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Effect of hydrogen on adsorbed precursor diffusion kinetics during
hydrogenated amorphous silicon deposition
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Fractal analysis of the surface topography is used to study the effects of hydrogen dilution on the
surface transport kinetics during the plasma deposition of hydrogenated amorphous silicon. Images
obtained from atomic force microscopy are examined using dimensional fractal analysis, and
surface diffusion lengths of growth precursors are estimated from the measured correlation lengths.
The addition of small amounts of hydrogéH,/SiH, ratios <10/1) during deposition leads to a
decrease in the diffusion length, but larger hydrogen dilutions result in increased diffusion length.
Moreover, the measured surface diffusion activation barrier is reduced from 0.20 eV for deposition
from pure SiH to 0.13 eV with high hydrogen dilution. Results are consistent with recent models
for precursor surface transport during low-temperature deposition, and give insight into critical
processes for low-temperature silicon crystallization. 2@2 American Institute of Physics.
[DOI: 10.1063/1.1467616

Plasma deposition of hydrogenated amorphous silicofierent reactor systentd'® Surface topography of the
(a-Si:H) results in very smooth, conformal surfaces and non-deposited films was characterized by atomic force micros-
thermally activated growth rates over temperatures rangingopy, and frequency and dimensional analyses were used to
from <25° to 400 °C:~* Typical models fora-Si:H growth  extract correlation length from the topography data.
presume that radical precursors generated in the gas phase Results of dimensional analysis is shown in Fig. 1,
adsorb and diffuse on the surface with low thermal barrierswhere the root-mean-squafens) roughness is plotted ver-
giving rise to the observed smooth conformal surfacesus length scale for 1000 A thick amorphous silicon films
coverage:>® The evolution of surface roughness as a func-deposited with Silj/He/H, ratios of approximately:(a)
tion of process conditions during film growth can be used t01/50/0, (b) 1/100/0,(c) 1/50/50, andd) 1/150/50. For each
characterize transport processes @8i:H surface$™® and  sample, the roughness increases with measurement length,
analyze kinetics of adsorbed precursor diffusioh.Experi-  then saturates at a value,,. The lateral correlation length,

mental characterization of precursor diffusion is important, s the distance at which the surface roughness first
because it can be used to evaluate and expand models of filfgaches its saturation value, and 460 nm for samples

growth, which are important to optimize and improve mate-
rial quality. Moreover, because silicon plasma deposition in-
volves only two element$Si and B, it is an important
model system to help advance understanding of low-
temperature activated film growth processes in general.
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length is related to the distance over which a connection in
surface roughness extends, dndis related to the precursor
diffusion length. Therefore, under correct conditions, the ef- S
fect of deposition temperature dn. gives insight into pre-
cursor transport kinetics®81! H
In this letter, the lateral correlation length is determined
as a function of hydrogen dilution for amorphous silicon
films deposited by plasma enhanced chemical vapor deposi- L (nm)
tion (PECVD) from mixtures of silane, helium, and hydro- g, 1. Fractal analysis of 1000 A-Si:H fims deposited with varying

gen using temperature between 25 °C and 350 °C in two difaelium and hydrogen dilutionga) SiH,/He 1/49, (b) SiH,/He 1/99, (c)
SiH, /He/H, 1/49/50,(d) SiH, /He/H, 1/149/50. The correlation length,,
where the rms roughness saturates with length, increases with hydrogen
dElectronic mail: gregoryparsons@eos.ncsu.edu dilution. The curves are offset of clarity. Lines are guides for the eye.
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Critical parameters from the surface roughness evolution (b)
. . : ) - = 0 0.0 o o oA
include the static and dynamic scaling coefficiemtand 3, I S ©
and the lateral correlation length,, and measurement of g i 7
these parameters allow surface transport mechanisms, in-~7 [ V(C)Y
cluding viscous flow, evaporation/condensation, bulk diffu- 2. — LGS d) =
sion, and surface diffusion, to be differentiated and identi- § A BB A X A 7
fied. For self-similar surface structure, the lateral correlation £ ; -
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o
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FIG. 2. The correlation lengtlt,. vs the H /SiH, ratio. L. remains constant
with low H, dilutions, then increases with hig?l hydrogen dilutions for films 1000/T(K)
deposited ata) 25 °C, (b) 100 °C, and(c) 150 °C. The lines are guides for
the eye.

FIG. 3. Arrhenius plots of In{?) vs 1/T for a-Si:H films deposited from
SiH, (from reactor twg, SiH, /He, and SiHj /He/H, mixtures(from reactor
one.

deposited without hydrogen, and is larger80 nm for
samples deposited with hydrogen under these conditions.
The scaling analysis result in=1 and 8=0.26 for films a-Si:H films deposited over a range of substrate temperature
deposited with only Sifand He, andx=0.7 and8=0.22 (25°C-350°C, and the diffusion activation barrierE()
for films deposited with additional Hdilution. The differ- was estimated from an Arrhenius plot bf? versus 1T.
ence in the scaling coefficients indicates a distinct differenc&igure 3 showd..? versus 1T for a set of films deposited
in surface transport with hydrogen dilution, but the scalingwith pure SiH,, a set deposited with SiHHe, and two sets
parameters for all conditions studied are consistent with surdeposited with Sikl/He/H, mixtures. The data shows the
face diffusion dominating surface transpttit is important ~ same surface diffusion activation barri@:20 e\j for films
to note that not all conditions for silicon plasma depositiongrown with pure Silf and SiH,/He mixtures. These two sets
lead to surface transport dominated by diffusion. For ex-of films were deposited in different reactor systems, and the
ample, parameters obtained from films deposited with argosimilarity in the two data sets indicates the robustness of the
dilution show nonself-similar scaling, so transport mecha-analysis. When Kis added to the Si{He mixture, an in-
nisms cannot be simply evaluat&d. teresting trend irE, is observed. For small amounts of H
The lateral correlation length was measured for films(H,/SiH,~10) E, remains at 0.20 eV, but for larger
deposited at several HSiH, ratios at various temperatures, amounts of H a marked decrease i, to 0.13 eV is ob-
and the results are shown in Fig. 2. For all temperatureserved.
studied, as the §SiH, ratio increases from 0-10, the cor- We can understand the trends in correlation length, ad-
relation length is observed to decrease slightly. As thesorbed precursor diffusion length, and diffusion activation
H,/SiH, ratio increases further, there is a rapid increase irenergy as follows. The diffusion distance is generally a func-
the correlation length, which then saturates at a constarion of the species residence time on the surface, the distance
value. It was speculated that the observed change in laterper “hopping” step, and the energetic barrier to hopping.
correlation length with hydrogen dilution could be simply When relatively small amounts of hydrogen are used, the
due to gas phase dilution and a decrease in precursor flux. Torecursor diffusion length is observed to decrease, and the
test this possibility, the effect of gas dilution &g was mea-  activation energy is not significantly affected. This reduction
sured using helium/silane mixtures. The data in Fig. 1 show the diffusion length is attributed to the reduced residence
that as He dilution increases from 50/1 to 108ampleqga)  time of the growth precursors on the surface due to addi-
and (b)], the correlation length increases slightly, consistentional flux of incident H radicals that increases the direct
with a small dilution effect. However, sample) with a  abstraction of adsorbed silyl precursors from the surface. Un-
50/50 He/H ratio has the same relative silane concentratiorder larger flux conditions, however, the diffusion length is
as samplgh), but a significant increase ib; is observed. observed to increase, and the barrier for diffusion is observed
Similarly, when the helium flow is again increased from 50to decrease. The decreaseHp and increase i, are as-
to 150 sccm, only a small change lin is observed. These cribed to a change in dominant surface hydride bonding. Hy-
results indicate that the changes in correlation length are pridrogen exposure will remove higher surface hydrides by ab-
marily due to hydrogen and not due to changes in relativestraction, and promote more monohydride surface bonding.
precursor flux to the surface. It has been proposed that the monohydride surface presents a

The correlation length was measured for a series omaller barrier for precursor diffusion as compared to di- and
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