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ABSTRACT and transmission, plus an influence on optimum ddeso
layer bandgap [3,4].

In thin film solar modules, transparent conducm@de_s Even with increased thickness or doping of the Tili®,
(TCOs) are commonly used as a front contact. Thitdd e resistivity is an order of magnitude highemthiaat of
electrical conductivity and optical transparencyT@0sS  etals such as nickel or aluminum. For this reason,
reduce the efficiency of thin film modules, so a gifferent approach is proposed in this paper: The of
compromise must be achieved between low-lightyery thin metal grid lines to assist the TCO inlateral
absorption and good electrical conduction. In thsk a  onquctivity. In a thin film module as shown in Fitg,
new method for increasing the electrical-condugtiéf e generated charge carriers have to diffuseénT@O
TCO films and maintaining high optical transparemey ey relatively long distances. With the help oflense
solar modules by creating micron-sized metalize&bges g of small metalized traces as shown in Fig. the,

in the substrate is presented. The grooves weréime&t  yerage diffusion length can be reduced signifigant
into the glass substrate using a 266 nm pulsed &$erl

and a relevant optical setup. Initial results stioat ultra- Top View of

fine gridlines down to 10 um width with fully meizéd Thin Ellm Cell

sidewalls can be achieved. This is a factor ofseraller |

than the gridlines produced by screen-printingsTgaper

presents the procedures for masking, laser prowessid Ce'.Lf:,"

metallization and analyzes the impact this techamiqu connection

would have on solar cell performance.

INTRODUCTION

Thin film photovoltaic (PV) modules have two laydos (@) Without front-side mealligation

lateral conduction of the electrical current geteta one

on the front-side facing the sun (emitter side) aine Top View of Sectional View of

other on the back-side (back contact). On the Isaabd- TnloiEllie! ! Metalized Trace

of, a thin film module a metal with good electrical /;i‘: A e

conductivity can be used, while the front-side fayrist B i ' 3

be both electrically conductive and optically traaent. e 2 T . :

For this purpose so called transparent conductixigeo connection | |& " 5.4 VTC’OijV{:r /////

(TCO) film [1, 2] are used. e s “
Metalized Az 7:’2 B : Bufjfer La-yer :

Common TCO materials are tin doped indium oxide foess —e e '

(ITO), fluorine doped tin-oxide (FTO) and aluminum P il '

doped zink oxide (AZO). The desired qualities of@O
layer are high transparency to sunlight and higltteical
conductivity to minimize electrical losses due tmhh
series resistance. It is very challenging to obtadrth
properties in one TCO layer. To decrease lateragése
losses, the TCO doping can be increased. Higher TC
doping, while leading to lower TCO sheet resistamtso
leads to higher free carrier absorption in the mefaared, SIMULATION
which increases photocurrent losses. Thus, theabiver
module design is a trade-off between the TCO iligiist Simulation of the impact of a metalized grid in
conjunction with a TCO on module performance is

(b) With front-side metallization

Fig. 1: (a) Top views of thin film module with stdard

cell-to-cell interconnections showing lateral oarsitravel
ath through the TCO, (b) Metalized grid fingereaid
ith TCO for improved lateral carrier conduction.
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presented ifFig. 2 andFig. 3. InFig. 2 it is observed that Table 1: Percentage power gain for baseline (no grids)
as the power gain from a metalized groove dependee and gridded TCO for thin film modules.

grid spacing with the optimum at around a grid line Baseline Wi
. . . e ith metal
spacing of 0.3 cm. A grid spacing of 0.3 cm prodlaa Specifications (No metal grids
optimum power gain of around 8% as shown in Fidure grids)
Calculations have also shown that a grid width @fusn | TCO thickness 0.8 um 0.8 um
produced the best power gain of around 8%, proviled | T resistivity 15x10° Q- | 2103 0.om
metallization thickness of 200 nm. cm
Grid finger spacing | N/A 3 mm
Power Gain versus Grid Spacing (%) Grid finger width N/A 50 pm
& Grid finger length N/A 10 mm
j Material Resistivity | N/A 80 nQ:m
£ 6 Total power loss 10.8% 1.8%
=
£ o
s a estimate that half of the light can be recoveredsly
E 3 only half of the total shading is included in the
e calculations of the power loss in Fig. 2, 3 and|&ah
; These calculations indicate therefore the overatiémptial
o o oa 06 o of the technology, while a critical assessmenthef lbss
) . mechanisms needs to be incorporated in subsequent
Grid spacing (cm)

Fig. 2. Power gain as a function of the grid spacing. experiments

EXPERIMENTAL

Power Gain at 0.3 cm Grid Spacing (%)

In order to achieve ultra fine gridlines with a ticf 10
’ to 50 um, a new manufacturing scheme has been
developed as shown in Figure 2. The substrate tfiee.
front glass sheet in superstrate thin film module
manufacturing format) is coated with a masking mate
In a second step, a laser is used to cut gauskeaped
groves through the masking material into the glasstep
3, the whole surface is metalized. After the mésaft in
step 4, only the laser groves remain metalized enttie
© =0 100 50 200 metal on the rest of the glass surface is remowgether
Grid width {micron) with the masking material. In step 5, the TCO is
Fig. 3: Power gain as a function of the grid width at thedeposited, forming a conductive interface with thetal
optimum grid spacing of 0.3 cm. grid lines. Subsequently, the standard manufagjurin
process of substrate thin film technologies caapygied.
Table 1 shows a summary of the conditions for the
calculations on laser grooves for minimizing thevpd  For the development of the manufacturing process fo
loss in a thin film PV module ultra fine gridlines we used 1'x1” glass samples of
standard solar front glass. As a masking mateaiafater
As shown in these calculations, a thin TCO of 800 n pased paint containing titanium dioxide (FjQparticles
combined with metallic grid fingers of 50 pm widihd  has been used. As the masking process has to tiedapp
3 mm spacing is sufficient to transport the currefita  on large areas of today’s thin film modules, a feature
single cell low losses of only 1.8 % resulting fréigh  of any masking technology is the use of inexpensive
series resistance. TCO transmission loss is natidered masking materials and masking and Stnppmg presess
in the calculations as it is the same in both sgesa We deve|oped a masking process using a water solubl
Shadowing loss of such a gird finger design is%.7 inexpensive masking material as well as a stripping
However, due to the V-shaped form of the grid fisgee  process using only DI-water in an ultrasonic bath.

Power gain (%)

[ L T "R O U o) B N R o'y B e
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i1 Glass i1 Glass

Sepl Sep2 Sep3 Sep4 Sep5
Masking Laser- Metallization ~Mask Liftoff TQO e
Processing Deposition
=
Fig. 4: lllustration of the process chain for mizakion
of laser ablated grooves and subsequent TCO d&posit
for selective metallization of the gridlines. ™

A laser operating at a wavelength of 266 nm wasl tise Fig. 5: Test samples for resistivity measurements showing
structure the masking material, as well as to aldatall  the ultra fine lines and pads.

grooves into the glass. Both processes were acésimepl

in one single step. In these experiments a frequencrig. 6 shows a high magnification image of one of the
quadrupled Nd:YVQ laser operating at 266 nm smallest grooves we manufactured showing the detdil
wavelength was used to create the grooves. The b@sm the structure. With improvements in process devalent,
delivered to the work piece through a beam expatwler ultra fine gridlines smaller than 10 um with metal
optimize the focal spot diameter and a galvanometricoverage on the sidewalls were achieved, as shown i
scanner with a telecentric focusing lens. The higtFigure 3.

intensity pulses of the laser remove material tgoa
process of laser ablation. Using a high pulsingdency

in the order of tens of kilohertz, a continuous ay® is
ablated through the masking material and into tlesy
substrate. Following this, the entire surface wageced
with a metallic layer in a sputtering process. Thba
masking material was removed in de-ionized watbis T
leaves behind the metalized grooves recessed o t
otherwise transparent glass surface. In this vemye
stage of development of this technology, we did amid
further processing in form of a TCO layer. The main
objective was to find suitable masking materiabser
structuring processes and metallization steps. At ne :
development step will be the deposition of a TC@efa Wag= ZOICX | EHT=170ly | SnaAziiane  Ming=on
about 200 nm thick followed by the standard thimfi LR LD

semiconducting emitter and absorber layers in based Fig. 6: SEM image of laser groove with a fully metalized
typical superstrate for CdTe or amorphous sifinger. The material contrast to the unalteredgylasgface

manufacturing process. indicates the presence of a metal layer in the\\grodo
the right, the fully metalized contacting area tenseen
RESULTS which was scratched manually into the mask.

Several laser groove structures were fabricatedlass ) ) o
substrates for evaluation of electrical and optical™ Figure 3 the single laser pulses can be distsiga
performance. The structures include contact pads fo/€rY Well. Due to the limited positioning accuraayd

resistance measurements as shown in Figures 4. dfi5 vibration isolation of the ablation equipment usedhe
metallic layer was applied using a sputter depmsiti EXPeriments, a slight dislocation of about 1 pmween
process. the single laser pulses is noticeable.

Laser parameter optimization is crucial to remokie t
masking material and to avoid excessively high rttar
impact on the underlying glass.

The laser processing step is sufficiently flexitdeesnable
a degree of control over the profile of the groo¥e.
variety of groove cross-sections have been produced
including square, Gaussian and V-shaped profiles.
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Incident light that falls on flat or square shapgi lines
and is not adsorbed can be expected to be refléctekl
out of the module. However, V-shaped grooves are of
particular interest since they can be expectedattighly
reflect incident light onto the active part of tiells,
further minimizing optical losses.

-y

Fig 8: High magnification white light interferometry
image of a typical improved laser groove microrediae.

CONCLUSION

In conclusion, very ultra fine grid lines have thatential

for significant improvement in thin film module
efficiency. A new manufacturing methodology hasrbee
e e e e developed which features a four-step process (mgski

0
(= P e e SR e laser ablation, metalization and mask removal). &y k

Fig.. 7: SEM image of Gaussian shaped .profile with eature of this technology is the use of cheap ingsk
partially re-melted glass. The re-melting cause

A o . ) - aterials and water based mask stripping processes.
significant tension in the material leading to roicracks Preliminary tests have indicated that the grid direre
as seen in the right part of the grove.

electrically conductive with widths as low as 10 jcan
be achieved, which is an order of magnitude less th

. . what can be achieved with screen printing. Powén ga
The sputter_ed metal .Iay.ers consisted of an adhésym using this technology has been estimated at 4 - 9%.
and a main metallization layer. As adhesion metals
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