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Abstract

The plasma enhanced chemical vapour deposition was combined with in situ deposition of Ge and Sn thin film
by evaporation technique at surface temperature about 220 °C to form nanoparticles on the surface
of hydrogenated silicon thin films to prepare diodes. Formation of nanoparticles was additionally stimulated by
plasma treatment through a low pressure hydrogen glow discharge. The diodes based on PIN diode structures
with and without the embedded Ge or Sn nanoparticles were characterized by temperature dependence
of electrical conductivity, activation energy of conductivity, measurement of volt-ampere characteristics in dark
and under solar illumination.
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1. INTRODUCTION

The efficiency and stability improvement of inexpensive solar cells based on amorphous hydrogenated silicon
(a-Si:H) were very attractive are actual up to now. The question how to increase too weak photo- and electro-
luminescence of amorphous hydrogenated silicon is open too. Our effort is focused on a possibility to deposit
in situ amorphous or microcrystalline Si:H thin films with embedded nanoparticles (NPs). We choose the
semiconductors which band gap is below the band gap of a-Si:H. For it we develop new deposition systems,
which allow combine convenient deposition techniques. In this contribution we pay attention to germanium,
but in the contrary with lot of published attempts to apply a-SixGey:H alloys in the photovoltaic [1,2], even the
a-SixSny:H alloys were studied [3], we prefer form of Ge nanoparticles (Ge NPs) integrated into intrinsic a-Si:H
structure. Special attention we paid to behaviour of tin. Ge NPs and tin nanoparticles (Sn NPs) were
encapsulated in a-Si:H thin films to improve optoelectronic properties of this thin layer structures. Presented
work has continuity on previous published results [4 - 8].

2, EXPERIMENTAL

The intrinsic a-Si:H film was deposited by plasma enhanced chemical vapour deposition (PECVD) technique
on a fused silica glass substrates size 10x5 mm at surface deposition temperature 220 °C. During interruption
of PECVD the vacuum chamber was pumped up to 10-° Pa and on the a-Si:H surface the germanium or tin
films were evaporated in the thickness of 1 nm. The elements formed isolated NPs on the a-Si:H surface with
support of hydrogen plasma treatment. Then the deposited NPs were covered and stabilized by a-Si:H layer
by PECVD. Both deposition processes were alternated 5 times. Finally on the surface were evaporated two
titanium strips with the distance 2 mm. By this way were deposited samples with Ge NPs - 3K93 and samples
with embedded Sn NPs - 3K78, 3K79 and 3K80. Those alloys with integrated Ge or Sn NPs with the co-planar
configuration of electrodes were characterized by measurement of temperature dependence of electrical
conductivity. On the Corning glasses covered by transparent conductive layer (ITO) after previous deposition
of p-type of a-Si:H. were deposited a-Si:H films which were immediately in situ covered by Ge or Sn
nanoparticles. The NPs were formed on a-Si:H surface during Vacuum Evaporation (VE) of Ge thin film with
thickness 1 nm and Sn thin films with thicknesses 1 or 0.3 nm. By this way were deposited final PIN diode
structures 3K95 with Ge NPs and 3K90 and 3K91 with embedded Sn NPs - see Figure 1.
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Figure 1 Schematic illustration of PIN diode structures with embedded NPs and photography of the size
10x5 mm sample with 12 diodes. Ge NPs were embedded in the intrinsic layer in 1/4, 1/2 and 3/4 of its
thickness, the Sn NPs only in the 1/2 of its thickness.

3. RESULTS AND DISCUSSION

For characterization of semiconductors the temperature dependence of electrical conductivity i.e. Arrhenius
plot is important measurement, see Figure 2. While the integration of Ge NPs increases the conductivity and
decreases the activation energy of conductivity only little, the effect of Sn NPs is marked in changes
of activation energy. The relatively light increases of conductivities at the room temperature 293 K for samples
with Sn NPs proved the NPs are well mutually insulated by a-Si:H thin film.
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Figure 2 Temperature measurement of electrical conductivity (Arrhenius plot) of reference samples and
samples with 5 times integrated monolayers of Ge (left picture) and Sn NPs (right picture)

In the case of measurement of I-V characteristics we compare two diode structures with and without Ge or Sn
NPs. Here the deposition and creation of Ge NPs was repeated 3 times for one diode and at same time for
second diode the deposition process of a-Si:H was interrupted only. The measurement of |-V characteristics
in dark gives the first results, both currents (reverse and forward) increased, see Figure 3.

227



2018

NANOCON"®

Oct 17" - 19 2018, Brno, Czech Republic, EU

0.01
. \ | |
p— PIN diode
] —%— With Ge NPs
3 —&— Without Ge NPs
A
1E ] ?
1E-5+ g
< 3 b g
2 1E ] ;
g ]
> 1E-7-| f—g
1E-84 4
E * | F
J *7
1E-9 A 2
: ¥
1E-10. §
1.0 0.5 0.0 0.5 1.0
Voltage [V]

0.01
1E-3
1E-4

1E-5

] [ 1
—&— 3K90 without Sn ‘
—®—3K90 1.0 nm Sn 2

3K91 0.3 nm Sn

e
B\

e

0.5 0.0 0.5 1.5

Voltage [V]

1.0

Figure 3 |-V characteristics of PIN diode measured in dark with 3 evaporated Ge monolayers of thickness
1.0 nm. Monolayers of formed Ge NPs are in the middle and at 1/4 and 3/4 of intrinsic a-Si:H thin film (3K95
- left picture), one monolayer of Sn NPs is only in the middle of a-Si:H

(83K90 and 3K91 - right picture).

Most important is the measurement under illumination by solar simulator. From the results shown on the
Figure 4. we conclude the Voltage open current (Voc = 0.67 - 0.68 V) is same for both PIN diodes and as well

as the Fill Factor (FF = 64) does not change too.
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Figure 4 I-V characteristics of PIN diodes (3K95) measured under illumination by solar simulator. Requested
effect of Ge NPs on the characteristic parameters of PV elements is demonstrated by increase of Isc while
Voc and FF are without changes (see left picture) and as well as measurement of PIN diodes (3K90 and
3K91 - right picture) with embedded Sn NPs with different sizes.

Positive effect of Ge NPs we observe on short circle Current (Isc increases from 52 to 58 pA), for small
photovoltaic element size 0.64 mmz2. On the contrary the integration of Sn NPs if the evaporated thickness was
same i.e. 1 nm the effect on the basic parameters of diodes was negative while the smaller size of Sn NPs
(evaporated thickness 0.3 eV) leads toward an increase of those characteristics values.
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4, CONCLUSION

In this contribution we demonstrate possibility to integrate Ge or Sn NPs to intrinsic layer of PIN diodes on the
base of a-Si:H thin films. Although the measurements in dark of I-V characteristics of the diode structures show
negative effect on the reverse current the increase of forward current is positive. The most important result
which we introduce here is the increase of Isc if the Germanium is in the form of NPs embedded in diode
structures while the Uoc and FF remain same. The integration of Ge NPs leads toward the requested increase
efficiency of very thin film PV elements which are only a few tenths of nm. In the case of metallic Sn NPs we
demonstrate surprising result - although the influence on diode parameters is negative, the character of diodes
were preserved. The negative impact of NPs increases with the increase of NPs size.
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