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LEYBOLD OPTICS

Will Si-Thin Film PV be superior?




Snapshot Business Units ©

LEYBOLD OPTICS

BU Optics
Precision Ophthalmics 3D Coating Flexible

BU Solar

The business is grouped around the core fields Opti cs and Solar




All major TF fields are covered by LO

Renewable Energy — Photovoltaic (PV)

LEYBOLD OPTICS

Concentrator

Capacitor / Storage

Wafer based PV

Thin film PV

Silicon thin film

CIS / CIGSSe

CdTe

Organic PV

aSi/ucSi

front contact
back contact

-PECVD systems:

- Sputter systems:

front contact
back contact
absorber layers

- PVD systems:
Se absorber

- RTP systems:
absorber

- Sputter systems:

- Sputter systems:
back contact

- PVD and sputter
systems:
contacts
absorber
barrier

Systems for rigid as well as flexible substrates

Following customers’ requirements




a-Si / pc-Si Production Line o

LEYBOLD OPTICS

Leybold Optics‘ core competences are vacuum systems

and processes for:

PECVD PVD

(absorber layer) "i ] (electrodes)




PVD: Magnetron Sputter Systems ©

LEYBOLD OPTICS

Advantages of PVD Photovoltaic system:
B Easy handling due to 7°system

B No back side coating due to carrier

concept

B Particle insensitive due to vertical m. q’ L N
*M_ = e ol . e

»

B Easy/fast maintenance due to

cathode concept

B Low CoO due to rotatable cathodes



PECVD: The Linear Cluster Tool ,, Phoebus o

LEYBOLD OPTICS

B Maintaining substrate temperature
B No vacuum break during process
M Carrier free

B Rigorous gas separation

B High flexibility in process sequence
B Manufacturing friendly

B Self cleaning with environmentally gas




Phoebus © excellent uniformity o
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a-Si single junction solar cell: kc-Si single junction solar cell:

max/min deviation from average cell max/min deviation from average cell
thickness: 4,7% thickness: 6,4%

Sigma: < 2,0% Sigma: < 2,3%



Excellent uniformity in crystallinity ©
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Rate improvement without sacrificing Si-layer quali ©
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Fact:

B rate improvement by higher frequency
13,6MHz > 27MHz > 40MHz > 80 MHz

® reduction of lon bo tth-hl

frequency

B But higher frequency results in worse~yniformity!

B Solution: Dual Frequency (13,6 MHz + 27 MHz) > g
B lon energy and ion density separately controllable D
B bias controllable by phase shift : T
B Uniformity not corrupted VHF!!



Innovation Prize 2010 for “Dual-Frequency-technolog y LEYBOLD.OPTICS

Leybold Optics has an exclusive license of the Dual Frequency technology

Informationsdienst Wissenschaft

Sis sind hiar: Home = Prassemittsilung: Bochumer Fhysik-Oskan arhall.

Frassamittgilung

Beochumer Physik-Dekan erhait Plasma-Innovationspreis
Or. Jaset Konin, Pressestells
Ruhr-Unkarsitat Bochum

AT A2 0R42

Entdieckung dis "Elekirischan Asymmelria-Effekis" wird gewirdigt
EF5 Plasma Physics Innovation Prize 2040 fur Uwe Cramelzki

Prof. Or. Uwie Czametzkl, Dekan dar Fakuliat fir Physik end Astronomie der Ruhr-Univeralist Bochum, wird fir gie Entdeckung des "Elekirischen Asymmetrie-Effekis” von der
Eurggsiischen Physikalischen Geselschall (EPR) mit dam “Inncvationsprels f0r Plasmaphysik” ausgaereichnet. Seing Fntdeckung Kihme etetich 7o einem innovativen Verfahren zur
Kantrolle von industrigllen Plazsman, Das Anveendungsspekirem dar aulgrund dieser Entdeckung entwickellen Technologie reichl von dar Solarzellenproduktion lber
Ciparfizchenfunkbonalisisrung

bis ziem Hzlblenerazen in der Milroeleldronik. Oer mit 3.000 Eura dobars Freds sward ime Jum 2010 be: cer EFS Konterenz vedishen.

ol nauanige Charaklaistika

sr Elekrizche ssymmetrie-Sffelt wurds srstmals in svmmeinschen kapazitiv gekoposien Raviclrequanzent adungen bei der Dberiagerung der Grundfagquens f = 93,56 I4Hzy mit siner Prof. v Liwe Czamnetzki®,
gerztzahligen Harmonischan (21, 4 e ) untersucht Die gexglie Edorschung der zugundeliegencen Physik dieses Effeldes und die aus diesem Verstandnis eroipie Opfirmierung fihrten
schiliailich 2u einem innavativen Verahnen zur Kontrolle von fndustietlan Flasmen, Das neus Verfahren zelchnet sich vor glfem durch owel neuanine Charakiensika sus. Zum einen 15t erstmels elng wirklicne unabhang
Ragalung der birded wichligen Frozessparameter ionananargle und lonanfuss maalich, Zumandenan ist das Yeahoan yor s anwendban auf groftdichige Entladungen 358 10 madarms intasiialls sowandungen
sind. Oas Yarfahren isf Gbar RUBITEC. die RUB-Verwedungsgesellschafl, patentier und sn der Limsalkzung zur effidentsran Produltion von Solarzellen vird mil sinem industrislian Pardner (Leyvhald Spfics GmbH) gearbsitel An
der Effarschung waren netan Miglisdem des Lehrstuhis fur Plasme- und Asamphysike inebesondere Dr. Bran Hell, auch Kollegen aus der Elekroiechnik (Prof. Cr Ratf Peter Brinkmmann. Dr. habil. Thomas Musssnbrock! soms
Jen der Hunganan Academy ot Sclence in Bugzpast (Or Zoltan Donke) batsiligt

m

iksam

http://idw-online.de/de/news349305



Leybold Optics Phoebus © PECVD machine ©

LEYBOLD OPTICS

Hardware adoptions for dual
frequency technology:

® 2nd power supply and
2nd matching unit

B frequency generator incl. phase shifter
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Bias voltage can be switched from positive to negat ive by turning phase shift.



Dual Frequency results
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Results for a-Si (1400mm * 1100mm substrate)
B higher efficiencies at high deposition rates (2*times higher)

B same uniformity than 13.56 MHz process
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Basic procedure of chamber cleaning ©
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Regular chamber cleaning to guarantee stable produc  tion

Others Leybold Optics
Others:
» cleaning after each deposition .
J P deposition depo: ition
= hazard mechanical cleaning Y _ _
[etching I} piecewise »
; v deposition
Leybold Optics: [condiorng ] 7
v
= cleaning after several deposition deposition
cycles deposition (20 .. 100 x
v depoiition)
tchi I i
Advantages: [_etcning |} piecewise
. : [_conditioning | deposition
» reduced total cleaning time ] -
» petter HF-gas pumping depoiition e
. e . v \
= effective conditioning I etc:mg I} piecewise
) rrp— etching
> higher throughput [ o] 7 . extended
v cleaning
stable processes conditioning |

v



New cleaning process: “Green process” using F ©

2 LEYBOLD OPTICS

. . Atmospheric Global
What happens if the use of NF3 is banned? e I 5 e T
CF, 50000 6500
. GF 10000 9200
Switch to F ,? Yes! 5 —
o NE 740 17200
Toxicity matter: : n ;
NF, and SF, on 2007 ITRS Chemical Restrictions Table
Either low % mixtures or on-site generation (e.g. e e
available from Linde*) is a proven safe and reliable Bl Lo
supply mode. ‘:mh §é
Fluorine, F» 1-
HF 3
Up to 20% F, dilution in N , or Ar is easier handable NE m
£O is de*_ined as Threshold Limit Valueﬂ'lrr*&Weiggtesd ﬁver.:ge.
. . . Remote Plasma
Possible activation of F2 (20%):
remote plasma system éﬂm*“"’i&ﬁ@ﬂ

or i

thermal activation N Tl
Vac
Pump

*(see also poster session)



LEYBOLD OPTICS

New cleaning process: “Green process” using F2

We developed boost pressure thermal activation (BPTA-) process*
because:
thermal activation
more reliable than remote plasma (simple thermal pr
less energy consuming

less hardware necessary (RPS)

Inciple)

Etching rate

16

14 -

[
N

[
o

temperature [C]

777777777777 — conventional thermal activation f””f”if”””f
777777777777 boost pressure thermal activation ”’25’O’ﬁ1baT
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, boost ___|
pressure
10 mbar
0] 25 50 75 100 125 150 175 200 225 250

*patent pending



New cleaning process: “Green process” using F2 ©
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Advantages of boost pressure thermal activation (BP TA-) process*

® highly efficient cleaning process (F2 utilization > 95%)
M “soft” process avoiding highly excited species

B more homogeneous process and therefore shorter “ove r-etching
time” required

M cleaning /deposition rate > 15
M “green process”

W cost less than NF ; process

*patent pending



PECVD: The Linear Cluster Tool , Phoebus ©* o
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Process Challenge

Uniform layers over thickness
Uniform deposition
Quality p-Si Layer

Adaptable to customers TC process

High rates without sacrificing
efficiency

Stable, reproducible process

Advantage Phoebus

Linear cluster single stage process
Excellent electrode design
Excellent process control

Fast, flexible p-Si adoption to
customers TC process

Innovative Dual Frequency
technology

In-situ plasma cleaning with NF, as

wellas F, / N,



Summary ©

LEYBOLD OPTICS

Advanced process & design for economic high throughput PV manufacturing
m Economic PVD processes
m Advanced PECVD system

m Rate improvement without sacrificing efficiency

m Economic cleaning technology (F,/N,)

m Flexible for new or/and additional layer implementation

Economic high throughput equipment is

optimum basis for superior production



