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Abstract

• Photovoltaics is the electronics industry’s younger brother. 
Each industry shares some DNA – imaged conductors on 
dielectric material, layered substrates, severe cost pressures, 
high dependence on innovation and rapidly evolving electrical 
designs. But of course, the sibling industries are enticingly 
different.

• There are major changes in store for PV’s adolescence, such 
as the emergence of thin-film and organic photovoltaics, the 
efficiency gains of chemical metallization, and the huge 
transition soon to come from achievement of grid-parity. Who 
will win? Silicon, thin-film, or organic? Germany, China, or the 
USA? IC, PCB, or green-field PV makers? Cast away your 
preconceived notions and uncover the real opportunities for 
next generation PV.
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MacDermid:  Specialty Chemical Solutions

• Employee-Private Equity 
Ownership

• Annual Revenue
– US $700 Million

• Worldwide Employees
– 2500

Industrial SolutionsIndustrial Solutions Electronics SolutionsElectronics Solutions

Printing SolutionsPrinting Solutions

Our Worldwide Infrastructure

• Manufacturing
– Ferndale, Michigan
– Middletown, Delaware
– Birmingham, England

– Barcelona, Spain
– Trecate, Italy
– Hsinchu, Taiwan

– Yokohama, Japan
– PanYu, China
– Suzhou, China

• Research and Technical 
Centers
– Waterbury, Connecticut

– Yokohama, Japan
– Bruchsal, Germany
– Hsinchu, Taiwan

– Suzhou, China
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2008

1940

1922 Archie MacDermid forms MacDermid Chemical Company

MacDermid, Inc.

Harold Leever Joins MacDermid, expands company’s metal finishing products

1950’s

Archie MacDermid sells company to employees, investors, as MacDermid, Inc.

MacDermid enters electronics industry with products for circuit board plating

1967

2002 MacDermid begins sales of plating chemicals to Solar Cell industry

MacDermid, Inc. forms MacDermid Photovoltaics business to support PV industry

MacDermid creates range of products for use on silicon semiconductor devices1980’s

2007 MacDermid goes private in management buy-out

Don Cullen

• R&D Chemist 
• PCB OSP, Electroless Copper, and Innerlayer Oxide

• Projects Leader
• Electroless Nickel Immersion Gold, Silver, OSP, Palladium

• Technology Manager
• PCB Final Finishes

• Director
• PCB Final Finishes

• Director
• OEM & Assembly Applications

• Managing Director
• Photovoltaics Solutions
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How Does A PV Cell Work? 

POWER FROM THE SUN

kc37.3 11p h-power

Sun

Power Output
~ 370Bn PW

Solar power density 
outside earth’s 

atmosphere (AM0):
~ 1,370W/m

Solar power 
density through 

1 atmosphere (AM1):
~ 1,000W/m

Solar power 
density through 

atmosphere
 (AM1.5):~ 850W/m

1.5 

2

2

2

Average solar 
power density: 
~ 200-400W/m2

Atmosphere
(not to scale)

(Not to Scale)

Total solar power intercepted by earth:
~ 180PW 

Global electricity consumption: 
~ 16PWh/yr= 1.8TW

The Power Of The Sun
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+ ®®®®

1000 Watts/Square Meter!

pvcdrom.pveducation.org

The Basics
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The Silicon Homojunction

Factors Reducing Full Use of Solar Energy

loss  in voltage 
convers ion

theoretical 
m axim um  for  
hom ojunction 

solar  cell = 33%

photons  w ith too 
m uch energy

photons  w ith too 
lit t le energy

From 1000 W/m2 to 330 W/m2
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1000 Watts per Square Meter

3.89 Watts peakPower Output of a Typical 156mm cell

equals

0.16Efficiency of a Typical Solar Cell 16%

multiplied by

0.0243 m2Area of a ‘Standard’ 156mm Wafer

multiplied by

1000 Watts/m2Sun’s Energy at Earth’s Surface

What Is The PV Manufacturing Process Flow?  

How Are PCB And PV Similar?
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MacDermid
Enable Lower Costs and Increased Efficiency

Silicon
$0.55–0.70/Wp

Wafers
$0.80-0.90/Wp

Cells
$1.20-1.40/Wp

Modules
$1.80-2.10/Wp

System
$4.00-6.00/Wp

www.pvinsights.com/

From Silicon to a Cell…
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The Conventional PV Cell

• Polycrystalline wafer with screen-printed Ag and Al

• Efficiency ~15.5%
• 3.5-3.8 watts

Cast Polycrystalline Ingot, or 
Monocrystalline Silicon
Boule, Boron Diffused (p-type)

Silicon
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Wiresaw Singulated

Cleaned and 
Chemical Etch
KOH or HF/HNO3
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54.7º

Silicon Nitride ARC ~80nm on ~4µm Pyramids
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Conductors

Anti-
Reflective 
Coating

Conventional PV Manufacturing

Screen Print Ag 
& Al Paste

Sinter Paste
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PV Cell Fabrication Process

Silicon
Crystallization

Saw Damage
Etch

ARC Oxide
Etch

Sheet
Resistance

Check

Dopant
Diffusion

Laser
Edge Isolation

Rear Dopant
Etch

P Glass Etch

Screen
Treatments

Image
Emulsion

Screen Coat

SinterSeed Metal Metal
Conductors

Solderable
Finish

Texture

Neutralize

Co-FireScreen Print
Rear

Screen Print
Front

Ink Jet, Etch
or Laser

Sun
Simulation

J-Box
& Frame

Matrix Solder Electrical
Test

Sorting
& Binning

String Solder

Ingot
Saw

Wafer
Saw

Clean Sort

Laminate

Porous Si
Removal

= wet chemical process

PCB Fabrication Process

Layer Clean Coat Resist

Tack Cure

Oxide/OAStripEtchDevelop

Image Print

Bake Laminate DrillAOI Hole Prep

Clean

E’less Cu 
/ DP

Coat ResistPrintDevelopAOITin Plate Copper PlateStrip ResistEtch OuterTin Strip

Coat 
Soldermask

Clean Tack Cure Print Develop Bake Post Plug

Planarize Bake Hole Fill Clean Panel Plate

AOI

Legend

ENIG

Bake

Bake

Copper Plate

Bake Serialize Clean HASL
Electrical

Test

Final Insp.

OSP

Silver

Rout/Score

Pack / Ship

Ni / Au
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How Can It Be Improved? 

Screen Printed Silver Paste Conductors
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Light Induced Silver

Light Induced 
Electroless Silver

Screen Print 
Silver Paste

Screen Print Paste Augmentation

Sinter Paste

Representative Data on 80 Micron Fingers

Mono-Si cells
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Multi-Si Cells
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Next Generation Conductors

125+ micron 
fingers

40 micron fingers

Wet Chemical Conductor Metallization

Thin Nickel 
& Sinter

Chemical or Laser 
Etch of ARC

Ni, Cu, Ag or 
Sn Plating
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Less Shadow

Conductor Plating Steps

EN Seed Nickel

Full ConductorEN Barrier Layer

Laser Patterned ARC
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Copper Electroplating

5 microns 30 microns15 microns

Ink Jet Patterning and Nickel Seed

Thin Nickel 
& Sinter

Cell w/ ARC & 
full Al BSE

Inkjet Resist 
and Etch

Aluminum 
Treatment

Rear Conductor

Ni, Cu, Ag or 
Sn Plating
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Ink Jet Resist Process Steps
Anti-Reflective Coating

Ink-Jet Resist

Strip Etch Resist

Etch (and EN Seed Plate)

Approaches to Cell Metallization

• Electroplating over sputtered seed layer – SunPower

• Light induced paste augmentation – Q.Cells, REC

• Laser grooved, buried contacts – BP Solar

• Electroplating through plate mask - AMAT

• Laser melt, electrolytic nickel and copper – Suntech

• Electroplating over ink-jet catalyst – CIT

• Metallization Wrap Through – Solland/Photovoltaic, Kyocera

• Emitter Wrap Through – Advent

Source: UNSW

Kc
79

.31
1b-p

h-p
erl c

ell

Double Layer 
Antireflection Coating

Finger

Inverted Pyramids

Oxide
Rear Contact

p-silicon

Thin oxide
(~ 200= )

p

p

p
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Expansion of Metallized Cells

End-2010 production capacity for high efficiency cells reported to be 2.3 GWp
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Source: PV Consulting Ltd.

Efficiency Benefit Calculator
click to open

cell size cell power cell price augmented cell price

(m2) Wp (no augment) Wp (augment)

0.024336 3.6504 $10.95 3.723408 $11.17

efficiency = 15

efficiency increase = 0.3

benefit ($/Wp) = 0.06

$/Wp = $3.00
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Which Technology Will Win?

PV Technology Segments

a-Si  4%

CdTe  6%
Thin Film  11%

Non-standard
Crystalline Si  11%

CIGS  1%

HIT  4%

SR/EFG  3%

IBC  3%

Others  1%

Standard Single- and 
Multicrystalline Si

78%

Kc48.311b.ph-pvcell share

Thin 
Film

Crystalline 
Silicon

Organic PV

Source: Prismark Partners (2007)
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Thin Film PV

Back Protection

(Glass)

Encapsulant

(EVA, PVB)

Back Contact Metals

(Mo, ZnO, Al, NiV, ZnTe, SbTe)

Photosensitive Layer

(a-Si, CIGS, CIS, CdTe)

Front Contact

(Zn, Al, ITO, SnO) 

Front Protection

(Glass & EVA)

‘Window’

(CdS,

Technology Trends
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Thin Film Market Share

Source: NREL

OPV – Organic Photovoltaics
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First Solar CdS/CdTe Thin Film

• Pros
• Spectrum begins at 

850nm (better than Si 
at 1100 nm)

• Lowest $/W
• Theoretical efficiency 

max = 20%

• Cons
• Evolution of deadly Cd

fumes if incinerated?
• Long term supply of Te
• Efficiency of 10% 

requires large solar 
collection area

“ First Solar: Quest for the $1 Watt” August 2008 IEEE

75W, 10.6% efficiency

1.2x0.6m on glass

$2.45/w price

$1.14/W cost 

PV Manufacturing Options

Unproven in HVMFlexible, high production 
capability

Organic PV

10-12% efficiency
Use of liquids

Tolerant of low-level and 
polarized light 

Dye Sensitized

Sensitive surfaceMinimal shadowing, full 
spectrum light absorption

Oxide on Glass

Low efficiency (5-10%)Low cost of materialsAmorphous Si Thin Film

Complicated deposition
Low efficiency (10-15%)

Low cost of materialsCIS/CIGS Thin Film

Low efficiency (10%)
Toxicity

Lowest cost per watt in large 
production

CdTe Thin Film

Adhesion, chemical 
stability, contact, cyanide

Improved trace conductivityLight-induced silver plating

Laser groove throughputLow series resistance, high 
contact efficiency

Laser patterning
Plated metal conductors

Laser drill throughputMinimal shadowing, aestheticsEmitter wrap-through (EWT)

More expensive 
structuring

No conductor shadowing, 
highest production efficiency

Back Contact Cells

Shadowing, contact 
resistance, conductor �

Well established and optimizedScreen Printed Front Contact
Ag Paste

ConsPros
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Involvement in Thin Film PV
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What Is MacDermid Doing To 
Embrace The Market?

Chemicals For Electronics

+ ®®®®
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Semi-
conductor
Package

ELECTRONIC MATERIALS GROWTH RATE BY CATEGORY
CAAGR 2007- 2012

0

5%

10%

15%

20%

25%

30%

Growth Rate
(%)

Weighted Average: 8.0%

Energy 
Conversion
and Storage

26.3%

Wafer 
Fabrication

7.6%

DisplayInter-
connect

Substrates

5.6%

7.3%

PCB/
Box

Assembly

6.2%

Passive

3.7%

Data
Storage

5.4%

Other

4.5%
5.3%

Kc68.175jd-growth07-12

A Growth Industry

Source: Prismark Partners
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PV is a Growth Market

_  $50,000 million

_  $27,000 million

Metal Plating

®®®®+
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MacDermid Photovoltaics’ Product Groups

Where is Manufacturing, 
Installation Happening?
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Source: Custer News

Leading PV Cell Makers

320 MWpCrystalline SiliconYing Li
Taiwan

365 MWpCrystalline SiliconSanyo
Japan

414 MWpCrystalline Silicon
Back Contact (~IC)

SunPower
Philippines

320 MWpCrystalline Silicon
Double-Sided Passivation

China Sunergy
Nanjing, China

120 MWpCrystalline SiliconMoser Baer
India

300 MWpCrystalline Silicon
& Concentrators

Schott Solar
Germany/USA

320 MWpCrystalline SiliconChina Sunergy
China

300 MWpCrystalline SiliconKyocera
Japan

480 MWpCrystalline Silicon
Laser Trench, Buried Contact

BP Solar
Spain

460 MWpCrystalline SiliconSolarWorld
Germany/USA

484 MWpThin Film 
Cadmium Telluride

First Solar

870 MWpCrystalline SiliconSharp Electronics

590 MWpCrystalline SiliconSuntech Power
China

834 MWpCrystalline SiliconQ-Cells
Germany

Production Claims
(2008, Custer)

TechnologyManufacturer
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Source: Custer News

Can I Extend My Manufacturing 
Capacity To Include PV? 
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Transport Cleaning Sorting

Equipment Types
• In-Line Conveyorized

• Similar to PCB equipment

• Batch

• Uses ‘cassettes’ of 25,50, or 100 wafers

• Electroplating

• No standardization

• Vertical & In-Line

• Other

• PE-CVD

• Diffusion Furnaces

• Sintering Ovens

• Electrical Testing

• Module Lamination
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Higher Throughput Batch Equipment

What Macroeconomic Factors 
Drive The PV Industry? 
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Market Drivers

Energy 
Independence

Fossil Fuel Depletion

Global Warming

Waste

Distributed Energy

Technology Jumps

Government Incentives

Tree Huggers

Grid Parity

Source: Prismark Partners
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Timeline of PV Efficiency

Ref: National Renewable Energy Laboratory (NREL)

Cost of Solar Electricity
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Cost per Watt Is Decreasing

Source: Custer News
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What Is The Impact Of Government 
Investment And Subsidies?

Alternative to CO2 Power Generation
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Government Policy

• Germany: Feed-In Tariff €0.32-0.43/kWh 20yr

• Spain: Feed-In Tariff €0.42/kWh 25yr

• Greece: Feed-In Tariff €0.40-0.45/kWh 20yr plus tax incentives

• France: Feed-In Tariff €0.30-0.55/kWh 20yr

• California: Feed-In Tariff $0.39/kWh 5yr

• US Federal: 30% tax credit

• Japan ended in 2005

• Connecticut, California, New York, …

• China, Taiwan, …

http://en.wikipedia.org/wiki/Financial_incentives_for_photovoltaics

US Department of Energy Funding
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Are There Opportunities Here In New England?
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Source: Custer News

Source: Custer News
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Source: Custer News

PROFITABILITY IN PHOTOVOLTAICS 
 
•  Since Q3 2008, PV module prices have dropped some 30% to 40% 
 
•  Since Q3 2008, polysilicon spot pricing has dropped about 80% 
 
•  Lowest module production cost is about $0.8/Wp plus polysilicon 
 
•  At $80/kg and 6g/Wp, c-Si module cost around $1.3/Wp is possible 
 
•  This enables profitable operation with room for further price reductions 
 
•  Example Trina Solar: Q2 2009 est. revenue ~ $2.3/Wp, COGS ~ $1.7/Wp, 

operating profit ~  $0.3/Wp 
 

79.10/311Eph

Source: Prismark Partners
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Is PV Experiencing Yet Another Flash In The Pan?

PV Adoption
Source: US Department of Energy
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40 Year Energy Outlook

Source: International Energy Agency 

NREL’s Summary of PV Analysts’ Growth Forecasts 

Source: NREL
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PV Cells (Forecast)
Semiconductor (Historical)
Kc79.311B-ph-pvsemi

Time: Semiconductor

MARKET SIZE:  PV CELLS AND SEMICONDUCTORS

Time: PV Cells
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Source: Prismark Partners

What Kind Of Learning Curve Is Anticipated?
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Entry into PV

• New Business Opportunity Investigation Team

• Market Survey & Consultancy

• Business Plan

• Product Selection & Prioritization

• Team Development and Training

• Institutions, Consultants, Manufacturing Partners, 
Associations, Magazines

Sources of Information

• Market News:
• Custer
• Photon Magazine Newsletter
• Photovoltaics International Newsletter

• Market Analysts
• Merrill Lynch
• Prismark Partners

• Online Data:
• Solar Buzz
• DOE Energy Information Administration
• PV-CDROM
• SEMI
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Is Now The Time To Install PV Panels 
On My Home/Business Roof?

PV in CT

http://www.findsolar.com
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Areas of Grid Parity

20152008

Source: NREL

How Will PV Evolve?

+ ®®®®
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Thanks!

For more information…

Don Cullen

Managing Director

MacDermid Photovoltaics

Waterbury, CT USA

+1 203.575.5658

dpcullen@macdermid.com

www.macdermid.com/photovoltaics
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Questions
• How does a PV cell work? 

• What is the PV manufacturing process flow?  How are PCB and PV similar?

• Where is Manufacturing, Installation Happening?

• How can it be improved? 

• Which technology will win?

• What is MacDermid doing to embrace the market?

• How can one company differentiate from another in this commodity?

• Can I extend my manufacturing capacity to include PV? 

• What macroeconomic factors drive the PV industry? 

• What is the impact of government investment and subsidies?

• Are there opportunities here in New England?

• Is PV experiencing yet another flash in the pan?

• What kind of learning curve is anticipated?

• Is now the time to install PV panels on my home/business roof?


