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Competence in thin film manufacturing equipment

As one of the world leaders in vacuum coating technology, Leybold Optics  develops and manufactures 
vacuum deposition equipment for a broad range of applications. The foundation for the firmÕs present-day 
success was originally laid by inventors Ernst Leybold and Wilhelm Carl Heraeus 160 years ago. Today, Ley-
bold Optics is a globally active high-tech company, with main manufacturing facilities in Alzenau (HQ) and 
Dresden and with a number of other subsidiaries worldwide totalling over 500 employees. Leybold Optics 
products are grouped into two divisions: Optics and Glass & Solar.
The product portfolio offered by the Glass & Solar Division includes vacuum systems for the photovoltaic 
 industry as well as machines for the coating of architectural glass, displays and other large area applica-
tions. 
The Optics Division commercializes deposition systems for precision optics, eyeglass coating, the automoti-
ve and the electronics industry. 
A top priority for Leybold Optics is innovation leadership in key areas such as sputtering, PECVD, plasma 
assisted evaporation, machine automation and software, as well as world-class customer service. Leybold 
Optics is certified according to DIN EN ISO 9001.

Mission Statement 

Our goal is to be the best decision you have ever made. Therefore our engineers take new roads every day, 
devoted to our mission to tap the nearly unlimited potential of vacuum thin film applications.  
Thus, we enable our customers to manufacture superior or even unique products in a cost efficient way. In 
the end, our technology creates every day objects, enhancing living standards or helping to protect natural 
resources. In all aspects of our work, we strive for the highest quality Ð well in the spirit of our tradition:
We do it with precision and perfection, being engineers and pioneers.

PHOTOVOLTAICS

160 YEARS OF CUTTING-EDGE TECHNOLOGY
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ADVANCED SOLAR SOLUTIONS

Dedication to innovation

We set standards. Leybold Optics is continuously searching for innovative production processes. Our dedica-
tion to innovation makes us the top and most flexible manufacturer of highly competitive solutions for the 
coating industry. 

Engineers and pioneers. Competence that counts.
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Leybold Optics is unique in its wide portfolio of systems for all major thin film PV applications. Not only are 
most of the essential vacuum process steps covered, but also the range in substrate size is impressive:
From 1 cm to 19 m , Leybold Optics can offer the adequate solution. 

 LEYBOLD OPTICS PORTFOLIO

APPLICATIONS LAYERS TECHNOLOGY TF-SILICON CdTe CIS

Anti-reflective layer SixNy, TCO Sputter �9  �9
Adhesion Layer SiO2, SiOx Sputter �9  

Front contact TCO Sputter �9 �9 �9
Absorber CuGa, In Sputter   �9
 Si PECVD �9
 Cd, Te Evaporation  �9
Selenium Layer Se Evaporation   �9
Chalcogenization  RTP   �9
Buffer Layer i-ZnO Sputter/Evap   �9
Barrier Layer Si3N4, SiOx, AI2O3 Sputter �9  �9
Back contact Cr, Al, Ag, Ni, Ti, V Sputter �9 �9 

 Mo Sputter   �9
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THE ART OF PROCESSING

Permanent innovation and rapid advances are key in the photovoltaic industry. Leybold Optics is proud to 
be part of this innovation race. Since our entry in this sector in 2005, several of our systems shipped have 
turned into reference customer installations, both in terms of achieved cell efficiency and throughput.

Active in all thin film solar technologies
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A key to success is the development of dedicated, optimized systems for each application. Be it Silicon tan-
dem, CIGS or CdTe cells Ð each of these technologies has its specific advantages and challenges.
Leybold Optics focuses on the core vacuum deposition sequences in the production chain, thereby levera-
ging its vast know-how base.

a-Si/c-Si CIGSCdTe CIGS-Flex
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Silicon Thin Film 

A Silicon thin film cell uses amorphous (a-Si) or microcrystalline ( c-Si) Silicon. Silicon layer stacks are com-
monly generated by chemical vapor deposition, typically plasma-enhanced (PECVD), with Silane and Hydro-
gen gas as source materials. The Silicon is deposited on glass, plastic or metal which has been pre-coated 
with the respective front or back contact layer.

Amorphous Silicon 

Amorphous Silicon (a-Si) is the non-crystalline form of Silicon. It can be deposited in thin films at low tem-
peratures onto a variety of substrates, offering some unique capabilities.

a-Si/ c-Si Silicon (tandem cells)

Tandem Silicon module technology combines amorphous Silicon in a top cell and microcrystalline Silicon in 
a bottom photovoltaic cell for achieving improved cell performances. 

Front and back contact

Front and back contact layers extract the electric energy out of the light absorbing layers to be utilized.

Leybold Optics started as early as 2005 being one of the pioneers in industrial production equipment for 
thin film Silicon tandem cells showing an impressive track record for innovation and production processes.

SILICON

a-Si/ c-Si 
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SUBSTRATE 

CLEANING

SUBSTRATE 

ETCH/CLEAN

LASER  

CUT

LASER  

CUT

LASER  

CUT

FRONT CONTACT  

SPUTTER DEPOSITION

Deposition equipment for this application:

�Q PHOEBUS PECVD system

�Q Vertical and horizontal inline sputter systems

With these machine platforms, Leybold Optics covers all vacuum process steps in the production 
chain of amorphous and tandem Silicon cells.

ABSORBER  

PEVCD DEPOSITION

BACK CONTACT  

SPUTTER DEPOSITION
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Cadmium Telluride (CdTe) photovoltaic technology is based on Cadmium Telluride thin films as absorbing 
layers. Cells and modules based on Cadmium Telluride have certain advantages over that of crystalline 
Silicon. Especially the favorable cost per effective module area makes it the technology of choice for large-
scale installations, where space requirements are less decisive.

With its portfolio of vertical and horizontal inline sputter and evaporation tools for photovoltaic applica-
tions, Leybold Optics is well positioned to provide industrial systems for front and back contact depositi-
on within CdTe cell production. On top Leybold Optics has the ability to provide customized solutions for 
special process requests.

CADMIUM TELLURIDE 

CdTe
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Sputter coating equipment for:

�Q Front contacts

�Q Back contacts

SUBSTRATE 

CLEANING

SUBSTRATE 

CLEANING
PATTERNING

WINDOW  

LAYER DEPOSITION

ABSORBER  

SPUTTER DEPOSITION

BACK CONTACT  

SPUTTER DEPOSITION

PATTERNING PATTERNING

FRONT CONTACT  

SPUTTER DEPOSITION
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Copper Indium Gallium (Di)Selenide (CIGS) is a I-III-VI chalcopyrite compound semiconductor material. 
Copper Indium Gallium Sulphur Selenide (CIGSSe) is a quinary semiconductor compound which shows most 
promising efficiency road maps.

By 2011, Leybold Optics has an impressive track record of installed systems operating in the industrial 
production of CIGS cells, often with benchmark performance at world leading customers. Leybold Optics is 
widely recognized as the leading equipment manufacturer in this field. Especially distinctive is our unique 
position to offer the full suite of vacuum equipment for all necessary processes. Not only on rigid sub-
strates, but moreover CIGS solar cells on flexible substrates is another stronghold of Leybold Optics.

CIS/CIGS

CIGS
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SUBSTRATE 

CLEANING

SUBSTRATE 

CLEANING

CHEMICAL 

BATH
PATTERNING

Deposition equipment for this application:

�Q Horizontal and vertical inline sputter systems

�Q RaPiT Ð Oven for rapid thermal processing

�Q SELENIA Ð Selenium deposition systems

�Q Web sputter deposition systems for flexible cells

ABSORBER  

SPUTTER DEPOSITION

FRONT CONTACT  

SPUTTER DEPOSITION

BACK CONTACT  

SPUTTER DEPOSITION

SELENIUM  

DEPOSITION

RAPID THERMAL

PROCESSING

PATTERNING PATTERNING
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CIGS-FLEX 

Flexible Solar Cells 

Several material systems permit the fabrication of solar cells on flexible substrates. A well known example 
is CIGS on stainless steel web. Compared to conventional rigid solutions on wafers or glass panes, flexible 
cells come with a couple of decisive advantages.

New applications 

Modules based on flexible cells can be given any shape and because of their light-weight composition they 
are ideal choices for building integrated photovoltaics and curved surfaces.

Leybold Optics Glass & Solar Division is one of the very first movers in this field, with our first system ship-
ped as early as 2002! Since then, a variety of R&D plant and pilot production plants have been installed in 
close cooperation with our customers, making us a key player in this field today.

CIGS-Flex
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A high degree of design flexibility for customer specific requirements and processes Ð a modular approach with many options:

�Q Substrate materials Ð stainless steel web, copper tape, polymer films

�Q Deposition methods Ð sputter, evaporation, CVD, combined tools

�Q Semiconductor layer stacks

�Q Barrier layers / encapsulation

�Q Dimensions of substrates Ð width: 4 .. 2600mm

  Ð thickness:  10m .. 2mm
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The tool of choice for todayÕs and tomorrowÕs Silicon thin film applications, be it single junction cells, tan-
dem junction technology or any other concept yet to come.

PHOEBUS is the ideal choice for an industrial proven production tool of 1.1 x1.4m or 1.1 x 1.3m  (GEN 5) 
sized modules, ideally suited to keep track with the always growing requirements on production tool perfor-
mances and prospects to implement new technologies. 

Based on its inline-cluster design structure with 15 process cham-
bers docked alongside of the transfer tunnel, the machine offers 
an exceptional flexibility. The substrateÕs overhead orientation of 
95  minimizes particle contamination thus consequently increa-
sing yield and performance of the ready solar cell as sources for 
shunts and defects are minimized. Due to the PHOEBUSÕ concept 
an in herent excellent gas-separation between process chambers 
and transfer tunnel obviates any process gas cross-talk between 
the different chambers. Simultaneously ensuring vacuum condi-
tions and constant process temperature across all transportation 
sequences make the PHOEBUS system a system with highest reli-
abilities and lowest levels of glass breakages and process drifts.

Aside excellent process performance ease of maintenance is a key to success for a high production up-time 
and minimized Cost of Ownership (CoO). The design of the PHOEBUS tool allows easy access to all vital 
machine components and moreover individual process chambers can be retracted and maintained without 
interrupting the production flow of the entire inline-cluster.

This is even valid during the chamber cleaning process which is automatically started by the control system, 
taking the respective chamber out of production and automatically allocating the production flow to the 
remaining process chambers. For the automatic cleaning procedure Leybold Optics provides a solution for 
NF3 or an environmentally friendly solution based on F2-gas reducing the ecological footprint of the solar cell 
production.

The PHOEBUS concept ideally fits into existing environments as it is a cost-effective non-carrier solution and 
can be either wholly or partially integrated into existing clean-room environments. As the load-lock section 
is located at one end of the machine this is the only part to be integrated into a clean-room environment 
thus reducing cost for the clean-room itself.

Absorber



15

PHOEBUS Ð Absorbers for Silicon Thin Films (TF)

Especially designed for the deposition of c-Si layers the PHOEBUS is a perfect match and natural upgrade 
opportunity for already existing a-Si production environments.

PHOEBUSÕ concept originates in the vision of our engineers to fuse utmost process flexibility and extraordi-
nary process and manufacture stability to the production of Si based thin film solar cells. One constituent 
to achieve this high aim is undoubtedly the concept as an inline-cluster itself, but similarly important is the 
flexibility to access virtually any process step Ð including transport and/or cleaning sequences Ð by easily edi-
table recipes. This is a rather unique combination and adds up the PHOEBUS system to be the most future 
proof production tool available on the market.

a-Si/µc-Si MANUFACTURING

a-Si/c-Si 
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The PHOEBUS Lab-Coater is a reaction upon customer demands for a R&D tool resembling the same unique 
features of the PHOEBUS production tool. It shares the same process chamber design and excellent coating 
results with its bigger sister. For our customers this is a stunning opportunity to transfer lab-results to a 
production machine whilst shortening the scale-up time tremendously.

As the PHOEBUS Lab-Coater focuses on process development the carrier based transport system is much 
simplified and more adopted to daily lab environments and operation procedures. The maximum substrate 
and hence coating area is 300 mm x 300 mm or alternatively a variety of smaller substrates of any shape 
may be fixed onto the carrier. 

Due to the highly modular design the PHOEBUS Lab-Coater can be easily customized in accordance with 
the customerÕs particular needs. Process chambers may be added, gas supplies can be changed, deposition 
tools be added, static or dynamic deposition process be employed Ð customization has ever been a strong-
hold of Leybold Optics!

Using the PHOEBUS process chamber design is an ideal basis for a R&D platform as it provides highest 
levels of stable, reproducible and homogeneous coating processes. Furthermore its extended data-logging, 
superior gas separation and ease of process changes makes it an ideal tool for R&D on the pathway to new 
horizons in thin film technology.

Customizable and modular design features:

�Q From single (a-Si or c-Si) to multiple junction cells (tandem, triple, )

�Q Uninterrupted vacuum during entire process

�Q Stable substrate temperature during processing and transportation

�Q Excellent gas separation avoiding any cross talk between process chambers

�Q Extraordinary uniform layer deposition for amorphous and microcrystalline layers in special

�Q Substrate handling via carrier

�Q Ease of transfer of parameter setting towards PHOEBUS production tool

�Q Easy access to each single reactor for maintenance purposes

�Q Possibility for cross check of process results and transition to standard production environment  

 via Leybold OpticsÕ large area coating tool installed in Alzenau/Germany

Absorber
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PHOEBUS Lab-Coater Ð The ideal platform for R&D environments

SILICON THIN FILM DEVELOPMENT

a-Si/c-Si 
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SELENIA Ð Leybold OpticsÕ new Selenium evaporation system.

Leybold Optics develops and commercializes machines for thin film photovoltaic module production on the 
base of CIGS (Copper Indium Gallium di-Selenide) as absorber material. Leybold Optics is in the unique po-
sition to offer the full suite of vacuum equipment for all necessary processes in CIGS solar cell production.

Starting with barrier and Molybdenum sputter deposition on glass substrates, the absorber is formed by 
sputtering CuGa and In in our vertical or horizontal inline sputter machines. Subsequently, Selenium is 
deposited in the Selenium evaporator SELENIA. This proprietary Leybold Optics system uses linear Selenium 
sources with excellent uniformity. 

With an extended reservoir of Selenium and potentially changing or refilling the source whilst continuing  
production Ð SELENIA is a unique solution to combine extended manufacturing time and ease of operation.

Furthermore SELENIA acts as a platform for sophisticated evaporation systems among all PV applications on 
flat substrates.

Compared to non-vacuum evaporator solutions, our system offers far higher levels of operational safety  
and control. 

Absorber
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SELENIA Ð A member of the CIGS equipment family

SELENIUM EVAPORATION

�Q Linear evaporator

�Q Extremely good uniformity

�Q Advanced temperature management of system-cooling and absorption of excess Selenium

�Q��Optional XRF in-situ measuring system available  

CIGS  
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RaPiT Ð Controlled and fast heat treatment for multiple substrate sizes 

For the completion of the CIGS absorber layer a thermal process step called Rapid Thermal Processing (RTP) 
is required. RaPiT the specialised Leybold Optics equipment used to run this sophisticated process. In this 
RTP equipment the precursors will react with each other using reactive gas under controlled conditions to 
form the CIGS PV material. After completing the RTP process, the buffer layer and the i-ZnO and ZnO layers 
are generated, preferably again by vertical or horizontal inline sputter coaters.

Absorber
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RaPiT Ð A member of the CIGS equipment family

RAPID THERMAL PROCESSING 

�Q Fast and uniform heating process

�Q Heating under inert or reactive gas environment

�Q Typical substrate sizes Ð 1.2 x 0.6m, 1.25 x 0.55m, 1.4 x 0.55m, 1.6 x 

0.7m

�Q Substrate thickness Ð 2 .. 3mm

�Q Cycle time (approx.) Ð 150s / substrate

CIGS  
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Roll-to-roll coaters for flexible solar cell production

Roll-to-roll coating systems Ð sometimes also called web coaters Ð are a classic highlight in the portfolio of 
Leybold Optics. Decade-long experience with capacitor and packaging web coating systems provide us with 
unique competence in key areas, such as winding of flexible, often delicate, substrates under vacuum,  
continuous deposition and process control.

Together with the mastery in the fabrication of semiconductor layer stacks for solar cells, via sputtering tech-
nology, evaporation or CVD processes, Leybold Optics is equipped with the ideal toolbox to develop and 
implement roll to roll coating plants for next generation photo-
voltaics. Other emerging application fields are high temperature 
superconductors and barrier layers for organic solar cells and 
LEDs. 

Platform WEB750

The WEB750 is a showcase system for flexible solar cell produc-
tion. ItÕs process chambers can be equipped with various catho-
de configurations for all essential parts of CIGS semiconductor 
stacks, e.g. with stations for i-ZnO and ZnO: Al2O3, or other 
relevant materials. 

The WEB750sp can be expanded for a fully integrated production 
tool for CIGS cells on metal substrates, including process stations 
for e.g. evaporation and annealing. Patented Leybold Optics tech-
nology allows a full 360  design: substrate transport without ever 
touching the coated surface.

Front contact

Absorber

Back contact
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WEB200 .. WEB2000 Ð For flexible solar cell production

ROLL-TO-ROLL COATING

�Q Deposition methods Ð sputter, evaporation, CVD, combined tools

�Q Different substrate materials Ð steel web, polymer films

�Q Flexibility in sputter configuration Ð front and backside magnetrons

CIGS-Flex 

CIGS  

�Q Drum with cooling or heating for substrate temperature control

�Q Advanced coil handling system for fast exchange

�Q In-situ measurement system integration
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Vertical inline sputter systems: Leybold Optics covers all classic PV applications 
and substrate sizes

Inline sputter systems are a crucial tool in many of todayÕs thin film solar cell production lines. Classical 
exam-ples are transparent or metallic front and back contact layers for a broad range of material systems 
including Silicon, Cadmium Telluride and CIGS. But also barrier, buffer and absorber layers such as Copper-
Gallium, Indium and i-ZnO are ideal domains for vertical inline systems. Related applications include layers 
with electronic and opto-electronic functions, such as for display or touch panels. 
Vertical inline sputter machinery has some decisive advantages when compared with the horizontal sub-
strate orientation although conditioning a more elaborated substrate handling process. Particularly suitable 
for applications where a very low particle level, negligible backside coating or special processes like RF 
sputtering are sought after. 

The vertical inline sputter configuration offers 
important advantages:
�Q Faster process through 50% tact-time reduction

�Q Improved process stability leading to even higher reproducibili-

ty

�Q Reduced scribe separation leading to increased active area i.e.  

 higher module power

Front contact

Back contact
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A400 .. A1700 Ð The undisputed benchmark

VERTICAL SPUTTERING

�Q Low particle contamination

�Q Suppression of backside coating through optimized substrate carriers

�Q Up to two substrates on one carrier

�Q Possibility of masking, e.g. edge exclusion

�Q Tilting the substrate by -7  allows a substrate transport system without mechanically touching the sub-

strate  

 surface Ð neither clamps nor any other fixtures are required

a-Si/c-Si 

CdTe

CIGS  
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Leybold OpticsÕ horizontal sputter machines comprise two platforms: H1700 and H3200. Both are designed 
for large-scale industrial production, high throughput and minimum cost of operation. As being based on the 
successful Leybold Optics architectural glass coating platform APOLLON, this family is dedicated to perfor-
mance and reliability as required in the high-volume production of high-performance products.

Horizontal inline sputter systems Ð the solution for high throughput and large substrates

The horizontal inline systems H1700 are developed for capacities up to 50 MW, the H3200 for FABÕs with 
up to 120 MW. The H1700 can be operated with up to 2 substrates, the H3200 up to 4 substrates. Typical 
applications are back contact (barrier/Mo), AZO and CuInGa for CIGS. The highlights of the concept are the 
modular system, a substrate transport system without carriers and the specially designed process flanges 
combining cylindrical magnetrons plus high vacuum pumps together for shortest tool lengths.

Proprietary sputter cathode technology

Leybold Optics sputter cathodes are optimized for every application, taking into account peculiarities of 
mag-netic field distributions and target materials. This is made possible by years and years of focused R&D 
work as well as comprehensive experience gained in production systems. Leybold Optics owns proprietary 
know-how in sputter technology. Key components and modules are developed, designed, assembled and fine 
tuned in-house, thus ensuring highest target utilization and optimum layer properties or, in short: maximizing 
customer benefit.

Front contact

Absorber

Back contact
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H1700 / H3200 Ð For large area coatings

HORIZONTAL SPUTTERING 

�Q Flexibility in number and type of magnetrons Ð planar, rotatable

�Q Reduced cross contamination

�Q Closed loop substrate transportation system

�Q Full automation, sophisticated PLC software package

�Q Easy operation and maintenance

a-Si/c-Si 

CdTe

CIGS  
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TAILOR MADE SOLUTIONS

With its profound knowledge base in vacuum coating technology and machinery Leybold Optics has always been 
the ideal partner to realize our customerÕs ideas in coating technology.
In fact some of the most successful product ranges within Leybold Optics originate from ideas developed with 
and for key customers. We are proud of the confidence our customers continue to show in Leybold Optics.

Support

We offer one-stop shopping for all services and 
goods relevant for the optimum operation of 
your system.

Choice of services:

�Q Consumables

�Q Materials & components

�Q Spare parts

�Q Maintenance & maintenance plans

�Q Hotline support

�Q Customized service contracts

�Q Exchange parts service

Service

When you purchase a Leybold system, you get 
much more than just a machine. Being a reli-
able, efficient and competent after-sales partner 
for our customers is a cornerstone of Leybold 
OpticsÕ philosophy.

All-round maintenance packages and process 
consulting, fastest reaction times, profound 
technical expertise, vast data base and number 
of parts in stock make us the benchmark in 
industry.

Choice of services:

�Q Consultation

�Q Upgrades and retrofits

�Q Remote operation

�Q Relocation

�Q Stock handling

�Q Production / operator training

Collaborations

Whatever the challenge, we will find a solution. 
Whether you need that special coating which has 
never been done before or a recent invention 
makes you think about new applications Ð turn 
to us and we will make it happen. 

Entering unchartered technological territory is a 
Leybold Optics specialty. With our ample toolbox 
of system platforms and proprietary components 
and our enormous coating process library, we 
are ideally equipped to come up with creative as 
well as cost effective solutions.
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Belgium
Leybold Optics Benelux
1820 Steenokkerzeel
phone: +32-16-89-8370
email: sales.benelux@leyboldoptics.com 

Sweden
Leybold Optics Scandinavia
SE-434 03 Vallda
phone: +46-300-28910
email: sales.scandinavia@leyboldoptics.com

Taiwan
Leybold Optics Taiwan
Chu-Bei City 302, Hsinchu County
phone: +886-3-55831-23
email: sales.taiwan@leyboldoptics.com

Italy
Leybold Optics GmbH
I-20025 Legnano (Mi)
phone: +39 0331 541679
email: sales.italy@leyboldoptics.com

Japan
Leybold Optics Japan Co., Ltd.
Tokyo, 105-0003
phone: +81-3-5777-5551
email: sales.japan@leyboldoptics.com 

Korea
Leybold Optics Korea Ltd.
Seoul 158-723
phone: +82-2-2168-2135
email: sales.korea@leyboldoptics.com 

United Kingdom
Leybold Optics UK
Manchester, M32 OZE
phone: +44-161-8662800
email: sales.uk@leyboldoptics.com

Spain
Leybold Optics Ibérica, S.L.
08980 Sant Feliu de Llobregat, Barcelona
phone: +34-93-666-0778
email: sales.spain@leyboldoptics.com

USA
Leybold Optics USA
Cary, NC 27513
phone: +1-919-657-7100
email: sales.americas@leyboldoptics.com

China
Leybold Optics Beijing Co. Ltd.
101102, Beijing BDA
phone: +86-10-67803366-0
email: sales.china@leyboldoptics.com

France
Leybold Optics France
91140 Villebon sur Yvette
phone: +33-1-698248-43
email: sales.france@leyboldoptics.com

Germany
Leybold Optics Dresden GmbH
01109 Dresden
Phone: +49-351-866-9516
email: sales.solar@leyboldoptics.com

www.leyboldoptics.comHeadquarters
Leybold Optics GmbH
Siemensstr. 88
63755 Alzenau
GERMANY
phone: +49-6023-500-0
email: sales.solar@leyboldoptics.com

China
Leybold Optics Co. Ltd.  
Shanghai, 200041
phone: +86-21-3369-2228
email: sales.china@leyboldoptics.com


