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ABSTRACT: In this report we present series of experiments during which the short circuit
current of mono crystalline silicon solar cell was improved step by step so as a consequence the
efficiency was increased. At first, the front contact of solar cell was optimized to reduce the shadow loss
and the series resistance. Then surface treatments were prepared by TMAH solution to reduce the total
light reflectance and to improve the light trapping effect. Finally, antireflection coatings were deposited
to passivate the front surface either by silicon nitride thin layer or to increase the collection probability
by indium tin oxide layer, and to reduce the reflectance of light. As a result, solar cells of about 13%
have been obtained, with the average open circuit voltage V,. about 527mV, with the fill factor about

68% and the short circuit current about 7.92 mA/cm? under the irradiation density of 21 mW/cm?.
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1 INTRODUCTION cells, and to prepare for the future research on

low cost solar cells. This report describes

Since the first modem photovoltaic cell works about the process improvement of short

was developed in 1954 at Bell Laboratories circuit current (Jsc) to increase cell efficiency.
with 6% of efficiency, many research in . . .
) o ) The solar efficiency is determined by the
crystalline silicon technologies have been .
] o following formula [1]:
carried out giving great developments of

monocrystalline solar cell efficiency. However, n= Vocdsc FF

in Vietnam there were few research and
applications in solar cell technologies, which
made Vietnam very weak in comparison with
the world in using one of the best renewable

and clean energy, solar energy.

At the Laboratory for Nanotechnology
(LNT), several solar cell projects has been
awarded to perform early research in order to

create high efficiency monocrystalline solar

€Y

Where 7 is the cell efficiency; FF is the fill
factor; Pj, in the incoming light intensity.

According to the above formula, high
efficiency cell can only be obtained by
increasing FF, Jsc and Voc. The fill factor is
the first parameter needed to be improved
because it determines the maximum power

from a solar cell and can be enhanced through
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the front contact optimization, which affects
the contact resistivity and the shadow loss and
thus increase the free carrier collection ability.
Meanwhile, getting a good V,. needs very
complex processes but getting a good Jsc is
simpler. Therefore in order to create high
efficiency solar cells, the short circuit current

needs to be considered carefully.

The short circuit current is determined by
the generation and the collection of photo-
generated carriers. The carrier generation
depends mainly on the cell front and rear
reflectance and the collection depends on the
cell resistances and front, edge, rear and bulk
recombination. A large amount of short circuit
current can only be obtained when minimizing
the cell reflectance and the cell recombination.
All of these factors that drop down the short

circuit current is shown in Fig.1 [2].
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Figure 1. Short circuit current consumption

In this report, we only investigated the loss
of short circuit current on the front surface of
monocrystalline  solar cell.  Firstly, the
optimization of front contact was used to
enhance the cell’s fill factor and the carrier
collection. Then, two methods were used to

improve cell’s light absorption ability: (i)

surface  treatments  using
ammonium hydroxide (TMAH, (CHs);NOH)

solution to create random pyramids surface and

tetramethyl

(ii) deposition of anti-reflection coatings (titan
silicate TiO,/SiO, or indium tin oxidelTO or
silicon nitride SiN, layers) for further reducing
the reflectance. Besides, SiN, layer also plays
the role of passivating surface dangling bonds.
It was shown that hydrogen released from the
SiN, layer fabricated by PECVD method can
passivate silicon defects[3,4]. In fact, the
passivation ability of ITO layer is not as good
as SiN, layer, but it plays the role of the extra
contact due to its good conduction, thus still
allowing the better carrier collection. The Jsc
improvement diagram in our study is shown in
Fig.2.

Texturization

Short Circuit Current

Carriergeneration
' Carrier collection '

Figure 2. The improvement diagram of Short

Circuit Current can be carried out in two methods (i)
increasing the carrier generation and (ii) enhancing
the carrier collection. ARC — anti reflection coating;

FCO - font contact optimization

The other losses of short circuit current in
the solar cell are due to the cell reflectance and
the surface recombination at rear and edge of
the solar cell, which have not been examined
yet in this study because of its complexity and

correlations.
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Figure 3. The solar cell fabrication process at LNT

2. EXPRIMENTAL DETAILS

Mono crystalline silicon solar cell was
made from semiconductor-grade silicon (SeG-
Si) 4 inch wafer, with the crystal orientation of
<100>; p-doped and the resistivity of 1-10
Qcm; one side polished. With the purity of
99,999999999 %, this type of silicon has very
little lattice defects so the carrier collection
losses inside the solar cell can be considered
small, and this permits to get the short circuit

current solar cells.

In this work, six types of mono crystalline
solar cell were investigated to improve the
short circuit current, except the first sample
that only had the phosphorus diffusion and not-
optimized front contact, the other had more

optimization.

Table 1. Cells’ conditions

Sample Texturization Diffusion Anti-Reflection Front Contact | Annealing
Coating Optimization
3273 - X - - X
1067 - X - X X
5188 X X - X X
6060 X X TiO,/SiO, X X
1016 X X SiNy, X X
2217 X X ITO X X

Phosphorus was diffused into the front
surface by phosphoryl chloride POCI; in
diffusion furnace at 850°C. Titanium and silver
layers (20nmTi/600nmAg) is evaporated by
electron beam system to create front contacts.

Meanwhile, aluminum layers (1um Al)

issputtered for depositing full wafer back

contacts.

The front contact grid was optimized
according to [5], by using the following
formula:

P 2

nw, =J ac
! - 3Pt
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Where n: numbers of finger; w;
:finger width; J, : light-generated current, a

and c : based on cell dimension;
Py - metal resistivity, P_ : light intensity,
n, : cell efficiency, 1: contact thickness

For reducing the surface reflectance,
texturization process used TMAH solution
(TMAH 2,5%; IPA 10%), enhanced by
ultrasonic in 20 minutes to create random
pyramids structure on the solar cell
surface[6],[7]. The anti-reflection coating
layers were deposited for having better
reflectance reduction: titanium silicate layer
(TiO,/Si0,) is fabricated by spin coating
method, while ITO layer by the sputtering
method [8] and SiN, layer by the PECVD
method [9].

The solar cells’ efficiency was measured
under off-standard 21m W/cm2 irradiation
intensity of arc xenon lamp. Then all cell
parameters are fitted with IV-Fit program of
Energy research Centre of the Netherlands by

using the two-diode model

1= Jm{ex;{wj—l} +Jm{exp[e(v2;&)j—1}+ 3+ g;:RS
®)

and the orthogonal distance regression
method [10] to double check the cell
parameters in comparison with the values given
by the solar simulator SS150 (Photo Emission
Co.) and to find out the cell series resistance
RS and the cell shunt resistance RSH.

3. RESULTS AND DISCUSSION

All measured parameters are presented on
the Table 2 and corresponding fitted

parameters are shown on the Table 3.

Table 2. Measured cell parameters

Cell ID Voc (mV) Jsc (MA/cm?) FF (%) (%)
3273 535 5.21 43 5.76
1067 519 5.37 72 9.60
5188 531 4.93 33 4.14
6060 514 5.83 69 9.98
1016 526 7.61 68 13.14
2217 527 7.92 64 12.81
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Table 3. Fitted cell parameters

VOC JSC Jlt JOl ‘]02
Cell ID Rs(€2) | Rsu(2) | 1 (%)
(mV) | (mA/cm2) (Alcm2) | (A/lcm2) | (A/cm2)
3273 533 5.4 2.7 185 5.76 5.5E-3 4.5E-14 8.4E-8
1067 520 5.3 3.5 0 9.66 5.3E-3 5.7E-12 9.1E-8
5188 531 5.06 50.6 113 4.14 7.3E-3 9.3E-14 8.9E-8
6060 515 5.9 5 2082 9.98 5.9E-3 7.2E-12 11E-7
1016 527 7.6 6.5 74783 | 13.14 7.8E-3 2.3E-12 2.2E-7
2217 528 7.8 6.2 0 12.81 7.6E-3 4.2E-12 1.7E-7
Our first sample, the cell ID 3273 is the sl e,
simplest one with only the phosphorus ¢ -""“"-..-.M
40 “eew,
diffusion in polished silicon surface and not- — s o
£
optimized front contact grid structure. Its short £ :
circuit current was only 5.21 mA/cm? and 43% 20
of fill factor. The low short circuit current and 10
fill factor are probably due to: oep T
1. the shunt resistance (Rsu)istoo low, T um
thus dumps the fill factor and the Figure 4. JV curves of cell ID 3273, the simplest
i i . cell with bad cell resistances and the high front
carrier collection ability, o
surface reflectance and front surface recombination
2. the cell surface reflectance is too high
. The front contact optimization has been
(40% of weight-averaged reflectance) P
. . . carried out to obtain highershunt resistance
which causes poor carrier generations,
and with the sample ID 1067. As the results, the fill
factor increased significantly from 43% to
3. silicon surface are not passivated, so

the surface recombination is quite
high so reducing the carrier collection
ability[11].

72%. Due to the increase of the FF, the
efficiency raised up to 9.66%. Still, the short
circuit current was low, because the low light
absorption and low carrier collection possibility

was not solved yet.

Trang 52




TAP CHI PHAT TRIEN KH&CN, TAP 16, SO K1- 2013

0.20

T T T T T T T
0.15 -
< - - - - Measured current density
= N -
Z oo} —+— Fitted current density i
@
©
=
g
£ 005 b
5
o
o
ot
@ 0.00 [ R
©
[0}
=
-0.05 | J
. . . . . . .
0.0 0.1 02 03 05 06 07

VoltagZA(V)
Figure 5. JV curves of the cell ID 2217 (the fitting
curve with symbols using orthogonal distance
regression method). The small deviation between
fitted and measured curve proves the reliability of

extracted parameters.
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Figure 6. Influence of texturization and ARC on the

reflectance spectra

In the sample ID 5188, in order to reduce
the high reflectance surface, anisotropic
etching in TMAH solution was performed. This
creates random pyramids on the silicon surface,
which  decreases dramatically the total
reflectance (down to 13% from 40% of
polished surface). This makes sample 5188
possessing the good light absorption property.
But the pyramids surface of sample 5188 has a
larger surface area than the flat surface of
sample 3273 or sample 1067. Thus the number

of dangling bonds on the silicon surface of

sample 5188 is greater and cause the carrier
collectionpossibility drops down due to the
high surface recombination. As the results, the
short circuit current was decreased to 4.93

mA/cm?.

Figure 7. SEM image of random pyramids structure
after the TMAH surface
treatment
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Figure 8. The short circuit improvement; 1016
(SiNy) and 2217(ITO) are the best cells due to their
best short circuit currents. All measures were under

21 mW/cmz2 of irradiation.

Three types of anti-reflection coating
(TiO,/SiO,, SiNy and ITO) were used on the
random pyramids structure for the passivation
of dangling bonds on silicon surface. More
importantly, the anti-reflection coating also
reduce the surface reflectance: the SiNy sample
(ID 1016) had 4.4% of reflectance and the ITO
sample (ID 2217) had about 3% of reflectance.

In consequence, the short circuit current of the
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TiO,/SiO, spin coated cell (ID 6060) increases
to 5.9 mA/cm?. In the SiN, layer, with a large
amount of free hydrogen radical originating
from plasma gas dissociation, is the best
passivation layer. Hence, the SiNy sample had
better Jsc : 7.6mA/cm? The ITO layer play less
role in passivating dangling bonds than SiNy
layer, but it plays more role of an extra contact
due to its conduction and thus had a better
reflectance, giving better carrier collections and
the best Jsc: 7.8mA/cm>.

The short circuit improvement affects cell
efficiency, displays in the JV curves
improvement (Fig 8). The cell ID 1016 (SiN,)
and ID 2217 (ITO) curves are the best JV
curves due to their best short circuit current:
7.6 mA/cm? and 7.8 mA/cm?. One also can see
that the open circuit voltage fluctuate slightly
from one to other cells even the back contact

deposition method is the same.

Figure 9. 2217 Solar cell, with front contact
optimization, texturization and ITO antireflection

coating ; 1 =12.81%
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Figure 10. Short circuit current improvement; 2217

sample with ITO coating has the best Jsc

In the figure 9, we show the image taken
on the front side of the solar cell ID 2217. Two
bus bar structure and fingers with the symbol
of LNT can be easily seen on the surface. In the
figure 10, we show the evolution of Jg
improvement by adding and using step by step

more efficient processing method.

4. CONCLUSION

Three methods to improve the short circuit
current at front surface were showed: (i) front
contact optimization to reduce cell resistances,
(i) surface treatment with TMAH solution and
(ii) anti-reflection coating to enhance light
absorption.  However, surface treatment
increases surface recombination, thus reducing
Jsc (cell ID 5188: 5.06 mA/cm?) and requiring
anti-reflection coating to passivate the dangling
bonds. Finally, all three ARC samples showed
a good passivation ability and made Jsc higher
than non texturized sample (ID 1067: 5.37
mA/cm?). From the cell ID 3273, with Jsc
about 5.2 mA/cm?, which was not optimized, to
the last one (ITO and SiNx), which had enough
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optimization on the front, the short circuit
current has been greatly enhanced to the value
of 7.8 mA/cm?, 150% of increasing;. As the
results, the cell efficiency increased from
5.76% to 12.81%, showing the reliability of our

methods in improving short circuit current.
However, the open circuit voltage is nearly the
same (535mV and 527mV), which may need to
be examined in future research to increase

more the cell efficiency.

CAl THIEN DONG NGAN MACH TRONG PIN MAT TROI SILIC PON TINH THE

Hoang Ngoc Vii, Tran Ngoc Linh, Triong Lan, Phan Thanh Nhat Khoa, Pang Mau Chién,
Nguyén Tran Thuat
Phong Thi Nghiém Cong Nghé Nano, PHQG-HCM

TOM TAT: Trong bai b&o nay ching tdi trinh bay chudi cac thi nghi¢m nham timg budc cai
thién dong ngdn mach trong pin mdt troi silic don tinh thé, tir d6 gia tang hiéu sudt cia pin. Thit nhat,
ching tdi toi wu héa [6p dién cyc mdt trude dé giam thiéu su che sdng do dién cuc va dién tré cia pin.
Thit hai, ching t0i nghién ciru cdc phirong phap xir 1y bé mat dé silic dé tao ra bé mét nham nham giam
dg phan xa toan phan va lam tang kha nang hdp thu dnh sang cia dé silic. Cuoi cing chang toi nghién
citu hai loai mang chong phdn xa khéac nhau cho pin mat troi: mang silicon nitride véi kha nang thu
déng héa bé mat va mang indium tin oxide voi kha nang dan dién d@é giam hon nita do phan xa toan
phd‘n trén dé silic. Két qua thu dwoc pin mdt troi co hiéu sudt 13%, véi thé hé mach 527mV, hé sé dién
day 68% va dong ngdn mach vao khodng 7.92 mA/em® duwdi cuong do anh sang t6i 21mWiem?®.

Tir khéa: pin mdt troi don tinh thé, dién cuc mat truéc, phwong phap xir Iy bé mdt, 16p chong

phan xa.
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