Highly (100)-oriented growth of polycrystalline silicon films on glass
by pulsed magnetron sputtering
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Nominally undoped polycrystalline silicaipoly-Si) thin films were deposited on glass at 450 °C at
high deposition raté>100 nm/min) by pulsed dc magnetron sputtering. The pulse frequency was
found to have a significant influence on the preferred grain orientation. The x-ray diffraction pattern
exhibits a strong enhancement of {d®0) reflex with increasing pulse frequency. The quantitative
evaluation reveals that over 90% of the grains(@@0 oriented. The observed change in preferred
grain orientation in poly-Si films at low temperatures is associated with concurrent ion
bombardment of the growing film. @002 American Vacuum SocietjDOI: 10.1116/1.1513634

[. INTRODUCTION operated in the unbalanced magnetic field mode of typ® 1.
The sputtering system was set up in a sputter-down configu-

films on foreign substrates has been of vital interest in théatlon where the target to substrate distance amounted to 75

past for applications in photovoltaics as well as in displays'Em' 'Il'he pIasThak?enlerator ENI'ITI.DGllé)O W?S us_edt:]o pfulse
technology. A particular concern is to achieve reasonabl); € plasma Vé'_ 5o|p(;§(r) izymTe rical dc pu sets I'?h g tre-
high film growth rates. The charge carrier mobility as a keyquency range = o0- Z. In our experiments the duty

parameter of the electrical properties is mainly determine&ydeton'f was held constant at 0.6. Both the target voltage

by the size and the crystalline perfection of the crystallineand the current were recorded simultaneously by a digital

grains. It is well known that concurrent ion bombardment ofOSCiHOSCOpe to determine the actual and average dissipation
the growing film is a useful approach to realize Iow-thermalpower<P>' We used a biasable and heatable supstrate hoIder
budget thin film growth with striking film propertié< Re- from AJA'Intern. The supstrate temperature, which was cali-
cent theoreticdl* and experimental studie$ have shown brated with a commercial wafer process prafsnsArray
that the growth of crystalline Si films at low homologous Corp), was held constant at 450°C. The glass substrates

temperatures can be stimulated by hyperthermal particl C_olr(nmg 1_737(;Nerte p()jarft_lall)ihcoatebd tW':h M(: O{.;’yoo Sm
bombardment. In the case of sputter deposition it was show ickness In order to define the substrate potentialde:

that low energy(25 eV) high-flux Ar* bombardment is ben- " The investigated films were grown to a thickness of 1.2—
eficial for Si epitaxy at low temperaturé§.in this article we 1.6 wmat rates in the range= 41_.25.1 nm/min by variation
report on structural properties of poly-Si thin films grown by O_f <P>'_ Structural film characterlzatl_on_ was done by x-ray
pulsed dc magnetron sputterfngn glass at different pulse difiraction (XRD) of 40 kV CuKa radiation in 26 geom-

. try (URD®6) while rotating the samples. For a quantitative
frequencies. The frequency was found to act as a useffl : . .
. duency evaluation of the XRD results we utilized a formaliSrthat

deposition parameter to affect the degree of preferred orien : . o
tation of Si grains relates the measured integrated reflex intensitjgsof a

' Bragg reflection to the relative populati@y,, of grains with
orientation(hkl). In 6—26 geometryCy,, represents the rela-

II. EXPERIMENT tive number of grains witl{hkl) surfaces orientated parallel

The sputter deposition system was especially designed fdP the sub_strate surface_. In o_rQer to derig, from the
ion-assisted film growth. Thin films were prepared in a high_measured integral reflex intensities the structure fd&tel?,

vacuum loadlock system with a base pressure ®f10" the multiplicity m of the reflex, the Lorentz-polarization fac-

mbar. The deposition was performed in an Ar atmospher&®’ Lp- and absorption factoA have to be taken into ac-

with 5N purity at 6< 10~ mbar without throttling the pump- €OUNt:

ing speed by use of a massflow-controlling ufiMKS Chig=!na/(Fr-F¥-m-L, A-K). (1)

647B). The magnetron sputter sour¢AJA Intern. A340

was equipped wiit a 4 in. circular undoped FZ-Si target and The absorption factor is ESPECia”y important in thin films
and is calculated af\=[1—exp(—2ud/sind)] from the

aAuthor to whom correspondence should be addressed: electronic maiPragg angled of the _correspo_n(jing reflex, the ﬁ'_m th_iCkness
reinig@hmi.de d, and the absorption coefficient (148 cmi'! in Si for

The low-temperature deposition of crystalline silicon
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Fic. 1. Raw x-ray diffraction pattern of poly-Si fimsiE&1.2—1.6.m) on

glass recorded while rotating the samples. The parameter is the plasma
excitation frequency. The inset shows the x-ray diffraction pattern in the
vicinity of the (111) reflex for the sample grown in cw mode. This data
clearly show an additional pedR/3)(211) at about 26.8°.
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CuKa radiation). The instrument constatit, which is inde- f [kHz]
pendent of#, can be neglected in the following, as all
samples were analyzed under identical conditions. First, thEG. 2. (8 Sum S of the grain population<;,q and film thicknessd as

_ : : function of the pulse frequendy (b) Normalized grain populatioiN,,; as
sum S_ Ca11+ Cagot Ca11+ Cago Of §1|| relative populations, function of the pulse frequendy A strong(100) preferred grain orientation
for which reflexes were observed in the measur@da’hge, (fiber texture appears forf >0. (¢) XRD grain sizeA calculated from the
was calculated. By taking the sum over the thickness corull width at half maximum of thé111), (220), and(400) reflexes according
rectedC,,, one can exclude possible effects due to the variato the Scherrer formula.

tion of the sample thickness.

For the cw mode about half of all grains show1d.0> ori-

lll. RESULTS AND DISCUSSION entation. However, for the pulsed mode we observe in con-

Figure 1 shows the raw XRD diffraction pattern of trast a strong increase of the relative amount of grains with
poly-Si films on glass grown at different pulse frequencies{100 surfaces at the expense of tfiELO oriented grains.
Independent of the deposition rate for the cw mode(#28)  Already for f=50 kHz about 80% of all grains exhibit a
reflex of Si is dominant. This indicates (410 texture in (100 orientation. This behavior is still more pronounced at
poly-Si films grown atf =0 kHz, which is typical® for sput- 150 and 250 kHz where more than 90% of the grains are
tered poly-Si films. In contrast, films deposited in the pulsed100) oriented. These films develop an almost complete fiber
mode exhibit a strong increase of th0) reflex indicating  texture. It has to be stressed that this strong trend cannot be
a change in preferred grain orientation. Figu(e 8hows the  quantified directly from the raw diffractogram of Fig. 1, but
development ofS and film thicknesd as a function of the only by evaluating the reflex intensities according to .
pulse frequency. A strong increase of with f is observed Another characteristic difference in the structural proper-
up to 150 kHz which cannot be attributed to the small varia-ties of poly-Si films deposited in the cw mode and pulsed
tion in the film thickness. This increase $denotes that an mode apparently consists in a different defect structure. Fig-
increasing fraction of grains is oriented in one of the consid-ure 1 shows in the inset the@2ange in the vicinity of the Si
ered directions, i.e(111), (110, (311, or (100. In fact the (111 reflex of the sample witf=0 kHz. In cw sputtered
dominant part of this oriented growth can mainly be attrib-poly-Si samples with a dominari220) reflex an additional
uted to a large amount gfL00) oriented grains as will be peak at about 26.8° has always been observed. However, this
shown in the following. additional peak2/3)(211) was not present in samples grown

The normalized grain populatioNy,=Cp/S gives the in the pulsed mode. The existence of this reflex was reported
fraction of ¢(hkl) oriented grains normalized to all grains en- before for polycrystalline Si films prepared by chemical va-
tering into S As the (400) and (220) reflexes represent the por depositioh®'* where it was observable somewhat less
first nonforbidden of théhhO) and (h0O) reflexes in the dif- pronounced than in the present result. The occurrence of this
fraction pattern of silicon, they are indicative for preferential reflex is suggested to be closely related with a high density
orientation of grains wit{110; and{100 lattice planes par- of planar faults along111} planes in the cubic lattice of
allel to the substrate surface. Following this evaluation Figpoly-Si films, and it is considered, therefore, as an indicator
2(b) represents the normalized grain population of each typeor Si twinning lamellas with hcp stacking at the
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boundaries® Accordingly, the pulsed mode of Si sputtering appropriate choice of the pulse frequency was found to be
is concluded to yield a significant reduction of this specialbeneficial to taylor the degree of preferred grain orientation.
kind of lattice faults. Applying the Scherrer forméfaon our  This finding is an interesting result for crystalline Si thin-film
data yields grain sized in the range of 10-60 nriFig.  technology in general. Sincdd00 orientation is most suit-
2(c)]. Assuming that the line broadening is simply due to aable for low-temperature Si homoepitaiyhe application of
grain size effect and neglecting any influence of residuabkuch films as seeding layers for a subsequent epitaxial
stress in the film as well as corrections with respect to thgrowth is promising for thin-film photovoltaics.
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