PLANK CELLS: ULTRA THIN AND FLEXIBLE SOLAR CELL
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ABSTRACT: The design, development and performance of abiexmono-crystalline silicon solar cell is
presented. The mentioned solar cell design is 1@r2hick, elongated in shape, and can be rolledrapnd a 6mm
diameter. The design of the solar cell is preseintatbtail and discussed in the paper. Preparatiadhe solar cell is
done on free standing thin mono-crystalline siliowafers, and standard manufacturing processes andlihg
techniques are used for all parts of the cell matjmn. Several batches of Plank solar cells ha&n lseiccessfully
fabricated and tested. Initial results are prongisend prove the possibility of producing highlgxXible solar cells
using mono-crystalline silicon solar cells. Thausture is then evaluation using 2-D modelling tareine the ideal
performance of Plank Solar cells at thicknessesath@v high flexibility.
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1 INTRODUCTION

The technology for wafer based crystalline silicon
solar cells is relatively matured. Modules are Istaiver
an extended lifespan, are non-toxic and have tkengial
for high energy conversion efficiency. However, mos
silicon solar cells, are above 200um thick, and are
therefore inflexible. This imposes a requirementtba
module packaging to be strong and rigid to prothet
silicon cells, thus making the module heavy and-non
mobile.

For a solar cell to be suitable as a mobile power
source, it preferably should be efficient, light ighg,
robust, and have high tolerance to shadow losdds- T
film technologies are potentially capable of megtimose
requirements, although most have low conversion
efficiency, and/or are not suitable for flexing .[On the
other hand, thin crystalline silicon solar cellg &ighly
efficient, and have the potential to be flexible.

This paper presents the development of a very
flexible thin mono-crystalline silicon solar celilfricated
from Float Zone grown silicon wafers. The solar gl
very thin, elongated in shape, and can be rolled up
around a 6mm diameter. Figure 1 shows a 24um thick,
45mm long Plank solar cell having extremely high

flexibility.

Figure 1: Plank Solar Cell

It is well known that mono-crystalline silicon bel
100um can flex and bend. Taking that further, netea
work in the Australian National University (ANU)
showed that solar cells fabricated on thin silicam be
flexed at 1.5x fracture limit repetitively over maaycles
without significant degradation of the cell perfemce
[2]. Based on this, it is possible to make flexisigar
cell modules with the assurance that the perforemavilt

not degrade with repetitive usage. The applicatiohs
such a module would be suitable for mobile and high
power/weight ratio applications.

2 PLANK CELL DESIGN AND PROCESSING
2.1 Cell Design

The general geometry of the solar cell is 45~10m
long, 18~50um thick, and 0.5~1.0mm wide. An
illustration of the cell cross section is showrFigure 2.
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Figure 2: Plank solar cell design

The cell is bifacial, and the negative and positiv
contacts are on the sidewalls. The front and badaces
of the cell is diffused with phosphorus with sheet
resistance of 100 Ohm/square as the cell emitter. F
good surface passivation, a thin layer of dry Saer is
thermally grown. The surfaces are coated with ailic
nitride as the anti-reflection coating.

The sidewalls of the solar cell are the contadhso
with a heavy boron diffusion on one side and heavy
phosphorus on the other. Metal is deposited on both
sidewalls as the metal contacts of the cell.

2.2 Sidewall Structure

Sidewalls of the solar cell are formed using a
combination of Nd:Yag laser cut and taking advgetaf
the anisotropic etch profile of heated
Tetraethylammonium  hydroxide (TMAH). TMAH
solution at 100 degrees will etch (100) siliconnas two
orders of magnitude faster than (111) silicon parigy
varying the wafer crystal orientation, cut depthdan
TMAH etching times, the sidewalls can either bepsih,
vertical, or inverted. Graphical illustration ofeththree
techniques is shown in Figure 3.
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Figure 3: Plank Sidewall structure formation

A sloped sidewall can be achieved using a wafeh wit
(100) surface crystal orientation, where the |lasgs are
done parallel to the wafer flat. This creates getb
sidewall of approximately 54.7 degrees. This strrect
allows easy one step metallization technique to be
applied to the metal contact. However, the celhdt
fully bifacial.

A vertical sidewall is achieved by using a silicamfer
with (110) surface crystal orientation and usingela
scribe to remove the dielectric layers followed ay
TMAH etch. The etching will propagate vertically
through the wafer, while etching into the (111)esidlls

at a much slower rate. This gives a perfect bifaxid,

but requires a two step angled metal evaporation

followed by metal etch back for contact formation.

An inverted sidewall is a more complicated techeiqu
which can be created using a (100) wafer by rengpvin
the dielectrics on both sides followed by a TMAK et
This structure allows a full back surface reflectorbe
deposited on the rear surface of the cell as theried
structure isolates the rear reflector from the aont
fingers.

2.3 Overview Fabrication Sequence

The processing of a batch of Plank solar cell megu2l
individual steps. For the sake of illustration, wig 4
simplifies the processes into 12 distinct procésgss

Step 1: 4 Inch (100) crystal orientation FZ p-type wafer
of thickness 300um is used as the starting substrat
Silicon dioxide (SiQ) mask is grown thermally. A
rectangular window on the top side of the wafer is
opened using Hydrofluoric Acid (HF) vapor. The wate
then etched in heated TMAH solution to achieve p20
thickness in the middle section of the wafer. TWil$ be
the area which the cells will be fabricated. lingortant

to note that the cell fabrication does not havébeégin
from a thick substrate, which wastes silicon materi
through the thinning process. The reason this fieds to
allow ease of handling due to manual fabricatiorthef
cells in laboratories.

Step 2: Initial SiO, mask is removed entirely via a HF
etch step. A light phosphorus diffusion is then mado
both sides of the wafer.

Step 3: A very thin (20nm) layer of SiDis grown for
surface passivation, followed by a Silicon Nitrig8:N,)
deposition via LPCVD as an anti-reflection coating.
Step4: A shallow laser scribe is used to remove the

Figure 4: Plank Cell Process Sequence
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dielectric layer, exposing the bare silicon for TMA
etching for the formation of the cell sidewalls.

Step 5: Hot TMAH etching for 30~40 minutes forms the
sloped sidewalls.

Step 6: Heavy phosphorus doping is diffused onto the
exposed sidewalls. Following the diffusion step, a
thermal oxide of approximately 200nm is grown toskna
the surface against subsequent TMAH etching andrbor
depositions.

Step 7: A light laser scribe is performed to remove
dielectric layers midway between the two phosphorus
sidewalls

Step 8: Similar to step 5, TMAH etching for 30~40
minutes forms sloped sidewalls.

Step 9: Heavy doping of boron is diffused into the
exposed silicon surfaces

Step 10: HF etching is used to totally remove any oxide
masks, exposing metal contact areas, whilst pregprv
the SigN,.

Step 11a: Metal deposition of aluminum, followed by a
low temperature anneal is performed to achieveréat
contact. Shadow masking is used to confine thelrteta
the sloped sidewalls

Step 11b: Image of an actual Plank cell wafer at this
stage. The cells are still intact on the host wafer

Step 12: Individual Plank solar cells are removed from
the wafer.

3 2-D SIMULATION OF PLANK CELLS

In order to examine the potential of Plank SolaiCas a
flexible structure, a 2-dimensional (2-D) simulatids
performed to simulate the maximum efficiency of tedl
at thickness below 120um. The simulated plank stefr
has a polished surface, good surface passivatimhwéh
a SkN, anti-reflection coating.

By combining the simulation results with the findsnof
previous work [2] on flexible solar cells, we wezkele to
obtain a correlation between flexing at 1.5x fraetu
diameter and the associated maximum efficiencyufieig
5). As an example, with a requirement of 20 mm
maximum bending diameter, one would ideally expect
be able to utilize polished surface Plank solatscef
19% efficiency.
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Figure 5: 2-D Simulation results showing maximum
efficiency of Plank Solar Cells as a function oflcel
thickness. Also shown is the 1.5x fracture diamatehe
top x-axis [2].

The efficiency of polished surface Plank cells detate

quickly going below 20um, mainly due to poor light
trapping, as well as increasing series resistancthe
bulk. Incorporation of light trapping would addretbés
problem. This structure of dual sided emitter Planlar
cells ceases to function below 5um due to the feomt
back emitter diffusions consuming all of the bulk.

4 RESULTSAND DISCUSSION

Several working batches of Plank solar cells have
been fabricated at the ANU below 25um thicknes® Th
best performing batch of 18um thick cells demonestta
an efficiency of 11.9%, with an open circuit vokagf
605mV, and a short circuit current density of
26.8mA/cni. Figure 6 shows the Current Voltage
response of the cell at one sun intensity.
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Figure 6: I-V performance of 18um thick Plank Solar
Cell at 1 sun intensity.

The examined solar cell does not have surface riagtu
and implements a 70nm thick s8j anti reflection
coating. At the thickness of 18um, samples frons thi
batch were able to flex to a diameter of 6mm. All
reported measurements are calibrated in-house
measurements, calibrated against known silicorrente
cells and measured using a constant voltage I-$hfla
tester [3].

5. SUMMARY

The design, and fabrication technique of Plank i1Sola
Cells have been discussed, and a 2-D simulation have
been performed to 18~19% efficiency is achievable
without surface texturing. The best performing Rlan
solar cell fabricated at the Australian Nationalivénsity

is 11.9% efficient.
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