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ABSTRACT

eiion oF ydropstmtod amorphcs sllicon by the sllane
sition AIOTD
m frequency i technigue is investigated, I
is varied over & of the YHY (Very High Frequency)
band fromn 25 o 150 MHz. The pition Tate has been

increased by a factor of ~5 with =70 when compared to
typicel rates of ~3 Afsec observed in comventional
glow-discharpe systems operating at 13.536 MHz under
similar experimental conditions. Measorements of the optical
and clecoical film paramerers show that this high-rutc
deposited material has a quality comparable to thai of the
material at a low rats of typically ~3 Afsec and at
13.56 5 for this statement comes also from a
compariscn the teriztics of Schotky-diods orpe solar
cells prepared at high and at low deposition rates.

1. INTRODUCTION

Mass procluction of low-cost solar cells, ph .

and other amotphous silicon (a-S1:H) thin film
devices calls for a large Increase of the deposition rate R, The
direct current {I™ and the radio frequency (RF) capaoitively-
coupled silane glow-discharge (GD) methods are the most
widely applied iques for the tion of a-5i:H filme.
Their wih rates (for thc obtention of good material

nality), however, have sofar been limdwed 1o typically ~3
i{mmmg;tvﬂmnmhhemud-zﬂ \ [1,2]. As
pointed put e.g. by [3], B can be increased by increasing the
RF input power andfor the SiH, gas feed, by replacing SiH,

by higher silanes (Si;Hg) or by modifying other macroscopic
deposition variables. Such films, however, show in general
poor structural  (microvoids, bigh hydrogen content, ete)
and opto-electronical properties dve to gas phase
polymcsizativu, skenger ico bombardmem damages and
other undesired side-effects. Jackson and Amer [1.4] have
shown thar best quality fllms (films with a low defect densiry)
are obtained at the lowest possible BF power levels,

Hamasaldi et al. [3] have described the meathod of plasma
confinerment in & § MHz GD gystem by which an increase of
the deposition rate R has been obtained. The method uses 2
{mechanical) mesh ing the two electrodes in cnder o
limit the discharge in the space between the two eloctrodes
and Bupprassinﬁﬂm diffusion of reactive species vowards the
reActor m y this techuique, deposition rates of several
tens of have been demonstrated. The films exhibit
reasonable photoconductivities, they have however relatively
large hydrogen contents of ~20 at% (calculated from the
2000 crr-! 8i-H sireching band, [51). Other disadvantages of

the method are: on one hand a considerable increase of the
sheath field amplitude (at the substrate holder
elecirode),which in turn increases jon bombardment
damages, and on the other hand an additional source of
impurities (plasma-enhanced desorption). A deterioration of
the material quality may therefore be expected.

In this we describe another modification of the classical
(D method, by which a considerable increase of the
deposition rate R can be obtmined without noticeable
detcrioration of the material quality. It is based on an
optimization of the plasma excitation frequency f. The
influence of this ﬂ};;umge: ﬂl::gs nmn‘?ﬁﬂs:t_ iﬁvgr:ﬂgated
systermatically in ast, in the case of a-5i:

frequencies sofar smd:%d were almost exclusively in the

ter ~30 MHz tange as well as some other isolated frequency
values (e.g. the microwave frequency at 2.45 GHz, [6,7]).
mwrmmmwmmhﬁfmﬁ:mml Ind.
RF exjoipment is readily av in idely-spre
opinion that plasma excitation frequency merely has
secondary effects in plasma processing for values of [

than the lom transit frequency (being of the order of 5

see e.g. [8-10]). Studies related to etching problems and
daposition of varione thin filme ($i-M, ete.), however, chow
that plasma cheracteristics are swongly influenced by f [9,10].
The following discussion confirms the above staternent in the
case of a-8i:H deposition.

We will experimental dala related (o the dependence
nmemmmm a-5i:H film parameters on the
plasma excitation f over the range 235 to 150 MHz
According o the nomenclature in [11] this frequency range is
%’tﬂfﬂlﬁ VHFE (Very Highquummy,ﬂﬂvﬂl-mHl{t}bmd,
¢ deposition method described bere will therefore be
rcfen'edpt?:rﬂsrh: "WHE-GD" method in all that follows.

It will also be shown that the a-glow can very well be
confined berween the two electrodes through a adequate
chivice of f without the need of (meochanical} mesh or any
other physical device; this is what one could call a plasma
"&lf confinement' effect.

. EXPERIMENTAL

All a-§i:H samples discussed in the following (Table I},
were ina naFm:ilim]}r—ﬁmplud VYHE-GD system
deseribed elsewhere [[2]. Dow Coming 7059 glass with a
utilizable sarface of 64 em® and a thickness of 0.8 mm were
wacil 45 substrates. Immediately afize pumping down the

chamber to <2x10-% mbar, an Hy-plasma cleaning was
applied to the electrodes and to the chamber walls for ~10



min.. After heating up of the substrate in an H, environesent
{0.2 mbar) during 1'%, h and right before deposition, the
substrate was again Hy-plasma cleaned for ~5 min, Cooling
down of the le after depositdon was done at a typical rae
of ~2 "Cfmin. deposition parameters are listed in Table
(T,= substrate temperature, P= RF power dengity, p= mtal
pressure, Foirp= silane gas Mow).

The thickness d of the samples has besn evaluated from

weight inorease measurements mken as weight difference
befowe and after deposition and assuming a material density of
2.2 gfem?. The dark conductivity 6, ., the pre-exponential
factor o and the activation energy E, are deduced from the
Arrheniuzs plot log{d) versns the reciprocal absolute
temperamre T. Gy, o and the photoconductivity o, , ,, Tefer

values at 25 °C 5 were measured in gap arrangement
with two Al sﬂaﬁsldmmgthﬁgﬂﬂ?fuminu

vacuum better than 1077 mbar). The measurements were dons
with temperatore gradients smaller than ~1*C/min in order o
obtain straight line characteristics. @,,,, Wwas determined

simvaltaneously with o, under 100 mW/em? HLX white

Tauc's reladon Yohv versus hy  has been applied o
calculate the optical bandgap En]]t {¢t denotes the optical
absorption coefficient). The defect density Ny, and the
Urbach tail energy Ej were cvaluated by means of the

h |
Eiing the model given by Jeckson ang Ader (4, '

3. RESULTS AND DISCUSSION

Fig.1 sh&wslthﬂ deposition m"[% as fonction of f fora
constant set asma . The iging feature in
the l}mpedk(grdMMwmug m at an
‘optical’ frequency fopr.=70 MIz. Below and above this
frequency R decreases rapidily, The shadowed area
represents typical values of R obtained for excitation
frouencies b}:ﬂr]wdﬁm ?nl’.‘ﬂdand 13.?15 MHz with sition
PATAMELErs ing material quatity, A minary
interprotatien of thiz curve hos ulrud? '.'-'W-I?'Ei"rl;.l]ln:lﬁ. [13,14].
Here wo shall limit purselves o & summary of the essential
factors. A change of f modifies the electron ener
distribution function {EEDF) of the plasma [9,10]: Hig
gﬁt}ﬂncy plasmas have a relati larger density of

encrgy electrons when compared to Jow ency
prasmas: ie. the high-=nergy tail of the EEDF is enhanced
with increaging £ As & consequence one expects more
lonization processes (the density of clectrons capable of
lonizing increases with f; for $iH, the ionization thresholds
are between 11 and 15 &V [1] ) and & larger tgta] electron
density n,. There is, however, another coanteracting effect
comperng with the first one: Increasing f causes also the
m]ieeimrmmngy of the EEDF 1o be reduced, which in
tum leads also to a reduction of the density of electrons
having an energy larger than the jonization threshold
energies. As a consquence, n, is reduced, as well, The first
effect we believe to be predominant below a certain
frequency . . the secomd one above fop“'[hc.mmlelmlmn
demsity w accordingly have some sort of maximmm at

- It is reasonable w assume that the silane dissociation

iency, and therefore also the deposition rate R, are
comelated with 0. From these considerations a maxinoam in
the curve R{T) 15 expecied mfm+mtmwem:mmnn=m;
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Fig.] Deposidon rate R as function of plasma excitation
frequency f. The shadowed area represents fypical values of
R between DC and 13.56 MH: for good guadity a-SUH filrns,
ar given in the lieratire. The deposition parameters are:

T,=280 °C, P=0).] Wicm’, p=0.28 mbar and Fg;p~20 sccm

fops <70 MHz (see Fig 1). Another important experimental
obgervation, of an effect that possibly accentuates this
maxirunn, has been mede: Around £ ~70 MHz the plasma
plow is extremely well confined to the space between the two

elecirodes. This effect of 3o-called ‘plasma self-confinement’
is considerably reduced below and abowe ~70 MHz.

Mext, ket us wrr: our atiention 1o the quality of this VEE-GD
sarnples deposited at 2 high rate. Table I sommarizes (for

comparison purposes) the deposition raie and the optical and
elecirical for three sets of samples, prepared at 38,
70 and 130 MHz, respectively. Each set contains three

different samplc thicknesses of approximately ~2 ,~5 and
~20 pm. From the behaviour of propecties for different
sample thicknesses, onc can i deduce bulk and
surfacefineerface properties of the a-Si:H ﬂiﬂ:.

Fig.2 summarizes the (total} FDS defect density
Np=N_/d+N,, as function of the reciprocal thickness d. Here,
N, denotes the surface/interface defect density, Ny, the defect

density of the bulk. Additional for the samples in
Fig.2 are Hgted in Table I. The slope of the curve in Fig 3 ix
equivalent to N, the intersection point with the ordinate

comesponds 10 Ny,

From this data one can draw a significant conclusica: N and
N,, are independent of f over the range 38 to 130 MHz
(elthough the ition rate varies alomst by a factor of
two). This would gither that a1l samples have similar
propetties or otherwise that D5 is not very sensitive 10
changes oceurin ghhmﬂlﬂ%ﬁmmﬂmﬂ
the range of deposition rates consi . To obtain an
additional informstion about the influence of B on N, 3

additional (not listed in Table I, denoted by the
symbol x in Fig.2) of different thicknesses were deposited a1

70 MHz, The RF power level was thereby redoced by a
factor of more than 2 (compared with the other samples
Al00287/1, A160287/1 and A200287/1 deposited at 70 MHz
and listed in Table L) such as 1 obtain a deposition rate of
~10 Afvoc. As v b seen from Fig.2, all 3 valucs of N, for
these additional samples are on the same curve as the ones
listed in Table I. One can therefore conclpde that Ny, is

Eanimﬂyhmswwmmm;nfﬂmlmfmvﬂmnf
up to ~ 20 Afsec ). In addidon, one can assume thart jon
bombardment damages are practically negligible (ion
bombardment energy is reduced with decreasing RE input
mpﬂwﬂﬂmlmlj,_{m interesti ummgg:mrfhha to the {gﬁ;
t tion TAte is y dependent

Table I}, This can probably be ascribed to a progressively
thicker coverage degree of the RF clectrode by a-5i:H.

O gqrp decreases with increasing frequency, while the
activation energy E, incresses cver the same frequency
interval. As has alreedy been discussed in [14] this

omenon is awribured to internal film siress: The use of
igher plasma axcitation frequencies seeme to lower interngl

film stress. This property may turn cut to be beneficial in
overcoming the cracial pro of degradation in a-5i:H
cells, Practically no changes are observed in 6y, between
38 and 130 MHx,
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Fig2 Defect density Ny, caleulated from photothermal de-

Hlection speciroscopy (PDS) data as funciion of the reciprocal
fiim shickness d. Ny and N, denoie the bulk and surfaces

Interface defect density, respectively.

(o) 1 f=38 MH:, (A): f=70 MHz and fp): F=130 MH: {depo-
sifion paroneters for these samples are Rxred in Tabie T).

(%) - f=70 MEz, however with P=0.04 Wicne (aif other
deposition parameters are the same as for A )



How does this YHE-GL moatenal behave in 2 solar-cell type
of stroctare? In order to et porne comparisem values for
lowr- md high-rate deposited a-84:H, two Schottky-type solar
gells »Ath o Orfat- nS1:HAntrinsie a-5i:FfAu amaoture
wore fabwicated at 70 MHz Diode Nr.l was prepared with 5
Afsec (imminsic film) and has properties comparable with
those of conventipnal RE-GD material ared at 13.356
MH= for nze in =olar ¢ells, Diode Nr.2 wag falbm at15.7
Afzec. Table T summerizes the measered characteristics.

DIOBE | Rihssect | v, Bl | J_ masen®l| PR | LR
Nl | 5.0 551 1.25 | 0.50] 3.4
Mr.z 15.6 531 1.17 n.El| %1

Table If ;: Comparison &f characceristicy for fwo
Crint ~-Sl-Hilniriagte a-Si:HiAn Schotthy dipdes depositedt ar
fow raie (Nr.0) ond gt Righ rate (Nr.2), respecrively. The
measurernents were done with 20 mWiem® ELH white light

fiuminanon. 11 15 the efficiency with respect o the fraction of
Hght (=10 mWiem?) that is transnisied through the Ax film
(~50 % trancmission). Both diodes are prepared by the
VHE.GD method and have an aerive avea of 16 morf.

Althemgh the open circuit volape V. and the short chreyit
current J.. are elightly lower for diode N2, the
characteristics may be congidered as comparable {Note:
FF-Fill Facter, fpmgoiveasion tfcdcrsy). Thooe findings are

encouraging and n inwrestng perspectives for the
mﬂmufthm 1) material in solar cells and other

4,CC0MCLUSIONE

With a noevel YHF-GD method, a consderable increase
of the deposition rate has been achleved. This merhod
congisis of using a excitatiton fin the VHF
range X) to Dur prellminary resolts  indicate:
a-51:H films prepared at N MHz, ar 3 rate hetwern 15 and
20 Afemc show similar propertics as fihng prepared a1 a
typical mtz of ~3 Afeee by the comventicnal 12,56 MHz GD
technique. Snppott ggrsﬂ:dn Etatﬂmmglaaﬁ been obtained
fromm chottlcy-type solar cells prepared a1 e
hjgh{ls.‘?m} aned 2t a low mte (5.0 Afsec), &l at a fixed
plasma excimtion frequency of <70 MHz

Apparaniely Iess internal film stress is present in
VHE-GD depoaiter filmyg when compared with 2-5i:H Slms
prepared at 13,56 MHz, ‘This property mey tam oot to be
betweficial in pyvercoming the blem of degradation
{Staebler-Wiomshd, offect) in a-8i:H solar cells,

Further study is however necessary for a better under-
standing of the influeace of the plagma excitaton frequency
on strocthmal, compositional and oplo-electronic proparties of
this lngh-rate deposied metera?.
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