2D Periodic Photonic Nanostructures Integrated
Into 40 um Thin Crystalline Si Solar Cells

CHRISTOS TROMPOUKIS, OUNSI EL DAIF, VALERIE DEPAUW, JEROME MULLER,
JONATHAN GOVAERTS, TWAN BEARDA KRIS VAN NIEUWENHYUSEN,
HARIHARSUDAN SIVARAMAKRISHNAN RADHAKRISHNAN, STEFANO GRANATA,
ROBERTO MARTINI, IVAN GORDON, JEF POORTMANS

@GC



OUTLINE

> Introduction/Motivation

» 2D Periodic Photonic Nanostructures Integrated Into 40 um Thin
Crystalline Si Solar Cells

> Fabrication
> Characterisation
» Integration

» Outlook

l.me'c CHRISTOS TROMPOUKIS EUROREG PV 2014 LJUBLJANA SEPTEMBER 2014 2

© IMEC 2014 / CONFIDENTIAL — LIMITED USE



Thin-film Crystallin?
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N © Well-known
® Simple @ $ module
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HOW THIN-FILM C-Si PANELS
ARE MADE

Starting material is a
piece of glass

We need
high-quality thin c-Si

-

Fabrication of a thin

layer of Si
o Thickness < 50 um

o High material quality ~
We need a

relevant cell
process

Parallel processing 4 We need appropriate

light confinement

on module level

Dross et al. PIP 20 (2012)
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ADVANCED LIGHT TRAPPING IS POSSIBLE
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Wavelength-selective absorption enhancement in thin-film solar cells
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Absorption Enhancement in Ultrathin Crystalline Silicon Solar Cells
with Antireflection and Light-Trapping Nanocone Gratings
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Go towards wavelength-scale patterning
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DEVICE PROCESSING

o Epitaxial foils on parent substrates

Front side processing:

|.  Texturing
2. Passivation/FSF
3. ARC

4. Metallization

Bonding and detachment

Back side processing: ITO

. i/pt aSi
S |. Emitter P
’y, . .
. 2. Dielectric metal stack c-Sicn (epifoil)
Silicone Ti/Pd/Ag
_ glass glass
. Dicing
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NANOTEXTURING: NANOIMPRINT
LITHOGRAPHY

Master stamp Silicone Soft stamp

w— -

T ] T<T,
Nanoimprint . — e — . e

Soft stamp fabrication

Spin coat resist Heat up Press Cool down
and detach
DRY - NIL WET - NIL

Reactive ion etching TMAH etching
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FRONT SIDETEXTURING

Absorption (%)
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Better light-trapping than state-of-the-art
texturing (37 um Epifoils)

C. Trompoukis et al. PIP (2014)
DOI:10.1002/pip.2489
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DEVICE PROCESSING
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ELECTRICAL PROPERTIES:
MATERIAL QUALITY
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Injection Level (cm3)

Better passivation for Wet NIL compared to Dry NIL
C. Trompoukis et al. PIP (2014)
DOI: 10.1002/pip.2489
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OPTOELECTRICALTRADE-OFF
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DEVICE PROCESSING
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ELECTRICAL PROPERTIES:
CONTACTING

- ‘Mv';ﬁn. CaRT

More conformal depositions for Wet NIL

C. Trompoukis et al. PSSA (2014)
DOI: 10.1002/pssa.201431180
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REAR SIDE: ITO THICKNESS
OPTIMISATION

air

€

ITO: 70nm
aSl: 16nm
1.1pm

p-cSi | 8um

40pm
a/cSi:100nm
ITO: ?

Al: 2um

rear ITO thickness = 80nm

patterned area

rear area

||||||

imec
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RCWA simulations—>
ITO optimal thickness of 110 nm

More
absorption in
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REAR SIDE: EFFECT OF PARASITIC
ABSORPTION
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DEVICE RESULTS

Sample Jsc* Voc I:F Eota
[mA/em2] [mV] [%]  [%]

Dry NIL 252 (30.8%) 635 73 1.8
Wet NIL 252 (32.6%) 635 72 1.5
RP 26.1 32.6%) 675 75 132

*Current in the parenthesis calculated by integrating the
measured EQE

» Wet nil and RP have comparable currents
» Nanopatterning showed lower Voc and ff than RP
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LIGHT TRAPPING

|) Better UV response for RP

2) Better performance for Wet NIL because of
a better optical vs electrical trade off

3) Better light trapping for nanopatterning
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OUTLOOK: FROM NANOSCALETO
GIGAWATT...

|. Integrate 2.Tackle issues 3. Process
optimal related to cell optimised
pattern integration cells
* Pitch, diameter * Improve
« Profile, depth passivation and
e Periodic, random contacting

Jsc Voc FF Efficiency
(mA/cm?) (mV) (%) (%)
40 650 78 ~21
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