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Abstractl

smorphous hydropenated silicon (a-Siil) prepared by glow dis-
charge dcecomposition of SiH4 has been modif'ied by adding the

By this way it is possible to change the

T

SbFD to the SiH4.
conductivity by many orders ol magnitude. So Sb acts as a do-
pant but moreover at sufficiently high SUF5 to SiH4 ratios the
a-Si:H is modified - the Sb-Si alloy with strongly decreased

optical gap is produced.

Introduction

Amorphous hydrogenated silicon (a-8i:H) is a perspective mate-
rial for terrestrial photovoltaic solar cells. There are two
regsions of physico-chemical problems which has to be studied
to get efficient a-51:1 based photovoltaic cells. First of

nll - the question of effective doping and the second, not
less important - possibility of modification,mainly decrease
of band gap of a-35i:ll, because of optical absorption edge of

a-5i:ll is rather high (Bpmsl.7 eV).

4 series of modified a-8i:l based materials have been produ-
ced by glow discharge decomposition of 31H4 with SiHZClz,
SiHJCHB, CH4, co, SiF4, NS, 1w3 and Gell4 for example /1/ but
nobody has tried until now the ShTS mixture with SiH4. Cos-
puttering ol 5b has been used to dope a=-3i:ll prepured by
sput tering 72/ and implantation ol 5b into a-oisli has been

made /3/ too.
Experimental

The samples have becn prepared Ly glow discharge in a slight—-
1y modificd diode systen, compsrable Lo thal one deseribed by

Uritzoche 74/ The guartz substestes have been placed on
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upper (floating) slectrode (dismeter of 8,5 cm) and spproxima-
tely 1 cm below this one the powvered electrode (cathode) of

8 cm diameter has been placed. All the presented results have
been measurei on samples prepared at substrate temperature

Ty = 32000, which together with the frequency 2kHz, power
about 0.5 '-'-'/cm2 and 2 sccm flow rate of pure SiH4 (Liatheson)
corresponds to the optimized preparation concitions of photo-
sensitive undoped a-3i:H.

SbF5 is a liquid at room temperature with the vapour pressure
approx. 420 Pascal (a3.1 Torr). The flow rate of SbF5 vapours
was controled by the needle valve. The retio of the flov ra-
tes of SbF5 and SiH4 we suppose to be equal to the volume ra-
tio of SbF5/SiH4. The pressure in a reactor was 10 and 40
Pascal before and after the plasma starting respectively.

Typical sample thickness was 2 am (measured with TALYSUIF)
the growth rate was about 1.3 um per hour. All samples had a
mirror-like surface except the sample with the highest SbF5
concentration. So the optical measurament on this sampl=a
which have shown only weak interference {ringes is only qua-
litative (curve #5, Fig. 2).

The measurements of the d.c. electrical conductivity has been
done on a "gap" type samples prepared on a quartz substrates,
using gold as a contact material.

Optical transmission spectra from 0.5 to 2.3 um have been
measured on a double beam spectrophotometer and then analysed
according to /5/, averaging of interference fringes has been
done. The optical absorption edge E_ has been determined from
1/2 pl/2 g

the intercapt of with the E axis, where oL(Z) is

absorption coefficient at photon energy E.

Absorption coefficient & in a low absorption region has been
measured by constant photocurrent method (CPM), experimental
details of which will be published elswhere /6/. Thia method
is suitable for our photosensitive samples. The spectra were
matched to transmission measurements in o2 103 em™t region.
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Resuwlts and discussion

From FMige 1 il is seen that with increasing SbF5/SiH4 ratio

room teuwperature d.c. electrical conductivity rapidly increa-
- -20-1 -~

ses and approaches to 10 3 + 107 °8 1cm 1 range. Correspon-

dingly activation energy ERT def'ined by the relation G}T
GL . @XP (-ERT/kT) decreases from 0.8 eV for undoped a-Si:il
to 0.2 + 0.3 eV. This can Le explained by the movement of Fer-
mi level from the centre of pgap close to the conduction band
as follows [rom the simple check of the thermopower sign. The
sample with highest Sh content slightly below room temperatu-
re changes activation energy to E 2 0.11 eV, which we suppose
correspond to the energetical distance of donor Sb level from
the conduction band, labeled as Bgy in Fig. 1. Rather surpri-
sing is fact, Lhat at low SbL content the conductivity decren-—
ses belore the strong increase is started. Prefactor 0; is
for undoped a=5i:ll 05Q=£.104§2_1cm_1, but for 5b doped a-5i:ll
06 is f'rom 100 + 300 Slglcm—l. This can be explained by the
transition to the trap limited mobility, bLecause the number of
traps is probably increased by the increasing number of donor

levels below the conduction band edge.

speclral dependence of the optical absorption coefficient

o (L) in the 107% to l05

sity of' the gap states N(E) and bond states N

cm‘1 range is shown in Fig., 2. Den-
aplE)y Ny, (E) is
directly reluted to of (E). We suppose that in low absorption
region we measure by Cili the electron transitions from filled
states under Fermi level to conduction band states with NCB‘E
10°4 ™3 ev™t /T,8/. Shoulder in N(B), 0.4 + 0.7 eV above va-
lence band, commonly found in a-Si:l glow discharge or sputte-
red somples and seen in photoconductivity and sbsorplion mea-
surements in the 1.1 - 1.4 eV region /7,8/ is found also in

our samples,

It rollows from 'igse 2, curves # 1 and # 2, that our undoped
or very slightly doped samples have a lov densily or gap sta-
tes N(E), which is about o ew™ ev™ in avove region. With
rising Sbl'p to JiHA ratio this shoulder provs up (curve # 3),

in addition ¢ ith creation of c¢onur lawvel close Lo tiie conduc—
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tion band as follows from conductivity measurements. Similar
behaviour has been found in phosphorus doped a-5i:Hl and sim-
ple model was presented /8/. But with further increase of
SbF5 to SiH4 ratio (curves # 4 and # 5) the optical gap
shifts to the lower energy, from 1.85 eV to 1.66 eV ( # 4)
and to &1 eV (#5), So the SbF5 acts as an optical gap mo-
difier.

Conclusions

It has been demonstrated, by the measurements of electrical
conductivity, optical transmission and Ckii that by the addi-
tion of SbF5 to SiH4 samples of a-5i:H produced by the glow
discharge decomposition of this mixture are Sb doped. At high
SbF5 to SiH4 ratios the 3b modified a-Si:H is produced, with
significantly lower absorption edge (Eg=1 eV). Until now only
the addition of GeH4 to SiH4 decreased the absorption edge so
significantly. Further investigations are in course and w»ill
be published later.
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Fig. 1

Room temperature d.c. electrical conduclivity 0“HT and 1ts
aclivation energy ERT of Sb doped (modified) a=51:l ns o

function of L,‘hI*‘,j/SiH4 volume ritio.
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Fig. 2

Spectral dependence of optical absorption coefficient o((E)
determined from transmission measurements (full curves without
points) and from CPM (bellow of 2 103 er™1). Curve # 1 (000) is
undoped a=-Si:H, doping by SbF5 increases from curve #* 2 (+++)
to # 5. Corresponding SbF5 to SiH4 volume ratio is seen in
Fig. 1.





