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Hydrogenated amorphous silicon films were deposited by ion-beam-assisted evaporation using a
hydrogen—argon plasma. The influence of the substrate temperature was studied. Light induced
photoconductivity decay measurements showed that high stability materials can be obtained under
well defined conditions. By combined infrared spectrometry and thermal desorption spectrometry
experiments, it was demonstrated that microstructure has a great influence on the stability against
light induced defects. €1998 American Institute of Physid$0021-89768)05702-§

I. INTRODUCTION substrate temperature on these films and we show that it is

] ] _ possible to obtain high quality a-Si:H films with very good
It is well known that hydrogen atoms incorporated in stapility against light exposure.

a-Si:H films during deposition saturate silicon dangling
bonds and render the material suitable to electronic applica-

tion by decreasing the density of defect states in the gap. But: EXPERIMENT
there is still considerable work to produce high quality a-
Si:H films free from light induced instabilitfStaebler—
Wronski effect). Even if there is still a lively debate to ex-

plain this effect it appears that weak Si-Si bonds have af a5 evaporated from an electron beam gun and the deposi-
important role in the creation of defgtfts. , tion rate (1 A/s) was monitored and controlled by a quartz
The glow-discharge decomposition of the silane gasyicropalance system. An electron cyclotron resonance
method has become the most important method for the depQecR) plasma source was used to generate the ion beam. The
sition of a-Si:H films and up to now the highest quality ma- 5 45 GHz microwave energy of the ECR source was 200 W.
terial has been prepared by this technique. However sever@l g75 G axial magnetic field was used to create ECR and to
attempts have been made to introduce hydrogen into evapgiomate efficient coupling of the microwaves to the plasma.

rated a-Si films in a high vacuum chamber. Obtaining gooGrpe hydrogen—argon mixture was prepared before deposi-
quality Si—H bonding required the production of atomic hy-yion in'the proportion of 1:1 and the flow in the ion source
drogen by dissociation of molecules in a heated tungste,q requlated by maintaining the total pressure in the evapo-
tub€’ or the use of an ion beam from a Kaufman type ation chamber at#10™° Torr. The samples were deposited

45 :
source.” Such a technique presents the advantage of avoids, (111) sj substrates for thermal desorption spectrometry

ing the use of toxic gas like silane. Moreover with ion-beam-(1pg) experiments and infrared-absorption measurements,
assisted evaporation, ion bombardment is essentially ind&s, coming glass 7059 for conductivity and photoconductiv-
pendent of silicon deposition, which allows easy control ofiy, ot dies. Samples were prepared with different substrate
the pre_p_aranon parameters like growth rate or plasm%mperatures equal to 120 °C, 180 °C, 240 °C, and 300 °C.
composition. _ _ _ The microstructure of the films was both studied by in-
In previous works we studied the preparation of a-Si:Hf-5r64(R)-absorption measurements and by thermal desorp-

by electron cyclotron resonance microwave plasma assistgg,, spectroscopyTDS). The hydrogen bonding configura-
evaporation. It was shown that the substrate temperaturg,, \vas obtained from Fourier transform infrared

modifies the hydrogen bondifigind that bombardment by transmission measurements using a Perkin—Elmer 2000
ions accelerated by a moderate volta@d0 V) could  gnectrometer with a resolution of 4 cth The contribution
strongly densify the film structure without changing the hy-ot an yncoated reference silicon substrate was subtracted
drogen bonding typé.We'aIso demonstrated that there is a5y the experimental spectra. The thermal stability of hy-
mass effect of the ions since the densification of the films I}irogen was studied by TDS. The films were inserted into a
easier 7W'th a deuterium plasma than with a hydrogery art, tube evacuated by an ionic pump allowing a base
plasma In order to improve the preparation, films were yreqqure of X107 Torr in the chamber and were heated at
made with a plasma composed of hydrogen and heavy 1013 onsiant rate of 10°/min to 800 °C. The gaseous compo-
such as argon. This article discusses the influence of thgents gesorbing from the surface were ionized and detected
by a quadrupole mass analyzer. The dark conductivity) (
dElectronic mail: rinnert@Ips.u-nancy.fr and photoconductivity ;) under a 400 mW/cRillumina-

The plasma generation chamber and the growth chamber
were evacuated by a cryogenerator with a pumping rate of
1000//s. The background pressure was &0rorr. Silicon
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TABLE I. Conductivity and photoconductivity measurements for samples T
prepared at different substrate temperatures.

Substrate temperature

(°C) E.(eV)  ogax (300 K) (2 cm)~! Reh T =240°C
120 0.74 x10°° 6900 08 R
180 0.73 1.%10°° 2200
240 0.74 1.x10°° 800
300 0.22 2.&10°° 1

06 [

tion from a 500 W arc xenon lamp were measured for the
samples on glass substrates using longitudinal electrode
structure. To avoid undesirable temperature effects during
illumination a water filter was used. Measurements were

04

Normalized photoconductivity

made under a IC¢° Torr vacuum to avoid atmosphere con- 021 1
tamination which can appear in a longitudinal electrode ‘ ‘ . ‘

structure. Moreover energy dispersive x-ray spectroscopy ex- 0 300 600 200 1200
periments showed the atomic percentage of argon in the Time (min)

films is inferior to 0.2.
S Inferio FIG. 1. Normalized photoconductivity decay under a 400 m\W/dight

exposure from an arc xenon lamp for samples prepared at different substrate
Ill. RESULTS AND DISCUSSION temperatures.

The quality of the passivation of dangling bonds was
studied by conductivity versus temperature measurementferent from the Staebler—Wronski effect. However light in-
All the samples were first heated to 190 °C in order to desorluced effects are metastable and can be removed by heating
the surface gaseous contamination and measurements of tthee samples to 190 °C. By all appearances the light seems
conductivity were made between 190 °C and room temperanot to have created defects in the film prepared at 240 °C. To
ture during cooling. The electronic properties of the fourunderstand the electrical properties of the films, the study of
samples are displayed in Table |. The conductivity ofthe microstructure was realized. Infrared spectrometry and
samples prepared at 120 °C, 180 °C and 240 °C fits perfectlihermal desorption spectrometry experiments are presented
the thermally activated law with an activation energy ofin the next sections.
around 0.73 eV. The dark conductivity of these samples is  The infrared absorption band at 640 chwas used to
hardly the same in theX110 °-2.5x10"° (Q cm) ! range.  calculate the hydrogen content in a-Si:H films. This band is
By contrast the sample prepared at 300 °C is quite differenassigned to the wagging band of Sikh=1,2,3 and the
and fits the Mott exponential relation in"#* with a dark integrated strength of this mode is proportional to the total
conductivity equal to 2.810 ° (2 cm)~ 1. The best fit with  hydrogen concentration. With the usual proportionally con-
the Arrhenius law results in an activation energy equal tostant 1.6<10'° cm~2 8 and an atomic density of silicon fixed
0.22 eV, which demonstrates that contrary to the otheto 5x10°2cm 3, C, was estimated to 13.4%, 9%, 7.4% and
samples, this material is characterized by a great number &.9%, respectively, for the substrate temperatures 120 °C,
defect states in the gap. The films were subjected to a light80 °C, 240 °C and 300 °C. Infrared spectrometry spectra of
exposure of more than $0nin. The photoconductivity ratio these samples are represented in Fig. 2 for the 1850—-2300
0pr(0)/o4an at the beginning of the light exposure, noted cm ! range. Absorption spectra clearly show two peaks in
Rpn is listed in Table | and the evolution versus time of thethe 2000-2100 cm range. A polynomial basis line was
normalized photoconductivity p,(t)/ o,y(0) is represented in - subtracted to the spectra which were then deconvoluted by
Fig. 1. Ry, is a decreasing function of the substrate temperaGaussians. Table 1l gives the respective peaks positions, ar-
ture and decreases from 6900 for the sample prepared ats and microstructure parameters R for all the samples. R is
120 °C to 800 for the material prepared at 240 °C. This evodefined as the ratio of the intensities of the absorption bands
lution can be correlated to the hydrogen content of the filmd,400/[ 121067 2000 @nd can be related to the fraction of poly-
with a best passivation for the high hydrogenated films. Théwydride groups and clustered monohydride groups. An in-
sample prepared at 300 °C is not a photoconductor materiarease in R is generally correlated to an increase of a density
which is consistent with the conductivity versus temperaturadeficiency. The absorption near 2000 chis attributed to
evolution. The photoconductivity decay behavior showsthe stretching modes of SiH while absorption near 2100
clearly a dependence on the substrate temperature. Whitam ! is ascribed to the stretching modes of SiKiSiH,),
samples prepared at 120 °C and 180 °C present a rapid decapd SiH or of SiH groups located at internal surfaces or
of the photoconductivity, the material prepared at 240 °Cmicrovoids. The sample prepared at 120 °C is dominated by
does not present any decay during all the exposure. Morgpeaks centered at 2093 chand at 2014 cm*. Small bands
over the dark conductivity hardly changes during illumina-appear at 2175 and 2246 chwhich can be attributed to
tion for all the samples. Hence the light induced effects inSiH and SiH configurations containing oxygen atoms in
these materials prepared at low temperature seem to be dileir back bonds. This oxygen contamination, also visible at
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FIG. 2. Infrared absorption spectra of samples prepared at different sub-
strate temperaturessT FIG. 3. Thermal desorption spectroscopy spectra for samples prepared at
different substrate temperatures. T

the 1050 cm?® absorption band, appears after exposure to

atmosphere and is an indication of the microvoids r|chWhich was not the case with a pure hydrogen plagrssiape

structure—characteristic of films prepared at low tempera;[he corresponding sample prepared at 240 °C has a micro-

ture. This sample presents an absorption spectrum character-
L ; ) L . Structure factor equal to 0.55.
istic of poor electronic quality a-Si:H film. A shift of the g

e The hydrogen effusion spectra of the four samples are
peak near 2000 crif is observed as the substrate tempera'represented in Fig. 3. The spectrum of the sample prepared at

ture increases. According to a recent whitkis displacement 1

A ]20 °C is dominated by a peak at 440 °C which is usually
o the lower frequencies is presumably due to a decrease Blttributed to the desorption of hydrogen localized in the in-
the hydrogen content and not to a modification in the bond- b ydrog

. L _ ternal microvoids. A low density a-Si:H film composed of a
ing type. The cont_r|but|on of the band near 2100 F}mje- large interconnected voids network generally presents a
creases as a function of the substrate temperature in the rangﬁique effusion peak near 400 °C. A weak component at
éggc_jiiéloin(t:hea;]:mltlemcr;e?iz ;?rzfgsf)g isC.rirljggd;cl)lgecrl)m-Goo °C is attributed to the effusion of hydrogen limited by a
osed gof monoh dpridep Eou s with a strugcure P arimetecrjiﬁusmn process® This contribution of the diffusion peak at
P nydride group P high temperature increases as a function of the substrate tem-
equal to 0.2, while this latter is equal to O..45 for the sample erature in the 120—240 °C range. The effusion spectrum of
gg%pfl (r:e?/vrﬁ::hlzo Ce ?sn?h Or.3i75 Z)nr Othgm]::lrr: islﬁ]bogitggtrathe samples prepared at 180 °C is dominated by the diffusion
' stugges ere P © a Seak but still presents a desorption peak at low temperature.

temperature to obta!n a SiH film free_ from polyhydride However the sample elaborated at 240 °C is characterized by
groups. In our experiments, the best microstructure param: '\ .o hiah temperature peak. Such an effusion spectrum
eter was obtained at 240 °C. It is also important to notice the d 9 P peax. b

great influence of the argon ions on the bonding type. The IS typical from a dense material_free from microvoids and
allow us to produce a material dominated by SiH Bonds)owth stable SiH bonds. The effusion spectrum of the_ sample
elaborated at 300 °C presents very weak peaks. It is similar
to the sample prepared at 180 °C with a dominating diffusion
TABLE Il. Properties of a-Si:H samples deduced from infrared absorptionpeak at 580 °C. We demonstrate the high temperature peak is
measurements. a diffusion peak by measuring the film thickness depen-

dence. Indeed if diffusion limits the evolution rate, the rising

Substrate Peak Peak area . . L . . . . .
temperature  position(cm™)  (arb. units R C, (at % diffusion length with increasing film thickness will result in a
shift of the evolution peak to higher temperatures. The tem-
120 2014 2.0 0.47 134 perature of this peak increases from 560 °C to 585 °C when
2232 (1):2 the thickness increases from 2000 A to 4000 A. The TDS
2246 0.1 study demonstrates that the stability of hydrogen is improved
180 2001 1.5 0.42 9 by increasing the substrate temperature below a maximum
2085 11 and that the material is certainly denser and free from voids.
240 1991 12 0.20 4 By analyzing these results with regard to the infrared experi-
2084 0.3 e
300 1992 06 0.33 3.9 ments, the diffusion peak seems to be correlated to the ab-
2084 03 sorption peak at 2000 cmi. Still it would be hazardous to
attribute the desorption peak to the Sigroups and the dif-
J. Appl. Phys., Vol. 83, No. 2, 15 January 1998 Rinnert et al. 1105
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fusion peak to the SiH groups. In fact hydrogen from bothlV. CONCLUSION
SiH and SiH configurations desorbs from the interconnected
voids at around 400 °C and diffuses throughout the bulk N summary, photoconductor a-Si:H thin films were pre-
around 600 °C. The correlation between the absorption peakared by the ion-beam-assisted evaporation method with a
at 2000 cm* and the diffusion peak is essentially due the hydrogen—argon plasma. We believe that the heavy argon
fact that on the one hand the high substrate temperature prgfoms contribute to densify the a-Si:H films while tempera-
motes monohydride groups and on the other hand the highire has a strong influence on the hydrogen bonding. The
substrate temperature combined with the argon influencBest sample obtained fors¥240 °C is characterized by a
densifies the material and then promotes the diffusion pheligh diffusion peak temperature in the TDS spectrum and by
nomenon. With the use of argon—hydrogen plasma th&ydrogen bonding strongly dominated by Si—H bonds. In
samples prepared at 240 °C present the hydrogen bondir&?Od agreement with the traditional bond breaking model,
and the hydrogen stability of the best material prepared byhis high quality material, which has a dense amorphous net-
the traditional g|0W discharge technique_ work with stable Si—H bondS, is very stable to ||ght

The stability to light exposure is correlated to the micro-€Xposure.
structural quality of the films. Indeed the sample with high
hydrogen stability and with a weak number of polyhydride
groups, assumed to be a dense material without microvoids,
presents high stability to light exposure. On the contrary theip | staebler and C. R. Wronski, Appl. Phys. L&t 292 (1977.
light induced photoconductivity decay in the other samples®M. Stutzmann, W. B. Jackson, and C. C. Tsai, Phys. Re32,23(1985.
prepared at lower substrate temperature is an increasing¥- Vergnat, G. Marchal, and Ph. Mangin, J. Non-Cryst. Solidg&138
function of the microstructure parameter and of_ the quantity;f,%&i?&' A. M. Mezzasalma, and F. Neri, Solid State Comman675
of hydrogen weakly thermally stable. The materials prepared (1982.
at 120 °C and 180 °C are presumably voids rich with poly- °M. Shindo, S. Sato, I. Myokan, S. Mano, and T. Shibata, J. Non-Cryst.
hydride groups. These results support existing models pro; S°lids59&60, 747 (1983.
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