 3 and 4, the
red-shifts of PL spectra from porous silicon with in-
creasing annealing temperature were attributed to the
desorption of silicon hydrides from the porous silicon
surface. All the samples were annealed at 500°C for
Z2minutes under oxygen atmosphere by rapid thermal
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Fig. 2. Hydrogen content (Cu) as a function of the deposition
temperature for a-Si @ H film deposited on Si. The inset is the
FTIR spectrum of sample (a) in figure 1.

annealing. After the rapid thermal process, hydrogen
contents of all the samples were reduced to 1 ~2%, and
the samples did not show visible photoluminescence any
more. This indicates that the visible PL from a-Si : H
film is strongly related to hydrogen in the film. This
result is the same as those reported in Refs. 3 and 4, in
which intensity of PL from porous Si dropped rapidly
as the SiH . group disappeared.

Figure 3 shows the PL spectra change with the thick-
ness of the deposited a-Si : H film. The deposition con-
dition of the film is the same as that of sample {(a) in
figure 1. The thickness of the film was changed by
varying the deposition time. As the thickness of the film
increased, the PL intensity decreased. The 281nm thick
film almost did not show visible photoluminescence. The
result shown in figure 3 indicates that the PL from a-
Si I H deposited on Si is not from a-Si : H itself. If the
luminescence had been from the a-Si . H, the lumines-
cence would have increased and then saturated as the
thickness of the deposited a-Si:H film increased.
Since neither Si nor a-Si : H showed any visible PL in
our experiments, PL from a-Si: H on Si can be sug-
gested to be from the interface between the substrate
and the deposited a-Si : H film. In Refs. 3 and 4, the
SiH, groups, which were formed at the interface be-
tween the air and the crystalline silicon in pillars of the
porous silicon during anodizing process in HF solution,
were found as the origin of the visible PL from porous
silicon. In our case, it can be suggested that SiH , groups
were formed at the interface between the crys-alline Si
substrate and the deposited a-Si : H film during the de-
position and are the origin of the visible PL from a-Si

. H deposited on a Si substrate. The disappearance of
visible PL from a-S8i : H/Si after annealing at 500°C
can be attributed to the desorption of silicon hydrides
from the interface. The decrease and disappearance of
PL intensity due to the desorption of SiH . groups from
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Fig. 3. PL spectra for a-Si . H films deposited on Si substrates.
The thicknesses of the films were 78nm, 143nm, and 281nm.

the air-porous silicon interface with increasing anneal-
ing temperature was also reported in Refs. 3 and 4.

V. Conclusions

In summary, visible photoluminescence was observed
in a~-Si . H film deposited on Si by electron cyclotron
resonance plasma enhanced chemical vapor deposition
using SiH. as the reactant gas source. These spectra
were very similar to those from porous silicon. Samples
annealed in two minutes at 500°C by rapid thermal an-
nealing showed hydrogen content of 1~29%, and did
not show visible photoluminescence. Thicker films did
not show PL, indicating that PL is not from a-Si : H it-
self, but from the interfaces between the substrates and
the deposited films. The origin of the visible lumines-
cence from the a-Si . H film deposited on Si is suggest-
ed to be silicon hydrides formed at the interface be-
tween the crystalline silicon and the deposited a-Si: H
film during the deposition.
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