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T
he development of unique capabi lity at ~ 

The University ofToledo, combined with 

forward- looking bus iness developmen t. 

efforts, are provid ing the seed t.o build Toledo into 

one of the nation's lead ing areas in the newly 

eme rg ing renewab le ene rgy in­

dustry. Th is summary explains 

wha t has been accomplished, and 

projec ts wha t may be possible 

through continued development. 

and lOvestment. This investment 

is in the area of thin films . One of 

the major areas of technology to 

grmv from this work is in photo­

vo ltalcs. These arc solar cells that 

cOllver t solar energy d irectly into 

electricity. Solar cells have been 

investigated since the 1970s, but 

impro cments in tech nology and 
Drs. Xunming Deng, 

ma nufac t urin g a re leadi ng to 
Alvin Compaan and Randy Bohn 

the ir in trodu c tio n in to variou s 

markets, It is expected that th is form of clea n 

elec tricity will grn'.''' inLo a major industry in the 

com ing decades. The University of Toledo, with 

ils local industrial partners, is position ing It self 

to become a center fiJr this new industry. 
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Representative Marcy Kaptur has 

embraced this vision by placing 

her support behind a new initia­

tive to bring this tech nology to 

applications of interest to the 

Department of Defense. 

THE DEVELOPMENT OF 
THE CORE PHOTO­
VOLTAICS EFFORT AT UT 
AND NORTH WEST OHIO 
The genesis of the program in 

renewable energy can be traced 

to the hiring of Professor Alvin 
From left, Dr. Alvin Compaan Compaan by the Department of 

and Dr. Xunming Deng with Physics and Astronomy in 1987. 
solar shingles from an Within two years, lJT won two 
industrial collaborator Edison program awards. The 

first Edison award to LIT in 1989 

was an Ediso n Class I Develop­

ment Agreement for S50.000 with 1:1 

matching fu nds from Solar Cells Inc. for 

the period 6/19/89 to 6/19/90 for a 

project "Laser Processing for CdTe 

Solar Cells:' 

The second Edison award to T was an 

Edison Class 1I Seed Development 

Agreement for 250.000 matched 1:1 by 

(~ I asstech Inc. for the period 

6/27/89 to 9/30/91 for the 

project "Advanced Processing 

for ThIn Film Solar Cells 

on Glass." 

Th is relatively modest origi nal 

investment by the State of 

Ohio through its Ed ison 

program has been very 

successfully leveraged by 

federal funds comi ng directly 

to The University of ToledoShown above, an array of solar 
and also to Solar Cells Inc. ofcells on flexible stainless steel 
nea rby Perrysburg. Ohio. In 

1989 Compaan organized and authored 

a sllccessful collaborative proposal with 

Solar Cells In c. Lo the U.S. Department 

of Energy's Solar Energy Research 

Institute. This led to the first award in a 

line of continuous funding from the U.S. 

Department of Energy to UT and Solar 

Cells Inc. to support the development. of 

novel approaches in the conversion of 

sunli ght to electricity. Because of the 

magnitude ofthis multiyear award, and 

significance of the involvement of both 

parties. the funding for t.he award was 

split a fte r the first. year into separate 

awards Lo UT and SCI. Thus, the Ohio 

Department of Development funding 

assisted The University of Toledo to 

establJ sh its photovoltmc program a nd 

helped Solar Cells Inc. win its first 

federal contract. Recently the state and 

federal funds have been leveraged by 

private inwstment capital in the 

transition of SCI into First Solar, LLC, 

and the construction of a solar module 

manufac turing plant that is likely to 

become the world's larges t. 

Building upon its growing program. in 

1996 UT attrac ted a distinguished 

scientist, Dr. Xunming Deng, from ECD 

in Troy. MI, to join the Physics and 

Astronomy fat·ulty. T he avai labi lity of a 

major. sta te-of-the-art th in-film 

deposition system (the plasma-enhanced 

chemical vapor deposit ion system 

purchased WIth the Edison type II 

grant) was a major factor in Deng's 

decision to select Toledo. Professor 

Deng has played a key role in the 

growth and expansion into new areas 

of UT's PV program. 

Together Profs. Deng and Compaan lead 

research on t"va of the three trun-film 

semiconductor materials classes 

(amorphous silicon and cadmIum 

tellur ide) that are predicted to be 

economically successful in the solar 

electric power market. This gives UT a 

----------------~I---------------------
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leadership position in basic 

research on thin-film 

photovoltaics. and the 

ava ila hility of strong local 

industrial collaborations 

are helpll1g tu develop the 

techn ology for the market­

place. T he federal funding 

awarded to UT through 

calendar year 200 J for sola r 

cell (photovoltalcs) 

research exceeds $4.7 
A graduate student works with the 

mjllion. Thus, by the end of
plasma-en hanced chemical vapor 

these awards the State of
depos ition (PECVD) system. 

Oh io contrihutions will 

have been leve rageu with federal money 

hy the rat io o f 16: J. 

In addition to receiving venture cap ita l 

funding based upon the promise of its 

technology. First Solar has received at 

least S12 million in federa l R&D funds 

(not. counting SBIR awards) for the 

devdopment of this technology. Thus. 

the State of Ohio DOD (Edison) 

monies p layed some role in 

attract ing additiona l federal 

funds to local industry with an 

additio nal leve raging fac tor of 

40:1 through FYOO. In addition 

to the attrac tion of federal 

funds into the private sector in 

Northwest Ohio. First Solar 

maintains a payrull of 142 

employees. T hese employees 

include tlvo UT physics Ph.D. 

st udents and one physics pil.S. 

student. In add it ion.L1nee 

grauuate and undergraduate 

student mterns are also 

curre ntly employed by first 

So la r on a part-time basis. 
Rep. Marcy Kaptur held a 

press conference at UT to T hus the ODOD money has 
announce an appropriation hrlped to establish a start-up 

from the Department of Defense company in a new high -tech 
to the UT photovoltaics program. fie ld that has been growing at 

30% per year fo r the last three years. 

The First Solar manufacturing plant is 

expected soon to have the la rgest 

volume of photovoltaics production of 

any plant in the world. ILs close Lies to 

faculty. laboratories, and st.udents at 

T he UniverSI ty ofTolcdo will help 

Fi rst. Solar stay at the forC'front in the 

development of this new research­

based industry. 

EXPANDING THE 
UT PV RESEARCH 
IN NEW DI RECTIONS 
Up to now, the LJT photovoltaic 

research has focused on terrestrial 

applications of sola r cells with its 

funding primarily provided by the 

fe deral Na tional Henewable Energy 

Laboratory. On November 27. 2001, 

Hep. Ma rcy Kaptur held a press 

confere nce at UT to announce an 

appropriatio n from the Department of 

Defe nse to Lhe UT photovoltaics 

program. The UT PV research will 

receive Sl.OM from DOD's DARPA 

program in the current budget. This 

announcement SIgnals a major 

expansion of the UT research effort 

into a var iety of applications for light­

weight solar cells of mLlch interest for 

aerospace and expeditionary operations. 

The combination o f low mass and 

fl exible cells opens up major opportuni­

tIes in new applicatio ns for solar power 

and also can lead to major advantages 

in large-scale manufac turing. Solar 

power is o n the verge of playing a 

significant role in helping th e U.S. 

red llCl' greenhouse gas em Issions while 

reducing its dependence on imported 

oil. 

----------------~~~------------------------
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SOLAR HYDROGEN FROM PV 
AND THE TRANSPORTATION 
CO NNECTION 
About two years ago, researchers at 

the University of Hawaii and at the 

National Renewable Energy Laboratory 

recognized that the tnple-junction, 

tandem solar cells fahricated by 

Dr. Deng were almost ideal for efficient 

generation of hydrogen from water. 

Since 1999, the U.S. Department of 

Energy through the University of Hawaii 

has supported Deng's research with a 

total of$96,000. This year the General 

Motors v\farren Research Laboratory 

has provided funds to Deng's group to 

explore photo-electrochemical 

generation of hydrogen . GM scientists 

are excited by this new technology 

which they say holds great promise for 

the development of non-polluting 

sources of hydrogen for combustIOn 

engines and especially for fuel -cell 

electric vehIcles. Using solar cells f(-Jr 

hydrogen generation wou ld allow for 

fully zero-emission t ransportation. 

THIN FILMS FOR FLAT PANEL 
PLASMA DISPLAYS 
As UT has built the instrumentation 

and personnel infrastructure for thin­

film photovoltaics. opportunities have 

opened in a variety of related fields. 

One of these is in flat panel dIsplays. 

Specit1cally, UT has been collaborating 

with the Toledo-area company. Electro 

Plasma Inc. in the advanced develop­

ment of cnlor plasma display panels 

(PDPs). Thin-film coatings are critically 

important in helpi ng to lower the 

power consumption and increase the 

bright ness of PDPs. EPI and its 

corporate partner LG Electronics are 

working to improve on their prototype. 

large-area (~60 inch d iagonal) plasma 

display and the UT group is an active 

participant. EPI has funded the 

UT effort wit h more than $220.000 

in the past three years. In addition 

to the PV infra-structure. this 

collaboration was facilitated by an 

Oh io Board of Regents Research 

Challenge award of $30.000 in 1994. 

This technology has the potent ial 

to become a major consumer 

product in the area of HDTV and 

the UT-EPI collaboration has the 

potentia! to develop into a major 

research cluster. By agreement. the 

manufacturing of consumer PDPs 

,vi iI be controlled by the Korean 

firm hut a wide variety of ::;peclalty 

markets are available to be 

developed by Toledo-based Eill. 

FOCUSI NG INVESTMENT 
ATTHE UNIVERSITY 
OF TOLEDO 
In early 2001, The University of 

Toledo completed an assessment 

of a reas of research strength at the 

Un iversity as a basis for invest­

ment in to programs that will 

emerge as nationally recognized 

centers of excellence. The 

Advanced Films and Coatings 

program received this recognit ion. 

As a result of this. the University 

sought congressional funds in 

s·upport of its programs and is 

developi ng a new research 

position (using Research Challenge 

fu nds) in the area. The congres­

sional initiative has already 

resulted in the awarding of the 

SlM announced by Rep. Kaplm. 

Above, the magnetron sputter 

deposition system 

Above, the DC sputter 

meta ll ization system 

A graduate student operates the 

solar simulator used for 

solar cell testing. 

----------------~~~------------
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Amorphous si licon charged particle 
dete tor test structure 

Top 
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Multi-layer struc tu re of the triple 

junction amorphous silicon 

cell on stainless steel 

OTHER SPIN-OFF 
RESEARCH AND 
COLLABORATIONS 
Recogni zing the need to move the 

nation away from a reliance on 

petroleum from Southwestern 

Asia and other politically 

unstable areas. the nation is 

searching for domestic alternatives 

for heating. electricity generation . 

industrial use. and most llnpor ­

rantly vehkle use. Proposals 

under consideration include the 
openll1g of environmentally 

sensitive areas for energy 

exploration and production. the 

increased use of coal. and the 

development of new technologies 

to use coal in a cleaner. more 

environmentally benign manner. 

Even though the U.S. has received 

cnticism from other nations 

because of its position with 

respect to greenhouse emissions. 

the nation is continuing Its search 

for ways to satisfy domestic 

energy demand from thE' most 

reliable and cleanest domestic 

sources. 

Prof Compaan has partiCipated 

in a proposal with a private 

company to assist. in the develop ­

ment of a m icropower source that 

uses radioisotopes (alpha or beta 

emitters) as the energy source 

rather than solar photons. but 

retain s the cadmium telluride 

photovoltaic element t.o convert 

this energy to electricity. Such a 

stand-alone. integrated elect rical 

power source can replace 

conventional batteries for 

powerll1g microelectronics for 

military and medical applications. 

TH E FUTURE 
['ederalleadership in both the Vv'bite 

I louse and Congress is strongly 

supportive of the use of fossil fuels . 

President Bush favors the opening of 

new areas for gas and oil production. 

as well as the continued expansion of 

the use of coal. Senator Byrd. 

Chairman of the Senate Appropria­

tIOns Committee. also favors coal and 

other fossil fuels. 

The United States is lonely in the 

industriali zed world in its push for 

continued fossil fuel production as 

other advanced natlOns see great 

dangers in greenhouse emissions 

and other externalities from fossil 

fuel production. 

Even the most ardent supporters of 
fossil fu els recogn ize that they are 

"bridge fuels" to the day that supply 

alternatives are developed. The two 

major alternatives include nuclear 

power (fusion. not fission) and solar 

energy. Toledo is taking the steps 

today so that the renewable industry 

will be a major part of its economy. 

and so that industries and researchers 

interested in this industry will seek 

out experts and companies in the 

Toledo area. In addition. Toledo 

will forge strong linkages to the 

au tomotive industry in the 

development of solar power and 

solar hydrogen for vehicles. These 

vehicles will rely on energy capture 

and storage systems that will make 

them independent of gas or nil. 

This new economy will be large and 

will continue to expand into new 

areas of research that uncover new 

ways to design materials and to 

manufacture systems to power the 

nation from the sun's energy. ~~ 

----------------------~~r----------------------
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~~ The Univers ity ofToledo is a state-assbte ('arn('gic 

Foundat ion Doctoral/Research University-Ex tens iv 

I ca ted in To ledo, O hio. The Unive r'sity offers more 

than 140 programs of study in ight coll eges : Arts 

and Sc ien es; Bu siness; Ed ucation; Engineering; 

Health and Human Servi ces; Law; Pharmacy; and 

Universi ty Coileg . The University supports 18 Ph.D 

programs. With over 800 faculty members and over 

20,000 students, the Un iversity's annual externa l 

sponsored awards is approximately 20 mill ion an­

nually. The Univers ity holds title to over 135 domestic 

and fo r ign patents and has 40 license agreements 

for University technology. 

For speci(ic information on this project contact: 

Dr. Alvin D. Compaan, Director 

enter for M aterials Science & Engineering 

MS 111 , M cMaster Hal l 3007 

The University ofToledo 

Toledo,OH 43606 

419 . .530.4787 

adc@Jphysics. uto ledo .edll 

For more information about research programs at 

The University of Toledo contact: 

Dr. Frank J. Calzonetti 

Vice Provost for Research 

UH 3190 

The University ofToledo 

Tol edo,OH 43 606 

419 . .530 .4749 

fca lzon@utnet.u to ledo.edu 

<www.utoledo.edu> 

The First Solar manufacturing plant 

is expected soon to have the 

largest volume of photovoltaics 

production of any plant in the world. 

--------------------~~r---------------------
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